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Foreword to Volume II

The eecond volume of this work on the planning of education in
developing countries deals with the basic ~echniquesof planning. This
volume was deaigned with the following ohjecti17eo in mind:

First, to provide a more dstailed elaboration of planning issues
raised in the first volume. One basic issue, only briefly mentioned,
underlies the whole purpose of planning, that of cost-effectiven.ess and
financing. Formal schooling expands at a frantic pace in developing
countries in response to &ocial demand, but resources do not grow in
proportion, and the burden becomes crushing. A huge burden and
.•carce rf\8ources provide the basic reason for applying the m,ethods of
planning (Davis 1966). This volume deals with those methods.

Secondly, to provide instruction on how some of the oasic methods
of systematic analysis and planning are applied in educational plan
ning. The material on methodology is designed to instruct, although
it il3 not a how·to-do-it manual for uneducated beginners.

Finally, to build a methodological framework for planninlf that will
support the elaboration of research methods and data analysis tech
niques to be developed in the two volumes that will follow.

There are five major parts to this volume. Part One deals with
systems models for educational planning. Chapter 1 opens with t\ dis
cussion of systems models and rational planning and include:. a critiqne
of th~ Hmitations of rational pl&.nning. There is a short review of
the ievelopment and use of systems models in educational planning,
and a discussion olthe types of models used in planning. A distinction
is drawn between heuristic and algorithmic mode~s. The firs, type dis
cussed in Part One are heuristio:: models used to grllph organizations
and sys~~ms characteristics. A discussion of algorithmic models then
begins with a presentation of black-bo~ systems graphs and models.
Models for projection and target setting, which include population,
enroIlm.ent, and manpower forecasting, nre diaclOsood, and Chapter 1
clo£les with a systemF graph of a compound manpower and educational
planning model.

Chapter 2 offers a more detailed treatment ofa comprehen8ivesY8temo
model used to plan educational development in Chile. The treatment
of th:,s model avoids technical detail and focuses instead on the
llsefu'lncsp of the model for addressing educav.onal planning gonI8. An
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appendix to ChSlpter 2 discu..ses regret-sian models and path models
used to analyze educational effects or outcomes. This treatment might
more logically have COme in Chapter 1, but it was deferred to Chapter 2
to cut down the overlo&d of learning required by Chapte! 1 materials.
Chapter 3 of Part One is an optional chap~ 'ft'hich explores some ofthe
simpler mathematical ideas that lie behind programming models. This
chapter can be safely skipped without any loss of essential planning
knowledge.

Part Two will take up the projection methods introduced in Part One
and give detailed instruction on the methodology. Part Three will con
tinue th:s topic. Planning deals with the nllar future, and one of the
planner's major technical tasks is developing, adapting, or applying
projections of population, enrollment, and manpower requirements.
The fast topic of Part Two is demographic analysis and population
projection. The seco&1d topic is the use of enrollment flow models for
enrollment projection, and the third is a description of various methods
for analyzing educational data to derive the educational systems flow
rates of promotion, repetition, and drop-out. Because extra~olation

based on curve fitting is used in many forecasting and projection
exercises, there is a special section dealing with curve-fitting techniques
at the end of Part Two.

Part Three presents instructional units on manpower requirements
forecasting methods. A basic method and an alternative method are
taught in iD'-.:'"llctional units and illustrated in case analyses. The
weaknesses and the criticisms of manpower planning have been dis
cussed in Volume I. All social science methods have weaknesses. Man
power planning is still used, and the results are still useful, and because
this is so, a substantial segment on manpower planning models and
methods is offered in the instructional materials of Part Three.

Part Four presents several short treatments of u.::eful techniques
for educational planners. The first topic is scheduling and the develvp
ment and use of critical path analysis and project charting. The second
is project costing, cost-effectiveness, cost-benefit, and cost·efficiency
analysis. A third topit.: describes some of the heuristic modeling and
forecasting techniques used by futurists and offers an extensive com·
parison between the Delphi approach and COMPASS, a compact
methodology for assessing policy options.

The last section of this volume, Port Five, gets away from planning
techniques which are applied mainly at the national or systems-wide
level and deals with the problems of area planning and school mapping.
The topic is presented through a review of the field of school mapping and
area planning, a detailed discussion of the small amount of systematic
methodology actually developed and used in school mapping, and a casE:
exercise on how school mapping was applied in educational
planning in Chile. The International Institute of Educational Planning has
accomplished definitive coverage ofschool mapping in cases based on work in
a dozen or more developing countries. The coverage in these ehapters is
modest, but they do present some viewpoints by experienced ~Ianners which
differ from the IIEP approach.
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The hoeatment of cost-nnalysis and futurology in this volume is
admittedly not in proportion to the importance of these topics in the
general field of planning. There are reasons fC'r the brevity of the treat
ment of these tWO topics. In general, there is always a space limitation
imposed, because the field of educatiCtl"lal pianning is so vast that even
four volume8 do not do it justice. III this four-volume set we have chosen
to present the rational approach and the major criticisms of it. We have
also chosen to offer some context for the application ofrational methods.
The critique of rational methods and the cont~xt of planning applica
tions hEeve taken up valuable space.

In introducin~ heuristic and futurist methods the treatment is rela
tively brief in this volume because there is not much systematic
methodology to discuss. Futurology does not have a gre:lt deal of unique
methodology; most of it is borrowed from statistics and other analytic
approaches in general social science. Heuristic methods in general do
not feature elaborated models and methoda. Our offerinj;t in Chapter 15
of Part Four is designed to se:ve as a reading guide and methodological
introduction for those who wish to consult more complete works on
heuristic methods. Delphi is a broad subject in itself, and in Chapter 15
we have dealt only with the Delphi exercise. There nre also more
elaborate versions of policy Delphi and cCimputcnzed and pane! forms
of Delphi.

In the case of cost-analysis, the topic is tr~ated only IJriefly because
the coverage ofcosting Il"ethods in planning was not d. major part ofthis
project. The topic was covered in USAID-sponsored companion projects
to this one. The materials on costing appear in volumE:8 produced inde
pendently of the four volumes in this project, but conceived by
WiIIia..n Charleson of USAID as part of a general series on educ3tional
planning in the developing countries. The tW:J volumes on costing are:

1) Jamison, Dean T., Steven J. Klees, and Stuart J. Wells,
The Costs of Education!ll Media: Guidelines for Planning
and Evaluation, Beverly Hills, Cal.: Satte Publications,
1978. This is based on an earlier publication by the same
authors entitled, Cost Analysis for Educational Planning
and Evaluation: Methodology and Application to Instruc
tional Technology. (produced by the Economics and Edu
cr.tional Planning Group, Princeton, N.J. 1975).

2) International Office, Educational Testing Service, A
Manual for the Analysis of Costs and Outcomes in Non
formal Education. Princeton, New Jersey: Educational
Testing Service, 1979.

The four volumes in this series and the two volumes cited in the
previous paragraph represent the published work on educational
methodologies based on research sponsored by USAID. The four
volumes in this set are only a fraction of the material developed in the
USAID/Harvard Planning Methodologies Project. These materials
are Hsted at the end of Volume IV. Computer codes, computer program

iii
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documentation, IUld program listings were developed for population
projections, enrollment projections, and manpower projections, but
they could not be included in this volu~e bt'C'1use of excessive bulk.
A larce number of major case analyses on planning also had to be left
out of the published work. This is regrettable, because some experiences
cannot be transmitted through anything but ('.Rse descriptions and
analysis, and some things can only be leamed from experience and
practice.
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Part One: Systems Models and Metllods for
Educatio1Ui! Planning

CHAPTER 1

Systems Models and Methods for
Educational Planning: Unit One

1.0 Rational Planning Described and Defined

The first chapter of Part 1 will provide general background infor
mation on system!.! models and methods used in educational plan
ning. Because there are many different versions of planning and many
varieties of models nnd methods, educational planning should be
defined. Beeby (1965) coined a brief but broad definition: "Educational
planning is the exercise of foresight." In planning, the foresight must be
applied rationally, and Allison (1969) defines this quality in planning, "Ra
tionality refers to consistent, value-maximizing choice within specific con
straints." Educational planning is a form of general social planning, and
systematic social planning is rational foresight applied to stimulate andguide
social action toward articulated objectives.

When social plannin~ is applied to teaching/learning activity that
is organized into programs, institutions and education and t.raining
systems, then comprehensive, rational educational planning consists
of: the developmmt and statement of goals; analysis of costs and
resources; determination of policy and program alternatives given
specified constraints; evaluation of outcomes or effects: and the mcnitor·
ing of allocations decisions and implementation activity. Results of this
last step are fed back into what is a continuous process. This is the
rationalistic view of planning. There arc other views which we will
note briefly, and then return to rational planning, the approach that
will predominate in this book.

1.1 Other Planning Approaches Briefly Noted

Critics fault the way rational mod.elA and planning methods purtray
the processes of policy analysis, planning, and decision making.
Rational planning models may ignore the organizational and political
context and portray a process that is free of controversy, ordered and
based on reason. Rationality in organizational poCCS8es is limited, or
bounded, according to March and Simon (1958). Conflict is omnipresent
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in organizational and political transactions; and judgments are 110t
based on reason and evidence. In the organizational and political
world, according to Lindbloom (1965, 1968), policy planning and
decision making do not proceed in an ordered and reasoned progression.
The process is disjointed. Planners should design and build programs
in small steps or increments.

Others criticize rational models and methods, and the experts who
apply them, because of failure to consider the views of all participants
aff~cted in the social process. The poor, the powerless, and the isolated
are left out of the scheme. Marxians and radicals claim that this flaw
is in~lerent in planning within the capitalist political structurea of
Western democracies. According to B.:>wles (1979), rational planlling
in the capitalist West has failed and ~ways must fail. Other critics
believe that the failure can be overcome by changing tIle social process
through participatory planning. Groups affected by plans and policies
should actively shape these plans and policil:s, according to participa
tory planners Altshuler (1965. 1970) and advocacy planner Alinsky
(1972). The ignored poor should be the central participants in the plan
nillg process. Planners should be advocates of these groups and their
interests.

From the criticism of rational planning come proposals for alterna
tive styles and sometimes new methods of planning. The advocacy and
participatory planners stress the social dynamics of the process, the
need to move away from rational models and methods and to incorporate
the views and knowledge'of participants who are affected by the process
of planning and management. Participation is enhanced when planners
work from the bottom up, according to Hudson and Davis (1976), which
means that analysis should begin \\;th the needs and views -of the
"primary beneficiaries" (usually poor and powerless groups), rather
than being based on aggregate analysis at nations:l level, as in most
rational planning. Friedman (1973) outlines transactivll planning ~ll a
methodology for incorporating both the processed knowledge of the
experts and the real world knowledge of the peop!e to hoe affected by
policies and plana. He advocates networks that will better circulate
these different forms of knowledge, so that the views ofall those affected
will influence the policy planning transaction. Warwick, in Volume I.
described the transactional model, in which planning requires the
full ur.derstanding of the internal organizational and external political
forces which will ~lhape the policy planning transaction. Organizational
behavior analysts Bennis (1966) and Argyris (1970) propose clinical
intervention methodologies which aim at stimulating learning, develop
ment, and change among members of organizations. Dunn (1971) states
that the world and society are in evolutionary process and there is no
model that can portray any inevitable social future, because humans
have the freedom to change and d,efeat plannir.lg scenarios.

Based on these criticisms of rational planning, there are alternative
styles and methods of planning which have been worked out with vary-
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Systems Model3/Unit One 3

ing degrees of rigor and completeness. None of these approaches has
heen worked up with the same comprehensiveness and detail as rational
planaing. In some cases the comprehensiveness, consistency, and detail
of rational planning models are precisely what critics of the rational
approach are trying to avoid.

Most criticism is aimed at what planners say rational planning is
when they are attempting to describe it in retrospect and in abstract
terms. What rational planners actually do when they work at t'1,1ir
trade may be quite different. Reality modifies rationality. The follo\\';:"6
is a description of a rational planner at work in El Salvador:

The writer would describe his approach to phmning in 1971
ann presently, as Street Rational, rdtherthan Straight Rational,
meaning that it is first necessary to find out what is going on,
and in the terms of those it is going on for; that it is then neces
sary to discover if any of the goings-on are amenable to rational
(read "ordered") array and analysis; and lastly to apply rational
analysis methods to that partofthe action where itmakes sense,
common and rational, to do so; and to live and work with the
inevitable contradictions that result. This approach, if it can
be called one, is difficult to bottle for academic consumption,
in lecture or book form, but it permits a lot of room for moving
in the field. (Davis 1978: 1-2)

In any field-and planning is no exception-thele is always n differ
ence between the canons and the practice of the art. This wm be clearly
shown by contrasting the previous quotation with material to come.
The same planner has written both. In this book the models and methods
of rational planning will be taught, despite the fact that stereotyped
descriptions of this approach have been subjected to jU<Jtifiable criticism.
Here the bias is toward rational methods, and one justification of this
is that they can be systematically described on paper and taught,
whereas approaches to planning that emphasize intuition, social
sensitivity, political skills, and continued adjustment within specific
social contexts cannot be readily taught in general terms. These skills
are learned on the job, largely through the practice of plnnninb in
work experience. The technical knowledge and skills required to
apply rational models and methods can be developed through :lystematic
reading and classroom instruction. This knowledge and these skills arc
only a part of the competence a planner requires in his work, but they
do provide a basis for acquiring the political and social skills that
come with work experience. This book will attempt to provide knowl
edge and to dl.velop skills in rational planning. It will be limited mainly
to the models and methods of this approach to planning.

2.0 Models and Systems Planning

Basic to the rational approach to planning is the use of systems
models to frame the epistemological approach and guide the analysis
of planning reality. It is around this idea of a systems model that the
diRcussion of rational planning· will be developed.

,.. ~ .
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A model is designed to show the important features of reality. In
developing a model, a planner singles O\\t elements from reality. He
defines and symbolizes these elements and shows them as a system of
variab!es. He ~alyzes the relationohips among these variables as
nn aid to de9~ription, explanation, and forecl,sting. Of late, planners
talk more ~i projecting and forecasting than of predicting, hut as long
as planners have to deal with the future, an important c1as6 ofmcdels
sometimes called normative-attempts to portra~' the future as it is
planned to be. In the planning context a model m.ay clarify relation
ships between desired objectives and oatcomes which are indicated by
changes in the values of the variableR. Additional abstract statements
could be made about models, but our interest .::enters on how m~del8 are
used in educational planning, and with that practical end in view we
will move away from definitions and abstractions.

I
(
~ .-
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2.1 Types of Models Used in Educational Planning

Educational planning models can be classified according to
whether they are designed to describl', explain, or forecast. These
uses are not always distinct, and some models combine all three
purposes. Models also differ according to the form in which they
are expressed. The simpleot and clearest model is usually in graphic
form, and we will begin our introduction to models with this form.
Many models are aloo expressed in words and sentences. Models
are also presented in symbols, and the symbols may be incorporated
into equations. We will examine a comprehensive planning model
in symbolic form and use words and sentences to explain it. Models
are put to different uses in educational planning. These uses in·
clude allocation, target setting, assessment of educational effects,
and costing. There are £'lso models which depict school systems
and organizations in graphic form. Educational planners also use
maps, and these me among the clearest kinds of models. Thl}re are
also dynamic models which cover the learning process and the
decision process, and these are sometimes used in educational
planning.

In this volume we will deal mainly with these kinds of models:
-Comprehensive planning models

A comprehensive planning model may have several purposes
and uses and it will include as sub-models some of the other models
we will discuss as separate entities. A comprehensive model is
used to analyze changes in an entire educational system over time,
and to guide educational plans toward the attainment of economic
and social goals. Basically, the comprehensive planning model
is a set of goals for the educational system. A model is used so that
the planner can keep all of these goals in mind and attempt to solve
them within the same plan framework. Again,our. statements are
getting abstract, and we move away. A comprehensive planning
model will be dORcribed in Chapter 2, which will describe in non·
technical terms a comprehensive educational planning' model
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that was developed lind used in Chile. Chapter 3 will then specify
the structure of the model and the linear progrRmnUng medel and
methods on whieh it is based.

Yet another purpose of the comprehensive planning model is to guide
allocatillns decisions. In Chapter 4 the allocation component within the
comprehe.\sive Chilean model will be briefly discussed.

-Target-setting models and methods
Planners l'e~uire a set of models and methods for projecting plan

ning targets :od for forecasting the development of social and
economic systems over time. These include:

i) Models for demographic analysis and population pro
jection, covered ill Chapter 4.

ii) Models and methods for projecting s,::hool enrollments,
covered in Chapters 5 and 6.

iii) Model:: and methods for projecting manpower require
ments/ covered in Chapters 8 through 12, which also
descrioe gnneral manpower and educational planni.,g
approaches.

The three targetinl; models can be used separately in educational
planninc, aud can also be put together into a compound mOGel
which simply joins the manpower requirements model to an edu
cational forecasting model. A compound model is displayed in fig
ure 1.3 of this chapter. The targeting models can also be integrated
into a large comprehensive model which if. used simultaneously
for allocation/goll1 planning and other purposes. This use will
be described in the next chapter.

-Mockls for administration and organizational analysis
Under this heading many different kinds ofmodels and methods are useful

in planning:

i) Models to depict education systems structures and organiza
tional hierarchies: These are the simplest form of ~aphic
models. They may depict the levels and kinds of schoohng in a
system, as in the system charta that were often featured in
early descriptions of national education systems. Organiza
tional charts are also simple, and too widely known to require
detailed explanation. Most ministries of education hand out
charts which show the relationshi~of the line and stnf1'offices
of the organization. The minister s box is the top box in the
chart.

ii) Decision models and decision analysis n:.ethods. These are not
purely planning tools, and will be dealt with briefly in this
chapter.

iii) Schedl;lling models and methods, covered in Chapter 13.

-Costing models and cost-effectiveness models
These will be covered brief13<'- in Chapter 14, and in more detailed

form in the companion volumes prepared by Educational Tepting
Service (1979).

--.
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-Models for studying educational ('(fects
Models for studying the effects of educatiol', are important in

the general field of education and development, but they are used
more in educational research than in educationlll planning. These
models will be discussed in an appendix to ChaI-'ter 2. Volume III,
which discusses research methods used in plannillg, will deal more
thoroughly with models and methods for studybg the effects of
education.

2.2 Heuristic Models

Fox (1972) classifies models into two broad grot ps-algorithms
and heuristic aids. We will use the term heuristic models or heuris
tic methods. Algorithms are constructed in structured form and
yield a computable solution. Heuristic models and methods are
more ope~l-ended. They are designed to explore issues ,lnd to accom
modate conflicting viewpoints or uncertainty, rather than to yield
a single solution or even a set of solutions. Heuristit: models and
methods will be dealt with briefly in thia chapter all d more fully
in Chapter 15. Systems and organizational charts are the simplest
form of heuristic models.

The list of models used in educational planning begins with
comprehemlive systems models and ends with heuri9tic models.
If this chapter followed a strir.tly rational model, th~ exposition
would begin with the topic of comprehensive systems models and
end with heuristic models. In these first two chapterll, logic will
yield to pedagogy. Heuristic models in graphic form are easier to
understand and make a more comfortable opening topic. Hence,
we will begin with a review of simple graphic models. We will then
review target·setting models, which can be combined into a com
pound model for planning education according to manpower re
quirements. The target-setting models can also be intelP'ated into
a comprehensive model, but we will defer discussion of this model
until the next chapter.

3.0 Organization and System Charts: Simple Heuristic Models in
Graphic Form

The simplest type of models used in educational planning are
the organization and system charts. The traditional form of the
organization chart is shown in Chart 1.1.

The model is simple, but it is useful in planning anel manage
ment. A similar chart, though usually in more elaboJ'Bte form,
is available in mORt ministries of education in the wOI~ld. Posts , . ·---··-·,··.~.'·.'·.'~•..I
and job titl~s are usually shown on the chart. The conventions •\
of the chart depict the formal hierarchy of the organizBttion. A is !:
the leader of all; Band C are the sub-leaders in the orgllnization. f .,

, 'i
D and E are staff members. The others are heads of t1:le:-=.:lo~w::.:e~s~t-=-- .~__-,- ,_·'_.. ..,."..,~.....

~
f.
}
f·,,·,..
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echelon organization shown in this chart. In many charts, three
or four levels of the organization are shown. Within the eub-offices
detailed charts may also be drawn up.

Chart 1.1

Traditional Form of An Organization Chart

Akin to the organization chart in simplicity and usefulness is
the educational systems model shown in Chart 1.2.

Chart 1.2

Educational Systems Chart

Chart 1.2 is a simple depiction of the major levels of a school
system, from elementary level to higher. A more conventional
school system is shown in Chart ALI of Appendix 1. Even the
simple graphic model of an educational system is of considerable
usefulness in the firl."t step of a systems analysis and pla:ming
project. The first-stage sketch of an organization or system is an
idealizerl drawing. It Bhows how the system is supposed to be I3truC

tured and functioning, and not how it actually operates. The plan
ner must find out how the system is organized and how it functions
in reality. DeHasse (1979) describes this activity in planning as
morphological mapping, which is a method for analyzing how
school systems are structured and how they function. O~"ten the
major participants disagree, and their differences can tEll the plan
ner important truths about the organizational ane p'>litical con
text. In this situation it is useful to make a number of different
sketches of the system to reflect how it is viewed by dim'rent people
at different times.

In the first stage of an educational planning study of primary
educntion in Guatemala (Davis 1979), the pattern of management
and supervision was straightforward. It is sketched out in Chart 1.3,
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8 PLANNING EDUCATION FOR DEVELOPMENT I Models and Methods

Chart 1.3

Primary Education (Based on Ministry ofEducation Chart)

which was based oh the otficial Ministry of Education organization
chart. The system and organi2ation seemed simple, with admini
strative direction coming down from the Minister through the
Vice Minister to the Director General of Education, to rural primary
schools and urban primary schools; and with supervisory support
coming in from the Directorate of General Supervision. Actually, the
pattern was extremely complex, and there w~re at least six different
systems of primary education functioning, with separate administrative
direction, separate supervision, and different curri~ula.Rathp.r than the
simple pattern of Chart A1.3, it was the complex pattern shown in Chart
A1.2 of Appendix 1.1. Systems and organization charts usually reql.ire
elaboration in order to model the way systems actually work; official
organization charts usually have insufficient detail for analyzing a
systems problem. Chart A1.3 of Appendix 1.1 :IIustrates the minimal
level of detail required.

Systems charts and organizational charts and graphs provide
an easy introduction to systems modeling. Though graphic models
are simple and clear, they can be used for complex analysis. The
simple systems model is related to the stage model, which is some
times used to clarify social theory. A stage model of human develop
ment is shown in Chart AlA of Appendix 1.1. Beeby (1966), Harbison
and Myers (1964), and Rostow (1960) used stage models to portray
levels of development of countries and school systems. The stage
model is one of the simplest forms of a hueristic model.

4.0 Black-Box Models of Systems Processes and Dynamics

The organization chart and the system8 charta are eS8entially
static models of an educational 8ituation. The dynamics of an
organizat; ~nal or educational process can be simply and graphi.

cally shown with black·box models of a 8y8tem. In a black.bOx.--.. "'·.•.•.•..•I..model, the inputs and outputs are clearly portrayed for analysis,
but the central proce88 of the system is not. R. Chin (1961) defines f,
a system as "a collection of interrelated parta which receive8 in- ;,
puts, acts upon them in a planned way and thereby produces cera f

-------------------:.,'---------;---..---- .",1
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tain output:3." Silvern (1972) emphasizes that a syRtem i!l the struc
ture or an organization of an orderly whole. Churchman (196")
stresses that a system is made up of a set of components that work
together for the overall objective of that whole; and Mesarovic
(1972) makes the point that a system is a relationship among objects
specified or defined in tel'I:.1S of information processing and decision
making. Systems models ehow the structure within the bounded
system and the components or subsystems and their relationships,
and define the inputs and outputs to the system and the goals of
a system.

The workings of a systems process can sometimes be described
with sufficient accuracy to enable the analysts to design, redesign,
and, in general, to manage and control the system and its perform·
ance. Classic systems modeling has been borrowed from science,
engineering, and technology, and applied to social systems analysis
and planning. Some of the c.'assic designs are shown in Figure 1.1.
Har!> (1967) provides a readable introduction to the general sub
ject.

FigUle 1.1 shows black-box schemes used to model systems
processes. These simple systems models can be used to model
aspects of an educational systems process. The input-output trans
formation scheme shown in (a) of Figure 1.1 is the model that under
lies the production-function notion of education and the regression
model used to study educational outcomes and effects. The educa
ti('llal process is depicted in terms of an input X, an output Y, and
a transformation process which is symbolized by K. This is the
classic black-box model in its simp1est form. Using this model,
the process of teachingllearning is not analyzed in detail, or even
fully described. The process is simply modeled as something that
goes on inside the box K. Clearly, the model enormously simplifies
the reality of the complex process of teachingllearning which
lies at the heart of an education system. The critical issue, how
ever, is not whether the black·box model adequately describes
the educational process, for indeed it does not, but whether or not
the model permits the analyst to understand the system better
when he is limited to observing and measuring the input(s) X, the
output(s) Y and the input/output relationship which is depicted
in the transfer function Y/X or K.

The simple model shown in Figure 1.1 (a) supports most of the
research into the so-called effects of education, in which a regres
sion model is applied to study what goes into the educational process
(the inputs) and what comes out of the process (the outputs). This
model will bp examined further in Appendix 2.1 of Chapter 2 and
in Volume IV. Here, we trace the black-box beginnings of models
for studying educational effects, and try to raise some preliminary
doubts about the validity of the black-box analysis of educational
effects. The black-box model of Figure 1.1 (n) is n variant of the

-.;,
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models shown in Figure 1.2 (a) and Figure 1.2 (b). It is also the same
model ~hich underlies ~he regre&sion and path model which is uaed
to study ed'ucational effects in Appendix 2.1 to Chapter 2. We will
return to the model shortly when we discuss Figure 1.2.

Figure 1.1

Clcssic Systems Diagrams

(a) Sin~l~ Input, transfomation
and single output

X~Y
The transfer function Is the ratio of
the outp~: to the input:

T • f· K

(b) Transfer function for a feedback loop

}---r-_ Y

Y • :: (x - by)

Y K
T • X' • T"+""E'K

(c) Flow Graphs

the

(d) Network Representatton

Predecessor
Event X

A tlv1t a Successo,.
Event Y

Figure 1.1 shows simple versions of the multiple-loop feedback,
or dynamic model. An elaboration of this model has been exten
sively used by Forrester (1971) to model the dynamics of sccial
processes. It underlies the work of Mea~ows and the Club of Rome
(1972) in tracing future limits of growth which result from the inter
action of major social, economic, and natural variables. For example,
the effects of the major variables of population·growth, diminishing
resources, environmental pollutio~. and declining fcod production
interact over time to affect each othfJr and to limit economic growth

I
I
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and the quality of life. Multiple-loop feedbuck models reflect the
process of change more adequat~ly over time, because as the varia
bles in the system interact over time, there me changes in the coef
ficients which reflect the relationship between systems variables.
The coefficients set at the beginning of a time period change endo
genously, which means they change a!> a result. of the runnine of the
model itself, from interaction or feedbf>.ck. Fixed coefficient models
do not reflect this dynamic relationshi;>, but they are the more
commonly used in planning. The comprehm:.sive model in Chapter
2 is a fixed coefficient model. The variable relationships are not
changed within the model over time. The planner must estimate
them and change them in advance. This point will be made more
clearly when the comprehensive model is discussed.

Figure 1.1 (-.> and (d) show simple flow models whkh are used
.11 forecasting educational systems flow-for example, in the enroll
ment flow model which will be presented in Chapter 5. Flow models
also are used in PERT (Program Evaluation and Review Tech·
niques), Critical Path Analysis, and other models for systematic
scheduling. These will be shown in Chapter 13. A simple but com·
p:-ehensive coverage of the use of systems models in educational
planning is offered in Hussein (1973),

Black-box models also can depict the relationship of school sys
tems and surrounding social systems. Figure 1.2 (a) shows the
input/output model from Figure 1.1 (a). Inputs (school facilities,
teachers, curricular ma~Hial) are used in a proceas (schooling),
and there are outputs of educated people and new knowledge. Part
(h) of Figure 1.2 shows the relationship of the education system in
part (a) with the society and economy within which the schools
operate. Educational outputs leau to outcomes in the sccial and
economic systems within which the schools operate. This simple

Figure 1.2

Black·Box Models of An Educational System Process and Effects

(a) Inputs >1 Processor I )( Outputs I.
X V V

(b) Inputs >\ Education )Outputs ) Outcomes. Effects
systl!!l1 (Econ. Social)

lea rnl n9
I

Xl F.cflll;les Yl VI Product/E.rnfngs
Years of Educa-

Xz fqufpment tlon
V; T~hnol~/$Clentl-Graduates fie Dev" opment

X3
Instructional

y2 Research/material Knowledge V; Polftfr..l/Socl.,

~4 Teachers Socfal Ser'dce
DneloJll!!ent

y3

Xs Students ---- -------~
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12 PLANNING EDUCATION FOR DEVELOPMENT I Models Dnd Methods

systems model, which is the basis for models ased to study educa
tion effects, as in education production function analysis, will
be discussed further in Chapter 2.

Using the systems model of Figure 1.2, planners can analyze at
highly aggregate levels the relationship of certain inputs to the
outputs of the school system. The model iI: Figure 1.2 is a crude
version of the comprehensive model which will be discussed in
the next chapter. In the model shown in Figure 1.2, the amount
and kinds of inputs (facilities, equipment, instructional material)
can be related to measured change in the numbers of graduates
or to increases in school achievement. Graduation status and meas
u.red ~ain!l in achievement which result from schooling are taken
as evider.ce of learning. Learning is the output, and is supposed
L' lead to outcomes in the society and economy which l;urrOund the
school. Schooling leads to learning, which leads to enhanced pro
ductive behavior, which in tum leads to increased earnings. This
is the simple notion that underlies rate-oi·return studies. Figure
1.2 (a), then, is a simple graphic model underlying both the notion
of production function applied to education and the notion of rate
of return to education. The model portrays the great simplicities of
human capital theory, which is the main underpinning of the eco
nomics of education Becke. (196:\ Schultz (1961), Psacharopoulos
(1973).

The underlying idea of the model is that schooling is a process
that converts inputs (facilities, teachers' skills) to outputs (grad
uates and knowledge). This knowledge and learning then lead
to enhanced production and earnings. Education is thus linked
to individual and social development. This idea lies behind the
comprehensive model. It is a black-box, planners' eye view of the ~duca

tional system. Planners do not really believe that education
is as simple as Figure 1.2 would indicate. The model is useful for
depicting the system as a whole. By using a model, the planner
can focus his attention on the salient features of the system. Most
planning models have black-box features, and in reviewing other
models, these features will be noted. A black-box portrayal does
not destroy the usefulness of the "hlodels; it merely focuses the ana
lyst's attention on observable features and permits a comprehen
sive view of a complex process in a large system.

5.0 Models and Methods Basic to Educational Planning: Models for
Target Setting

The comprehensive planning model to be di9cu8sed in Chapter
2 has several sub-models, or methods, incorporated into the overall
model structure that are basic to educational planning. In the com
prehensive planning model the sub-models are linked together.
They may also be used separately to accomplish other main tasks

"
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in educational plunning. Three models used for target setting will
be discussed:

models used for population projections in the social
demand, or demographic, approach to planning;
models for enrollment projection;

models used in the manpower requirements approach to
planning.

5.1 Models for Social or Demographic Target Setting: Population
Projection

Planners require a set of models and techniques for projecting
the targetr. and forecasting the development of social RIld economic
systems over time. Population projections, or demographic fore
casts, provide the basis for most comprehensive planning. Social
and economic systems change as the ..~ze and structurai charac
terifltics of the basic population chard~e. Demographic forecasts
also provide future egtimates of schoo! '!ntrants, and hence pro
vid':l the basis for enrollment forecasting. Population projections
alsl.) support many economic projections and plans. The economi
cally active population, or workforce, can be derived from partici
pation rates applied to the adult population. Economic growth
forecasts may be related to population growth estimates in sectors
where demand for goods and services by households can be re
lated to population increase.

The basic components-model for a population projection is
still a simple one (see Chapter 4). A population plojection ior a future
year (1) starts with a base-year population structured by sex and
age; (2) the age cohorts of the base-year population are multiplied
by survival rates to yield the population for the following year
for all age cohorts but the first; (3) females surviving into chUd
bearing years are multiplied by fertility rates to get births; (4)
births are multiplied by survival rates and added into the first
age cohort; (5) migration (plus or minus) is put into the appropriate
age groups. The process goes forward iteratively year by year.
Mortality and fertilit.y rates and net migration are the components
which determine the forecast. Demographers have improved their
methods, but not through developing new or more sophisticated
models. Improvement in the art of projection comes through bet
ter reaearch and analysis of morhllty and fertility rates and the
social conditions which affect the .ut'!s.

5.2 Social Demand and Outreach: Planning to Meet Basic Needs

Planners in recent yelU'S have carried out more detailed analysis
of the social and economic structures of populations in order to

I
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determin.e sub-groups served, or not served, by social and economic
development programs. The attempt ia to monitor bow basic needs
for food, shelter, jobs, health care, and education are being met.
As plans, if not prGgrams, focus more on the distribution of social
and economic benefits, there has been an increasing attempt to
trace differences in service and benefits to rural as well as urban
groups, to ethnic groups and regional groups, to members of groups
isolated by geography, deprived by poverty, or ignored because
of class bias.

An immediate task for national level pknning is to develop more
",ocially sensitive indicators based on improved analysiR and meas
urement of distribution and equity. In Volume I, distributional
equity in a number of countries is assessed by using the Gini coef
ficient to measure the distortion between proportions of the popula
tion in different economic and social classes and proportionate
education and earnings received (Snodgrass 1979). The coefficient
has limitE.'d value as a measure of the dynamics of Rocial processes,
but it serves as a starting point for static analysis. An increasinc
number of analysts and social scientists would hold that improve
ment will come not so much through improving modeling and
analysi~ as through a reGrientation of planning approaches to
make them more sensitive to local needs and more open to local
participation (Hudson and Davis 1977).

6.0 Models for Forecasting Education Systems Flow and Supply

Planners have evolved a useful set of models, usually stated in th~ form
of a markovian'process, for projecting the flow of students
through an education and training system, and for estimating
educational supply for comparison with the manpower require
ments. These models are incorporated as sub-models in the com
prehensivE.' model which wiil be discussed in the next cl-.apter.
The flow of graduates into the work force is the "supply" which is
compared to the "demand" projected by manpowerrequirements models.
Flows are f;stimated in sub-modl'lls in the compound models-for
example, in Block III of Figure 1.3. Chapters 5 and 6 in this volume
describe flow models and give instructions on how to use them.

In simplest form the methodology is similar to cohort survival
methods used in demographic projections. An entering cohort of
students is survived through the various levels of the education
system by multiplying the entrant numbers (which is usually the
result of a demographic projection of children attaining school
entrance age) by a survival proportion or ratio which yields the
numbers at the next level of the system in the next period. In graded
school systems, flow throug~l the lewIs is determined by three
rates: promotion, repetition, and drop-out, or desertion from the
system. The rates are multiplied by enrollments by levels; new
entrants are added in; and the result is an estimate of enrollment
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for the following year. As in cuhort survival methods used in popu
lation projection, the process is iterative year-by-year to whatever
plan target date is set.

The basic flow model has not been much improved over the ver
sion which appears in Schiefelbein and Davis (1974). UNESCO
has a computerized flow model called ESM. Both World Bank and
the General Electric Demos models developed for USAID have
versions of the same basic flow models (Truesdell and Hyde 1979).
The accuracy of flow model forecasts depends on the basic demo
graphic forecasts of entrants and Uil the estimates or the promo
tion, repetition, and drop-out rates that govern flow. In most devel
oping countries repetition rates have been badly underestimsted.
Schiefelbein has worked on methods to improve the estimates by
simulating flows and checking the results against expected age
group distributions, and these are discussed in Chapter 6.

7.0 Manpower Requirements Planning Models: The Compound Model

Figure 1.3 sketches out the basic model used in the planning
of educstion on the basis of manpower requirements. There are
essentially four blot:ks in the model shown in Figure 1.3. The man
power requirements forecasts are accomplished in Block II. The
models and methods for accomplishing these forecasts are devel
oped and illustrated in Chapters 8, 9 and 10 ot' this volume. Chap
ter 11 is a case study of the basic method of manpower requirements
planning. The basic metl~od is the approach which is modeled
in Block II of Figure 1.3, and will be treated in detail in Chapters
8 and 9.

Block I shows the workforce stock classified by national (A)
and foreign (B). National (A) workforce stocks suffer loss from
death, retirement, and migration. This loss, or wastage, decreases
the workforce stock each year. Stock ~s increased by new supply
from BlClck III and foreign labor Block IA.

Block III of the model forecasts the supply (If newly educated
and trained workers from the education/training systems. Block
III projects enrollment flows through education/training systems
and on to entrance into the workforce. The projection methods are
covered in Chapter 5.

Block IV of the model ~hown in Figure 1.3 outlines the schema
for comparing manpower requirements (sometimes referred to as
manpower demand or economic demand) with the output of educa
tion and training systems (sometimes referred to as education
supply). The surpluses or deficits shown in Block IV can be used
to plan education and training programs or to recruit educated
foreign labor until national workers are trained. Most countries
choose to educate their own workers ra~h~r than to bring in trained
foreign workers.
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'i.';-,,!,
"'':'" ._.;~ ......~- ._-.----..~.~

('::,

it·~..:;< .
~K;:~:X'~;~..L;;::··:'.



j

f

I,'.~~\,II II II I,

...
Q)

"CI
C"'

~
~

c:
I~."

'"..... t':l
~ t:l

" c::
'" 0.. >or-, >of
0 0

IV
c:

'" Z=r
Compare: ", ...

)< 0'0

Manpower require
III ::l...

t:l- ;;-
::I t':l

Stock/New supply n <
= ~ t':l

Net required
C"'

Ii
0

+ "CI

Foreign-recruit ~
t':l

IIInpower ?in
~ -
:z: ::::
0 n

+ I" ""~ III

!
..
'":I
""::::..
S-
o
Co

'"

\,,0.
I

III

National IIanpower
stock avanable b

I,ll

End Fi rst Year

Reduce recrultllent If ~urplus;
Increase If deficit

+

Fir031 graduation
and leaver status

b) Projected
produetlvltc

by sector

First Plan Year

a) Projected product
by sector

Begin Fl rst Year

B.

.'

A.

~~~
Manpower dlta for
specific sector,
industry, service
direct inout·

Figure 1.3

A Compollnd Manpower and Education Planning Modela

I. Exi sting' labor Force Stock

II.

Ill. Eduo:atlon and Training Supply Ststern

aBased on modification of model used by World Bank

~ I

-,
.1

.'i

.. ,
.'
~::..-......._.-..,~_ ..~-.. ..-....~.,...- ...-..-- 

i



Systems Models/Unit One 17

The model is called compound because it is built up of two
separate Plh-ts, the manpower demand projections and the educa·
tional supply projections. These components are not as fully inte·
grated into one model as they will be in the comprehensive model
which is to be dealt with in the next chapter. BesicS\lly, however,
the compound and the comprehl'nsive mode!s are buth uaed for the
same purpose in educational planning.

8.0 Summary Comment on Systems Models

The comprehensive model to be discussed in the next chapter
is actually a mathematical version of the compound model shown
in Figure 1.3, which in tum is an elaborated version of the black·
box systems model depicted in Figure 1.2. The same sub·mode!~

are u~ed in both the compound and the comprehensive models.
The major difference is tha~ the sub-models are better integrated
in the comprehensive model and less easy to identify liS separate
blocks. Both the compound and the comprehensive models work
iteratively, year-by-year, which means that the manpower require
ments are projected and compared to the educational supply;
wastage is added in; deficits and surpluses calculated; and a year-end
balance is estimated. This is then carried into the next year, and
the same process is repeated. In the comprehensive model there is
a more integrated link between years over the period of the plan.

Compound and comprehensive models incorporate several sub
models used in planning. Generally, these are demographic pro
jection models, enrollment projection models and manpower re
quirements forecasting models. The compound and comprehensive
models are not complete solutioD.3 to the problems of rat.ional
planning. The models are abstract and aggregate, and the planner
who uses the models takes a black·box approach to the educational
system and to the surrounding social and economic systems. This
black-box approach which underlies all compound and compre
hensive models, has benefits and costs:

- The benefit is that the systems model enables the planner
to look at effects throughout the system all at the same time. It
provides a synoptic view.

- The cost is that it prevents the planner from observing all
the details of the system, and it may distract attention from the
human and social dimensions of the problem. For the critics of
rational planning it is an unfortunate limitation, and a price to
pay, but not crucial when the planner is aware of the problem. The
choice of any planning approach is always both an epistemological
and ethical issue.

-_._-~-~. -- -----_._--------------------~_---:._-..,,-'----:.~
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Chart Al.2

A ctual Patterns ofDirection and Supervision ofPrimary Education,
Guatemala
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Chart A1.3

Organizational Schema of the Office (Final Version)

Functions of the
Connittee (roEPAP)

Coordination of:
1. Pl annlng Studies
2. Policy Stuules
3. Information

Functions of the
Offl ce of Pl annl ng
and Organizational
Dt,v. (see below)

Functions (SAl)
1. Infonnatlon

2. Educational
Statistics

Functlons(P)
1. Long-Range

Genera1 Pl ans

2. Budgetary/FI ;cal
Planning

3. Physical
Planning

4. External Relations
(Grants, Loans,
Scholarships)

Functions (PAS)
1. Applied Studies
2. Program Ana lys Is
3. Evaluation

Functions of the Office of Planning and Organizational Development
1. Technical Advice and Information to COll111fttee and President (Minister)

tha t I'oul d cover:

A. Planning; long and short range, bUdgetary and physical planning
B. Policy Studies

C. Program Studies

D. Organizational Analysis and Organizational Devel~pment

E. Information and Publfc Affairs
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Chart Al.4

Erik Erikson's Theory ofDevelopment
(Expressed in Form ofa Stage Model)
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Radius of
SIQnlffcant

.Others

D

Related Elements
Of Social Order

1
Infancy Trust vs. ~faterna1 Cosmic order
0- 1 1/2 mistrust person

2
Early Autonomy vs. Parental "Lal~ and Order"

Childhood shame. doubt persons
1 1/2 - 3

i
3

Play Age Initiative vs. Basic Ideal
3 - 5 nuilt family prototypes

4
School Age Industry vs. ~Iei nhboorhood. Technolnoic.l

5 - 12 inferiority school elements

5
Adolescence Identity and P,!er groups Ideclo;f~:l

12 - 18 repudiation vs. and. outgroups; perspectives
identity "lode1s of

6 Partners In Patterns of
Younq Adult Intil'lacy and friendship. cooperation.

18 - 25 sol1darity vs. sex. competitIon
isolati'on competition

7
Adul thood Genera t iv ity vs. Divided Labor Currents of

25 - 70 sel f-absorpt i on and shared educltion Ind
househ"ld tradition

8
'laturity Integrity vs. "Mankind" 111sdom

65+ despair "My kind"

.~.

Source: Erikson. Erik. Identit{ and the Ufe crele
t

Selected Papers,
New Vor: Internatfona On versltles Press, 1959
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CHAPTEa 2

Systems Models and Methods for
Educational Planning: Unit Two

1.0 Introduction

Chapter 1 began the coverage of planning models with a dis
cU3sion of the simple, heuristic models used in educational plan
ning to portray organizational and systems relationships. Similar
graphic models used in systems analysis can also be used to give
a general view of education input/output process. Education in an input/
output model is shown in Appendix 2.1.

We will begin this chapter with a comprehensive model. The
sub-models, or parts of this comprehensive model, have already
been discussed. Population projection models, tlnrollment projec
tions models and manpower projection models and methods can
be used independently in educational planning. These three target
setting models and methods can al30 be joined together as in the
compound model outlined in Figure 1.3 in the previous chapter.
The target·setting models can ;1lso be integrated with other model·
ing approaches (for example, allocation models) in a comprehen
sive systems planning model, and this type of model will now be
examined.

2.1 The Mathematical Form of a Comprehensive Model

We have looked nt the parts of a compound systems model and
have discl.:ssed systems models in general and abstract terms.
Still, it is difficult to get a clear idea of what a com.>rehenrdvt:
educational planning model is from such a discussion. Table 2.1
is a comprehensive model stated in mathematical form. Symbols,
which stand for variables in an educational system, are built into
equations, which describe relationships among these variables.
The fifteen equations listed in Table 2.1 express in symbols and
equations the same essential set of relationships which were de
picted in graphic form in Figures 1.2 and 1.3 of Chapter 1. In the
black-box view, schooling is a system which receives inputs, proc·
PQQPQ thpQP ;npllts, n"n p.,.ndu"nn ny+;:"::." ".1.~.",,,, r,,·C' ~···t"-:r"''''
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in the social and economic 9ystems which surround the educa
tional system. An ~xample of an input is a teacher. The central
process is teachingllearning. An example of an output is a gradu
ate. Examples of outcomes or effects are th£; productivity and earn
ings which result from education. Viewing people as inputs is an
unappealing way of looking at humanity, but it is useful if the plan
ner keeps reality in mind.

Table 2.1

Tabular Summary of the Linear Model
Equations and Inequations

..
1

(I) ~linimi,.: C ~ ~ (,,

(.\) (, " (,

(4) X,.\, -, ~,

(5l X·,.\• . :,

find
Ih"crifllinn

Ohj('ctin"c:o..t
(unctitln

lktininll the
annual (lIo;t (}f
oprration5

But!l.:('( houncJarjt'5

!ll'mog:raphic
con{,lrainl

1'l'flnilH:: the tol.11
enrollment Lv
le\'d .

Xumhcr of
leJchero;
~cquir('d

, -I

(7) ,~,,:, - :s t'••- :I.,
1-·1
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r('quirr"\('nt~
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prnmotions
:\Janpower
Tt"quiremf'nts
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Xon.dtCrtl15in,Q:
numbtr of
~tudtnt~
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of ~t1HI('ntj in (,3ch
a~. "mlle\',1
Limit on numbf'r
01 'l\lllenl.l"
tach .~,.

U', ;,.-: u"

~

U.', ...: Ut,

(Q) .", ~ llr:'_1

(IS) X,A,,~ 1',11,

( 14)

(10) .1I t7. r:, .... U't - .\U', + II,
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( 12)

(II)

Schiefelbein. Erne~to, and "ussell G. Dnls, DeYelOnrnent Of Educational
PlannlM Hod.tlund ADllUcUl.oJLtn..Jhe Chilean S~"ooll!tW:!!!.. Lexington,
Hau: Lexington Books, 19/4.

Source:
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The model in Table 2.1 appears formidable. For those who are
not accustomed to dealing with mathematical models, Table 2.1
does not provide any clearer understanding of planning models
than the words and abstractions of the previous chapter. The brief
descriptions of the equations in the right-hand column of Table
2.1 do not help much either.

For those who are interested in following the details of mathe
matical modeling and programming, a detailed explanation of
the model is offered in the next chapter. Chapter 3 will explain
the equations shown in Table 2.1 in detail, discuss the way in which
the education system is portrayed in the equations, describe linear
programming in simple mathematics, and discuss how the results
of such a model are computed.

Chapter 3 is optional. There is no need to wade through the mathe
matics of the model to understand, from an ec'_~ational planning
standpoint, what the comprehensive model sun.marized in Table
2.1 is about. Nor is it necessary to read the even more detailed tech
nical explanation of the model in the book by Schiefelbein and
Davis (1974), who describe how the comprehensive model was
developed and used in Chile.

2.2 The Equations of the Comprehensive Model: Meaning c: ..d
Use

The use of a comprehensive systems model in educational plan
ning can be understood quite apart from the mathematical equa
tions used to express systems relationships, and the algorithm
used to solve the model. Table 2.1 is simply a set of plan goals
stated as equations, or inequalities (~ means "equal to or less than"
and :;;;; means "equal to or more than"). The essential goals state
ments are:

1. Equation (1) of Table 2.1 states that the costs ofrunning the educa
tion system over the planning period must be held as low as possible,
or minimized. (In the language of linear programming this is called the
objective function). '1he explicit plan objective is to minimize total costs
(operations and capital) ofrunning the system ov~r the plan period. The
goal stated in equation (1) (the objective function) suggests that the
planning model is being used as an allocations model. Allocations
models are used to make more efficient allotment,..; ofresources to various
levels and kinds of educational programs, projects, or institutions. In
fact, allocation was only one of the uses of the comprehensive model when it
was applied in Chile.

2. Equation (10) states that manpower requirement goab must be
equaled or exceeded by the output of graduates of the education and
training system; or, in other words, that the cducntio::'l dOd trAining
systems must be run during the plan period at a level sufficient to reach
manpower targets. (The manpower requirements targets were projected
by a separate study outside the model, and hence they are exogenously
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derived. The manpower targets projected by the targeting model were
then incorporated as part of the comprehensive planning model.)

3. Equation (3) states that the education system must operate within
budgetary limits, which means be equal to, or less than, the budget that
is ~rojected. (The budgetary limits, called budget constraints, were
also exogenously derived, or estimated outside the model itself.)

4. Equation (6) states that the school system must operate within the
limits of teachers who are already available or 'Who can be trainC!d. (This
is a resource constraint equation similar to equation (7). Equations of
this type must be written for each input or resource used in the educa
tion process.)

5. Equation (7) states that the education system must operate withi:~

the limits of the classroom space that is available or that can be built.
For each student enrolled, a fraction of classroom space is required as
an input. When this input fraction is multiplied by the number enrolled,
the total cannot exceed the total ofclassroom space that will be available
for the system over the course ofthe plan. (The classroom c&pacity state
ment of equation (7) is a resource constraint equation.) Note that the
equations shown in Table 2.1 are only general statements of relation
ships in the model. In other words, they represent whole families of
equations, since separate equations may have to be written for each
classroom type used in each different st:hool type and level, and for
ead! period of time in the plan.

6. Equation (13) states the social goal that the percentage of the age
group admitted to schools, CRnnot decrease during the plan period. A
related goal (equation 15) states that the number of children who enter
school must equal or exceed a certain proportion of the population in
school entry age. Social goals are written into the model to insure that
children are taken into plimary school without respect to their socio
economic background, and that this is done at the same time that the
manpower requirements targets are reached.

7. Certain standards of quaJity in edu.:ation pre maint.ained, and the
flow of students t.hrough the system iii gov.aml(~ by the quality of the
~ducationalinputs which reflect these standl<nlcJ' These standards are
reflected in the input coefficients used in the system, i.e. the amount of a
resource or input necessary to yield a year of education. If inputs are
increased, then more and better education can be given, and the flow
through the system will be increased. These goals are shown in equa
tions (8) and (9) of the model.

The linear programming model is then rz..n. Thie means solving on
a computer the system of equations in the model. (The common method
of solution, the algorithm, is called the simplex.) The solution will show
the number who can be enrolled and graduated from the education
system during the plan period, while the goals stated in the points 1 to 7
are attained. This means that the system is run so that:

the costs are minimized; ~
I
I

i,
\,

1
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the manpower targets are attained;
the education system operates "ithin budget limits;
the education system operates within space lim;ts;

the education s~ em operates within limits of teachers
available;
social goals are attained, and the number of coildren ad
mitted does not decline;
standards of educational qu&lity are maintabed.

There are some other goals which will not be discussed in order to
shorten our exp~anationof the model. We have discussed the e::.aential
goals of the model.

A comprehensive model helps the plunner to plan the simultaneous
attainment of multiple goals. The goals are reached in terms of the
resul~ of a model, and not in reality. Models help policy makers under
stand the education system. Ifmodels do this, then they have served their
purpose. We will see that although comprehensive models do provide the
numbers, they may provide them at such a level ofgenerality and aggre
gation that they do not always tell educational managers what to do
about specific programs. This is the costofusing comprehensive models.
The advantage is that the planner can study changes occurring in the
entire system through time. The planner cannot study each detail of the
teaching/leDming prClcess. This must be done in educational research
studies and not with systems models.

3.1 The Allocation Component of the Comprehensive Model: Further
Discussion

Allocation models can be developed and used as separate entities, or
incorporated as sub-parts of comprehensive models. (This is also true of
targeting models.) An allocation model component is part of the compre
hensive model shown in Figure 2.1, and scme economists would call
the entire model an allocation model. We will see that the comprehensive
model was used for more than allocation when it was applied to educa·
tional planning in Chile. The basic allocation features of the model
appear in the objective function of equation 0.), and in the definition of
costs in equation (2). The budget constraint of equation (3) and the
teacher and classroom resource constraints of equations (6) and (7) are
also parts of the allocation components of the model.

The manpower requirements goal expressed in equation (10) and the
social goal of equations (13) and (15) are also linked to the allocation
part of the model. Hence, the total model:

minimizC:.i the capital and current costs of the system;
while at the same time attaining the economic (mfUlpower
requirements) and so~al goals of the plan;

-~---------------------------_---..:.-.



PLANNiNG EDUCATION FOR D3VELOPMENT I Models and Methode

- whi~e at the same time staying within the budget con·
straints and teacher and classroom resource constraints.

I-------'--------,-,-1
,- ;'f.~

Large allocations models ml1Y lump resource inputs without much
qualitative distinction. In the comprehensive model, teacher types and
qualities were not distinguished. Neither were different Classroom types
diutinguished except in crude space norms by major levels ofthe syster.",
i.e. the per pupil classroom space ratio was larger for secondary than for
primnry students. Unit costs and unit allocatiolls are lumped together
and averaged, i.e. so many students per teacher and so much salary paid
to the average teacher. Mocels become insensitive to qualitative differ
en:es, and not wholly 11seful for planning specific program improve
mmts, when they are applied in aggregate form to large systems over
mllny time periods. Rational planners who favor systems analysis and
models claim that these limitations are not inherent in the nature of
thl! models. The models can be disaggregated, or broken down into finer
ca',egories, to reflect whatever differences may interest the planner.
This is indeed true in theory, but in p~e.ctice each time the model is
di~laggregated the number of variables and equations are multiplied.
The comprehensive model of Table 2.1 required 196 equations when it
WES appled in Chile. Even then, it was highly aggregated and quantita
tive. The amount of qualitative detail on inputs in most allocations
m(ldels is severely limited.

An allocation model generally has this structure:
(a) There is a column ofresource inputs. In education these would be

teE.chers, c1l::ssrooms, materials... Thes(' inputs represent constraints
in that they are limits that cannot be exceeded in operating the sys~m.
(When put into a programming model, the limits of resources are written
as constraint equations, and these constraints state that the system
mllst use an equal or lesser amount of the resources available. The
column of resource constraints is written in the form of a column vector
on the right-hana side of the equations of the model. Hence analysts
sometimes refer tl) them as the right·hand side.

Equations (6) and (7) of the comprehensive model in Figure 2.1 are
typical examples of an allocation model component. Theright·hand side
of these equations are expressed a,llimits on the amount of classroom
space and teacher service available. We have discussed only a few of
thE! constraints equations on inpu.;s that could be included in an alloca
tion model. Clearly the planner could list any resource which was scarce
enough for him to be concerned about allocating it. In an allocation
model, separate equations woulcl have to be written for each type of
resource and for each different prOlrram in which it is used.

(b) Input coefficients show the am~11!.t of resource used to give a
specified amount of education to a student of a given pro~amor level.
Usually this amount is a year of schooling. The coefficients show how
much of the reEl .... trce from the light-hand side must be used to provide
a year of educatlon. These may be called technological coefficients, and
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..
~

-j

•

~ ':',
"tt
.~ ,

. ",';')j"-~

O.::'.f,'."

,:,;J)~



, .
'.:''''

n~'; .'

i;;~i"

Systems Models/Unit Two 29

they show the ur.it amount of resource required for giving a unit amount
of education. The coefficient symbolized as c/J'J in equation (7) ofFigure 2.1
represents the number of square meters of classroom space used per
student. Note that the choice ofsymbols for variables and coefficients is
pl1rely arbitrary, and in this case the choice of the Greek letter phi (cP)
is pretentious and unnecessary. In the next chapter we will change these
symbols to make tl~em easier to type.

In equation (6) the corfficient cPh is the teacher/student ratio, which,
if multiplied by the number of students, will give the number ofteachers,
or the resource limit shown in the right-hand side of the equation.

(c) The model starts with a set of enrollments by school levels in
year 1. These so-called activity variables change as enrollments increase
over the years of the plan. These are the endogenous variables of the
model, which means their values are changed within the model by run
ning the model toward a 1l01ution. The solution gives the number enrolled
at the end of the plan period. (Enrollments are shown as Zl in the equa
tions of Figure 2.1, and appear as a column vector in the model.)

(d) The model may also have an objective function when it is cast
in the form of the comprehensive model. This is shown in equation (1),
where the objective is to minimize the costs ofrunning the system. (It is
usually written as a row vector.) The solution gives the minimal cost of
running the system to produce the enrollments shown in (c), and within
the constraints.

The allocation model can then be run as a separate entity or as part
of a comprehensive model. In either case, when it is run as a mathemati
cal programming model, the results show the number of students who
will be put through the system at minimal cost, while not exceeding
the resource limits specified in the constraints, and at the same time
reaching other goals specified. In the comprehensive model th~objective
function was to minimize costs; thus, the model sought to reach its social
and economic goals without, )(f.eeding resource limits, and to do this at
minimal cost. Thir.; is the basic form and purpose ofan allocation model.

The objective function can be put in quadratic as well as linear form.
A quadratic form would be used, for example, when the costs of running
the system, or whatever index is used in the objective function, do not
increase (decrease) in a linear form. In Chile the first version of the
comprehensive model used a linear objective function, but a second
version was attempted in which the objective function was to maximize
an index of learning, and this WM put into quadratic form (Schiefelbein
and Davis 1974). These are topics beyond the immediate scope of this
book. The model can also be cast into dynamic form, so that the co
efficients and parameters change as a result of running the model over
time. Sensitivity analysis can be performed, in which parameter values
are varied and the results are studied as in a simulatiou ofa real system.
In the United States, Hopkins (1971) offers a very simple explanation ofa
similar model applied to allocation in university planning. Weathersby
and associates (1967) have developed and applied the model in university
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planning. Other applications of programming models have been
reviewed by McNamara (1971), Bowles (1969) and Schiefelbein/Davis
(1974), among others, used a linear programming modd for allocating
resources to education. The allocution component was part of a larger
comprehensive model.

4.1 The Comprehensive Model Applied in Chile: Limitations Revealed

The application of the comprehensive model in Chile marked a turning
point in the use of systems models for planning. The experience revealed
the limitations on the use of tightly structured comprehensive model".
Run as a linear program model with the ohj~ctiveof planning the output
of formal G~hooling and on-job training at minimal current and capital
costs, the model indi-cated, in broad terms, the cost consequences of
a large increase in the retention and flow of stlidents in the education
system. The model was mainly used for allocation, but results also
indicated po",,,ible bottlenecks to goal attainment over time. Results from
the model also revealed educational problems which had to be studied
with more detailed analysis and research. The model showed that alter
native ways of training teachers in-service had to be developed and
implemented rapidly in order to serve the increased numbers ofstudents
in the upper grades during the plan years. The model also provided
results that were useful for planning on-the-job training of workers. The
model indicated that on-the-job training was a leRR expensive alternative
for training lower-level workers in the short run. Higher-level workers,
however, would be more expenflive to train on the job in the short run.
The model showed that it would be cheaper to train high-level workers
in vocational schools, even though the conventional wisdom is that
on-the-job training is cheaper. The8e results are discussed in Chapters
6,8, and 10 of Volume I, and in Schiefelbein and Davis (1974).

Running the model also revealed three major limitations on its use
fulness. One was imposed by the rigidity of the mathematical program
mit'g str..lcture anr. the algorithms for comp1lting the result. In the
linear programmi.lg model it was imposf1i!)le to include feedback
relationships. Feedback relationships can be inclu2ed in a dynamic or
multiple-loop feet:back model (Forrester 1971). Dynamic models require
a different structure, in which variables are inter·linked so that changes
in the value ofone variable will link to changes in another, and then link in
a loop back to the first variable. The feedback makes the system dynamic in
the sense that the model may partially update itself across time periods.
The model in Chile could not do this. Chilean planners ha..i to use fixed
coefficients over time, although approximations to changt!s could be
introduced at the beginning of each time period.

A second major problem arose in applying the model in Bn actual
policy analysis and dedsion-making context. The single-gaul, linear
programming format focuses too much attention on the goal shown in
the objective function. In the Chilean model, this was to minimize the
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cost of running the system. In actuality this was not as important as
other goals that were also incorporated into the model but not high·
lighted for as much attention. Other goals that could have been impok'
tant were those of the educational and social progrClms of the Chilean
school reform. A more important plan goal would have been to increase
the proportions of rural poor children brought into the school system.
Or it might have been more significant for the planners to study how
detailed improvements in curricula affected systems flows. Goal pro
gramming models enable the planner to focus explicitly on several
planning priorities rather than on single goals, as in the Chilean model
(S. Lee 1972; C. Lee 1974).

A third set oflimits came in applying the model to the learning process.
The model could not deal with essential qualitative relationships which
are at the heart of the education process. The model fell short in pro
viding indications of what planners, policy makers, and program
developers could do about changin6 basic programs to improve the
quality of education. A more elaborate model was developed to accom
modate effects of instructional quality, but it was difficult to get this
model into computable form. The promise and problems of such pro
gramming and optimizing models in actual planning are reviewed by
Schiefelbein and Davis (1974), but in general the model was too rigid
and too general to serve some of the practical needs of planning. More
flexible models were required.

4.2 Model Development and Limits of Black Box Analysis

Since the Chilean model application there has been further devlop
ment of models for education planning, but no marked increase in real
world use. The problem of linking the changes in the general education
system to teaching/learning activity has not been solved or approacherl,
and may be beyond remedy with anything but a model that is too big
and complex to manage. Comprehenllive models yield useful information
at a systems-wide level, but treat the central activity of education as
something that goes on inside a black box. They yield f~w guidelines
for shaping instructional or learning strategies.

At the risk of being repetitiou/! we will state that this is not a fat.ql
flaw, but merely a price that must be paid in much of the modeling and
research analysis that goes on in social science. Foi' this reason there
have been increased efforts to develop heuristic models. These will be
discussed in Chapter 15. Another alwrnative is to use the fuller descrip
tions of social dynamics and the qualitative features of education that
are made possible with case analyses of problems. There have also
been attempts to develop more flexible models that produce numerical
solutions. The multiple-loop feedback models of Forreste'l' (1968) arc one
possibility; and goal programming models are another is. Lee 1972).
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5.0 Models f(lr Planning and Decision Making u;ith Multiple Goals

The progr'-,mming model described in Figure 2.1 has a major limitation
because of th.~~:::t'U1iIlenceit gives to minimizing costs, the goal which
is stated in thti -bj-:ctivo function. This suggests that the planner has a
single goal, or lI:Jje::tive. in this case minimizing the costs. In planning
and decisiaa making l!1tmerally, and in educational planning speci
fically, there i:1 rarely a .lingle goal. In reality, the planner must attempt
to reach severnl goals at the same time, and because resources are
alwaya limited, there may be competition among goals. Furthermore,
the objective of the game is not to op~i1llizebut rather to satisfice, which
means to do as well as possible given the circumstances.

(1)

.....

,.

;,-_.,.....

5.1 Goal Prcgramming Models

Goal programming is the name given to a variant of the program
ming model shown in Figure 2.1. Actually, all programming models
applied to planning are built around planning goals, as our explanation
ofthe comprehensive model has demonstrated. But in goalprogramming
proper, there is explicit consideration of multiple goals, and this is a
virtue for planning. Goal programming is a satisficing format, rather
tha.J an optimizing one, in the sense that the program attempts to come
as close to the target goals as the situation and competing goals warrant.
Instead of the single objective function of the type shown in equation (1)
of Figure 2.1, the objective function statement in goal programming
would have multiple goals, and the model would be run so as to minimize
positive and negativo deviations from these goals. A simple goal pro
gramming objective would appear like this:

Minimize: d = [(PI), (P2), n3],
where d = total of deviations;

PI = excess in ,;nriable 1;
p~ = excess in variable 2;
n3 = deficit in variable 3.

In this objective function the planner is attempting to minimize the
positive deviations (symbolized as PI and P2) from variable 1 and 2 ODd
to minimize the negative deviations (n3) from variable 3. If variable 1
was the number of graduates of civil engineering programs, variable 2
the number of graduates from chemical engineering programs, and
variable 3 the number of graduates from mechanical engineering pro
grams, the objective of the goal program could be stated: Run the educa
tional system so that it does not over-produce civil and chemical engi
neers and under-produce mechanical engineers. Surpluses and deficits
are to be minimized. Goal programming provides a more realistic model
of decision making and planning. Though OiIl' purpose is not to teach
goal progra~ming techniques, we include this brief section on goal
programming with suggestions for further reading. Ignizio (1976)
provides a readable work linking multiple-goal programming to ~e
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single-goal programming illustrated by the model in Figure 2.1. Chames
and Cooper (1961) laid the foundation for goal programming approaches
and followed with subsequent applications (1968). Ijiri (1965) and S. Lee
(1972) advanced the theory, method, and applications.

S. Lee (1972) describes goal pt"ogtamming as a mathematical model in
which "the optimum attainment of goals is achieved within the given
necision environment." The features are: multiple objectives may be
incorporated into the model; the objective function may have non
homogeneous units of measure instead of a single measure expressed
in utility or cost; goals can be ordered in a hierarchy of importance so
that low~r-ordergoals are only considered after higher-order ones are
attained; and deviations between goals and what can be attained within
constraints are minimized so as to come as close as possible to attaining
the goals. The goal programming model minimizes over- or under
achievement of goals according to a statement of prioritized objectives.
Goal programming can model decision structures more realistically
becaUSE it permits consideration of conflicting goals and requires that
the pIa' mer layout priorities clearly. It also accommodates participant
\.vntributions in the process ofspecifying conflicting goals and priorities.

6.1 A Closing Note on Other Models Used in Educational Planning

These first two chapters have discussed some planning m::-rl"",, but
offered only passing comment on others. Comprehensive planning
models, allocation models, targeting models and compound manpower
requirements and educational planning Ir.udels received the majorshare
of attention. The next chapter goes further into the mathematical
features of the comprehensive model. The chapters in Part Two will
offer detailed instruction on projection modele. Heuristic models and
methods will be described in Chapter 15. Three types of models that
are occasionally used in edu .ional planning will be briefly mentioned
in this clos'ng section.

- MatJ,ematical models of the learning process. These models arc
essentiaiiy attempts to design a mathematical model of the learning
process (Bush and Mosteller 1955; Atkinson 1965; and Suppes 1968). The
models are interesting as research efforts, but there has been little appli
cation in educational planning. The more easily and precisely the
learning process is made' to fit a mathematical form, the Jess applicable
the models are to educational planning. Usually, the learning task is
simplified, and the learning outcome is expressed as binary, or yes/no
answers. The process and the criterion test scarcely resemble any real
world learning situations in which analysts are interested. The instruc
tional models of RestIe (1964) and Carroll (1963) provide quantitative
indices of the outcome of learning tasks, and these indices can be used in
planning models. These models have proved to be only moderately
useful. An attempt to apply the Carrol learning model is deueribed in
Schiefelbein and Davis (IS75).
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34 PLANNING EDUCATION FOR DEVELOPMENT I Models nnd Methods

- Decision process and managerial models. Decision-analysis and
modeling of the decision process are relevant to planning, but the topics
belong more in the field of systems management. Anthony (1965) in
cludes planning as a sub-field of management. but that classification
is not followf'd here. A second reason for avoiding decision models is
that it is difficult to deal with the subject without becoming abstract
or lengthy. For those who would read in the field on their own. Raifa
(1972) has prepared a "self-instructional, self-paced" course in decision
analysis. This course, in order to be simple and clear, requires ten
modular volumes just to illustrate the basic concepts of decision and
probability assessment.
Models for analyzing the effects of education. These models 'are used in
educational research and planning. Further treatment of the analysis of
educational effects will be offered in the volumes to follow. The essenti&ls of
the model and the approach can be presented in fairly simple and compact
form, however, and this is attempted in the Appendix which follows.

Appendix 2.1
Models jor Analyzing the Effects of Education

These models ('an be traced to the classic studies of educational ante
cedents and outcomes which have enriched the professional literature
in the field of education over the past thirty years. More recently,
economists have used the approach in production function analysis,
and sociologists in analyzing the data of natural experiments. The
lines of development are quite simila:. resting on application of least
square models to regression analysis of variables measured in the cross
section. We will base discussion on the model used in so-called pro
duction function analysis. As the term suggests the model depicts a
functional relationship between a set of independent variables and a
dependent or criterion variable. This functional relationship and the
mathematical form which depicts it, is the most basic, useful ,:md widely
applicable mathematical concept applied to soci:J.I processes. The func
tional relationship undergirds hundreds of models.

A = f (XI ... Xl, Xj ... Xq • Xr ••• XI)

Dependent Variable

A = Some measure of school output, e.g., school achie:vement

Independent Variables

Xl ... JG Educational inputs, e.g. teachers facilities, curriculum
materials;

14 . • . Xq School or community environment, average earnings,
property values;

Xr ••• XI Prior education, or intelligence. or motivation of student

j
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The function is fitted through least-squares, and in the resulting
regression analysis there is an attempt to assess the relationship of the
independent variables, the X's, to the dependent variable A, which
might be some measure of school achievement. In the usual v..:lrsion of
this type of analysis, the investigator may be attempting to explain
the differences in achievement of students, according to whethe:- they
received certain kindR and amounts of educational inputs (curriculum
materials), and attempting to assess the effects of other variables on
this input/achievement relationship. For example, the input/achieve-
ment relationship might be different for students in a high-income
community, and it will be different according to the previous educa-
tional achievement, intelligence level and motivation of the students.
Studies of Jencks (1972) and Colem~n (1966) and the International
Evaluation of Educational Achievement (lEA) studies reported by
Purves and Levine (1975) used variants ofthis basic model to study the
effects on educational achievement of social and economic backgroound,
cducational inputs, and student characteristics.

AnalysiEl of effects is often based on collections of social, economic,
and educational data which were not gathered according to a pre
designed research scheme. This kind of research is sometimes referred
to as a natural experiment. There is no direct experimental manipu
lation or direct analysis of effects or outcomes as these are analyzed in
control-experimental research designs upplied in research and evalu
ation studies.

Davis has pointed out in Purves and Levine (1975) that planners
very rarely use the numerical results of such research in thei': work,
but they do sometimes make plan and educational policy recon:menda
tions on the basis of results shown by application of sucn models and
methods. For example, a free textbook distribution program wes ex
tended to a new area of Venezuela on the basis of regression analysis,
which showed a fairly high use and effect of school books distributed
to the homes of poor students (McGinn and Davis 1969).

The same basic rel"Cession models and statistical methods are applied
by sociologists and economists in studies of the broader relationships
of demographic, social, and economic variables on education and earn·
ing. Figure A2.1 shows the application of path model and anaiysis to
the study of the effects of social and educational variables on earnings
and living standard. Path analysis attempts to get behind the cruder
aspects of black-box social analysis by setting Ul' explanatory models
of effects beforehand and analyzing causal relationships somewhat
more explicitly. Path analysis may sometimes improve the theoretical
power of the regression model underlying the research.

Figure A2.1 shows a path model which attempts to trace the ~ffects

of education on later economic and social outcomes. It is based on a
study using a large national sample of the population in EI Salvador.
The data were gathered in 1974 and analyzed in 1977, and the entire
study is discussed in Davis and Mc::G:i:n:n~(~19=-7~7),-,-.:-Th~:::..e~re:::s::e~ar:::c~h~in::te::.r~e~s::.t__------------:--:·.7·-~,:
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Figure A2.1

Path Model of Relevance ofEducation to Economic Social Outr,omes, for
Economically Active Population

-.001

Source: Harvard-AID Project AnaJysls of Data on Relevance of Education in El Salvador
Coate-collected 1974;'anllyze<r19m;-OavfS and McGinn, tfSAID/Harvird Project
Paper NO.B2,19n.
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was the effects of the education variable (measured in number of
gr&.des or years of education successfully completed) on later earnings
(monthly average of salaries, wages, or other remuneration) and life
style (standard of living).

The direct effect of education on earnings according to the model
assumed in Figure A2.1 is shown by a path coefficient of .368. This
path coefficient is' also called a standardized regressio.l coefficient,
which, like the correlation coefficient, varies from about -1 through 0
to about +1. The -1 would be a high negative or inverse relationship
(effect); 0 would signify no rebtionship and +1 shows a high positive
relationship or effect. The path coefficients show the direct effect of
one variable on another.

For practical pU!poses, and when dealing with largesamples, analysts
usually ~reat coefficients larger then .25 (plus or minus) as indicating
effects that are worth commenting on in the results. Hence, in this
model education does seem to have an important direct effect on earn
ings. This was assumed by the way the research analyst set up the
model. He ordered the variables so that education came before the
earnings variable. In other words, he modeled a process in which
education affected earnings and not the revers~.

Path models attempt to explain the direct effects of one variable on
another within a set of variables. The effect is shown by the size of the
"path coefficient". The path coefficient is the atandardized regression
coefficient, and hence it shows how much one variable will change as a
result of changes in another variable, when these changes are expressed
in standard deviation units. (The adequacy of the path model can be
tested by setting up equations in which correlation between variables is
predicted based on the path coefficient and related correlation
coefficients.) Here we define path coefficients in this wa)': path
coefficients, or standardized coefficients, are estimates of the direct
(causal?) effects ofcertain variables on other variables, given the causal
ordering which is theorized by the analyst in his path model.

In Figure A2.1 the model begins with certain variables repreS'Cnting
the initial conditions of the people in the population. They are born in
rural or urban areas, are male or female, and are members of certain
generations or age cohorts. As the model is sct up in Figure A2.1, age,
sex, and birthplace are exogenous variables, meaning they are not
determined by other variables inside the model. In developing countries,
age, sex and birthplace can affect the likelihood of the person attending
school, finding a certain occupation, earning a certain amount, and
living a certain lifestyle. In the model, education, occupation, and
earnings are endogenous variables, which mean9 they are determined
by solution of other variables in tho model.

The path model in Figure A2.1 allows the analyst to see how variables
affect each other directly and indirectly. We will follow a few of these
direct effects shown in the path model and then allow the reader to make
his own interpretations. Let us examine the path Urban/Rural Birth-

, ..---'------ --'-------~----------------~;__-----__':__1
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ph.se to Urban/Rural Residence to Education to Earnings to Lifestyle.
There is a strong relationship between Rural Birthplace and present
Rural Residence (.576), as we might presume. This tells the analyst
only that people born in rural areas still tend to live in them, though
there is some out-migration, shown by the fact that the coefficient is far
from 1. From Rural Residence there is a fairly strong (-.254) path to, or
direct effect on, Years of Education. The negative coefficient comes from
the fact that the Residence variable goes on the scale from Urban up to
Rural. Hence a negative sign means that people in rural areus have lower
education. Notice, however, that there is also an even stron;;er negative
path from Birthplace to Education (-.313). This suggests that the
negative effects of rural origins are not overcome by migration to, and
residence in, urban regions. In fact, very poor lJcople forced into
urban areas actually get less education than those who stay in
rural and suburban areas near towns and cities. Education has
a strong positive effect (.368) on Earnings, as we previously saw. In
tum, Earnings has an effect on Lifestyle as we might expect. In fact,
the expectation would be that it would come out higher. Note also that
Rural Birthplace and Rural Residence have negative effects on Earn
ings, but Rural Residence has a high negative effect on Lifestyle. This
occurs because the standard-of·living scale used in the study was heavily
weighted toward possession of urban amenities (running water, elec
tricity, etc.). Note also that l-:dl:catlon has a strong effect on Occupa
tion, as we might assume; bu~ ~ile effect of Occupation on Earnings is
much lower than we would expect. Note also that Sex (Male/Female)
has a strong negative effect on Education and Earnings, and if we
combine this with Rural, then Rural Women are an enormously deprived
group in the society.

The purpose in introducing the path model here is not to analyze
the social and economic conditions of El Salvador. Neither is our
purpose to teach the techni~uesof regressi'ln and path analysis. The
point is that regression al.0 path models used to study educational
effects and broad social outcomes are very much black-box approaches.
There is no real analysis of how rural background or sex discrimination
lead to lower educational opportunities, or how education affects work,
productivity, earnings, and standard of livin~.

The results of path analysis of aggregated variables can be used to
suggest certain policies, or to support certain plans. In this case the
analysis was used to show the effects of rural deprivation and the need
for rural schooling assistance for females. Other policy indicators were
shown more precisely in other path models, which will not be presented
here. The study itself, with an appendix on the methodology of path
analysis is available as part of the documents produced in this project
(McGinn and Davis 1977). Duncan (1966) discusses how path analysis
is applied in sociological research; and the general treatment ofmultiple
regression analysis can be followed in Kerlinger and Pedhauzer (1973),
a standard work on multivariate analysis.
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CHAPTER 3

Systems Modeb; and Methods for
Educational Planning: Unit Three

1.0 Introductory Comment

The main objectives of this instructional unit on mathematical pro
gramming models is to give the planner a r:eneral idea of how these
models are developed and used in educational planning. This chapter
continues discussion of the comprehensive planning model introduced
in Chapter 2. In this chapter the presentation is somewhat more tech
nical, but the material is still designed as an introduction to mathe
matical modeling. The chapter is optional in the flense that planners
may decide with some justification that they know enough about com
prehensive planning models without going through yet another chapter
on the subject. In that case readers are invited to go on to the units on
demographic analysis and population projection in subsequent
chapters. General references on linear programming and other mathe
matical programming methods will be suggested. The Appendix at the
end of this chapter will present some introductory algebra to sobie a
simple set of equations used in a linear programming model. In the
world of planning and practice, analysts do not solve linear program
ming problems. They usually sit down with computer specialists and
prepare the problem for computer solution. A brief listing ofwell-known
and usable computer codes will be provided at the end of Chapter 1.

In this chapter we will do three things. First, we will discuss a simple
linear programming problem of the type presented as an example in
books on educational planning. In fact, such simple applications do
not occur in educational planning, and the presentation of such simpli
fications can be unhelpful as well aD helpful. The exercise is unhelpful
if it suggests that problems of such brevity and simplicity will actually
be encountered in educational planning. The school exercise model
usually has two or thrl.'e variables, set into either constraint or goal
equations, and a simplistic objective function. The problem falls neatly
into a standard linear programming format such 8S the activity analysis
format for an allocation problem. The problem is then graphed and the
equations solved. The difficulty is that the problem solved is not like
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any the planner will ever see in his work; at least he will not see one
with so few equations and variables. The usual situation is that a
systems planning problem, if it is real at all, may have a hundred or
more variables and hundreds of equations. After studying the two
equation exercise, the learner may be staggered when he has to cope
with a real programming problem. In fact, the two-equation, two
variable exercise doesn't teach or tap the skill that is required to develop
and use linear programming models in planning. We will discuss what
these skills are later.

Nonetheless, the small example can be helpf'll. The two-variable,
two-equation problem can be graphed on a plane, using X and Y co·
ordinates. The geometry of the solution of simultaneous equations
system, and the geometry of the simplex algorithm which is used to solve
linear programming problems can be shown clearly. Furthermore,
the simple two-variable problem can represent the type of larger pro
gramming problem that generally requires many equations and many
variables. In short, the small problem can help the learner understand
what kinds of planning problems linear programming can be applied
to. For this reason we will sketch out a simple educational planning
situation rhat can be easily put into a simple linear programming
format w;' ~ two variables, one objective function, and two constraint
equations. We will show how this is solved graphically. In the Appendix
we will show the solution in linear algebra.

Secondly, we will go back to a realistically-sized model, the com·
prehensiw model that has been discussed in the preceding chapter. We
will outline this model again, as it was Ol,tlined in the text, but with
specific equations to show the objective function and the target and
constraint equations.

Lastly, we will attempt to offer some useful advice about how linear
programming models are developed. There are two major requirements
in this development:

a clear formulation of the system goals the planner wishes
to deal with in the model; and
the description of the goals~targets, and constraint.! in tl e
form of equations which aescribe the fundamental rela
tionships prevailing among the key variables ofthe system.

If the development of the model CUll. be begun by the planner, then
other analysts with specialized knowledge can provide this additional
specialized help:

further specification of the systems planning goals;

identification and symbolic definition of the key variables;
some variables are under policy control and some are not.
des~gn of equations which describ~ the relationships of the

-vnrmbte's onMsystem tn terms or planmng gows, systems
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resource constraints, input/output or technological rela
tionships, and relationships amon/;{ elements of the system
over the plan period;
selection of a computer code and the preparation of the
problem for submission to the computer according to thE'.
requirements of the computer code selected. A few of thfl
standard computer codes used for linear programming arll
listed at the end of this chapter.

2.0 A Simplified Linear Programming Problem

Two programs in the machine trades are offered to part·time students
in a training center. Two different kinds of machines are basic for
training in each program. Program I requires a minimum of 24 hours
a week to give a group of 10 learners sufficient supervised practice on
the machines. Program II requires 23 hours a week to give 10 learners
sufficient machine time. Based on curriculum and machine availability,
the director decides that the appropriate machine-training mix for
Program I is 4hours on Machine Type 1 and 6 hours on Machine Type 2.
The appropriate machine-training mix for Program II is 5 hours on
Machine Type 1 and 4 hours on Machine Type 2. The two programs can
be operated during staggered evening hours, in which machine practice
is alternated with related academic studies, so the two groups can share
the same machines. The hourly cost of Type I machine (for power, tend
ing, and amortization or rental charge) is 32 units of national money.
The hourly cost of Type II machine is 40 units in national money. The
director wishes to determine the minimum number ofmachines and the
minimum machine costs to serve these programs. (Note: The machines
are used in other programs which are run in the center; but at the outset
the director is interested only in machine availability for these two
programs and the costs.)

Unreal though the simple problem is, something can be learned from
following it through in linear program form. For purposes of pedagogy
we will assume that this program typifies the kind of allocations
problems planners encounter. There are instructional activities which
can be carried out in various ways technologically, and there are costs
associated with these alternative modes of instruction. There are limits
on resources available and other constraints imposed by structural
features and technology in the system. The goal of the director is to
minimize the machine costs, and he will do this by setting up the problem
in linear programming form.

2.1 The Problem Stated in the Form of a Linear Programming Model

To set the problem into linear pI,,~ammingform, the director begins
with a statement of his major goal-cost minimization-in the form of
an objective function statement. A simple objective function can be
written, using the operating costs of the two machine types:

;,..:,..;
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Minimize machine costs: Min C = $32 XI + $40 X2 (1)

The director will then solve the problem to get the number ofmachines
of type 1 (XI) and the number of machines of type 2 (X2) which will pro
vide the required weekly hours of training for both programs at minimal
cost.

We can put the total hours of practice required for each program in the
form of minimum target to be attained:

:::: 24 hours (Program I)
;::: 23 hours (Program II)

These state that at least 24 hours of machine instruction and practice
must be offered in Program I and 23 hours in Program II. (This is shown
by the sign ;::: which means "equal to or greater than.") If there were a
limit on machines available-for example, in the center there is instal·
lation space for no more than 10 machines-then this could be put into
the problem in the form of a constraint equation where the symbol
would be :::;; (which means "equal to or less than," e.g. XI + X2 ::; 10).
Since this limit will not affect the solution, it is not included in the
problem statements.

We can write the technological requirements in equations, using data
from the problem. In Program I the minimum is to be offered with
4 hours of Machine XI and 6 hours of Machine X2• Hence:

(2)

In Program II the instruction is offered with 5 hours of Xl and
4 hours of X2•

(3)

Both types must be used, so neither XI nor X2 can equal zero (a general
condit£on in all such problems). This can be stated:

Xl;::: 0 (4)
X2;::: 0 (5)

The entire problem in linear programming form would be: Minimize
total weekly machine cost:

$32 Xl + $40 X2 =C (1)

Subject to meeting the target instructional hours weekly with the
appropriate mix of machine experience:

4Xl + 6X2 ;::: 24
5XI + 4X2 ? 23

XI ~ 0
X2 ;::: 0

(2)
(3)
(4)
(5)

2.2 The Graphical Solution

The solution to this problem can first be shown graphically on the
plane, using Xl and X2• Equations (2) to (5) are linear and c~l!lnLhhpe-_-_-:--_-:-_------:-
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graphed as straight lines on a plane with Xl and X~ as the axes.F:qua
tions (4) and (5) tell us we will be working in quadrant I (++) because
both Xl and X2 are equal to, or greater than, zero.

Figure 3.1

II (-+)

(2)

...

qi (--l IV (+-l

Next we graph equation (2) and see where the line intersects the
Xl and X2 axis. Actually, though we refer to expressions (1) to (5) as
"equations," they are expressions ofinequalities which show a minimum
that must be attained. This set of inequalities forms a boundary line
when the expression is graphed. In the inequalities stated in the form
"equal to or greater than (2:)," the equation line forms a lower boundary,
and the solution liell on or above the line. We find where the line will
pass through the XI and X2 axes by setting one variable equal to zero
and solving for the other. This shows us the lowest value each variable
can take on. In other words, the value of the variable must be equal to
or greater than that value. We do the same thing for each variable in
turn. When we graph the equation with these two variables, we have
a line that passes through the axis of one variable and shows the
minimal value of the other variable. The solution to the equation must
lie on or above this line. If Xl is set equal to zero in equation (2), then:

4Xl + 6X2 2: 24
o + 6X2 2: 24 (Xl =0)
X2 2: 4

This means that the smallest value X2 could have in this equation
is 4. When Xl is zero, then X2 must be equal to or greater than 4, in
order to satisfy the equation. We now set X2 equal to 0 and find where
XI will intersect:

4Xl + 02:24
Xl 2: 6

..;
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Equation (2) ill graphed in Figure 3.2, in which the shaded area
shows where th~ solution must lie. This is called the feasible orea.
The solution mlLst lie above the line that intersects the XI axis at
6 and the X2 axiil at 4.

Figure 3.2

Next we graph equation (3) and do the same thing. If XI equals
0, then thl! Rmallest value X2 could have would be just a bit less
than 6 (5.,'5). If X2 equals 0, then the smallest value that XI could
have would be a little less than 5 (4.6). The shaded area in which
the solution must occur, according to equation (3), is above the
line XI = 4.6 and X2 =5.75.

Figure 3.3

Graph of 5X1 + 4X2~ 23
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We can now put equations (2) and (3) on the same graph in Figure
3.4, and see where the two sets of lines intersect. The two equation
lines will mark out an area in which the solution of the problem
must lie. This is Rhown by the shaded area. The solution can lie
anywhere in this shaded area. In Figure 3.4 there is a comer point
marked at P. This is the lowellt point, or minimum, that still falls
within the shaded, or fel\3ible. area, and the solution of the problem
lies at this point.n We can read this solution froin the graph. It
shows that Xl equals 3 and X2 equals 2 at the lowest point, or comer
of the feasible area.

Figure 3.4

6

Equa ti on (2) 4
line

Equation (3)
line

Lcwest point (minimum) is corner at? (3.2).

-There is a mathematical proof that the minimum or maximum
must always fall at a corner point of the feasible region. but this will
not be dealt with here.

Figure 3.5 shows how the ob:ec~~vc function moves toward the
minimal point in the feasible arC9 during the solution of a linear
program problem which uses the simplex algorithm. If we look
at the top line in Figure 3.5, it shows that if Xl is maximum at 10
(X2 = 0), or X2 is maximum at 8 (XI =0), the objective function would
have a value of $320. What happens in the simplex algorithm is
that the objective function line is moved down and parallel until
it reaches the lowest comer point in the feasiblE' region. This is P,
where Xl equals 3 and X2 equals 2. When we put these values into
the objective function we get:

32(3) + 40(2) =$176

This is the minimal weekly machine cost to serve both programs
in the center. It will result from using 3 machines of Type Xh and
2 of Type X2• In following the simple problem, the reader may won-
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der why the directGr would go throvgh this routine to get the answer
he did, since this aitur:tion would by no me&ns require a linear pro
gramming approach, but that is the point about simplified prob·
lems: th.JY help illustrate the general methodology and not the
practical application.

Figure 3.5 then shows how the objective function line moves down
and parallnl until it reaches the comer point P, which gives the
minimal solution t" the problem. The mil1imal soluticn is at Xl = 3
and X~ = 2, and this gives a minimB.1 weekly payroll of $176 to meet
the insiructionll1 !"equirements at both centers.

FIgure ::.5

2.3 The Linear Algebra of the Simplex Solution

The simplex algorithm, when applied in Ihlear programming:

Solves a set. cf simuitaneoUi.l equations to yield a feaaible
solution. (Actually there may be, as the graph showed,
man.'! different feasible solutions, in the senst! of dif
ferent lines that lie within the feasible zone and satisfy
the cOlltraint equations.)
Solves the s~t of equations so as to yield a point that
is minimum or maximum in the feasible region. The
objt!cti'le function rUDS through that point, which was
the corner point P.

Actually, for a simple set of two equations in two unknowns there
is nothing now l.'.hout the solution methodology. The io'lequaliticB
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can be converted to equations and the equation set solved by one
of the standard methods of solving simultaneous linear equations.
The method of elimination is familiar from rudimentary algebra.
In the example, we have selected the simple two·variable, two
equation case precisely because it is easy to solve anr. understand
the method of solution. Few, if any, problems that planners meet
will have this simplicity, a point that was made before. Most plan
ning problems will have hundreds of variables and equations. The
solutions cannot be graphed conveniently be,=allse, when we have to
use more than two axes, it is difficult to depict and und.erstand the
analysis. Such equation sets are said to be solved in n-space, and that
is hard to envisage. These large problems are solved by computers,
using pre-written and documented programs or computer codes. The
planner must first cast his problem into the right form, which means to
describe the system using the type of equations (or inequations) which
we have seen in the previous chapter and section. Most equations in
a planning model are statements of goals, or constraints, in the system.
We will study the form of these equations further later in this chapter.
Once the system is described in equations of appropriate form, the
only remaining problem is to select a computer code, prepare the sub
mission for the computer according to the requirements ofthe computer
code, and run the model to a solution. Large sets ofequu!.iuns are solved
by matrix inversion. There is no way to watch a large model being
solved in the computer, but the method that underlies most of thse
solutions of sets of equations is familiar to most people who know some
linear algebra. The method will be illustrated in the Appendix by going
through a simple exercise using elimination to solve a set of linear
simultaneous equations.

3.0 The Planner at Work with Models

In his work, th~ p!:muer does not have to solve small sets ofequations
because most real problems don't come that way. Nor does he have to
solve large sets of equations, because they can't be solved, in practical
terms, using the long-hand methods illustrated. The large problems are
solved by computers, using about the same essential methods, but apply
ing the algorithm in a way that makes it impossible to follow the steps
in the calculation with the human mind or eye. It is precisely because
large problems cannot be followed as the computer solves them, that
small and unrealistic problems are used to illustrate the algorithm.
The previous section on the graphical method, and Appendix 3.1 on
algebraic methods nre useful for those who wish to understand what
the computer docs. The next sections explain what the planner does.

3.1 Task One: Developing a Comprehensive Plann' <1/ Model: S~ating

the Goals
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The fIrst stcp in devcloping a comprehenlJive planning model is to
state the planning goals as clearly and systematically as possible. In
the Chilean case these were stated:

1. Costs (capitai and current) of running the system over the plan
period are to be minimized.

2. Economic goals are to be attained. SpecifIcalIy:

Manpower goals stated in the form of requirements for
educwted and trained workers are to be attained. These
targets were forecast outside the model.
The system is to be operated over time staying within budget
limits. These are also forecast outside the model.

3. Educational technology (quality level) goals are to be attc.ined.
Certain standards of quality are to be maintained while staying within
resource limits.

Classroom facilities are to be u~ed up to the limit of class
room space, using appropriate input norms of classroom
space per student enrolled.
Teachers are to be used up to the limits of the number of
teachers already trained, plus the number who can be
trained. The system will operate according to system in\lut
norms of teachers per student cnrolIed (teacher/pupil ratIo).
This means simply that if the teacher/pupil ratio is 1/30 and
there are 3000 teachers in the system, the total enrolIment
is limited to 90,000 if that average is maintained.
The total of resources available to the system wilI equal the
unit cost of inputs multiplied by the numbers enrolled in
the educational programs at variou~ levels of the system.
This means simply that if the per student cost is $300 (where
the sign '$' stands for whatever monetary unit is used), and
there are 90,000 studento in the system, then the total cur
rent, or operating, cost wiIl be $2.7 million.
Flow thro'~gh the system will be the maximum attainable,
triVfm the educational quality measured by inputs. To
Increase these flows will rcqulre an increase in inputs. In
the Chilean model there was a variable y, which reprcsented
the additional amount of enrollmcnt that could be accom
modated in the system if there were additional resourccs
available. To increase y required increasing the resourccs
available and alIocated to the system, and thereby increas
ing the \:Ost9 of running the system.

4. Social goals are that most of the age group will be admitted to
school and retained in school for a signifIcant basic education. In the
Chilean model the equations were set up so that the percentage of the
age group admitted to school each year ot the plan period had to be
larger than the percentage of the previous ycar.

..,
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3.2 Task Two: Stating th€ Goals Systematically in the Form ofSystems
Relationships or Equations

Not all of these goal statements from the comprehensive model will
be shown, but the equations which correspond to the major goals stated
int'ask One will be given as examples. The first will be the objective
function statement. Note that these are only general statements, each
of which may yield many detailed equations. This will be shown in an
example in Task Three. (Note also that we have changed symbols from
those used in Table 2.1 of the previous chaptp.r. The choice of symbols
is purely arbitrary.) The major equations are:

Objective function

Minimize: C = ~ Ct

Minimize: the sum of educational costs
(Ict) over each year (t) of the plan,

where:

(1)

C = costs (capital and current) over the plan period;
I = sum over the plan period; .
CI = total costs each year of plan.

Constraint equations
(a) Economic goais

Manpower: F t Zt + Wt ;::: LVI (2)
where:

Z. = the number of :Jtudents enrolled in a giv'i!r. level
and type of school in a given year;

Ft = the fraction flowing into the work force;
lft = the number of workers trained on the job,

L t+1 = the manpower requirements for workers with this
level Rnd type of education.

(b) Economic goals
Budget/Constraint equation Ct ::; ~ (3)

Ct = the total costs in anyone year, canno~ exceed (~)

the total of budget resources available which is
symbolized by~.

(c) Faciliti~ (classroom space) constraint
~z.~~ W

where:
St = the number of Rquare meters of classroom space

per student;
Z. = the number of students enrolled in a given educa·
" tionallevel in a given year of the plan period;
SI = the totsl number of square meters of classroom

space available in the level at the beginning of the
period.

.,-' .... ,.
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The constraint simple states that the school system
cannot use more classroom space than is available.
(Note that &. is an input coefficient. These will
be explained in (1) bdow.

(d) Teachel~Ol\Btraints

Tnt Zt::=;; Tl (5)
This is the same kind of equation as the previous one.

·where:
Tnt = teacher/student ratio, or input of teachers per

student;
Zl = the number of students enrolled in a given level
A in a given year;
Tl = the total number of trained teachers available.

The total number of teachers available in the
system will limit the number of students (Zt). The
model solves for Zt (enrollments) so as to minimize
costs (1st goal) and stay within constraints of
equations (4) and (5).

(e) Social goals
Demographic (constraint) ~ ;::;: p'P, where (6)

~, the number ofchildren who enter school at a given
level, must equal or exceed. (~) a proportion p' of
the population P in the age group that corresponds
to that grade. P is the population in the age group.
p' is the proportion of the age group to enter school.
Thhl proportion is fixed as a social goal.

(1) al Zt + rl N" + d l Tl = Ct (7)
Total annual cost Cl equals capital and current costs.

where:
al = the average cost per student per year of education;
Zt = the number of students enrolled in the level in a

given year;
rt = the cost per square meter of classroom space built

for level and year;
Nt. = number of square meters of classrooms built for

level and year;
dl = cost per teacher trained for level and year;
Tl = number of teachers trained for level and year;
Cl = total costs in anyone year t.

Equation (7) shows that when unit costs are multiplied by the number
of units, the total equals the annual cost of operating the system. This
simply means that if the cost per student (tzt) is multiplied by the number
of students enrolled (2;), the result is the cost of operating the system
for a year. Equation (7) also shows the costs of some inputs necessary
to maintain and expand the system over the plan years. In this case

..-
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only classroom space and teachers are sho''lIl in equation (7), although
other inputs were specified when the model was applied in Chile.

Equation (7), like most other equations shown here, represents a set
of many equations, because in the model a new equation must be written
for each educational level and time period.

One important thing to note in understanding the model is that the
unit cost and input equations are linked to the flows in the system.
Enrollment flows cannot be increased without increasing unit costs
to improve system performance and inputs:

a' Yt = Ct - at Zo, where (8)
a' = unit cost (per student) of increasing student flows in system;
Yc = number ofstudents who represent increased enrollment flows;
Ct = total anr-ual costs for running system in year t;
at = nonnal unit cost (per student) per year of education;
Zt = number of students enrolled in given level in a given year.

3.3 Task Three: Writing the Equation Descriptions of the System

The comprehensive model used equations and variables to describe
the essential features of the Chilean Education System. Here we cannot
spell out all theae detailed equations, but in this section we will offer:

a set of steps, or suggestions, on how to develop systems
goals and equations for a planning model.
detailed equations for one ofthe general equations, equation
(4), described in the preceding section.

Most education system planning models will require statements of
this general form:

(1) The economic goals of the system.

That the education and training system will meet man
power requirement targets.
That the education and training system will operate at
minimal cost (capital and current).
That the education and training .llYstem will operate within
budget constraints, or limits. (Estimates of these limits
will be derived from estimates of resources and revenues.)

(2) The social goals of the system will usually include statements:

That entrance and enrollment targets for the basic level
of education will cover all or most of the age group specified
under law.
That the proportion admitted will not decrel18e during the
plan period.
That certain social or ethnic groups will be admitted to the

:"
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system as ~j>rioritytarget; or that female children or rural
children will be admitted in larger numbers. These kinds of
goals were not incorporated into the Chilean model, but they
could easily have been written into the Bocial goal equatiQns.

(3) The resource limits of the system are usually given in the f)rm of
constraint equations which state that the system will operate within
limits of available resources and inputs. Constraints must be written
on all major educational inputs:

administrators, supervisors and teachers (of various types)
physical facilities (classroom space, labs, shops, etc.)
equipment
instructional material
other

(4) Enrollment flows in the system must be linked in two ways~

i) Enrollment flow through the educational levels must be linked
externally to manpower requirements, and to the social requirements
which arc specified as goals.

ii) Flow through the system must also be linked internally. This
means that enrollment flows must be linked to resource constraints
through input coefficients. Note that this is the most important part
of the entire model design. This is the dynamic heart of the systems
planning models. The two links i) and ii) must then be linked to each
other. The flow through the schools to participation in the workforce
is linked to resource limits by means of technology or input coefficients
and, in turn, linked to costs and resources. Flow is governed by the
amount and quality of inputs. For example, promotion will be increased
if more teachers, classrooms, and other educational inputs are avail
able to the system. This is where the educational pls:.nner links teach
ing/learning to systems management and planning. This link between
flow through the system and educational inputs is expressed in tech
nological or input coefficients which state the relationship in very
aggregate and average terms. In developing the model, these relation
ships would be investigated by research studiep of inputs and effects
of education. Models for studying input/output relationships and for
analyzing educational effects were covered in the Appendix of
Chapter 2.

Flow through the system is linked to inputs, which in tum are linked
to costs. Costs are linked to resource and budget estimates. '.These
links are shown in the goal of minimizing costs, staying within budget
limits, and staying with:n resource constraints.

Once the system can be described in statements ofgoals and relation
ships, the statements can be written into systems of equations (or
inequalities). Equations must cover:

..
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all the different educational programs and levels that are
relevant for planning purposes;
all the time periods (in units ofone Year) the term ofthe plan
will cover.

The equations for tbe different levels and types of education and
training can be linked across time periods. The results will be a model
of the size and type described in Schiefelbein and Davis (1974).

Data are then gathered, analyzed, and put into the equations. The
major kinds of data include:

Manpower requirements targets, from manpower forecasts;
Demographic targets from population forecasts;
Budget and cost data;
Education flow data, and workforce entry and participa
tion rates;
Educational technology data, i.e. input coefficients;
Educational resources and inputs from inventories and
construction and purchase plans.

4.0 Detailed Equations for the Model

In Table 2.1 of the previous chapter, the comprehensive model was
described in the form of 15 general cquationli. In the preceding sections
of this chapieT, .hese general equations were dep.~ribed in greater detail,
and the links between them were discussed. Before the general equa
tions can be put into the computer-eoded model, and the results run,
two things must be done:

First, the general equations mut be rewritten in the form of many
detailed equations which describe the system (various education levels
and types of programs). Equations must also link the description of the
system over the time period covered by the model. The comprehensive
planning model, when it was applied in Chile, was run over an eleven
year plan period.

Secondly, the kind of data 1ist~d in the previous section must be put
into the detailed equations. The data may be educational, economic,
sodal, or demographic, but the data must do the following:

Describe the initial conditions of the system, i.e. the way
the system iB at the ( t.ort of the plan period;
Guide the way the system will (or can) change over the plan
period. Changes are controlled by two main factors, targets
and rates. The targets specify where the system must be at
the end of the plan penod, and the rates control how the
system will develop to reach the targets.

An an example of how detdled equations are written and datn are
incorporated, we will expand general equation (4) which dealt with the

I
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=

limits of claosroom space available.
The original equation statement was:

A

SZt :5 St' (4)
where:

sZt is the number of square maters ':If classroom space per student;
Zt. is the number of students enrolled in a given educational level
A in a given year of the plan period;
St' is the total number of square meters ofclassroom space available

in the level at the beginning ofthe period. The equation states the
obvious that the amount of classroom space used cannot exceed
the amount available. But classroom space can be built.

As this constraint is written into the model, it is changed slightly to:
A

sZt - No = St' (4')

or in the alternative form:
A

sZt = St' + N, (4")

where N i'l the number of square meters of new classroom space built
during the period.

The equation now states that the classroom space used during the
period cannot exceed the amount that was available at the beginning
of the period (St) plus the amount build during the period (Nt).

When equation (4) or its variations are put into the programming
model there must be a aeparate equation written for each level of the
educational system and for each period of the plan. If the model is
designed to distinguish three different levels of education and three
diff':!rent periods of time, the (lnp. .,.eneral equation will appear as nine
equations in the model. Note: All the equations in the previous section
are general Btatements, and when they are written out for the model
they are vastly expanded in number. In the case of the Chile model,
the 15 general equations which describe the model were expanded into
196 detailed equations which were put into the model with data for
computation. The reason for this is that special equations have to be
written for each educational level and each time period over which
the planning model is run (Schiefelbei.: and Davis 1974: pp. 86-115).

For the first period and the thrfi! levels the equations would be:

Period One (i = 1)
2.5 Zu - Nu = 3,850 primary schoolle-..el sp.nce (j = 1)
5.0 Z12 - N 12 = 2,020 secondary school level space (j = 2)

10.0 Z13 - N 13 = 500 post-secondary level space (j = 3)
where:

2.5 is the Humber of standard m2 of classroom space per student at
primary level; Zu = enrollment in period 1 and level 1;

5.0 is the number of m2 of classroom space per student at secondary
level;

10.0 is the number <!tstandm'!lm2 of ,.1 A QQ"nnm SP"C" pcr "tudGi'lt lit
-po9t~eecondary level;

{
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N is the number of standard m2 of new classroom space that must
be built for the various levels during ~he period;

The number on the right-hand side of the equation is the amount (in
thousands) m 2 of classroom space available at the beginning of
the plan period.

Period Two (i = 2)
2.5 z'Z1 - N 21 = 3,850 period two, primary space (j = 1)
5.0 Zn - N22 = 2,020 period two, secondary space (j = 2)

10.0 Z23 - N 23 = 500 period two, post-secondary space
(j = 3)

Period Three (i = 3)
2.5 Z31 - N31 = 3,850 period three, primary space (j = 1)
5.0 Z32 - N32 = 2,020 period three, secondary PiJa.:" (j = 2)

10.0 Z33 - N33 = 500 period three, post-secondary space
(j = 3)

Hence, nine equations are written for three levels and three periods.
Note that the same values appear at the right of the equations for all
three periods, since there will be the same amount of space available
to start in the entire plan period. But note also that the same per student
classroom space ratios are used throughout. Also, there is one average
per student classroom space ratio for each level of school. These equa
tions show the rigidity of the programming model. These ratios can
be varied within each school level (for example, to show different space
norms for primary schools in different regions of the country) and
changed over the plan years, but this will increase the number of
variables and equations in the model, which is already fairly large.

5.0 Task Four: Preparing the Comprehensive Model for Computer Run

When all equations for the :;ystem have been written and numerical
values supplied, the model <:an be computer-coded according to one of
the standard linear programming codes and run. Each one of these
codes has a large amount of documentation which usually covers three
major items:

a general description of the problem situatioQ in which the
computer code IS used, and a few general characteristics
of the code;
a user's manual which specifies how jobs are submitted to
the computer to use this code or set of programs;
program listing for main programs and sub-routines, ifany.
All of these things may be combined into one users manual,
but the point is that there will be different character
istics (requirements and advantages and disadvantages)
for each code, or program.
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Most ~rograms are machine-dependent, which means that one of the
determinants of which code will be used is the computer available for
running the program. A second determinant will be familiarity with
the program, either on the part of the planner or on the part of a
computer specialist who will be aiding him. (Some planners are
specialists in computers, but usually these two specializatio;;}s are
different. Sometimes a planner requires no help because he has used
one code several times and is familiar with it.) A third reason for a
choice of a code is that some codes will do some things that others
won't-e.g. handle large: programs, compute more efficiently or inex
pensively, allow for more flexible options, or yield output in the form
of more extensive or more readily interpretable reports.

We offer no detailed description of computer codes here, but simply
list the main ones with which we have worked in planning problems
similar to the Chilean comprehensive model. Selecting a code and
preparing a model for running on a computer requires a substantial
effort, and there is no easy set of steps which will allow the user to
escape the work required to enter the system. The computer program
used to run the Chile comprehensive model was the MFOR. This was
the most useful code available at the time the model was last run some
years ago, but it will not appear in the list of codes that are currently
used. Even these so-called current codes may be dated. Among the
current codes being used are:

Software Machine

1. MPS (x)
Mathematical Programming
System Extension
(This was just coming into use with
the IBM 360 at the end of the time
when the Chile model was being
developed. MPS was used to some
extent to re-run some parts of the
model.)

2. GE Tempo

3. Ophelia

4. LP Linear Programming Package

5. Umpire
ELONA

6. SIMPLX (SIMPDX)

IBM current models

Burroughs

CDC Control Data Corporation

PDP 10

UNIVAC

UNIVAC 1110

Most computer codes print out a staggering amount of information as a
result of running a large model. In some cases this printed output is
more than the nonspecialist can understand, or the working planner

.
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can use. Many codes and programs print out special reports or high
lights reports. In mathp.matical programming results, the planner is
generplly interested in three things.

First, the planner looks at the final index, or objective function
result. In the Chilean example, this would be the minimal costofrunning
the system. In other models it might be the maximum number of
grnduates of given levels of schooling produced for the workforce; or
the attainment, or nonattainment, ofsocial gonls expreRsed as a fraction
of the school-age children enrolled. The quadratic model developed in
Chile as an extension of the linear model attempted to minimize the
discrepancy from an index of learning quality (Schiefelbein and
Davis 1974).

S~condly, the planner is concerned with the so-called activity levels
of the system. In the Chilean model these would be the enrollments
(Z variable) that flow through the system, and the graduates of the
system. It is always of interest to the planner to have the projected
enrollments by grades and by years and the number joining the work
force. In the comprehensive and compound models, these results would
be the maximum numbers of enrollments attainable, given the goals
and constraints of the system. Hence, the projected enrollment reported
as the result of a model run is of more value than a simple enrollment
projection based on demographic projections and enrollment flow
parameters.

Finally, the planner looks at the values that appear on the right-hand
side of the program. The planner will notice any large changes in thes(:
values on the right-hand side of equations, and positive and negative
values on the constraints or targets. These changes and negative values
show the places where the system constraints are binding, indicating
potential system bottlenecks. It also indicates places where the limits
could be relaxed, and this would change the outcomes of the plan. The
right·hand side values also can be interpreted in shadow price terms.
We will not attempt to explore this concept of shadow price here except
to say it is the resource. cost that should prevail if resources were used
optimally in the system. The shadow price results in the Chilean model
were used to indicate where substantial cost savings could be realized
by increasing system output and resource limits (Schiefelbein and
Davis 1974: 84·85, 116-135).

References for Computer Programming Codes
There is a program given for the model run by C. Lee in the following

reference: Lee. C. A Goal Programming Model for Analyzing Educa
tional Input Policy with Applications for Korea. Doctoral Thesis, Florida
State University, Talahassee, Florida, 1975. (Available through Uni·
versity Microfilms, Ann Arbor, Michigan.)

Two computer codes, each with descriptions of algorithms, data
requirements, and a brief user's guide arc offered as appendices in
Ignizio, James P. Goal Programming and Extensions, Lexington,
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Milss: Heath, 1976. The two codes are:
- "The Linear Goal Programming Code" (Limited to 10 variables,

10 priority levels and 20 objectives, but can be expanded in size with
redimensioning).

- "The Modified Pattern Search Algorithm for Nonlinear Goal
Programming" (Limited to 25 decision variables and 2!i objectives,
and can be expanded with redimensioning).

AP~ENDIX 3.1

In the text, we illustrated the simplex algorithm graphically. Here
we will show the part of the algorithm which solves the equations to
determine the feasible region for the solution. Equations (2) and (3),
which bounded the feasible area in the graphical exercise in the text,
can be solved in basic algebra by elimination.

In Table A3.1 we show two approaches to the solution ofthe equation
set (equations 2 and 3) from the example. In the left-nand columns of
Table A3.1 we have the familiar method leE,rned in secondary-school
algebra of substitution and elimination. We first multiply equation (2)
by -5. Then equation'(3) is multiplied by +4. We then add to eliminate
variable Xl. We now have -14X2 =-28. In the final step in our solution
for X, we divide t y -14, and the solution is Xz =2. We now do the same
to solve for Xl. WP. multiply by +4 and -6, and add. The result is
-14Xl = -42. The solution is Xl = 3.

The solution in the right-hand section of Table A3.1 is obtained hy
inverting the matrix A. The solution is done as it would be done as
part of the simplex algorthm, or in standard methods for solving sets
of simultaneous linear equations. The solution is obtained by i'werting
the matrix A of the coefficients of Xl and X2 in equations (2} and (3).
The system of equations is symbolized as A X =b,

In our set this matrix of coefficients would be:

X is a column vector of the variables Xl, X2

b is a column vector of the equation values
.::.

where: A is a matrix of coefficients of the variables in the equations.

[: ~]

[ i: ]
[ ~ ]

When we set up the problem for solution by inverting the matrix we
add in one more factor, the identity matrix which is symbolized 1. Here
we actually write the expression AIX = b in Tablp A3.I. The identity
matrix I is a matrix with 1 in the main diagonal and 0 in all other
E!Iltries. It is shown in this example as: I = [~ ~] Mathematically, to

. - -.~ ,-:
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multiply a matrix by identity matrix I simply gives back the original
matrix. In this problem we use the identity matrix as a register device
to show what happens to XI and X~ as we invert the mntrix. We beQin
the problem in the right-hand pa:-t of Table A3.1 in this way:

A I X b
4 6 1 0 XI 24
5 4 0 1 X~ 23

Inverting the matrix in the simple set of equations sho"\\'l1 in Table A3.!
can be done exactly as in the steps of the elimination method Ilhown
in the left-hlmd column of Table A3.I. The result is the solution X=A-Ib.

In solving equations (2) and (3) in '('abi.·'} A3.1, we go r"om X == AlB to
X = IAlb. The final stage IA -Ib is the solution of tbe set of equ~jons
in which the matrix A is invcrted to the matrix A -I. The matlix A must
be square and nonsingular, i.e. have an inversc. An inverse matrix is
one which, when multiplied by A, will give I, 01 the identity matrix.
Hence we invert matrices of the coefficients of the equations so that
we can solve the equations. This is indicated when we transform Alb
into .lA-lb. The identhy matrix I shows that the coefficient of each
variable is 1, and b shows the value of the variable. When the coefficient
of the variable is 1, i.e., the equation is solved for that variable. In the
simple problem in Table A3.1 it is carried out just as in the elimination
method shown in the left-hand side. We include the identity matrix I
in order to show how the inverse is obtained.

The inverse of A Ii-I

[::] ;. [~~~]
because if we multiply it by A-I we will get I, the identity matrix
[~ n again..

The identity matrix symbolizes the solution of the equation set. When
the coefficient of each variable is 1, the equation is solved.

,.,,:
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Table AS.1

Solution ofProblemE41lationJ by Elimination andlnverting the Matrix

AX • b

AIX • b

A X b

4X, -I- GX2 2 24 (2) 4 6 0 Xl 24

5X1 + 4X2 D 23 (~) 5 4 0 X2 23

Mul tiply r--"Equation (2) -20X. - 30X2 " -120 -30 -5 0 -120
by -5 l

20 16 0 4 92
Multiply
Equation (3) 20;(1 + 16X., " 92
by +4

0 -14 -5 4 -28
Add Equa~ion$ 0 - 14X2 " - 28

0 + 5 -4 2
Divide by -14 )(2 t 2 14"14

Multiply X2 " 2
Equa tion (2) 16X1 + 24X2 " 96
by +4

16 24 4 0 96
Mui tiply
Equation (3) -3GX j - Z4X2 " -138 -30 -24 0 6 -138
by -6

Add Equations -14X1 42
-14 0 +4 -6 -42

Divide by -14 Xl ;.1

0 -4 +6 3
T..· 14

Xl " 3

A-1
b

0 -4 J 2
14

j
+5 -4 3
14 T5"
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P~J"·t Two: Setting Targets - Projectiolr
lf1.·~. }rooologies

Foreword
Part Two offers three chapters designed as instnlctional units on

population projection, enrollment projection and enrollment D~:'''stiC8,

and a fourth chapter on trend analysis and curve-fitting. The first unit
on demogrc.phic analysis and population projection could fill a complete
textbook. Hencll, the introductory materials of the unit are suplJorted
by bibliographies and referenr.e lists for further reading, technical
ap)' ~ndices for follow-up, and documen~ationon computer-coded models
de iigned to run the projections previously d;,scussed in the instruc
tiolLal units.

Educational planners must chart the near-term future. Forecasts of
this near future are most commonly based on pr{,j~ction methods.
Population projections are the basis 6i all fonns of social planning.
Population ,rojection methods are covered in the instructional unit
of Chapter 4, and because these projections arc based on the com
ponent& offertility, mortality, and migration, the unit introduces topics
in s~'stematic demography. A broad field cannot be covered in one
unit. Chapter 4 also providcs guidance for further reading.

The unit in Chapter 5 deals with enrollment projection methods. The
basic model is disc'.hlsed, and there is a further description of the
computer-eoded mOf!l:;h which are used for enrollment projections. The
use of ~nrolbnl'(\! l,rniections in educational policy analysis and plan
ning ~9 als<l ·~1,'hP.L1y iHustrated, although these policy issues were more
thoroughly ccY/';"red in the thematic material of Volume I.

Chapter f.) O,:i1nol with a discussion of the difficulties encounMred
in using ed\l~ti.~onal statistics to compute flow rates in enrollment
projection models. The main pa..--t of the chapter offers instruction
on the computation of enrollment flow rates, using methods which
attempt to get around the problems of missing or inadequate educa
tional statistics.

Chapter 7 deals with curve-fitting as it is applied to trend analysis
for extrapok·t.ion and projection. Curve-fitting can be applied in popu
lation and enrollment projections, the two projection methods dealt
with in Part Two. Curve-fitting is also used in mar-power analysis
and projectbn, which will be dealt with in Part Three.

-~"----_ .._.. _.._-~ -~.-
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c~ ~.APTEFl 4

An Instructional Unit on Population
Projection Methods

1.0.1 Objectives of this unit

The objectives of this unit are:

To establish the importance of population censuses and
population projections by proVldmg backrrwlAnd infor
mation on their purposes and usefulness. Main emphasis
will be placed on population projections.

To provide i!lstruction on the methods of population pro
jectIon. A brief section win be offered on quick methods
of prGjecting total population

i
but; the centerpiece of the

methodology is cohort surviva projection based on analy
sis of the demographic components of fertility (births),
mortality, (deaths) and migration. These three compo·
nents account foJ" population change. The three terms
will be defined nnd illustrated.

To provide some additional information on the demo
graphic analysis which SUPJ,lOlts population projection
methods. The objective is to mtroduce the topic, provide
a brief background, and then f~uide the learner to addi·
tional reading.

To limit instruction on projection methodology and demo
graphic analysis to those aspects of the topic which ~i"e
of prime interest to social planners, and speci~cally

educational planners.

63

These objectives describe all that this unit purports to cover. In the
broad field pf demography and census methods many relevant topics in
the foundations of demographic analY8i~1 will only be briefly introduced in
this unit, Census methods and the appraisal of cclWll data
are only briefly mentioned. A special reference bibliog.
raphy at the end of the unit suggests extensive additional study of
miiterials developed by the two prim.e sources, the United Nations
and the United States Bureau of the Census. These refercnceR denI

. wi~h Hiith tal)le a as the iiilUCSgW.l.xL of accuracy lind dIe uuproveMem
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of predsion in census data, specialized topics such a.~ smoothing opera
tions and adjustments to age and sex structures in population, and
specialized methods for incomplete data. These are not topics ofgeneral
interest to planners and nonspecialists in demography, but in any
given situation the planner may have to be familiar with specialized
techniques. Since no single book covers the field, many different
references must be consulted as the need arises. An experienced plan
ner would Imggest that many of these manuals should be ordered as
part of the professional tool-kit of a social planner.

Improved demographic analysis depends on the yield of research
in economics, sociology, demography, and social psychology. Clearly,
thcse fields are not covered here. Volume III in this seriE:s deals with
survey and research methods for social planning. Demographic analy
sis may also be based on analysis of registry data and vital statistics.
These topics are only introduced, and further reading is suggested.

1.0.2 The content covered in this unit

This unit begins with a brief note on the widespread \Ise of population
censuses and population projections in the nations of the world. The
point is then made that because planners deal with the future, popula
tion projections are a central conccrn of social and educational plan
ners. A "upulation projection is defined as an estimate of a future
population which is based on a current population cstimate and a con
sistent set of assumptions about how it will change. A projection is
distinguished from a forecast, and from a prediction, and later from
a simple extrapolation based on past trends. The use of population pro
jections in educational planning is dicussed, and the basic formula for
a population forecast is presented. The components are briefly de
scribed as part of the projection methodology. Later, each component
will be dealt with in some detail as a demographic problem. Thc cohort
survival methodology is then painstakingly illustrated using demo
graphic data of a developing country. This format for projection is
important for it will underlie the enrollment projecti,,~,: in Chapter 5.
Lifc tables for specific countries and model lifc tables nre used exten
sively in population projections, and the design of life tables is dis
cusscd.

1.0.3 Learning outcomes from this unit

This unit is designed to providc instructional background to a work
shop in which a computer-based projcction of a population is carried
out. It is expccted that:

- Learners will be able to discuss the sclection of fertility and
mortality assumptions, and use these assumptions to project a natior.~l

population. Learners will apply a standard computer program which
only requires that they select certain demographic options 9t the kev
btr.mi; ,.
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- Learners will understand how to get information on which to
base mortality, fertility, migration, and population estimates in de
veloping countries. By using t.his information, they will know the
mechanics of carrying out a cohort·survival projection based on demo
graphic components.

1.0.4 Basic definitions of the methodology

In a cohort·survival projection based on demographic components,
a cohort is a population group defined by date-Df·birth, or age (7·year
old girls, or males born in 1980). The demographic components include
fertility, mortality, and migration. We will come back often to these concepts.

1.1 Population Censuses and Projections in World-Wide Use

Most countries of the world have conducted a census to estimate their
current population, and most have run populatilln p:oje~tions to derive
estimates, or forecasts, of the population for future ~'e3rs. A world map
prepared by the International Statistical Programs Senter of the U.S.
Bureau of Census (1975) indicates that in 1975, o~.!r 19 countries in the
world had never condu~ted a census, and of these countries, 13 had
scheduled a census for the following year, leaving only 6 countries
without a census or without plans to conduct one. Our tally of country
population projections is not so exact or complete, because in many
countrieb, even in those lacking a be-sic census, Borne crude or partial
attempt has been made to estimate present and future populations. It is
difficult to judge how adequate the estimate must be before it can be
called a systematic projection. Based on our own standards, more than
half of the countries of the world have had systematic pro'
jections run. The popularity of censuses and projections is no
sure grounds for establishing the importance and necessity of
the activity, but it does indicate that a majority of world
nations have judged the activity necessary enough to support
such work at a high relative cost in effort and money; and nations do
use the results as a basis for planning and development.

1.2 The Purpose and Use of Population Projections for Planning

Here we are concerned with the use of population projections in plan·
ning. Population censuses have a usefuhiess that extends beyond
planning, but population projections, because they attempt to trace
the future course of a major force influencing national development,
are primarily addressed to prevision and planning. Of all the major
influences that will shape a national future and therefore be ofconcern
to planners, population is central and basic. Hence, the size of the popu
lation, the dynamics of population change, the age and sex structure
G!th~ pOjlYlati,m,ftn;l the tli8b·ibt1i.ion and dc...lii::Y oi popuiatioll are
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basic planning data. The statr.:') of the population, as revealed in a cen
sus, and the future changes in the population, as portrayed in a projec
tion, provide the underpinning of any national plan. The population
numbers also provide the base for critical ratios that serve as planning
indicators: population-to·land ratios to indicate density; per-capita
product and income; workforce participation rate8; and literacy and
educational attainment levels. Population numbers provide the base
for indicators of economic, social, cultural, and political statu8; for
assessment of national status, for comparisons of regions within coun
tries, and for intercountry comparisons; for evaluating past·to·preRent
changes and progress, or lack of it; for analyzing and monitoring cur
rent developments; and for forecasting and planning for the future.

At the base of economic, social, cultura~, and political forecasts are
demographic, or population, projections, and for this reason, planners
generally must understand the basiG of population projections. Popula
tion growth not only provides the central trend and dynamic to other
changes, it has also received the most attention, application, and theo
retical and mdhodological development. There are other applications
of population fnrecasting that serve educational planning needs, and
we shall be ex.m"atng these in greater detail.

1.3 Projections, Forecasts, and Predictions: Definitions

In discussing population projections as a part of the methodology of
dealing with the future, it is useful to distinguish between population
projections, population forecasts, and population predictions. The three
terms are often uaed interchangeably, but there is a difference. Projec
tions usually offer a set of alternate population estimates based on dif
ferent sets of assumptions, rather than a single estimate. The U.S. Bu
reau of the Census, in its current population report, Number 704 of
Series P-25, "Projections of the Population of the United Stutes: 1977
to 2050" (July 1977), explains the reason for the distinction:

Population projections are 'Correct' by definition (except for
computation errors) because they indicate the population that
would result if the base date population is correct and if the
underlying assumlltions (guidmg the projections) should turn
out to be correct... Iffuture population could be determined with
negligible error, then only one projection would be necessary.

This single projection would then be a prediction. But errors arc not
negligible, nor can the rRnge oferror be statistically determined, because
underlying factors influencing the population trends arc imperfectly
understood. Hence projections are offered in a set. Projections accom
panied by an indication of accuracy are forecastu.

To summarize; a set of alternative estimates that rest on alternate
~z;umptigilS..be6t hew Ii eHi'feat p;,tltilettion ",ill chnnge it! a pfOj..ctio1t.
If a projection is accom!lanied by an indi-;ation of accuracy, it is a
forecast. If a single projection serieR is offered as the f\lrecast, it is a
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prediction. The Census Bureau labels its work as projections rather than
forecasts or predictions to emphasize the difficulty of projecting popula
tions accurately. The quality of a population forecast depends on the
accuracy and precision of the base-year population estimate and on the
validity and consistency of the assumptions. There is no short set of
criteria for judging the accuracy of the base-year population estimate
because the population estimate is the standard against which most
other social data are judged. The referencea (U.S. BureAu 0;Census and
UN) deal with methods for assessing accuracy. The same criteria are
used for judging the validity of the projection assumptions. These are:

lnterr.c.! consistency in the data, especially as revealed in
the sex and age structures of the population. D<.l!"1ographers
have adjustment techniCJ,ues which are described in the
reference manuals, and wl1l not be dealt with in detail here.
E"ternal checks against total populations and age and sex
structures in other countries, or against regional models.
There is regularity in large numbers and averages, and this
holds trJe to some extent for populations.
Checks agll.i'lst history and past trends within the country.
Birth and death rates do not usually shoot up or down rapid
ly. Dillcontinuities mUllt be explained.

- Checks against known external events (wars, famines
migration waves) or against other economic, social and
cultural data.

-. bven the most rigorous methods of forecasting has limitations, and
population projection is no exception to that ruie. The accuracy of the
results in component.based, cohort-survival methods depends on the
soundness of the underlying demographic analysis, which in tum
depends on social research. Nevertheless, population projections hav('
demonstrated their value for planners. Their application is wide
spread, as indicated, and they are often used in plans. For shorter fore
casting periods the results have been validated fairly well with time.
In educational planning we are concerned with a few general and im
portant applications of population projection.

1.4 Specific Applications of Population Projection in Educational
Planning

Population projections directly serve educational planning:
- In providing forecasts of school·age children: These forecasts

can be used to assess the extent of coverage of educational programs
for varying age groups, including adults. Projections provide the basis
of future forecasts of demographic or social demand on the resources of
the education system. Stated more simply, this means that the projec
tions indicate hQwmanychi!drim-thg gchool&-ml!!lt t:ttncatc iiauivertnl
education, or some reduced portion of coverage, is planned.

.1.
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- Derived from the same projections, the forecasts indicate the
number of children who will be coming into the entrance age for school,
and presumably entering the first grade of the system. Here the projection
provides the entering emollments for an enrollment flow, or fore
casting, model. Theae projections are sometimes called supply projec
tions.

- From the basic projections the planner can derive, using educa
Jdonal norms and service ratios, the amount and type of school facilities
l'equired, the numbers of teachers and supporting staff required, and,
on the basis of these, estimates of expenditures and resources required.

- Population projectiolls also serve as the basis for manp;;wer
planning from which the so-called economic demand for education is
derived. The population estimates along with workforce participation
rates can be used to check estimates of workforce and employment
growth. The population proj.actions also may underlie large econometric
models that are used to forecast economic growth, and from economic
growth the corresponding growth in employment.

A projection of the total population lies at the base of most general
planning which guides educational planning. In some cases the popu
lation is projected first and the workforce deriveu from it by assumed
or projected participation rates; or the product or income may be de
rived from the population, with certain assumptions about per head
contribution. In the basic method of manpower requirements fore
casting (Part Three), the workforce is reduced by applying death and
retirement rates and subtracting the numbers who will die or retire.
The economically active population is determined by population size
and rates of participation in the workforce. Planners need not be expert
demographers, but familiarity with survey and census operations and
demographic analysis underlying projections will enable the planner
to work with censal and vital data and understand-as in the case of
any national statistics-the strong and weak points in the eatimates.

2.0 Background to Population Projection: The Demographic Com
ponents

The bas~c schema for u population projection is a simple one:

Base Year Population + Births - Deaths ± Migration (1)
== Projected Population

The accuracy of a poru1ation projection then depends on (a) the accu
racy of the base-year population estimate, based usually on a current
census or the c.ensus canied forward to current date (the base year of
the projection); (b) the estimates of births for future years, usually
based on rates of fertility; (c) the estimates ofdeaths or survivors, based
on rates of mortality; and (d) the net effect of migration. In most stand
ard methods of population projection, fertility, mortality and migra
tion are called the components of the projecticJD.

I..
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We h..ve previously stated that only general criteria can be used to
guide an assessment of the accuracy of the base-year population esti·
mate or the assumed chanRes in the components. There are no true
statistical tests for component e!ltimates. The changes are assumed.
The base-year population can be adjusted and census results checked
for inaccuracies, but again there is little statistical basis for independ
ent validation. Planners may have to accept and use the population
projections available without examination of the demographic analy
sis that underlieR the components and the assumptL.ns guiding their
projection; but it is helpful to understand the basic methods of projec
tion and some of the underlying demographic analyses on which they
are based. There are also occasions when planners themselves may
have to dq projections, or check and modify the work of others.

In addition to the standard components methods there are quicJt
methods for obtaining general estimates of the total population. Thes,'
are mainly extrapolation methods based on analysis of past trends.

2.1Population Size and Growth and Quick Methods of Projection

Planners may only be interested in the present and future size of the
total population and not its detai!ed characteristics. They may be inter·
ested only in gross changes in the population as reflected in the natual
rate of increase based on the excess of births over deaths. Size and
growth can be dealt with in quick projection routines that are based on
trend analysis, curve·fitting, and extrapolation. (See Chapter 7 on
curve·fitting methods.)

2.2 Short and Quick Methods: Extrapolations

A short and quick projection of the population can be made by extra·
polation based on arithmetical or geometric rates of increase that are
either assumed or based on analysis of past growth trende. In the arith·
metical case, if the total population increased by 100,000 over a lO·year
period in the past, an average annual increase of 10,000 is projected. If
the population base were 1,000.000. in 20 years the new total will be
1,200,000.

Pn == Px + ct, (2)

where Pn equals the projected population, Px equals the base year popu
lation. t equals the number of years, and c equals the annual growth
constant of 10,000.

1,200,000 ::= 1,000,000 + (10,000)(20)

The standard compound interest formula is also used for determin-
ing the popu~ation in.creasQ.l\S in-equg+ion~ ------------. ----------

Pn = Po (1 + ,.)1 (3)
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Hele, Po is the population at the beginning of the period, t is the time in
yelirs which the forecast or updating covers, r is the annual rate of
natural increase, and pn is the total population projected.

If the baae-year population were 12 million, and the natural rate of
increase, est.;mated on the basis ofpast growth, were 4 percent annually, then
a 10 year projection would give:

Pn = Po (1 + r)1
pn = 12 (1.04)10 = 17.8 million

The rate of natural increase could be calculated on the basis of two
past censused, PI and P2, with equation (4).

_I j P2
(1 + r) = V PI (4)

If the current population were 12 million, as in the prev;rus example, and
the population in the census 10 years previously were <:U million, then
equation (4) would have yielded a cumulative annual increase of 4 percent
that was used in the previous example:

_ IOjf'""':"'12-m--

(1.04> = V 8.1 m

Analystie' .jr; not have to do the arithmetic to calculate the results with
equations (3) or (4). These can be looked up in compound interest tables,
as for example, the Stanford Research Institute tables listed in the
reference bibliography.

Other curve forms may be fitted to data points to provide a basis for
the projection. The quadratic curve form and the modified exponential
are shown in Appendix 4.1. The general topic of curve-fitting, which
is an important technique in demography as well as in economic fore·
casting, is dealt with in Chapter 7. Curve-fitting provides the growth
form and the growth rate.

Projections can be made almost as rapidly, and more accurately, by
analysis of the three components which influence future populations,
mortality, fertility, and migration. Analysis of mortality yields survival
rates. Survival rates are multiplied by the population in each age group
to carry it forward to the next age group in the next time period (of
one year or five years). Life tables for the individual country, or model
tables which serve for groups of countries, provide the survival rates
for each age group. A life table shows the mortality conditions of
a population-that is, the proportion surviving from one age
group to the next, for age groups from 0 to whatever upper age-limit
is chosen, e.g., 65+, 85+ ... The make up of a life table will be examined
in later sections.
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Component methods of population projection permit the analyst and
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planner +,0 dc·al with important structural features of the population
that may b~ as significant as the size and natural growth of the popula
tion. For the educational planner dealing with the school-age population
and the numbe. or proportion ofchildren reaching normal entrance age
for school, a projection that portrays the age structure of the population
is essential. This also applies to economic projections of the workforce
(economically acdve population), because participation rates and
death ar!J retirement rates differ by age and sex. Components-based
projections are only slightly more demanding of time and effort than
the cruder methods for projecting total population, and in most develop
ing countries the basic demographic data for components projection
are either available for the country, or there are fertility or mortality
data in the country ·,yhich permit the analyst to relate the specific
country to a set of model tables based on world demographic conditions.

Component-bas:ld projections in developing countries are essentially
similar to the projections carried out by the U.S. Bureau ofCenaus. The
U. S. Census methods are slightly more elaborate, however, because
the data are usually more ample and accurate, and the analysis some
what more sophisticated. Here we will use a dllveloping country situa
tion to illustrate the components method, and discuss the elaborations
of the U.S. Census Bureau projections afterward.

3.1 Components Based Projection: A Developing Country Example

Recall the basic formula for a population estimate shown in equa·
tion (1):

Base Year Population + Births - Deaths ± Migration
= Projected Population

The planner, before starting a national ;:>rojection, will first check
the existing and available data. If there is an existhg projection, he
will eve.lnn.t.e its adequacy, using the four generlll criteria in section 1.3.
If therfJ is no projection, he will then assess the avaibbility of informa
tion for doing a projection. Minimal infQrmation required for a
com[Jonents-based projection would include:

reasonably current census data, with population classified
by sex and age;

life tables for male, female, and total population, or mortality
data so that abridged tables can be constructed, or model life
tables used;

fertility data which can be used to estimate age-specific
fertility rates and hence project future-year births;
migration data.

Migration is often insignificant in proj~ctions of the populations
of~on:U.:u'~L"l ckvclcping C(}untrh:::, migr:;\tion d;\tg mQ,Y b:: poor,

------------- ----,--------~---- -,-------- ------------------------
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but the not numbers are usually insignificant. In the United States a
constant migration (recently 400,000 a year) is added into the projection.

When the populations of subareas of the country must be projected,
internal migration rates may be h!ghly significant, and projections
are quite difficult to bring off with accuracy in smaller regions and
provinces. In general, assumptions are made that death and fertility
ratios of the subarea population to the total population will prevail
into the projectd period. Migratio:l may be estimated as a residual
between two past ceniluses, after population changes from birth" and
deaths have been taken into account. National population projections
will be discussed here. Appendix 4.2 outlines the methods for area
projections.

3.2.0 A national projection, using model life tables

The model life table in exhibit 4.1 shows sets of survival ratios for
24 levels, which go ;rom high mortality (iow survival) to low mortality
(high survival). All countries fall alllng this high·to·low mortality
continuum, which means a country's mortality will approximately fit
one of the 24 levels of the model table. Hence the table can be used
for projections.

The survival ratios (P) btart at birth and run to age-group 80+. For
each of the 24 mortality levels in the table there is a complete and
distinctive set of age-specific survival retios (P) provided for all ages.
At level 0, life expectancy at birth (oeo) is 20 years, and at level 115 of
the table, the life expectancy at birth is 73.9 years. Coale and Uemeny's
work, Regional Model Life Tables and Stable Populations (Princeton
University Press, 1966) provides more recent and general area life
tables for use in developing countries. Ceale and Demeny offer four
sets of tables (North, South, East, and West) and inatruction on how to
select the set of tables that fits the mortality conditions of the specific
country. To use a table the analyst must select the appropriate level
or survival column.

To enter the table at the appropriate level, a demographer must have
an estimate of the mortality conditions in the country for which he
wishes to make the projection. Once he has this, the projection is
reasonably automatic, assuming that fertility rates and base·year
pouplation are available. Estimating the mortality and fertility com·
ponents is not an easy or automatic process, but discussion of the
methods will be deferred in order to run briefly through the projection
metb~d in its basic form.

3.2.1 The base·year data and the components

A projection requires a base-year population classified into age and
sex groups, a basis for the mortality component of the projection, a
basis for the fertility component of the projection, and a basis for the
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migrFl.tion component. Usually chl'se componen~G are treated sflparatc
1.1', ~mlllyzed separately, aud p.ometimes projected separately, and then
cOILuined to yield the prejecticn seta, but in Table 4.1 we ha'ie combined
the compor..entR in order to present the basis of the methodology in
one plAce.

Table 4.1

Basic Data awl Components

4.030
1.710

Female
4~
392.669
340,742
315.684

2:382
1,093

Hal'!
4)1,;2"91
402.120
314,449
302.190

External Hlqratloil
ncne

85:89
90+

Base rear Populllt11!:....UQ75L . -'-'Ho""r..:;ta".,l...cft:J,y-'C""o""'mp""o""ne""n"'t_. _

Havln9 studied the vital data and constructed
an abrl~ged life table, we conclude that our
survival ratios will move according to the
U.N. Hodel Life Tables:
1975-80 1980-85 1985-90
Lsvel 80 Levc. 05 Level 90
(eo • 60.41

Fertllltv Component

The ra~p.s of ffypothesls II (al.
are u~ed

Age-~~up

5-9
10-14
15-19

Birth Ratio for Sexes
Ha1~ a .~1)89 Female· .4911

The base-year data in '.his case are ~he population, male and female, by
five-year age groups for the year J975. The term of ~ho projection is 15
years. The population will be projected to 1990 in five-year step~, 1975-80,
1980-85, and 1985-1990.

Basic projections <lre generally run in five-year swps. 1bis convention
will be followed in this example: ii'om 1975 to 1980; from 1980 to 1985;
and from 1985 to Hmo. The b3101e-year pDpu}!ltion is grouptd into age
cohorts of fivf: years-for example'. the ageo 0·4, 5-9, 10·14... The
mortality rates (survival rates) m.·e also in five·y<'ar age groupings.
Hence multiplying the five-year age group population by the five-year
survival rate moves the population in a five-~'ear age group ahead for
five years. Thi:J is demonstrated in Table 4.3. Note that the population
in the 5-9'YfJar-old group is moved into the 10-14 age group between
the years 1980 and 1985. If the planner wants the population in single
years instead of r.ve-ycar age groupo, the five-year age group can be
broken down into single-year ages bjl \lsing Sprague Multipliers. This
will be demonstrated <lfter we have run through the main stePIl of the
basic projection.

,I .
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3.2.2 The mortality component.

The mortality ~omponent here is based on a study of the vital dota,
.J!tBrtinSl' with r·'~~dgath ratei! tind constraci.illg an abfidgeu hie G6Ie
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Hypothesis I (al Unchan9fng F.:rtl1 fty

-
W"·~an 's 1970 1975 Igg0 19!1~""!! aqe

15-19 84.4
20·24 2<3.3- 25·29 260.4
30-34 1~8.7

35-39 139.0
40-44 64.9
45-49 15.8

Hypothesis 11 (al Oeclfnfnq Fertfl tty

W')Il1an's age 1970 1975 1980 1985

15-19 84. ~ ill. 3 78.4 75.7
20-24 223.0 214.3 206.7 199.4
25-29 260.4 251.3 242.2 233.6
30-34 198.7 191.5 184.9 178.3
35-39 139.0 134.0 129.2 124.6
40-44 64.9 62.6 60.4 53.3
45-49 15.8 15.2 14.7 14.1

-'

-..

..

for the country. (This step will be explained later, after a run·through
of the projl!ction methodology in Tabie 4.3). Analysis of the death ratf!s
and mortaJ1.ity data indicates the ieve! at which to enter the U.N. Model
Life Tablell, which will serve as a basis f\lr projecting the mortality
c':imponent. Using expectajon of life at birth (oeo) of about 60 years,
it appears that the country is at about level 80 of the U.N. Life Tables.
AnalYl'is of past trends in mortality, and knowledge of present status
and future programs in health and nutrition, suggest that mortality
levels will be dropping over the years of the forecast. For this reason,
the mortalit;y projection moves up five levels for each five years of the
projection, u'oing [Tom level 80 to level 85 to level 90. (Note that the
numbers of the levels 80,85, etc., cio not refer to years of the projection,
but are simply numbers uRed to label the levels of the table.)

3.2.3 The f(!rtility component

Table 4.2 outlines a set of assumed, or hypothesi;;:.:;d, fertility rates
that will be used in the projection. Different fertility rates and changes
are assumed, and these will yield alternative sets or series ofprojections.
In the U.S. Census projections there are three majur series according to
different assumptions about fertility. In developing countries there can
be five or six different projections, although one of them may be identi
fied as the most reasonuble. The alternative sets or series of projections
are develop€'d on the basis of assumed changes in the compor.ents of
~ertility and mortality, and these componentN are pro.ipcted separately
and then combined to yield alternate projections. Table 4.2 shows
alternative hypotheses of age·specific fertility rates.

Table 4.2

Hypothesiz,?d FertUity, 1970-1980 (rates per 1,000 women) according to
Hypotheses I (aJ and II a

.-~'.

ii

...
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In Hypothesis I (a) the same age-specific fertility rat,,-B are assumed to
prevail over the period 1970 to 1985. In Hypothes;s n (a) the rates ar ~

declining ove:' the period 1970 to 1985.

3.2.4 The migration component

-In this country m:arnple there is no external migration. Hence, no
mi;;ration component will influence the projection results, they will be
influenced only by varying assumptions about mortality and fertility.

3.3 Illustration of the Projection Methodology

Once fertility and mortality are estimated, the projection method is
simple, as Table 4.3 illustrates. The table shows only a partial projection
of the female population frem the base-year 1975 to the year 1985.
The projection would be completed by followin~ exactly the same
procedure for the male population, and the period of the forecast would
be extended to the full 15 years by adding two more columns and pro
jecting the 1985 population to 1990. Good basic data in the form of a'1
accurate census or base-year pop:J1ation and good mortality and fertility
data would permit the projection to be extended for any number of
years that the planner requires, but in most developing countries
projections that extend beyond 10 or 15 years are of doubtfd worth.

The pI and p2 columns in Table 4.3 are survival rates taken from the
UN Model Life Tables at the appropriate level according to mortality as
sumptions. These survival rotes-Le., the proportion of the age group that
survives to the next age grou~ five yenrs ahead-are multiplied by the base
population.

Table 4.3

Partial Projection Table, Females (1975-198.5)

Age- group Base population (1975) pi Pop. 1980 p2 Pop. 19B5

0·4 459.374 0.9731 0.9791

5·9 392,669 0.9914 447,017 0.9932

10-14 340,742 0.9906 389,292 0.9925 443,977

15-19 315,684 0.9865 337,539 0.9891 386,372

20-24 311,429 0.9~39 311,422

25-29 2A9,619 0.9A26 306,415

pi Survival rates from Level 80 of Model LIfe Tables for (emales

p2 Survival rates from Level 85 of Model LIfe Tables for females
The assumption Is that mortalfty '"'proves

Note: The appropriate table for survival ratios Is Tabl'! V found on
pages 80-81 of Methods for !'opulatlon Proj<lctlons by Sex and Age,
Unlto:,d N.t1ml!.--~_----- - .

.....

;'

-.
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The group that is 0-4 in the baae YI~Dr, multiplied by the survival
ratio (459,374 X .9731), equals 447,017, the number that will be 5-9 in
1980. This can then be multiplied by .9!l32 to give 443,!J77, the number
10-14 in 1985 (see Table 4.3). All of the numbers below and to the left
in the table can be filled in for all ages and future years. To obtain the
numbers above-e.g., th~ group that will be 0-4 in 1980-we must use the
fertility components to estimate birthn. jFor this we will need the women
in childbearing ages (15-49) and the age·specific fertility ratios of Table
4.2. We will, for illustrative purpose, cover only the births between
1975-80, i.e., the group that will be 0-.. in 1980. Again, we will work
only with females, but to inelude malBs requires only two more columns
and the same routine. Note also that we would have had to fill in pro
jection Table 4.3 completely in order to get the women in childbearing
ages in 1980.

Table 4.4

Births and Surllivors 1975-80
flverage
of women

Age- In qruug 5-year Surviv- Survlv-
group 1975-00 fertl1l~y b Olrths F.,~a1ec Ing d Male in9 Total

(0.9208)
15-19 326.612 .4065 132 ,768 6:,,:!O2 60.030

'"
20-24 300.290 1.0715 321.763 150.lm 145,506
2';-29 263.735 1.2565 331.303 162.742 149.053
30-34 223.715 .9575 214.207 118,457 109,075
35-39 199.583 .6700 133.721 65.670 60.469 (Total. male-female born
40-44 175.226 .3130 54.846 26,935 24.002 and survived goes Into
45-49 145.652 .0760 11.070 5,436 5.00b 0-4, 1980)

,
[~.

=

a This Is the averaqe of the number of women In the age group In 1975 and the number
that would be projected for 1900 If the first table had been completely filled out.
There will be sllghL dlscrepanr.les ,lecause the calculations were not carried out
and an approximation was used.

bThis results frem mul tlplylng the rates In Table 4.2 by 5 (to obtain five-year rate),
e.g.•. 0813 x 5 •.~065...

CTotal • irths m'J1tlplled by .4911 tc obtaIn female births

dOlrths multiplied by birth survival rate taken from level 80 of U.N. Model Life
Tables.

Male survivors would be computed the same way, and male and
females added to give the number in the 0-4 age group in 1980. The
same operatiofl would be cnrri(';d on to obtain the 0-4 group in 1985,
1990...

The projection methodology is repetitive, and we need not spin out
all the numberp ia this examp);e. The age groups are survived into the
next higher age (roup five years ahead, and all the grOUPE! can be filled
in at once, exc\". ~ t l fe 0-4 group, which must be calculated from births
by women in agel' 15-49. If the projection goes beyond 15 years (heyond
the year 1990 in the example), the survivors of the female birthl1 in the
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first five years (Table 4.4) will be the women in the childbearing
group 15-19.

The example ohows only one projection series based on one fertilit~,

assumption. In the example, we had two alternate hypof,neses about
fertility: first, that it would remain constant over the forecLlst (unlikely);
and second, that it would change as shown in Table 4.2. In the worked
example we used the second hypothesis, taking the age-specific rates
from Table 4.2, Hypothcsis II. (The rate for one year is 0813. It is
"multiplied by 5 to give .4065).

3.3.1 Distributing five-year age-group populations into single years

The projection yields !l population grouped in five-year age groups.
Educational planners may often require single year projections.
Appendix 4.3 shows how Sprague Multipliers are uscd to distribute
five-year age groups into single years.

4.0 The Components of Fertility and Mortulity When applied in
the Projection

The major components of mortality and fertility require skilled
demographic and sociological analysis before they can be set out os
they were in Table 4.2. Demographic and Bocial analysis will yield
varying hypothpses on the way the fertility rates will move in the
years ahead.

In Table 4.2, Hypothesis I(a) assumes that they will remain the same
over the 15-year period. Hypothesis lI(a) may be based on analysis of
past trp,nds, which show a decline over a period of years. Or, the rates
in lI(a) may be set on the basis of assumptions about the way con
comitants of lower fertility ,viII affect births in future years. Shifts
from rural to urban living, from agricultural to industrial employment,
from less to more education, ,md the spreading of information and
assistance on means of popuhtion control, all tcnd to lower fcrtility.
The demographer takes these factors into acc,>Unt in his analysis.
Generally, as countries develop economically and socially, the rates
tend to fall slightly. Mortality rates also tend to go to lower levels with
development and the introduction of disease control and improved
medical services.

Demographic analysis also yields alternate assumptions about the
way mortality rates will go in future years. Again, shifts from rural
to urban, imprc~'ed nutrition, sanitation and social services, and
increas~dmedical attention will tend to lower morbidity and mortality
rates. On this basis, the demographer reduces mortality or increases
survival rates. This is work for the skilled demographer with experience
of the country and its data, and o'1ly the superficial features of it
are examined here. III closing this secdon on the mechanics ofa standard
component projection (actually components were not separately pro-
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(~)

(5)

j
I

iii

jectcd and checkcd, but the basics of the method were followed), it is
important to return to the basic concept of a projection, discussed
earlier. Projections yield alternate sets o~ estimates according to
assumed fertility and mJrtality. In the example, only two projections
would be run, but in most situationn mortality would have varied, and
h'Cnce more projections series would be run. Most fertility and mortality
rates are aSlJumed, but their validity dependR on the demographic
analysis which backs the assumptions.

4.1 Constructing Abridged Life Tables and Using Model Life Tables

If the life tales are not available, they can be constructed if mortality
data can be obtained. In mliny developinK countries such data are avail
able from death registries or health st"dstics. First, age-specific death
rates are calculated:

- dt Kmx - - ,
Pi

where dl is the number of deaths during the year in the jlh age group,
und Pi is the midyear population of the same age group; K is usually 1000,
Equation (5) yields Tn x, the age-specific death rate.

Infant death ratl! is almC'st always computed separately:

_ do
ITnO - B

wherl) do is the number of deaths below age 1 regIstered during the
:year, B is live births in the same year, and Imo is the infant death rate.

Once the age-specific death rates (the m's) arc computed for all age
groups, they can be converted to the probability of dying within any
•.ge interval symbolized by q. These q's are the basic column values
around which the rest of the life table columns are built. (Demographers
fit the data points represented by the m's to a .::mooth curve of ex
ponential form. For any given m value, a q value, or probability of
dying within the age interval, can be rend off. The curve function
for the fiL is discussed in standard demographic manuals as, for example,
in Jaffe's Handbook 1951). The computations of the life-table columns
are deferred to Appendix 4.4.

The other columns of the life table can be readily worked up, beginning
with the imaginary cohort of lx = 100,000, multiplying by the proba
bility ofdying nq. and then subtracting. This yields the column d. which
in turn yields nLx, T. and e. Exhibit 4.2 d~tails life-table columns.

Us' ng life expectancy at hirth, symbolized by (oeo) the analyst can
enter Model Life Table V (abridged in Exhibit 4.1) and run projections as
shown previously in section 3.

If single years nre required and the population is projected in 5vc
year groupings, the Sprague Multipliers are applied (Appendix 4.3).
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Exhibit -1.2

Life Thble for the Tota: Population: Massachusetts, 1969-71
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Source: National Center for Health Statistics. :I.S. D",cennial Life Tables f,lf
1969-70. Vol. II, flo. 2:? "f1assachu'setts SLte Ufe Tables: '~-71."

5.0 A Summary Note on the 1erminology of the Mortality Component

Some of the concepts and terminology central to an underetanding of
the mortality component have been introduced in tho text, and fU1her
study of life·table terminology in Exhibit 4.2 is re,~ommended The
crude death rate is the basic statistic of the mortality component,
and it is used to build the Ufe table. Crude death rates come from
F€gisti·.,.---Jattt-anfr vita! ~tati~tic~ hoiJn:.sa, auppicmcl1ied by Etpdciui
surveys, corrections, and adjustments which will not be dealt with in
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this unit of material. Migration and fertility data can be used to check
c~lanJ:t2b in census results for the effects of mortality. Data on one
compommt can be used to adjust another component. Other Hocial
data-health statistics, for example-can be ufled to guide adjustments.
There are also model distributions and tables that can be used to adjust
population estimates and the component rates in any given national
area. The reading selections are recommended as a start in covering
these specialized topics.

The analyst builds the :ife table arou.:\d the C"tude death rate (mx)

statistics. From this, as WE'. have seen, the probability -;! =:"~'1g within a
given age interval (qx) is estimated. The cumpleIr.ent of the probability
of dying is the probability of surviving. This it! the centTal statistic
used in the population projection methodology that was illustrated.
The common symbol for the survival probability b px, sometimes
written in upper-casc letters as Px. When the probability of surviving
is rnultif~ied by the number of people in one age interval, the number
survivi.ng to the next age interval is obtained.

In the life table, the column symbolized as I" is the number surviving
to the exact age marked by the interval. (Intervals may be marked by
single-year or five-year groupings.) The column symbolized as Lx is
the number sur living to the midpoint of age interval. (Lx may aloo be
the arith'netical average computed between any two duccessive Ix
values). The T" is the total years lived after an exact age interval by
the stationary population in a life table (100,000). It is found by cumu
lating L" up flom the last age group in the life t:l.ble. If T" is divided by
lx, thc result is symbolized as XeD. This represents the expectt\tion of
years of life from th~ age specified. Most commonly this expectation is
cornputed from birth and it is symboli1;ed as OeD, li/e expectancy at birth.
N~ glossary really serves to mak!! the mastery ofthese concepts' terms
and symbols easy. The reader simply must study the values as they are
associated in the life table. It requires more than one reading to learn
the symbols and concepts.

5.1 A Summary Note on the Terminology of the Fertility Component:
Rates and Their Uses

The concepts and terminology of demography ere sometimes special
and sometimes confusing, and thil:' manual has provided only a brief
introduction. A short list of readings for expanding this limited
coverage is suggested in the reference bibliogru}:'oy. It might be useful
to revit:.v some basic terminology for the compon, ~t of fertility.

The major fertility meaaures are:
- Crude Birth Rate: This is the basic fertility indicator and, af,

titled, the crudest. (It corresponds to the Crude Death Rate. Thi:;
death rate, subtracted from the birthrate, yields the Rate of Natural
Increase of the Population.) The number of births is divided by the total
"",;~,..n".. _n-."l ....;n., "..,,1 hnt·UHU.,n;+ ';n ,,_".nrt~l'\,.1 _"... +"',,·n~u ..",t +hn ","fin---,:,_. r-t" .... _.. .., - ----..--~ !" • ••• I j ••• •
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is multiplied by 1000:

C.B.R. ::: :~ . 1000
J

- The General Fertility Rate: This is the number of births divided
by the number of women of childbea;'ing age. (This may be taken to be
14·49, or' /; may also be 15-45). It is symbolized as:

_B
G.F.R. - F . 1000,

where F ::: females of childbearing age.

- A,<fe·Specific Fertility Rates: Thesl' are rates for women in either
five-year or single-year age groups. This is symbolized as:

A.S.F.R. = nBFx • 1000,
n x

where x to n indicates the specific age run~~e covered.

- Total Fertility Rate: This is the sum of each age-specific rate
over the fertile age groups, and is symbo):,>;ed by placing a summation
sign in front of the age-specific rate symbol and indicating the summa
tion range:

45

T.F.R. =k :~:
15

It sums each age-specific rate to a total rate for the childbe9rin~years.

- Central Brith Rates: These are based on births adjuskd for
under-registration and the number of females adjusted for under·
counting.

- Completed Cohort Fertility: This 1s the sum of fertility rates
accumulated across age groups for a given cohort "f women; that is,
women born in same year. This is oometimes referred to as "the average
number of births per woman." As calculated, it is cohort·specific and
applies to women born in a given year.

6.0 A Brief Note on Adjustment of Censw~ Resultt! and Base Year
Populations

In developing countries, census results have inaccuracies which
require correction. This is a constant task of the national census and
statistics office and not one that most planners and analysts deal with
in practice. The first estimates are ~sually for national totals and are
based on a sample. Later, population totals may be modified to account
for failures in the enumeration or coding. The data can b.3 miscounted,
miscoded or mistabulated. The original data can be misstat.ed, and often
there pre systematic biases in the reporting which can be adjusted. These
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specialized topics are discussed in the United Nations manuals of the
reference bibliography. Similar problems occur in the United States
Cerasus and population reporting, and the Census Bureau applies
standard adjustment methods. These are discussed in Appendix 4.5.

Common methods for correcting and adjusting census and population
estimates may include:

- Correcting vital data for misreporting and underreporting based
on sex bias. Children may be reported as males when they are females,
or unreported if they are females. These discrepancies show up in
distortions in the sex and age structu~e of the population. In most
areas these problems arc probably declining; training and motivation
of enumerators cuts down the problem at the source.

- General correcting and smoothing of numbers in population
distributions because of digit preference: Reports may be binsed
toward even numbers in ages, or toward i.li~ fives or tens within the
decades of age groups. Model adjustment te.sts and tables can be applied.
to smooth out anomalies in the distributions, for example much larger
numbers at 10 than at 9 and 11.

- Correcting and smoothing of age groups, particularly the 0-4
group: Ages may be systematically raised or lowered at difierent ends
of the age continuum. The major bases for correction are to adjust
toward model demographic f:1h:uctures and to use uverages and inter
polation to smooth out discontinuities in the data.

These specialized topics cannot be dealt with here, and it is hirly
useless to read about them in general terms. The manuals should De
consulted when there is a problem at hand, but the methods are pretty
nuch those applied in managing all large data collections.

7.0 Planning for Subnational Are.J8

Planners in developing countries may have to ieal with sub·
national areas, i.e., regions, zones, states, or departments. The plan
may be limited in coverage to less than an entire nation. Or, the nation
may be a collection of regions or s~ates that have very different
characteristics relevant to development (rural-urban, climatic, ethnic,
economic, political), which require separate analysis he{orc they can
be combined in any meaningful way into a national plan. Presumably
the school organization, curriculum, teacher force, and phY8icai facilities
will be p! anned to accord with these differences. The ethnic difference
may necessitate a differf'nt language of instruction; the rural environ·
ment may require different emphasis in curriculum content; the climatic
conditions may suggest that differllnt physical facilities are appropriate;
and differences in wealth may limit the quality level of th'J program.

Different regions within the same country may be at entirely different
stages of economic, cultural, and social development, and plans will
have to take this into Rccount. To use a simple typology, regio~1s within
a country may be at Level I (underdeveloped), Level II (partially
~vclGpcd).and~GnL:r.-rl III (e;m~ ad..·""-".... ,1\ It. ........... ,.,,," ,..4- ~"h" _n.,;"......
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level may have very little meaning (Harbison and Myers 1964).
The schemata and models which are applied at the national level

require modifications to malte them suitable for subnational applica
tions. Going from the national to the regional level complicates and
simplifies the planner's task. Generally, subnational Durveys and
censuses are easier to take and cheaper to run, and permit more depth
and elaboration. But regional projections are more difficult. because
data on inter-regional migration are unavailable. The regions are
open, and the populations are shifting.

The necessary past data on which assumptions about future trcnds
may be based are generally difficult to obtain for subnational areas.
Internal migration, which underlies population and workforce pro
jedions, is a fair example. The components for national projections
are births, deaths, and migration. External migration is not usually
very accurately registered in developing countries, but neither is it
a 'Iery important component in national population change. Quite the
contrary may be true with respect to population changes between
regions or areas within the country. Internal migration rates are
critical in the projection of populations for subnational areas.

Large population shifts do occur within developing countries. In
. \ct. flow from rural areas to urban centers characterizes internal
m ,ration in developing countries at a certain stage ofgrowth. Assessing
thit> \nigration and incorporating it into regional projections is a
dema.lding task. But it is a necessary one, above all in ar€as which
are undergoing very rapid economic and social change. For a region
where economic growth is under way, a detailed study of migrants is
fundamental. The application of national population models is useless.
To make an accurate estimate of migration in a rapidly changing area
may require a house-to-housc census run at frequent intervals over a
long timc span. Sometimes employment records and job applications to the
ml\ior industries in the l>reu will indicate in-migration.

Rather than elaborate the methods used, the tables in Appendix 4.2
taken from Stanbery (1960), sketch out the essentials of the method.
The Stanbery formulas and schemata are run using the State of Cali·
fornia as a subnational area of the United States. Better data are
available there than would be available in the states or departments
of developing countries, but t.he f.lethQds are essentially the same.
Given the existence of reasonably adequate subnational data. the
essentials ofthe met.hod are as follows:

The basic assumptions underiying both national and t>ub·
national projecti<ms are established.
The population of the national urea by major age groups
is projected for future years.
The size and the rate of migration into and out of the sub
national area are derived from past trends, according to the
formats in Appendix 4.2.
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Net migration (excess of in-migrants or out-migrants) is
established.
The population of the subarea is pro~ected, taldng into
account natural increase (excess of bIrths over deaths),
net migration, and the survival of in-migrants.
Other characteristics of the population, e.g., labor force
participation rates for age groups, can be derived from the
basic population in the subnational al'ea and participation
rates in the total country workforce. School-a~e pop11lations
can also be determined. These economic, socml, and educa
tional statistics, call,d symptomatic data in census and
projection terminok~y, can al"o be used to derive estimates
of the total population in the subnational area. The U.S.
Bureau of Census has used school enrollment gains to
indicate general population ~ains in an area for which
there is no recent migration mfo:-mntion. Because enroll
ment ratios to general population are known and may not
be changing except for population increase, the gains in
enrollment when expanded by the enrollment/population
ratio can be used to estimate the area population.

In local o.reas, housing starts, building permits, and el!lployment
changes also provide useful symptomatic data for indicating popu
lation changes.

From the basic data above, all of the usual statistics and projections
for education and human resource development can be established.
In developing countries, subnational populations are very often
estimated on the basis of sample surveys or local special purpose
censusp.s.

8.1 Population Estimation in Local Areas and School Mapping

For the purposes ofschool location planning, more specific techniqueR
must be applied in the local areas. The basis is usually a census of
school-age and preschool.age children. Irons and Kern (1953) used a
land-utilization st'.Idy technique which is a variant of the methods
described in section 7.0. This short-cut system used in urban PoTeas
entails a survey and enumeration of existing residences. To this is
added the number of probable future homes, which is based on the
number of suitable vacant lots. The average number of children per
dwelling is determined in the survey, nnd this is multiplied by the
number of dwellings estimated. Estimates can be modified according
to the zoning for commercial and iudustrial establishments. The load
can be reduced according to the existing and planned enrollments in
private schools. This method will not serve in rural areas, or in the
swarming "temporary" neighborhoods that cluster on the outskirts of
large cities in many developing countries. There are few methods that
make it ea'sy to deal with tho data problems caused bysparse populations
in isolated and inaccessible areas. Costs of information are sometimes
simply beyond the resources of the country, and may not be worth it in
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the return of information. Dealing with nom..dic people in such areas
compounds the difficulty. Rurul areas and isolated people are gradually
being covered by census and by special tmrveys undertaken in the
developing countries.
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Sclected Bibliography
Addl(j!l1td Reading and Reference Tools and Resources
For P(lp;:(!'-[i',n Projection and Demog':.'1phi': Analysis

'fL.'! hanks, rnJ.m:J,la and articles listed are :'or th:l'C pur~oscs:

i) SOY1}C nrc refl,Jr.~r.ces cited in this unit on pou!atit'!l projection
methods

ii) Some arc sugf,ef:ltd further readings in demographic analysis und
populativn proje(;~~\m

iii) Some are !~.,:cJren·':~· too1'3 and sources of statistic':! l\nd methods
for deIr.o~~aphic dnalf3i.'.' and populution projections.

1. Cile(l in text and .i:.fj'!;estea additional reading:

De JotlVl~nal, B. TIre Art al Conjecture. New York: BflSk Books, 1966

Duncan, Otis, Dl,;d!:•.·.'Soci!~l Forecasting-The S~atEof the Art." The
PubLic II,te:E'sf 1.? (Fall, ]969).

Dunn, Ed~~:.1;·, S. EcoMMic and SociullJl-!uelopm":7.l. Baltimore: Johns
Hopkins P!'ess, HJ71

Heer, Devid. "Eco,'1omic Development and the Fertility 'I'nmsition."
In D.V. Gh'1sS e.nd R. Revelle, edR. Population and Sodal Change.
London: Edwa':d Arnold, 1972

-- Readings ()7!. Population. Englewood Cliffs, Nnw Jersey: Prentice
HaIl,1968

Helmer, Oltlf. Soc:J,l Tt!(:hnology. New York: Basic Books, 1966

Irons, Gerald E. <l'ld Kern, Willis P. A Survey of Popalation, School
Enrollment (T'ld 3chooi Buildin.g Progra;;l in Willoughby-Eastlake
Schad District. Lake County, Ohio: WiJIoughby-Eastlaku School
DiRtrict, 1953

Keyfitz, Nathan. "On Fucul'f: Pilpula~jon.'· Journal r,! tAl} Americlln
Slr~~·:st;"rcl.l.;sDc;d;o!,.Vol. 67, N(). 3:::'.1, 19'i2

N.:-.tiona1 A-:udr.my of Sciences. Rapid Population Gruu·th. Baltimore:
S,1,;1JlR Hopkins Pl'P'f13, 19?1

Ridker, Ronujd G. ~d, Popidation and Dew:op;1lent· The Se:':'f'ch {or
Sc!f'('teJ Iilferventior;,s. Baltimore: .Johns H~pkin~ Press, H:76. See
espc~i.ally, Ronald G, Rlillter, "Perspe<:tivcs. on Populmion Policy
and Research," Chc.p 1; Robert Repetto, "Direct Eco~olTlic Costs
nnd the Vulu6 'Jf Childr£n," Chap 3; Denn;s De Tray. "Population
Grcwth end Brlucatione.I PoHdes," Chap 6; Donald'E. Holaing('r,
a;:~d John D. K!U'saroa, "Education and Human Fertility: Socio
logical P'."apecLives," Chap 5.

Schultz, T. Paul. "IntelTelationships BetweM Mortality and Fertility."
In R<..nald G. Ridker, ed, Population an<i Development. Baltimore:
Johns Hopldns Press, 1976 .
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2. Methodological tools tlnd source data for demographic analysis
and population projections:

Barclay, George W. Techniques of Population Analysis. ?'it'w York:
John Wiley, 1958. (Old but still useful)

Bogue, Donald. Demographic Techniques ofFertility Analysis. Chicago:
Community and Family Study Center, FP Manual No.2, 1971.
(Useful manual has been updated in published book form)

Coale. AJ., and Demeny, P. Regional Model Life Tables and Stabie
Popdations. Princeton. Princeton University Press, 1966. (These tables
and the UN M'Xlel, Life Tabies, shown in text art" basic table~.)

Coale. A.J .• and Demeny, P. Regional Model Life Tables and Stable
Populations, Princeton, Princeton University Press. 1966. (These tables
and the UN model taoles in t~e text nre basic tools.)

Jaffe, A.J., Handbook ofStatistical Methods for Demographers. Bureau
of the Census, Washington, D.C.: US Government Printing Office,
1951. (Old but still useful)

Keyfitz, Nathan, and Flieger, Wilhelm. World Population. Chicago:
University of Chicago Press, 1968. (Valuable referencf: on
demography and population. with data and indicators becoming
dated, but methodological and analytic material still useful.)

-, Applied Mathematical Demography. N<!w York: John Wi1e~. 1977
(New and Useful).

National Center for Health Statistics. Hyattsville. Maryland pro
vides several valuable demographic RtatiStiCS and statistical
series: Monthly Vital Statistics Report. Life Tables «(or US for
various periods), Fertility Tables for Birth Cohorts (varioua ~riods)

Population Council, Freeierick C. Shorter with David Pasto. C(,mputa·
tional Methods for Population Projections: With Particular Refer.
ence to Development Planning. New York: The Population Council,
1974. Note: This manual is accompanied by a program tape. and
basic demographic data can be read in. and projections carried
out for five-year DiP. groups (FIVFJV) and in tum translated into
single year groups (SINSIN).

Shryock, Henry S.• and Seigel, Jacob S. et OIl. The Method!! a1l':l Materials
of Demography. 2 Vola.• 3rd printing (rev). Washington. D.C.,
U.S. Govemment Printing Office. 1975. (Very Compl~teReference).

TEMPO. General Electric. Demos: lkmographicF~micMode18 of
Society: A Computerized Lmrnmg Symm.. santa BarbMa, Ca:
Center for Advanced Studies. 1914

U.S. Bureau of Census. Popultation &timau/f/and ProjectioM: Pro
jections of the Population ofther United Str.tu to 2050. Wubington:
U.S. Government Printincr om~ tV"Pifl". "nlft,",-- n' P.?};~-
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which is updated periodically). See No. 601, issued October 19',5,
no. 704, issued July 1977

United Nations. Issues various manuals with useful applications,
under various series: Series A, Manuals on Methods ofEstimatiilg
Population: Manual I: Methods of Estimating Total Population for
Current Date5, No. 10, 1952, Manual II: Methods of Appraisal of
Quality of Basic Data for Population Estimates, no. 23, 1955,
Manual III: Methods for Population Projections by Sex and Age.
(This has model lite tables) No. 25, 1956; Manual IV: Methods
ofEstimating Basic Demographic Meas~lres from Incomplete Data,
no. 42, 1967. Also: Reports on Populatio~i Stl. ties, e.g. No. 22, "Age
and Sex Pdtterns of Mortality: Model Life Tables for Under·
Developed Countries," 1955. Also; Sf!ries F, Handbook of Popula
tion Census Methods: Volumes I to III. (These are old but indis
pensable tools for planners.)

[ntere.'1t Tables, Growth Tables

1. Stanford Research Institute. Growth Factors...Compound Interest
Tables. Menlo Park, Cal: SRI, 1963 and later updates.

2. World Bank. Compounding and Discounting Tables for Project
Evaluation. Washington, D.C.: World Bank (with Johns Hopkins
Press), 1973.
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APPENDIX 4.l

.A ;·...~ote cfGrowth Trends

in the first quick projection method illustrated in this chl'!lter we
assumed arithmetical growth for the pr,pulation. In the second example,
the one illustrated i~ equations (3) ,Uld (4), we are assuming an ex·
pcmential growth. Equation (3) was '~lte Rtandard compound interest
formula, and this is an alternative expression of an exponential growth
curve. When the equation is applied to money invested, it will show the
principal (s11 m invested) increasing over time in an exp0nl.·ntial form.
(The expont.n~i.al curve form is illustrated and explained in Chapter 7).
The form of the increase (rising smooth~J' is exponential, and the
amount of increase is determined by the rate of interest and the number
of years over which it is compounded. We will see in this section that
there nre other growth forms beside the linear and the exponential.

We will examine the other growth curves, the quadratic and the
modified t::xponential, and work through a simple arithmetical exercise
with ~'..',uation lSI. A number ofother growth cUI'ves will be shown in Chapter
7.

A quadratic Example

pn = a + bx + ex2
(5)

Results of three past censuses are required for a second·degrel' poly·
nomial:

1960 population = 1,000,000 = a + o.b. + O.e. (x = 0)
1970 population - 1,100,000 = a + 10.b + 100e (x = 10)
1980 population = 1,500,000 = a + 20.b + 400e ~x = 20)

a = 1,000,000:

lOb + 100e = 100,000
20b + 400e = 500,000

e = 1500
b = -5000

To estimate 1990, where x = 30:

1,000,000 + (30) (-5,000) + (900) (1,500) = 2,200,000.

The parabo!a, or higher·degree curve, or any curve fit, has warranty
only to the extent that the past census data actually fit the tr!!nd. When
decennial CClldUgcg nro usOO, the fit is generally not based on more
than three Qr four data points. Three is the minimum number of points
for a quadratic fit. When projections are made beyond a few years, the
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population may be badly overestimated or underestimated by extra
polation methods.

More elaborate growth curves (Pearl-Reed, Gompertz, or Yule) can
be fitted to multiple-cc"1sus results so that future total8 can be extra
polated. Curve-fitting is discussed more fully in Chapter 7.
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APPENDIX 4.2

Stanbery Formula for Projection of the Civilian
Population ofan Area ofA Country by Decades

Let A = Civilian population of area at beginning of decade
Let X = Civilian population of area at end of decade

Then X = A + (total in-migration - total out-migration + natural
increase during decade)

Let B = Arithmetical mean of civilian populatio.ls of country at
beginning and end of decade

Let R l = Projected rate of total migration of civilians into area during
decade p<!r n,ean civilian population of country excluding
civilian populatin of area

Let R2 = Projected rate of total out-migration of civilians from area
during decade IJer mean civilian population of area (arith
metical mean of civilian population of area at beginning
and end of decade)

Let N = Projected average annual crude rate (;,f natural increase per
lOGO mean civilian population of area during decade multi
plied by 10 (years)

Then total in-migration = R. [B _ (A ~ X)]

Out-migration = R2 (A ~ .~ )
Natural increase = N (A ~ X )

Hence: X = R. B + A 1 - [(RI+ :2 -N)]

1 + (Rl + :2 -N)

COMPUTATION OF POPULATION PROJECTIONS

EXAMPLE OF COMPUTATION ("" POPULATION PROJECTIr:NS IN
TABLE C-5 BY FORMULA IN TABLE E

Sc1ic,~ B Projection, July 1, 19GO-July 1,1970

H, = 0.045675 = 1950-1960 ratc of 0.04351 assumed increase of 5%

H. ~~ 0.273525 = 1!l50-1!J60 I'ate of 0.2605 + lIssumcd increase of 570
R,+ R, = 0.31!J2

------- ._-------------_._-.....

..'.



j

•
Population Projection 93
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N = 0.143 (from Table C-4)

R 1+ R"-N 0.176':!
2 =~ = 0.0.381

(
T\, '. R-N)

1- --2--- = 0.91LJ

E = 192,250,000

BR, = 0.045675 X 192.250,000 =, 8,781,019

Civilian population of Califomia, July 1,1960 = A = 15,530,000

1.0881

..~

A [1 - (R, + ~'-- N)] = 15,530,000 ><~.91l9 = 14,161,807

R,B + A [ 1- (~~;c~)J = 22,942,826

Chilian population of <)<) !l4" ""6
California, .Ju!y 1, ~!l'T() =---' X = ·-::.":'F~:l8~4i2..- = 21,085.000

A~~urncd miiitary pOpulation = 300,000

Total population of Cnli:OI nil.. •July 1, 197(, = 21,385,000

= Series B ,rojection
U.S. census report

SOURCE: Stanbery, Van BeurE'n, Some New Tec'lniqlies for Area POJ:ulation
Projections, Los Angeles: Haynes Foundation, 1960, p. 97
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APPENDIX 4.3

Distributing Five-Year Age Groupings Into
Sin.fJ!e fears

The educational planner usua~lyworks with a population projected in
single years rather than the five-year groups used by most dem
ographers, Q.4, 5-9, 1Q.14... It is a straightforward matter to break
five-year groups into single years using Sprague Multipliers. These
multiplier panels take a five-year age-group population estimate and
apportion the five-year total into 5 single-year populations. The panels
and the method are described in United Nations Manual III, Methods
lor Population Projection by Sex and Age. In many cases computer
coded programs for population projection have options for both five-year
and single-year groupings. For example, the computerized models
prepared by Shorter and Pasta (1974) for the Population Council offer
a program option for five-year age groups called FIVFIV and an option
for single years called SINSIN.

Here, we will illustrate the use of multiplier panels with a simple
exercise. We begin with the partial population projection illustrated
in Table 4.3 of the text, which shows that the 1980 pl.Jjected popula·
tion in the age group 15-19 is 337,000. (Note that in the table we have
kept numbers to the units place in order that readers can follow the
arithmetic. In actual projections the numbers have no such precision
and would generally be rounded off to the nearest tho~\sands. We will
keep all the digits in this exercise.) An educational planner would
want the population broken into single-:year age-groups, especially
in the age-group 15-19, which would include entrants into secondary
school and post-secondary level programs. Hence, in this exercise we
will apportion the 337.000 females in age-group 15-19 into five single
year groups.

Table A4.3.1 shows the Sprague multiplier panels, which arc t;:·.plained
in the accompanying text. The purpose of the panels is to apportion
five-year age-group totals into single-year age-group totals. The upper
case Ns along the top of the multiplier panel represent the five-year
age-group totals from the projection. The lower case n's along the rows
represent the single years.

In this exercise we are going to break the total ofthe 15-19 age group
into the single years, 15, 16, 17, 18, and 19. This mt"ans that we put the
15-19 total as Na in the middle of the panel, the 1Q.14 age group as N2 to
the left, the 2Q.24 age group as N. to the right, etc. For the age-group
15-19, we use the mid·panel proportions shown in Table A4.3.1, which is
taken from United Nations, Methods for Population Projections by Age and
Sex. (ST/SDNSeries A, Population Studies, No. 25)

----- ---~---~---
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To obtain the single-year total of 71,070 shown in the right-hand
column of Table A4.3.2, we multiply tr.e proportions ofthen1line by the
five·year age-group totals (Ns) above: (-.0128) X (·H7017) + (.0848) X
(389292) + (.1504) X (337539) + (-.0240) X (311,422) + (.0016) X (306415),
and the total is 71,070. The n2 line is done the same way.

Table A4.3.1

The Sprague Multipliers

I •• N. s. N. /i'.

FrR~T E:"LJ-I'ASFL

"I· ..... +0.3616 -0.2768 +0.14SS -0.a.U6
": ...... +0.2640 -O.09lJO +O.O~OO -OOOFn
IIJ ...•. +0.18~0 +00400 -0.0320 +0.0050
U4 ..... +01200 +O.I.1GO -0.0720 +0.01 (,Q
II, .... +0070-1 +0.1968 -O.OS~!i +0.0176

FIIlST S""T-To-EI'O PANrL

n' ...... +0.0.'-'6 +0.2272 -0.0752 +O.OIH
n....... +00080 +0.2320 -004S0 +O.llORO
II •...... -00080 +021(,0 -0.0080 +00000
n. ...... -00160 +0.18~0 +0.0400 -0.0080
n•..... . -0.0176 +0.1408 +00?12 -0.0144

Mrp-rAsEI.

n, .. -OOI2g +0.Otl~8 +0.15(4 -0,0140 +0.0016
11! -00016 +O.OIH +0.2224 -0.0.1'" +00064
II. +00064 -0.0.136 +0.2544 -0 oJ"; I +0.00(-4
n. +00064 -00416 + 022<~ ~()IIJ4'; -0.0016
n., +00016 -0.0240 +0.1504 +0.U~411 -0.0128

LAST SLXT'To-ESD PANEL

n, -00144 +0.0')12 +0.1408 -0.0176
n~ . -0.0080 +0.0400 +01840 -0011'01)
n, +00000 -0.0080 +0.2IlJO -oooSO
II. +00080 -0.04!i0 +0.2nO +O.OO~O

I:, +O.OIU - 0.0752 +0 2272 +00.136

LAST E:-iv·rASr.1.

n,. +00176 -0.Otl48 +0.1968 +0.0704
n:. +00160 -0,0720 +0.1360 +01200
n. +00080 -0.0320 +00400 +0.1840
n. -00080 +0.0400 -0.0960 +0.2640
n•. -003.'6 +O.l4!i8 -0.2768 +OJf>16

Source:
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Table A4.3.2

Using Sprague Multipliers ~o Apportion

the IS-19 Population Into Single Yelrs

N1 NZ N3 N4 flS

5-9 10-14 15-19 20-14 25-29

447,Ol~ 389,292 337,539 311,422 306,415 Single Years

n1 - .0128 .0848 .1504 - .0240 .0016 15 • 71,070

n2 - .0015 .0144 .2224 - .0416 .0064 16 • 68,966

n3 .00C4 - .0336 .2544 - .0336 .0064 17 • 67,148

n4 .0064 - .0416 .2224 .01..4 - .0016 18 • 65,730

n5 .0016 - .0240 .1504 .0848 - .0Wl 19 • 64,625

apopulation totals are from Table 4.3 in text.
317 ,53~

if

.j

...
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APPENDIX 4.4

Table A4A.l

Some Functions ofall :Hridged Life

Al~:r':' I .•"~. $_•• 5 ....,......

,f__ •
Expectancy...,.

TJ( °e :<
At- ,. "".... -'- n,.,." 'rr"l,':'"' (.... !~~I,JJfJ,.. 1',I1llO-., ",IJOtJ,.J 11.1

._._--~-- -- ._--
a.... 7L1 6J.O

I~:~j C67,iU 0011,1 (not shown)1-4 .. ~.1 110 62.1
S-Q .. I.' 70 fJZ,S76 4M.t{'" O.""'J7 65.2

to·I-'- .. LI 5.1\ 91,918 4!>!\, \'j~ G.'-OM 62.0
"-Ill .. I' ." fJI.422 4H.2~1 n,QQOl 57.4
:0.21, . H II,') QfJ.L9t ",~O.i5.5 O'H79 52.7
2S-1Q .. 1..~ 'l' ~Q.t.J1 ....05.178 o9:t.59

30·31. jZ 1.5" Jt8.500 4.14.')1(2 0.1)1112
J.5-JO .. '.0 PUt "'.09.' .4l1.1.5-'i O.'Jhl
"0-&1. 5.7 18.1 8.5,.to'J 410,11111 O,9<I.~6

H-4l1, •• oliO 82,1)70 ,4115,1011 O,Q"'~O
.~-.H II.,) 5.\,1 711,0:0 .1~L~ ~II: 01)281
5)-52 IA (, el)-! i~.jll .\~tl,"~l 0.89Ii\

tJl)(I'., !7,~ IZIJI (,'~. n-'i6 ,11'1,1;,; O,~ll

65-<JQ •. U.5 I'I!" ~Q,liO 1/'1, ;t,~ 01676
70 ; .. 652 2~ 1 1 4i,lI.17 1(J'.~.~ O(164Q

7S-iQ .. .. 10,"1 ",n () U,llll 1.lfI,l,t,! 0..'224
11011-1. 11'-.1 "112 10,1~ il,I'1ill o IOn;0(5 nod O\l'r If,(I'J I ,fino n 14,:71 \I "U)t)i

Source: United Nations, Methods for Population
Pro' ect ions by Age and Sex. ST/SOf.l
Series A. Population Studies, No. 25

•

Explanation of life table columns and how computed
1. The first column x indicates the age group.

2. The sl:cond eolumn (1000 m.) is the age-specific death rate.

3. The ~hird column is the probability of dying before r.t!aching upper
limit of age group. (See explanaticn above)

4. The fourth column 1. is the number of survivors to exact age. l~

begins with 100,000 and is reduced by the number dying in each age
group.

5. The fifth coh.lmn L. is sur'livurs within the age group (average
number of years lived). It can be computed (except for the first age
group) by averaging successive 1 values.

6. The column ·P. shows the proportion in age group surviving to
next age group, and is obtained by dividing successive L. values.

7. The T. column would be obtained by cumulating up from the lowest
L. through each successive age interval.

8. The last column °e. is the number of'years (expected) oflif'eremnining .
at the beginning of the year of age. From 0 it is commonly called
life expectation at birth. It is obtained by dividing the T. valUp.
by l. value.

",
" ,.,,-'

,; .".;.~,. :'" ;;: ","';".

\,

l
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WE, can use values from Table A4.4.1 to iIlustrat.e how the q values (pro
bability of dying in a given age interval) are generated from the m values
(age-specific Jcath rates', using the cur.e-fitting equation (1) below. Once
the q values are obtain i!d, the rest of the columns of a life table can be
computed.

We will US) the age group 55-59, underlined in Table A4.4.1, as an example,
but the sal'le procedure of converting from a(T,e-specific death rat£, to a
probability of dying in the age interval would hdd for all age-gronps.

nQx == probability of dying within n years after age x
3 2

nQx == 1-e-It nmx -an nmx ,

where a == 0.008
n==5

nm, == 18.6/1000
== .0186

Thus, lO00Qx ==
1000 [ 1-e-5(,OI86)-(.L08) (~fl(.OI81;~1

== 1000 [l_e- 0933
]

== 1000(.0891) == 89.1

.,... .,•. , ""'. __ '" _c· .... ·....... _
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APPENDIX 4.5

u.s. Census and Projection Methodologies

The fundamental projection basis was shown in equation (1) in the
text. U.S. Census Bureau Methods are simply more elaborate variants
of that basic schema:

Base Year Population + Births - Deaths ± Migration (1)
=Projected Population

Alternative projection sets or series will result from alternate assump
tio'1S on fertility, mortality, and migrat:on. In the United States current
ly, alternate assumr>tions on the fertility component (only) lead to three
projections. Each of the three projections is called a "series". Specifically,
there are three series: Series II, a central projection which assumes
medium fertility rates; Series I, which assumes higher fertility; and
Series III, which assumes lower fertility. The L,ortality assumptions
are the same in all three series and are based on one life table and one
set of survival ratios. Hence, only fertility affects the outcome in each
series. Thus, Serie:; I, with the highest fertility, yields the highest
population esti',nate, followed by Series II and then Series III.

Projections in developing countries usually are based on different
assumptions about both mortality and fertility. United States projec
tions use the same migration component in all three series. National
projections in developing countries either exclude or use only one
migration estimate.

The most recent population projection for the United States is found
in Current Population Reports, Series p·15, No. 704 (July 1977). In this
report there are annual total populations projected to the year 2050, and
projections by age, sex, and race to the year 2000. As a curiosity that
someone might wish to validate in future years, when the time has run
its course, these are:

Total Population Projected to Year 2000
Series I 283 million
Series II 260 million
Series III 246 million

Tbe accuracy of these projections depends, as the basic schema
indicates, on the accuracy of assumptions about fertility, mortality,
migration, and the accuracy of the base year population estimate.
Series II is conRidered the most likely projection, but planners have
t).eir choice and can challenge the assumptinns. In the writer's opinion,
Series II is the most likely estimate over a longer time period. but
currently births are rising but fluctuating.
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The Base·Year Population Estimate
One variant on the basic cohort components method of projection is

introduced by the U.S. Census Bureau because ofrecognized inaccuracy
in the base-year population estimate. Despite the quality of the U.S.
Census and the vital statistics that are used to bring census totals
forward to the basc year of a population projection, projections must
be adjusted for population under-counting by age, se:.<, and race. This
methodology for adjustmentD is called the inflation-deflation variant
on the cohort component projection method. (For details on the general
methodology, see U.S. Bureau of Census, references.)

Migration
An assumed net immigration of 400,000 a year. distributed by age

and sex, is added in~o all United States projection series alike. It is
felt that this constant understates the net migration considerably
because of failure to include any estimates of the illegal immigrants,
thought to number in the millions. It is also suggp.sted that these
illegal immigrants, unknown in number and with different fertility
patterns, affect the most recent birth numbers, although it is unlikely
they distort the national fertility estimates markedly. It should be
noted, however, that migration is a fairly weak componeitt in the U.S.
Census projectioM, and the only defense that can be claimed is that.
given the very large population of the country, the migration component
probably does not affect population dynamics and projections
very much.

Fertility
Fertility, which is the basis for the differences in the series projec

tions, is most difficuH. to estimate and project, and receives the
greatest attention in the demographic analysis that supports the
census projections. Census Bureau projections are based on three
different assumptions about cohort fertility. The middle variant is the
basis of Series II, with a higher variant in Series I and a lower in Series
III. These assumptions are based on "ultimate completed cohort fertility".
The ultimate completed cohort fertility rate may be thought of as
the average number of births over a lifetime for women in a given cohort,
Le., born in a given year, and found in a given age group in some future
year. Two basic approaches were used in setting these rates. The first
looks to the long term and is not based on past trends in fertility. It
assumes that population growth will cease at some point in the future,
and studies when this will occur, at what level, and by what path it will be
reached. In the projections for Serie.'il II, it is assumed that the ultimate
cohort fertility rate will reach the replacement level of 2.1 children per
woman for women presently in the young childbearing ages. It also
assumes that fertility rates will movt' smoothly toward the assumed
ultimate level (U.S. Census, 1977).

With the cohort fertility rate set for Series II, the rates are set higher
for Series I and lower for Series III. Hence the rates were set at 2.1 for
Series II, 2.7 for Series I, and 1.7 for rJries III.

A second approach to setting the fertility aeS:.ImptioDs rests on
~~-~~_:"-':"::"'~-=--':'=----r----~
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~xpected births which are reported by women in recent surv~ys:This again is
based only on an assumption that fertility is moving toward replacement
level for the younger married women.

To compute projected births for future years requires that age-specific
birth rates be estimated for eacr age in the childbearing range, from
14 to 49. According to the Census Bureau this requires:

Interpolating linearly between estimated age-specific birth
rates computed for 1973 and ultimate age-specific birth
rates. (These ultimate age specific birth rate.~ came from
the ultimate cohort fertility pattern and timing pattern.)
The interpolation produces age-specific birth rates
projected for each year and each cohort over the period
of the forecast.
The interpolated rates are then adjusted according to the
completed cohort fertility rates set in the assumptions.
There are further adjustments and checks, but the final
step consists in applying the a~e-specificbirth rates to the
projected populetton of women In childbearing ages, about
as shown 'in the previous numerical example which ap
peared in Table 4.4 in the text.

Hence the U.S. Bureau of Census follows the same basic procedure, but
with elaborated and improved techniques for estimating the com
ponents.

rl... '...•.•.1..•
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CIV\PTER 5

EnrollmentProjections for Educational
Planning: An Instructional Unit

1.0 The Instructional Objectives of This Unit on Enrollment ProJections

This unit is designed to provide:

- Background information on the use and usefulness ofenrollment
projection for educational planning.

- An outline of the situations in which enrollment projections are
used in planning, with emphasiE' on projections at national or
systems-wide level.

- A description cf the mathematical model whic:. underlies en
rollment flow projections.

- An explanation of the flow rates of promotion, repetition, and
dropout which determine enrollment flows through a graded
school system. Th~se three rates are the parameters whi.ch gov
ern system flow and output.

- An illustration, using a numerical example, of an enrollment
flow projection.

- An introduction to an instructional exercise on enrollment flow
projections using school system data.

- B1lckground information on computer-coded model'!! for·enroll·
ment projections.

- A general background for understanding how flow models and
more comprehensive manpower requirements and educational
flow models can be used for tracing policy nnd program implica
tions.

The expected learning outcomes are:

- Learners will demonstrate general knowledge ofhow enroJIment
projections are used in planning.

- Learners will specify the situations in which enrollment forecasts
are required, and detail the information which is required to
perform the projections.

- Learners will be able to present and explain the mathematical
structure of enrollment flow models.

- Using the model and some example data, learners will be able to
project enrollment flows through a one· or two-year plan cycle.

- earners WI un ers n e rna eroat! structure 0 ow
models used in the computer exercises which would follow this
unit in a usual sequence of instruction. (See Appendix 5.1 at the
end of this unit.)

'.-.,\ ..,•. -.. - .,. _-.: :c••_ .
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- Learncro will also obtain a basic under£ltanding of how enMl!
ment flow models can be used to trace policy and program imIJii
cations for th~ educational system; learners will also be able to
illustrate this understanding by givingexdmples ofpolicy change
possibilities.

- Learn~rs will also understand how enrollment flow models fit
into larger, compound models, in which manpower requirements
and educational supply projections are linked.

may, however, enter the school system in grades above the first, and the
model must bp. modified to at:commodate theoo inflow8 or outflows at all
lev21s.

1.1 Background Note on Enrollment Projection in Educational Planning

Enrollment projection is a standard task in educational planning, Pro
jections are made at the national level for the centralh.ed school systems
common in most developing countries. Enrollment projections may also be
run for subnational areas, regions or provinces, or school districts. Pro
jections are also run for local communities, town, or cities; and enrollment
projections may be made for single institutions, particularly for large
secondary schools or universities. The basic methodology is the samc for
enrollment projections at any level, from single institution to n!ltional sys
tem, although ti,~ data and the problems of analysis will differ slightly.

The most straightforward task is projecting enrollments for a national
system, because the system is closed, meaning that there is no migration, or it
is negligible. Or, if there is migration, then sounder statistics are available at
the national level. Generally, the larger the unit the better the data. An
enrollment projection is usually preceded by a demographic projection of the
numbers of children who reach the legal age to enter the system. Once the
number of entrants into the system is forecast, they are moved through .hc
syster'l according to the flow rates that prevail in the system. The flow is
determined by the promotion, repetition, and dropout (includes death!
migration) rates. These are called the flow rates of the system. A national
levcl projection based on flow rates will be illustrated in this unit.

The model and methodology are essentially the same for subnational
projcctions, except that the projections are complicated by the need for accu
rate migration statistics. Internal migration statistics are not ::eadily avail·
able in either developing or developed countries; and when the migration
statistics are available they are not easy to assess for accuracy or precision.
Sometimes a special research study is necessary to estimate the area migra
tion characteristics. Migration into or out of a village, town, or city district
will determine future numbers of children available to enter the various
grades p.nd levels of the system. Migration is influenced by the geographical
and physical characteristics of the area, the economic and social oppor
tunities, or lack of them, and any of a number of social, cultural, economic,
and political influences that may be operating at a given time and in a given
place. Estimating these factors and their influence is a problem for sociologi
cal rescarch and demographic analysis. Once the cstimates are obtained, the
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2.0 Educational Systems Models and Enrollment Flow Models

The flow ofenrollments through a graded school system can be described by
simpl" models. The ideas behind the models are also easy to understand. The
procedures for moving enrollments through the grades ofa system are simple
and g'meral. The models and procedures can be applied in a wide variety of
planning situations. It is worth making a small effort to understand the logic
of the method because it underlies almost all systematic mode13 and com
puter routines for projecting enrollments through the levels and grades of a
system. Because the method is so general and permits wide application in
planning practice, it is also worthwhile understanding the general
mathematical expressions of the model. (The mathematical explanations are
deferred to Appendix 5.1).

In projecting enrollments for single institutions it is difficult to establish
the catchment area, or entrants pool, that feeds the system. Universities, and
sometimes large secondary schools, may draw from populations residing ir.
large, ill-defined areas. Often a special research study of the catchment or
sending area, and the entrants pool, must be run. Once this pool is estab
lished, the model follows the general form outlined in this paper.
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1.2 Introduction: Enrollment Projection for Planning

Enrollment projections are central to educational planning because the
future development of the system will depend on the numbers and kinds of
students entering the variou~grades and levels and programs in the system.
On the basis of future enrollment projections, program coverage and input
requirements can be determined; and on the basis of this, costs and future
budgets can be estimated. In manpower planning, enrollment projections are
the basis of the supply estimates, am. these are compared with requirements
or demand estimates, in order to calculate deficits and surpluses of given
classes ofeducated and trained workers. In education "r manpower planning,
the central dynamic of the system is based on future changes in enrollments
and graduates. Planners at some stage in their work prepare enrollment
pmjections, either for an entire school system, a special region of the country,
or a single institution.

2.1 A Graphic Model ofa School System

Before looking at the mathematical expression of the model we will begin I
with a more familiar model of reality, a graphic scheme of an education and
training system. This scheme is shown in Figure 5.1, which is a modified
version of an actual system. (An alternative way of depicting an educational

. system IsSllown In ExhlblC5.1 at the end of this UnIt). -------,-·-------1
Most planners have seen systems schemes similar to the one shown in ! ",

Figure 5.1. Such schemes are useful for planners and administrators. Figure ~

5.1 attempts to show the CtJ l1plete system of edul:8.tional programs from i
I
I
I

~

'.
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elementary school through univeraity level. The scheme begins with grade 1
of elementary school and goes through to the very highest-level programs,
some of which may be offered outside the nation itself.

Figure 5.1

A Conventional Graph ofan El!ucational System

91--_L-_...L---I._-L--Il) ~~~~"I
• ',aildna
7 Sttond..y rrncraJ

•~I L L..-r ....1I,I Second 1:)'(:10 primary Itonlktml
tfalr,ins

2
l

.' I I'I Fln' cyde primary and literacy

Other similar schemes might show different arrangemp.nts and different
features of the educational program. (Exhibit 5.1 emphasizes the dynamics of
flow through the system. All the elementary grades have been grouped in one
stage, and the intermediate grades have been grouped as J.H.S., Junior High
School. The level ofdetail in agraphic systems model depends cn the purpose
of the planner or administrator.)

3.0 Description ofan Enrollment Flow Model and a Sirrple Example ofthe
Arithmetic.

" .....
;.',:,:~-, '"~:.."" :,::};.-":::?:',:-;~~~~~~

In the enrollment flow model of the following exercise we will limit atten
tion to the elementary school level, grades 1 to 6. The same procedure is
followed for tracing enrollment flows through all grades, levels, and pro
grams of the system. The form of this model is completely general, and it is
found as part of many educational planning models. Among planners, this
form is referred to as an Enrollment Flow Model, a term that will be used in
this discussion.

The number finishinl! l!rade 6. the hiehest lo!rade ofthe elementslrv Ftchool
level, is determined by:
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a. The number entering the first stage ofthe system, and in this case it will
be limited to the number enrolling in grade 1 for the first time.

b. The number ""'romoted from grade 1 to grade 2 and from grade 2 to grade 3
and on to grade 6, the final grade in the elementary level. (The same applies
for flows from level to level, as, for example, the number who go from grade 6
of elementary to grade 7 of intermediate, and then to general secondary
school. The flow can then be traced by the pl'oportion who go fr'.m the final
stage of schooling into the work force. This rate is sometimes called a work
force entry rate.

c. The number who repeRt the grade.
'1. The number who drop out of the system at Ii given grade level.
The number who are promoted, who repeat, and who dropout can be

Clil"Verted to a proportion, or a rate, by dividing by the original number
enrolled. If the original enrolIment was 100, and 90 were promoted, 6 re
peated ;1.nd 4 ..u-opped out, the promotion rate would be .90, the repetition rate
would be 06, and the dropout rate .04. These rates wilI be symbolized as p
(promotion), r (repetitio:l), and d (dropout). The rates always add to one,
because they are proportions that cover all possibilities. Hence:
p + r + d = 1. In the example given: .90 + .06 + .04 = 1.

Once th~ idea of flow rates, or transition proportions, is understood it is
easy to sur.1marize the procedure briefly and understand the way even larger
systems mooels work. The same procedure is used over and over again. The
computer simply multiplies enrollment by promotion rates to take the en
rollments through the grades of the element.ary level to graduation, and then
multiplies the number ofgraduates by rates for continuing on to other school
levels or for entry into the workforce. Before presenting the general, or
mathematical, form, of the flow model itis worth emphasizing a fundamental
assumption. It is assumed that the rates are stable over time, at least over the
periodofthe forecast. Or it is assumed that the rates can be changed as a result
of policy and program interventions. Ther.e assumed or target rates thell
become stable enough to project enrollments. Hence, rates may be thought of
either as historically determined, or as targets which are set. In developing
countries, rates are not stable, but change llver time. This puts a time limit on
the validity of projections.

In this instructional unit we will not discuss the methods forestimating the
rates in the first pla.:-e. In countries where educational statistics are based on
machine tabulation 0: individual promotion records, the estimates are
usually readily availab~e, valid and reliable. In these same countries
where there is social promo+ion (near-automatic promotion of all enrolled),
the promotion rate may be almost 1. Dropout and repetition rates may be low,
but there is always some dropout. or repetition.

The challengefor analysts \.omes in those countries where statistics are not
based on individual recordG tabuta~ by machine, but instead are based on
analysis of aggregate data. Only groups of students are followed through the
grades by years, and the flow rates AN! PIItim ..t,,~ 'l'hn _~+l.~':, ~-i' iT..eJtiu..
these estimates are covered in the next instructional unit.

,
~.
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3.1 Mathematical Form of the Flow Model

To estimate enrollments by grades for the following year, we multiply the
enrollment by grades in the present year by prornotion, repetition, and
dropout rates, and add in the new enrollments coming into the gredes during
tl;P. j'ear. This statement can be symbolized in compact algebraic notatior.:

Enrollments by grades
in the following year t + 1

A (p, rand d rates) rnultipled by z(enrol),
+ a(entrants)

-=

.,.,
A.-

The pru..."edure is clearer if we examine the way it is arranged for the
computer. )lote that the ordering of terms is changed slightly for the com
puter operation in Figure 5.2.

Figure 5.2

The Basic Flow Model for the Computer

At 't I t +l It+1

Gt

0 0 'It ·',ttl 11.t.l

PIt 'Zt 0 'It ·Z.t+l ZZ.t+l
0 PZt 'Jt 0 'Jt ·:l.ttl 'J.t+l

U-
0 PJt '4t 0 . '4t + '4,t.l lett.'
0 0 PH 'St 0 'St '5, t+l zS.t+l
0 0 0 PSt 'it 0 'it ·~.t+l '6.t+l

dZt dJt d4t dSt dit 1.0 'dt 0 'd,t+'

This says that when we multiply the enrollments in grades 1 to 6 in year t
by the repetition (r), promotion (Pl, and dropout (d) rates, and add in new
entrants, at + 11 the result is the enrollments by grades in the following year,
Zt + l' The arrangement may appear difficult to understand at first glance for
those not accustomed to looking at mathematical expressions, but a simple
numerical example, using actual country data, will make it clear. It is worth
understanding the flow model because this is what the computer does hun
dreds of times in any model. The same model can be applied to all graded
systems anywhere. Appendix 5.1 gives a brief review of matrix algebra and
applies it to a simple example of enrollment projection.

3.2: An Arithmetical Example

Figure 5.3 shows the basic computer scheme illustrated with a simple
arithmetical example which traces the flow ofenrollments for students from
the base year 1975-76 to the following year 1976-77 for the first six primary
grades. A, is the matrix of repeti tion, promotion, and dropout rates for the aU
grades ofelementary schooling for this country. The repetition rates are .206,
.150, etc., along the main diagonal. The promotion rates ~re"735, .840, to the
left ofthe main diagonal. The dropout rates are along the bottom row, .06, .01,
ete. For simplicity in this worked example we have excluded from considera-
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tion the dropout rates in the bottom row, and the final column ofzeros in the
matrix At. This means we are dealing only with the six rows and six columns
within the inner lines of Air or, in other wonis, At is a 6-row and 6-rolumn
matrix. (Section E of Appendix 5.1 explains why this is done).

The numbers shown in Zt are the enrollments in grades 1 to 6 in the year
1975-76. The number shown in at + 1 is the entering enrollment to grade 1 in
1975-76. (Note that this arrangement shows new enrollments entering only
at grade I, but in some situations new entrants in 1975-76 could come in at
any grade). The result Zt + 1 is the enrollments in grades 1 to 6.

Figure 5.3

Example ofEnrollment Flows, Using the Computer Model

r.~!~~~+[~l:] =~i~j~~o 45750 0 50688
~.,...~,.......~,.......~~~~'&":';~-ri0 36160 0 40216

Grade 1 = (.206)(84206> + 58551 = 75897
Grade 2 = (.735)(84206) + (.150)(66433) =71856 + 0 =71856
General Rule: Multiply each entry in the Matrix A, row by tach entry in the Zt column corresponding, and

add in the at + I number.

At the bottom ofFigure 5.3 is a simple worked example for grades 1 and 2.
For grade 1 the repetHion rate (.206) is multiplied by the first-grade enroll
ment (84,206) and the result added to the new entrants to grade 1 (58,551),
giving a first-grade e'lrollment for the following year of 75,897. For grade 2
the promotion rat': \.735) is multiplied by the first-grade enrollmentl84,206),
and this result is added to lhe repetition rate (.150) multiplied by the second
grade enrollment (66,433). The result is the second-grade enrollment in the
following year (71,856). If new enrollments had been allowed at the second
grade, these would have been added in, but the entry is 0 in this example. The
same procedure is followed to yield the enrollments in the following grades: 3,
4, 5, and 6. If dropouts are being calculated, then each dropout rate in the
bottom row is multiplied by each enrollment in the column z,. For example,
the dropout for the first grade is (.06) x 84,206 = 5052.

4.0 Suggested Exercise with Enrollment Flow Models

It might be useful, as an exercise, to compute the enrollments for grades 1
to 6 for the following year, 1977-78. For this we already have the enrollments
in grades 1 to 6 in the year 1976-77. The only new information/data we
require is the number of new entrants to grade 1. We will assume this is

___________________ 60.000. We wiI I alRO :tllRlImp t,hAt. thp r"n".,ntinn , -rn • a ;..... ft_" "_ftjft". 0"~5
stay the same. (Note that it would be simple to introduce improved rates by
simply changing thep, r, nnd d rates in the matrixA. See Appendix 5.1 for an
illustrative exercise.)
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4.1 Additional Comment on the Flow Model

Two additional points can be raised. First, the origin ofnew entrants to the
system. We have assigned the number 60,000 for the exercise, but generally
this number comes fram projecting the population by age groups and estimate
ing the fraction of the population in relevant age groups that will enter
school. The model in the example shows entrants at grade 1 only. The largest
fraction of an age group to enter grade 1 is from the 6-year-olds, the normal
entry age to Element:lry School in this country. About 60 percent of 6
year-oIds enter school; 20 percent of the 7-year-oIds enter, etc. Later we will
discuss policies to attain almost 100 percent of the 6-year-olds as entrants to
grade 1. The fraction of children seven years and older will drop in the first
grade, as admission of 6-year-olds is regularized.

Second, the progress of those pmmoted from grade 6 to higher levels and
grades in the system. In this example, about .88 are promoted from grade 6
and eventually graduate. A fraction of graduates go on to higher grades and
at some point enter the workforce. 'I'hese workforce entry and participation
rates are discussed in the units dealing with projection of manpower supply
in Part Three of this v01ume.

5.0 Tracing Policy Planning and Program Implications from Flow Models:
A General Comment

It is helpful to understand the simple arithmetic behind flow models, but
once thi& is understood the only interesting matter is in using the model to
study the effects of policies, plans, and programs on the educational system.
We have seen that the flow rates can be pasily changed in the model. Chang
ing them in the real world is not so easy. A compound manpower and
educational planning rr.odel would estimate the requirements for educated
and trained manpower in the workforce. Within this compound model, the
enrollment flow model would estimate the supply of educated and trained
people to meet the manpower requirements. This future supply will be
largely determined by:

- Entrants into the system. In the example given for elementary
school there are entrants only at grade 1.

- Flow through the grades of the system. These are determined by
the promotion, repetition and dropout rates. Promotion rates
move enrollments through the grades of the elementary school
level to gradua tion from grade 6, or highest grade of the lev~l.
(Recall that promotion, repetition, and dropout rates are related
to each other and add to 1.)

- Continuation rates to a higher level ofthe system. In the present
case, an example would be continuation to grade 7, which is the
secondary level. There also might be entrance into the workforce.

Chapter 7 ofVolume 1offered a discussion of the policy issues raised by the
enrollment flow model component of a comprehensive planning model. Here
we will. bril'f'1-y_pv"m;n" M'M ~ the pulic;y i""ucs wised by changes m
er-rOlhr..;""1L flow rates.
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5.1 Policy Chc.r.cges ar.d Model Ch/•.'lges

Using the enro Iment flow model, planners and policy makers could change
any of the numbl~l's or rates listed, and then study the resulting changes in
the numbers graduating from grade 6 of elementary school, thi! number
continuing on to grade 7 in the intermediate levei, or the number entering
into the workforce. Thesl' changes could be related to policies and plans. For
exall1ple, policies could be established to accommodate a larger percentage of
six-year··olds iI,to the first grade, and in later years this would increase the
enrollment flow through and out of the elementary grades. The policies
would have to be backed by programs, and the programs would require
iilcreased resource,; for example, providing new schools in remote regions
and training and Hfsignrnent of more teachers. Putting increased numbers of
entrants into the model does not change reality unless actual changes are
made in progrllD1l; nnd allocations to accomplish the increase, but the InoO'::

does serve to show planners the resource, cost, and manpower supply conse
quence3 the chang.'s would bring in future years.

Policies coulduho LJe developed to change flow rates. An obvious example is
to adopt social p:omotion, or something similar to it, where promotion
through the grades is made close to automatic. Programs would have to be
developed to improve education and to accommodate more enrollments at
higher grades. Tht) model does not accomplish this; it merely shows planners
what the consequences would be for higher grades in future years. Similarly,
continuation rates to higher levels, as well as workforce entry rates, can be
changed. This \'odd increase the supply of higher-level manpower.

5.2 Tracing Changes in' the School System

Using enrollment flow models, we will examine how changes will affect the
system in future yelrs. Table 5.1 show~ projections for the elementary school
grades ofa country fCJr 1984-85 W~'''il two different sets ofpromotion rates are
used, the present rn tes and improved rates. Note that at the present rates the
projected enrollments are actually greater in the first three grades; but with
the improved rl:l,tell, enrolIments are larger in grades 4 to 6. One goal of
educational planning is to increase the numbers ofstudents who complete the
last grade and graduate (always assuming that the education offered to the
increased numbers is the same in quality or better). In this sense, the
improved rates dG reflect improved performance of the system.

It may seem surprising that the total enrollment in the elementary grades
(1984-85) with improved rates is actually lower than with present rates.
Though more students r,MS through the system with the improved rates,
fewer stay in the schools through repetition. It is possible, though this run of
the model does not show it, that even with the program requirements and
budget alIocations necessary to attain the improved rates, the total costs of
running the elementary schools may 00 less. If this is so, then it represents a
gain in efficiency; more output for less input. Different COEts for maintaining
old rates and improving to n~w rates can be estimated, and the total cost of

__j"'p"""ir,g the ;;y"tolm fla..... aHlf time can be plOj.Jdea and studIed oy plan-

'....
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Table 5.1

Enrollments in Elementary Grades in 1984-85 (Projections from 1975-76
with Presenf and Improved Rates)

• Grades With present rates* With improved rates·

1 145571 130274
2 115295 113828
3 106983 106184
4 108828 108735
5 83543 86738
6 68665 78035

Total 628885 623794

*Source: Based on actua~ runs of a COmpl"te: model applied to this school
system. To simplify, actual data are not shown. Preseilt rates are
actual rates computed for system in 1975-76. Improved rates are
based on projected improvements.

~IJ

,
I

~

ners. This was illustrated by McGinn and Davis in Venezuela (1969) and by
Schiefelbein and Davis in Chile (1974). The latter work illustrated the
advantage of a comprehensive model which traces efficiency consequences
through the whole system, because, though unit costs were lowered and
efficiency improved in the primary school level, the sudden increase in
numbers flowing through the systkm increased both total costs and unit co~t8
at the next higher level in sec"Inrlary schools.

It is possible to trace other imi-:: ~'I.tions of changed numbers and rates by
using an em-ollment flow model alone. Some of these effects will be obvious
and others not so obvious-in fact, contrary to what might be expected. One
Eeemingly contrary effect is indicated in Table 5.1, where enrollments in t~e

first grade appear to fall under improved rates. Although this may seem at
first to indicate that new entrants into the first grade may be falling, it does
not mean that more children are being denied the opportunity to enter school.
On the contrary, accompanying demographic projections indicated that over
a period of ten years almost all six-year-olds could enter school. First-grade
enrllllment still came out smaller. This can happen because there is a lower
repetition rate, and h·:mce fewer children staying back in the first grade to
increase the enrollments and, in one sense, waste resources.

Improved flow rates will not only yield larger enrollments in grades 7, 8,
and 9 (intermediate leveD, but will also increase thl' numbers of graduates
available to enter the workforce. If entry rates stay .he same, or improve,
larger numbers will enter the workforce with more education. However, we
may again see an effect that appears counter to our expectations. It will
require time for larger numbers of more highly educated people to p-nter the
workforce. In the short-term run ofthe model, from 1975-76to 1984, improved
rates may actually lead to fewer youths pntering the workforce, because more

. '" ..

~ .
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people are being kept in school to reach higher le-vels of educational attain
ment. Here we have gone beyond the enrollment flow model. This introduces
the policy and plan implications ofcomi>o:md models which were discussed in
Chaptel 7 of Volume I.

6.0 A Closing Note on Compound Planning Models

Planners, policy makers, and decision makers can better !'tudy and under
stand the system-wide effects of policies, plans, and programs if the educa
tional flow model is incorporated into a largeroccompound model. The larl~er

systems model permits the planner to compare requirements for educated
and trained manpower with projections of the supply of the eduCSl.tion and
trainillg system. The advantage ofthe larger or compound models is that they
can provide a general framework for studying effects throughout an educa
tional system.

Policies and programs implemented in the E'lementary school grades will
have consequences in the higher grades, as we have seen. In 1964, a large and
rapidly developing country markedly improved its primary school system
and doubled promotions and flow through the system to higher grades.
Students poured into and through the intermediate and secondary school
grades, and suddenly they were demanding entrance to the universities.
There was no space in universities, which had already been expanding at a
rapid rate. The last-ditch alternative, implemented without curriculum
planning or resources, was to add another year onto the secondary level. This
emergency measure was taken mainly to keep secondary graduates out of
universities one more year. The educational benefits of that extra year
remained dubious for a long time afterward.

The policy and program issues raised by using comprehensive or compound
planning models have already been dis.::ussed in the previous volume. The
compound model shown in Figure 1.3 of Chapter 1 of this volume had four
major components, or blocks. Enrollment flow models are the basis of the
third block ofthe compound model. Flow models are used to project the supply
of the education/tmining system. In the compound model these supply proj
ections are compared with the manpower requirements projected in block III.
Enrollment flow models can be used for general policy analysis when they are
incorporated into a larger systems model framework.

The l.'Ompound model may be used to identIfy gaps between requirements
for educated and trained manpower, as estimated in the manpower require
ments block, and the supply of educated and trained people, as estimated in
the education training block. The model serves to forecast requirements and
supply over time, and to give planners and policy makers an estima~_ofshort

fallR, or surpluses, in educated and trained manpower. By havitig these
estimates beforehand, planners and decision makers have time to develop
policies and programs to remedy estimated shortages or surpluses.

Planners can use the model to simulate trials ofalternate ways of remedy
ing the problems. If the supply of educated and trained people is insufficient
to satisfy the manpower requirements, one alternative is to to reduce the

-~----~~ - --~~-~~---------.. -~-._--~
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requirements. Manpower requirements are estimated on ,the basis of eco
nomic output projec,'.ed (Chapte~· 8). Plan alternatives may be to reduce the
output, scale down ~'conomic growth targets, modify the output mix, or
change the technolog)·. This will reduce manpower requil'l1ments both in
quality and quantity. Consideration of this alternative is a task of economic
planners in the country. Another alternative might be to recruit and allocate
more expatriate manpc.wer to fill critical gaps by sectors and occupations. A
compound model might provide a system for tracing this alternative in
another block ofthe model, but this will be discussed in other sections ofthese
planning materials. A third alternative is to develop educational policies anfl
programs to increase and improve the supply ofeducated and trained people.
It is this third set ofpolicy and program options that can be examined y,ith an
enrollment flow model.

6.1 A Summary Comment

Compound models provide the planner with a tool for relating economic
growth policies and plans to manpower allocation policies and plans and, in
turn, to educational policies and plans, which layout alternative possibilities
for changing education and training programs to match the supply require
ments. See Exhibit 5.1. In other places in this book the policies which gov.ern
economic growth and manpower allocation will be discussed, but here the
emphasis is on the education and training policies which affect supply of
educated and trained manpower to meet manpower requirements.

Exhibit 5.1

An Alternative Scheme of Education and Training

A rew "re·
Ir:uninc"
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SupplementaryMalerial on lhe Use ofMatrice,Q (0:

Enrollment Projections

1. Intent of This Appendix

The purpose of the material in this appendix is to provide instruction
supplemental to that in the text, on the use of matrix operations for enroll
ment projections. There will be three sections to the appendix:

- A simple one-year enrollment projection will be presented witl1
out the use of matrices, to provide a reference pomt for compari
son in section 3 below.

- Matrix notation will be introduced and the operations ofaddition
and multiplication illustrated with examples.

- The same examples, used in section I above, will be presented
using matrices.

II. A Simple One-Year Enrollment Projection

Imagine that we are concerned with a three-grade school system at
time t and that we wish to project what the enrollment will be at time t + 1.
Suppose we have the information shown in the first four sections of Table
A5.I: (n) enrollments by grade at time t; (b) enrollments broken down into

Table A5.I

The Components of a Simple One-Year Enrollment Projection

2 4 5

Enrollment PrClllotfons. Rates N~ Enrollments.tfme· t+1
by qradp~ repetHlons !:nlJ:all t 5

dropouts

Grade Enrolll!W!nt. £. !. !! E !:. i ~ E + !. + ~
time· t

1 100 90 4 6 .90 @~ .06 95 0 + 4 + 95 • 99

2 80 76 2 2 .95 .025 .025 5 ~o + 2 + 5 • 97

J 75 66 6 J @J .08 .04 2 76 + 6 + 2 • 84

those who Pore jJi'f) 'TIOted to the nextgrade, those who repeat a given grade. and
. thusu-wlro-droplmrtrornllie system; (c) the mformation in (b) expressed as

ratR:':l; and (d) estimates of the number of new entrants to each grade of the

!"',
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system. The fifth section shows estimated enrollments at time (t + 1) as the
sum of those promoted from the previous grode, thos~ who repeat the gt'ade,
and those who are ne',;r entrants to the system at that grade. It is possible to
stnndlli,lj'7.c this sj~p!l.. enrollment projection method so that a computer enn
do the necell.:8ry .:omputation. In doing so, it ie most convenient to use
matrices.

_.
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III. Matrix Notation and Definitions

A. Definition: A matrix is just a rectml6Ulnr army of numbers,

Examples: [~ i ~] or [~ ~]

B. Kinds ofmatricc.J: A matrix is described hy the number of rows
and columns it has: an n x m matrix (read as "n by m") has n rows and m
columns. Thus, the first matrix above is a2 x 3 matrix, while the second is a
2 x 2.

C. Definition: A vector is a row or a column of numbers:

Exampl'" (1 2 7 0) t1J
D. Addition of vectors: Vectors can be added if they are the same

kind, that is, ifthey are both row (or column) vectors with the same number of
elements. In Example I, each of the two column vectors hIlS three elements.
Vectors are added by adding corresponding elements.

Exampkl· UJ + HJ m
E. Multiplication of matrices or vectors: Matrices or vectors may be

multiplied ifthe number ofcolumns ofthe left-hand matrix (or vector) equals
the number of rows of the right-hand matrix. In Example 2 below, the
left-hand matrix is 2 x 3 (3 columns) a'nd the right-hand matrix is 3 x 2.
Matrix multiplication follows a standard procedure:

- The top row of the left·hand matrix is used first.
- Each element of this row is multiplied by its corresponding cle-

ment in the first column of the right-hand matrix, and the prod·
ucts are summed. This answer is written down as the element in
the first row and column of the answer matrix.

- Still using tho first row oftbe left·hand matrix, the same proce·
dure is applied to the second column ofthe right-hand matnx and
the answer written as the first element in the second column of
the answer matrix. Thie. step is refleated until the top row of the
left·hand matrbt has been multIplied by all columns in the
right-hand matrix.

- The process is repeated usinl!l the second and subsequent rows of
the left·hand matrix until aIll'Ows have been used.

I
\

~
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The process is hard to describe in words but is simple in actual practice, as

shown in :::~~:;~ [1 2 0] ~i 0] = [1 4]
041 02 19

. 1 1
Each element of the answer matrix is given below:

1 = 1(1) + 2(0) + 0(1)
4 = 1(0) + 2(2) + 0(1)
1 =0(1) + 4(0) + 1(1)
9 =0(0) + 4(2) + 1(1)

IV. Enrollment Projections Using Matrices and Vectors
The basic format for enrollmentprojections using matrices is shown in

Figure A5.1. A vector of enrollments by grade (at time t) is multiplied by a
matrix of repetition and promotion rates. This yields a new vector which is
then added to the vector of new entrants to yield a vector of projected
enrollments. The basic steps in constructing the vectors and matrices are as
follows:

FigureA5.1

The Basic Enrollment Projection With Matrix Notation

[
Matrix of ] ~ Vector )promotion and· of present +

repetition rates en~ollments,

time = t
(

vector)
of new =

entrants (

Vector of )
enrollments
time = t + 1

Vector of present enrollments: Create a column vector of present
enrollments, grade 1being the first element, grade 2 the second, etc.

Vector ofnew entrants: Construct a column vector of new entl"llnts,
where the first element refers to grade 1, the second to grade 2, etc.
Matrix ofprorrwtion and repetition rates: Construct a matrix with
the same number of columns as the school system has_grades, with
column 1 referring to grade 1, column 2 to grade 2, etc. The steps are
as follows:

i) The repetition rate for grade 1 goes in the (1,1) element (first
row, first column). Directly tielow it in the (2,1) element the promo
tion rate for grade 1 (i.e., the first grade to second grade promotional
rate is placed. For the time being, nothing is done with the dropout
rate.

ii) The repetition rate for grade 2 is placed in the (2,2) element,
and directly balow it the promotion rate for moving from grade 2 to
grade 3.

iii) This process of building up' the matrix with repetition and
romotion rates is continuoo t bl }".lJ>Q n h .. h .... _~~1.~.J

or examp e, I we ave a six-grade syatem the repetition rates is in
the (6162 spot and the promotion rate in the (7,(;) spot.

iv) Alter the matrix has been built up this way through the last
grade, dropout ratea &rn placed in a bottom row.

v) Finally, put ze\"08 in all elements of the matrix not filloo.

, .
I

I

I
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Again, the procedure is complicated to describe, but is quite simple in
practice. 'Fne example i Figure A5.2 shows the simple enroII~entprojection
performed above. Note that, for the projection, we use only as many rows of
our promotion, repetition, and dropout matrix as there are grades in the
system. For example, here we have a 3-grade system, so a 3 x 3 matrix is
used for projection, above the line. The other rows are useful, however. The
bottom row, when multiplied by present enrollments, shows dropouts of the
system (41), The row above shows graduates (.88 x 75 = 66).

Figure A5.2

A Simple One-Year Enrollment Projection Using Matrices

'.

~I

o
.250
.95
0.88
.025

+

New
Enrollments

~~O+ (90 ()
(90 (:0

Dropouts:
Grade one
Grade two
Grade three

= (.06)(100) = 6
= (.0~5)(80) = 2
= (.04)(75) = 3

Graduates = <'88)(75) = 66
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,ApPENDIX 5.2

A Note on Computer Coded ModEls for Enrol1.ment
Forecasting

Elizabeth Truesdell and Mary Hyde

This section refers to the introductory guide of an interactive com·
puterized model for simulation of the flows of students through a school
system. (It was written to accompany a user's guide and program Esting
which detniled the computer-coded model for projecting enrollments in El

school system. This program documentation was prepared as part of the
USAID/Harvard Project in educational planning. Because of its size, the
program could not be included here, but it has been sent out as part of the
product documentation to the program libraries of some planning offices in
developing countries). The model is a modified version of one developed by
the World Bank which was a modified version of models developed in UN·
ESCO, Harvard, Chile, and other planning centers and projects. The mode:
consists of three submodels: the Enrollment Forecasting Model, the Educa
tional Efficiency Model, and the Educational Targeting Model. Each sub
model involves calculation of the flow of students through a school system,
but each is designed for slightly different applications.Because the computer
program is interactive, the user is asked specific questions by the model, and
enters the data via a terminal in response to the specific questions.

The EnroIlment Forecasting Model asks the use~' to supply initial t!nroll·
ments, grade-specific promotion, repetition and dropout rates, new entrants
over time at E1ch level of the system, and the number 'of years for the
projection. The computer then performs the necessary calculations to project
the flow of students through the school system.

A complete description of the computer-coded modpl is available in a paper
prepared by Elizabeth Truesdell and Mary Hyde for the USAIDIHarvard
Project (Elizabeth Truesdell and Mary ~:yde, "Computer Coded Models for
Enrollment Projection, Targetting and Efficiency Assessment (An Interac
tive System)", Cambridge, Mass: USA1DIHarvard Project Paper 38, 1979.
This paper discusses the underlying model, which is essentially tha same as
the one shown in this chapter, discusses the purpose, capacity and charac
teristi.::s of the three submodels, and furnishes essential program documenta
tion and directions for students to access an interactive version of the model
which has sufficient flexibility, with some modifications. to be mnn tPrl nn

~--------'. . s. e eng 0 t e description and doC\~mentation

(154 pages) makes it impossible to include the paper in this book, but itwill be
distributed on a limited basis as a part of the USAIDlHarvard project.
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CHAPTER 6

jJfethods ofEstinzatblg EnrollmentFlow
Rates: An InstruCtiOlllll Unit
Ernesto Schiefelbpin and Russell G. Davis

(Maria Clara Grossi and Andres Schiefelbein performed most of the
tabulations on which this analysis is based).

1.0 Objectives and Content of This Unit on Enrollment Flow Rates

Let. us review a chain ofrelationships between an educational plan and the
data which support it. The adequacy of an educational plan mlY depend on
the quality of the enrollment projections on which it is based. In turn these
projections depend on the validity of the assumptions on which they are based
and on tb~ accuracy and precision of the statistics employed that derive from
the data used to estimate them. The objectives of this instructional unit are:

- r·,o acqt.:aint readers with the sources and types of data used to
estimate the enrollment flow rates applied in the enrollment
projection models covered in the previous instructional unit. The
malO types of data are educational statistics on enrollment, pro
motion, repetition, and dropout. These statistics, as reported in
the aggregate, often have weaknesses. Demographic data on stu
dent age, educational attendance, and attainment may be used to
supplement and cross-check educational statistics. A critical data
corr!,!onent is the so-called age-grade matrix, which cross
tahulates students by age and grade. This unit attempts to specify
data requirements and sources of data for age-grade tables and
enrollment projections.

- To acquaint read~rs with the weaknesses of educational statis
ticf', and with methods for dealing with weak or unavailable data.
In some educational planning situations, essential data are not
available to make s'"curate estimates ofenrollment flow rates. In
other planning situutions, inappropriate analysis methods are
applied.

- To provide instruction on methods ofestimating enrollment flow
rates when essential educational data are defective.....

- To provide instruction on methods ofestimating enrollment flow
rates when essential educational data are missing.

The content of the unit follows directly from the objectives. A briefintro
ductory comment is offered on the importance of educational statistia; for
planning. The weaknesses in these statistics are discussed in general terms.
Data from Paraguay are olTered to illustrate the classic method of diagonal
annlYGi~ Gf cniGlIu,:'iite. and to dCniSngtl"a:t@ 'W·etikneSSls in the debt which
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are indicated by under-estimates of repetition. A brief comment follows on
why estimates were unreliable in Paraguay.

Demographic data are uFeful to check and correct educational statistics,
which are often inaccurate. There is a special problem with official rates.
Inaccurate nlpetition rates can destroy the validity of enrollment flow rates
as a basis for enrollment projection and educational planning. The remainder
of this unit examines five methods which can be used to estimate flow rates
when data are missing or defective.

Brief statistical appendices are offered at the end of the text. 7hese illus
trate the kinds ofdata and analyses which support enrollment projections in
a country where educational data are of the quality which is typical in
developing countries. The data are mainly taken from recent research
studies and planning operations in Paraguay, but supporting evidence is
brought in from re:search studies and planning practice in other countries of
Latin America. For those who find educational statistics and statistical
analysis tedious or difficult, this is not a unit of light and pleasurable
reading. Despite editorial efforts to cut down tables find formulas, a number
of tables are necessary to illustrate methods of analyzing educational data.
The section is not designed for general purpose reading, but. as a methodolog
ical reference for thost! who have the task of analyzing educational data. If
this is not a current problem, the reader might skip detailed study of the
section. The basics of enrollment projection were covered in the previous
chapter.

1.1 Background Note on Educational Statistics

The effectiveness of an educational planning model is destroyed if the
statistics used in the calculations are not accurate. Research studies suggest
that the basic statistics published by ministries :Jf education in developing
countries are often inaccurate (Schiefelbein 1975). Flow rates based on these
statistics are used to analyze enrollment trends anJ projec~enrollments. The
enrollment series for Paraguay 0964-1976) in Table 6.1 show continuous
growth over the whole period. The enrollment of344, 637 in 1964 increases to
467,552 in 1976. Increases appeared mainly in the higher grades while the
first grade remained almost stable. In some countries, stable first-grade
enrollments mean that a decreasing proportion ofthe population is attending
the educational system. In other countries, stable figures mean students are
flowing through the system at a faster rate. This was illustrated in the
previous chapter. To determine which condition prevails, series data on
repeaters and new entrants must be available for analysis.

Educational data from Paraguay will be used first to evaluate the reliabil
ity of the data, and second to suggest methods to correct unreliable data
under alternative sets of assumptions.

1.2 Checking Available Educational Data for Estimating Flow Rates

analyzed to project enrollment flows. These data nrc sufficient to compute all
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three enrollment flow or transition rates. Figures on repeaters in Paraguay
are presented in Table 6.2. When these figures are related to enrollment
figures in Table 6.3, the weaknesses of official statistics are demonstrated.
The most common method for estimating enrollment flows is the diagonal
method illustrated in Table 6.3. This is the classic method applied when data
are fairly bad and highly aggregated. Davis (1966) has discussed other
methods used many years ago when data in developing countries were even
more inadequate. Currently, most developing country data permits analysis
of the kind illustrated in Table 6.3 and described in the following outline:

(1) a. Students in 2nd grade in 1974 (Table 6.1)
b. Repeaters in 2nd grade in 1974 (Table 6.2)

(a - b = c)
c. Promoted from 1st grade in 1973 (computtJd)

(2) d. Students in 1st grade in 1973 (Table 6.1)
e. Repeaters in 1st grade in 1974 (Table 6.2)
c. Promoted to 2nd grade in 1973 (computed

above)

(e+c=f)
f. Repeaters plus promoted (computed)

g. Drop-outs from 1st grade b 1973
(computed d - f =g)

(3) h. Students in 1st grade in 1974 (Table 6.1)
e. Repeaters in 1st grade in 1974 (Table 6.2)
i. Newcomers in 1st grade in 1974

(computed h - e = i)

The same procedure is repeated in the next year:

(1) a' Students in 2nd grade in 1975 (Table 6.1)
b' Repeaters in 2nd grade in 1975 (Table 6.2)

c' Promoted from 1,t grade in 1974
(computed a' - b' = c')

100,324
20,366

79,958

126,077
31,722

79,958

111,680

14,397

124,709
31,722
92,987

99,139
18,703

80,436

(2) d' Students in 1st grade in 1974 (Table 6.1)
e' Repeaters in 1st grade in 1975 (Table 6.2)
c' Promoted to 2nd grade in 1974 (computed

above)
(e' + c' = f')

f' Repeaters plus promoted (computed)

'TIJrop-outs from 1st grade 10 1974
(computed d' - r = g')

28,752
124,709

109,188

15,521
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Table 6.1

Enrollments by Grades. 1964-1976 in Paraguay

Year Totals l~ 2nd 3rd 4th s!!!. t>!!!.
"

1964 344637 117344 81181 51805 41077 27828 19102

1965 356998 118822 84215 59867 43054 29727 21313

1966 365932 119531 84921 62729 44796 31438 22517

1967 378463 120810 88608 64441 47409 32968 24227

1968 399685 120544 94760 69050 51103 36859 27369

1969 408524 119784 94320 72769 53250 38819 29582

1970 424179 125052 96799 74661 36602 40725 30340

1971 436857 126034 99585 77467 58009 43397 32365

1972 440151 125983 98826 79252 59114 43878 33098

1973 451530 126077 100796 80675 62147 46789 35046

! 1974 454853 124709 100324 82160 63299 4/874 36487

I 1975 452249 121736 99139 81889 63763 48283 37439,
;

, 1976 467552 128537 100560 83343 65693 50249 39170

~~I ~urce: Unpublished figures, Oireccion de Planeamiento, MEe. Asuncion. 1977.
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Table 6.2

Repeaters and Repetition Rates !Jy Grades: 1964-1976
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Source: Unpub1f~_~<1 figures, Direcci6n de Planeamiento. MEC, Asuncion, 1977.

Grades

Year Total 1~ ,; 2!!!!. ,; # ,; 4.!!!. % s.!!!. % ~ %

1964 48274 32652 28 18397 23 11051 19 6074 15 2894 10 1385

1965 78165 34679 29 20360 24 11931 20 6673 15 3230 11 1292

1966 82486 36216 30 21262 25 12773 20 7391 16 3393 11 1451

1967 85920 36518 30 22581 25 13805 21 7526 16 3728 11 1762

1968 67623 31765 26 18339 19 9524 14 4812 9 1994 5 1189

1969 73251 32082 27 20506 22 11044 15 5794 11 2525 6 1300

I 1970 74943 31501 25 21096 22 12183 16 6067 11 2803 7 1293

1971 76449 32265 26 21024 21 12389 16 6320 11 2960 7 1491

1972 77169 32021 25 20890 21 12583 16 6909 12 3288 7 1478

1973 77642 32326 26 20742 21 12161 16 6659 11 3330 7 1424

1974 76366 31722 25 20366 20 12856 16 "" 'J_3183

1276

I 1975 69378 28752 24 18703 19 11946 15 6103 10 2680 1186

l 1976 68606 28220 22 18413 18 J 11814 11 6155 9 2754 1250
____L..___~ ___ _____ _ __ _ __ ._
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126 PLANNING EDUCATION FOR DEVELOPMENT I Models and Methods

Promoted and dropout are computed by simple subtraction. Table 6.3
shows the difference between thtl number of promoted students reported by
the achools (presented in parenthesis) and the estimated number of pro
moted, computed as descri!>ed a'Jove. In each one of the four years presented
in Table 6.3 the computed figure is larger than the official figure presented in
parenthesis. Why? One explanation may be that a few students skipped one
year, but that would not be likely to happen four years in succession. The
explan&.tion must be that the Repeaters reported in second grade are
underestimated.

1.3 Evidence of Error Based on Population Data

Newcomers (entrants) are computed as the difference between first-grade
enrollments and repeaters in that grade. However, ifthe new enrollments are
compared with the seven-year-old population (preS2nted in parentheses each
year below the number of new enrolled), some doubts may also arise. The
Latin American Demographic Center (CELADE) estimates the seven-year
old population for 1975 as 79,378 children. The school reports 92,984 new
entrants. The system is receiving 13,606 students more than the population
reaching school entrance age. Similar differences are observed in each one of
the five years studied. (In addition, national ce '1SUS figures in 1975 show that
5.9 percent of the population n~ver attended 5 ~hoo1.)

In summary, each year many more students pin the educational system
than the number who reach the entrance age normally set for joining the
system. Such a difference is possible for one or two years, when a massiv8
campaign is launched to enroll new stdents from all ages. But it is impossi
ble to maintain such differences for more than a decade. Furthermore, no
campaign occurred in Paraguay in the 1970s.

It seems evident that some figures are wrong. It might be that the Census
figures are underestimated; however, demographers agree that errors in
Census data would be no larger than 10 perc':!nt at most. If thjR statement is
true, there are only two alternatives: enrollments or repeaters must },e the
sources of error. This point is discussed in more detail in Appendix 6.1.

2.0 The Need to Study Repetition Rates

The analysis of educational and other data in Appendix 6.1 demonstrates
that it is worthwhile to look for alternative methods to compute the enroll
ment flow rates of repetition, promotion, and dropout. This is particularly
true for repetition rates, or flow parameters, which are fundamental in
carrying out enrollment projections using the enrollment flow model dis
cussed in the preceding instructional unit.

The usefulness ofthe enrollment projections depends fundamentally on the
accuracy of the three rates, or parameterEl, which determine flow, Le., promo
tion, repetition, and dropout. The thl'e"l rates are generally expressed as
proportions, and arid to 1; aud hence if one rate is poorly estimated the other
two rates may be in error. In developing f:ountries, the rate that is subject to
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Table 6.3

Paraguay Official Figures on Student Flow 1972-1976 Classic Method of
Diagonal Analysis

vfficial por'Jlation fifJures
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Reoea ters

Repeaters

Repea ters

Reoeaters

Grade l----Promoted

[~
I

20,74280,054 J,
(77,725) ,~

~
I

20,36679,958 I
{l8,770) . ....

~1100,3241
I

18,70380,436 I
(73,963) -II

--~I 99,1391
I

18,41382,147 I
(lH,950) .It

~POO,5bOI

~Grade 1

Reoeaters 32,326

94 , ~78 -----;>
(73,014 )

93,751 ) 1126,077 1~4'397
(75.077)

Reo~aters 31 ,722

92,987 -----7 ~24'70915,521
(77 ,198)

Repea ters 28.752

100,317~
(82,:;57) ._~

n,934 ~1121,736I ) 4,566
{l9,378} ______

Repeaters 28.220 ____

,·,p.w
Enroriments

Ministerio de Educaci6n y Cul to, "(aracter{stica~ del flujo de matricula escolar en la educacion
prifT'ariJ del Paraguay, Serie Estudios acerca del funcionamiento del sistema de educacion del Parar,udY,
N 3, ,~sunciQn, Ilovemuer 1977. Tables I. II, Ill, Anne' 2.

Year

1972

1973

1974

I
1975

1976
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most error is the repetition rate. It is also the rate that has the most profound
impact on the efficiency of a school system, because repeaters are kept year
after year in the same class, absorbing scarce inputs and taking up scarce
space. Hence, educational policies to imJ:fove systems efficiency, cost
efficiency, output ofg.aduates, and to incr'<lase the coverage of the population
requiring basic education, are depenrl:;nt on improvement, in this case reduc
tion, of repetition rates. Thus, fc. planning purposes it is important to base
projections, as well as policips and programs for improvement of systems, on
accurate estimates of repetition. Repetition rates are more often inaccurate
than are the complementary rates of promotion and dropout.

In each country there are different sets of statistics and different holdings
of data available for the estimation of repetition rates. Here we develop
several models, or methods, for improving estimates of repetition, depending
on the data available. The methods can best be illustrated with an actual
example ofdata in Paraguay. We will discuss five methods ofestimation, each
tailored to the educational and demographic data available for planning.

3.0 F:rst Method: Data by Grades and Ages

The first method is used when the analyst has two basic sets of statis
tics: (i) enrollment statistics in the form of an age-by-grade matrix or cross
tabulation; and (ii) demographic data showing the population in given age
groups in given years. In Appendix 6.2 at the end of this chapter, there are
two examples of the large tables in which children are cross-tabulated by age,
grade, and sex for a series ofsix years from 1972 through 1977. We show the
tables only for the first year (1972) and the final year of the series (1977).
Using tables such as these, the summary Tc.bles 6.4, 6.5 and 6.6 can be built
to analyze enrollment flows.

Table 6.4

Paraguay Males: 7 Year Old Students in 1972 By Grades Attended in Each
Following Year

--
Grade 7 yr. old R yr. 01 d 9 yr. old 10 yr. old 11 yr. old 12 yr. old

1971 1973 1974 1975 1976 1977
--

1st 26,806 15,505 7,652 3,944 1,997 1,153

2nd 4,755 13,604 11,Il74 9,333 5,324 3,361

3rd 343 4,102 10,21l2 9,440 7,736 5,515

4th 2 275 3,707 7,732 7,67R 6,641

5th 1 n 345 3,723 6,137 6,61fl

6th 78 309 3,172 5,991

Total 31,987 33,513 33,9311 34,539 32,044 I 29,271
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A cohort is a specific age group followed through time. Strictly speaking,
the cohort is not followed, but rather the follow-up is modeled by assuming
that those 7-year-olds in the system in 1972 are the 8-year-olds in 1973, and
so on. Age-grade data do permit this modeling, or simulated cohort. Though
each individual is not followed, the model of a cohort is sound at national
level of aggregation.

In Table 6.4, starting with 31,987 7-year-olds in 1972, most of them in first
grade, the simulated cohort reaches the maximum enrollment of 34,539 in
1975. Most students now age 10 are enrolled in grades 2, 3, and 4. There are
some obvious faults in such a model. For example, there are 27 students in
fifth grade in 1973, but there were only two in the fourth grade in 1972. Ifthis
were a real cohort rather than a simulated one, it would be impossible to have
more in the fifth grade in one year than there were in the fourth grade the
year before. On the other hand, it is quite possible that the 275 in fourth
grade in 1973 were promoted from the 343 in the third grade in 1972.

Tables 6.5 and 6.6 are also built up from the tables in Appendix 6.2, where
the number of children is cross-tabulated by age, grade, and sex for a six-year
series from 1972 to 1977.Table 6.5 shows the 7-year-olds in 1974 distributed
by grade; the S-year-olds in 1975 distributed by grade; and the 9-year-olds in
1976 distributed by grade.

Table 6.5

Simulated Cohort Distributed by Grade from 1974 to 1976 (based on tables
like those shown in Appendix 6.2, Males Only)

~Year Grade 1 Grade 2 Grade 3 Grade 4 Gr~de 5 Grade 6 Total

7 1n 1974 27099 5703 355 33217

8 in 1975 14799 13594 4921 391 33075

9 in 1976 7171 12209 9403 4277 375 18 33453

Analytic Table 6.6 is built on the basis of the data in Table 6.5. This
illustrates that analysts working on poor and incomplete data in developing
countries, wh;;re there are no computerized accounting systems of enroll
ment, are forced to apply considerable ingenuity in the methods ofanalyzing
whatever data nrc available.

To understand Table 6.6, begin with the total attendance column in 1975
(from Table 6.5), The391 fourth-graders in 1975are made up of355 promoted
from third grade in 1974 and 36 new entrants. In the same column, the 4,921
third-graders in 1975 are all promoted from second grade in 1974. Of the total
13,594 in grade 2, 8':2 are repeating that grade, and 12,752 must have been
promoted from first grade in 1974 to reach the total ofl3,594. Ofthe 14,799 in
first grade, 14,347 were repeaters (as a maximum); 50452 newcomers must
have entered first grade in 1975.
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7 Yf8J? in 8 Years ;n 1975 9 Years in 1976

Grades New
Repeaters a

Total New b Total
Enrollment PrOO1Oted eltrants attendance Promoted entrants Repeaters attendance

I 27,099 -- 452 14,347 14,799 -- -- 7,111 7,171
(52.9't) (48.5%)

2 5,763 12,752 -- 842 13,594 7,358 -- 4,851 12,209
(14.6% ) (35.m

3 355 4,921 -- -- 4,921 8,743 -- 660 9,403
(13.4\)

4 -- 355 36 -- 391 4,261 -- 16 4,277

5 -- -- -- -- -- 375 -- -- 375

6 -- -- -- -- -- -- 18 -- 18

latah 3 ,~l7c 18,028 488 15,189 33,075 c 20,737 18 12,698 33,153 c
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Table 6.6

Analysis of the Flow of the Seven-Year-Old Cohort in 1974 to the Grade
Distributions in 1975 and 1976 (Males)

,I

aTh.. reD~dtion is calculated by subtractinQ the number prOl'1Oted fr(Jll the number enrolled the year before.
(27,O~9 - 12,752 : 14,347). Rates are shown underneath in parenthesis.

b48e7 pupils dropout or desert. Part of this dropout ::lust happen in second grade. Also. new pupils enter.

CTotal male popu:ation (of the 7 year .old group in 1974) is 37.02l,and the maximum enrllllment rate is 89.71:.

Minilter'od. Educ:achm y Culto. Direccion de- Pla.neamiento. "Estudio. del iuncionamiento del Sistema de Educacion del P,raguay. No.
t; r.dor..que .\reetarion al R.ndimiento Eacol"ren la Edue>.c'on Pr;mariad.1 Paraguay." ;..uncion. ParalfUay: Agodto 1977;Tabla 17.

~,,~....,.~ .. t"~·po. ........ It·.; ~
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Repeating rates may be computed by age and grade in Table 6.6. For
example, 14,347 students repented first grade out of27,099 students enrolled
in that grade in 1974, i.e., 52. J percent of the total number of students. The
repetition rates estimated by this mf.>thod for first grade are almost double
the figures reported by school teachers. (Remember the teacher estimate is
based on the teachers' asking students to raise their hands to signify that
they are repeaters.) Hence the teachers report that the rate for males is 25
percent, whereas this method estimates a rate near 49 percent (see Table 6.7).

R'ltes for males aud females are about the same with this method; they are
a little bit larger for girls in the fourth grade. ':this pattern may be a result of
incomplete rural schools, Teachers may suggest that good female students
attend an additional year. Because there is no higher grade, these students
have to remain in the highest grade available. They are not repeaters in any
meaningful educational sense; nor are other students who leave the school,
because there is no higher grade, really dropouts. Educational planners in
developing countries have sometimes called the latter group "forceouts"
rather than dropouts, in order to lay the blame where it is due-on the
government, which has not provided facilities. Perhaps the so-called repeat·
ers, who stay in Rchool waiting for openings in higher facilities should be
called "shut-ins." A field rC3earch study is the only way to determine the true
stntus of children. Many show up in official statistics as dropouts and repeat
er!' only because there is no school place for them.

Table 6.7

Repetition Rates by Grade Computed by Weighting Repetition Rates ofEach
Age Group (Males-1974)

ht Grlde 2nd Grade 3rd Grode 4th Grlde

A90 (Y.ars)
1974 1974 1974 1974

Attonded Rope.tor Attonded Repeator Attonded Rope.ter Attended Rono.ter

7 27099 H347 5763 R42 355 -- -- --
n 15555 6802 14783 4985 4275 133 263 --
9 7652 3315 11874 4996 10282 2170 2707 20

10 4035 1981 0706 5248 9261 3852 7045 1648

11 1742 057 5459 2415 7573 2700 7424 1956

12 812 557 3426 1762 5074 2917 6382 2105
..._-I--

ITo to ls 56895 27859 50011 20253 37620 11772 24821 5729

Ropetltlon rate 48.96% 40.49% 31.29% 23.08%
(I041e5 only)

Roported offlcl.l
Inr.to for both soxes 25% 20% 16%

-..

_~M~ln~I.~t.~.rl:01do~E~d~u:ea~el::·on~Y~C~u~l~to~. D~i~re~«~lo~n~d~e ~Pl~on~o~om~i.~nt~o~."~E~.t~Ud~i""~d~.I~F~un~e~'o~n.~m~ir.J0n~t~o d~.~1S~i~.t~.m~o~d~.:",- ~ -:.,C.'
1:0"'........:~- ·1· r"ol••,i"i",. z· n. i. IHCLOI e.; qae AiLCt5i1dli iii rtt!JidiffiliihLo EiiCohllf.n III t.dUtaclon Primaria ..
dol PDro~uay."Aluneion. PorollUay: A~ollo 1977; TobIa 13. C't~~;
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4.0 Second Method: Where Analyst Has Data on Numbers Promoted and
Repeating by Ye:Jrs

In the countries where analysts have data on enrolled, passed and repeat
ers, a second method is possible. Table 6.8 presents data on students passing
the grade in the years 1969 through 1976. Table 6.9 pres~ntsdata on students
repeating the sa:ne grades in the same years. In general, enrollments in
crease over the years for all grades in the schools of a developing country, in
part because the population has been increasing, but also becau:::e the ~chools

are taking in an increasing fraction of the children reaching entrance age.
This increase can be seen in Table 6.1 and in Table 6.2, shown earlier. (Table
6.9 is based on Table 6.2). Though enrollments increase over time, repeaters
decrease over time. Repetition also decreases in the higher grades of a
system. Promotion follows the opposite trend. It is hoped that increased
promotion and decreased repetition reflect improvement in the school
system.

Having data available on promoted and repeaters enables the analyst to
estimate the minimum level of enrollments by grades from second grade on.
The formula to be used in computing promotion and repetition rates is:

E gl =PI/_l,t_1 +RR"

where (1)

Eg1 = enrollment in grade g in y~ar t
(estimated minimum)

PR - I, I - 1 = number promoted from grade g - 1
in year t - 1 to grade g in year t.

RI/I = number of repeaters in grade g, year t.

Results are presented in Table 6.10. For example, enrollment in grade 2 in
1979 equals promoted from first grade in 1969plus second-grade repeaters in
1970:

E 2,70 = P1,69 +R 2,70
=72,062 + 21,096
= 93,158

(2)

Enrollment figures thus estimated are compared with reported en
rollments, and the results presented in Table 6.11.

When estimated enrollments are smaller than the official ones, the differ
ence shows an underestimate of repeaters, because the number of promoted
cannot be expanded. If estimated enrollment figures are larger than the
official ones, it may be attributable to dropouts. Smaller, or underestimated,
repetition is shown by negative numbers.

In Table 6.11, the last columns l'how the ndditional percentages needed to
correct the underestimated rates of repetition fo~grades 2 and 3. They range ~

between 1 and 3 percllnt in second grade and are almost negligible in third '
i
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Year Grades

1 2 3 4~ 6 - -
5794 2525 1300

,
196) 3208~ 20506 11044 '.,
1970 31501 21096 12183 6067 2803 1293

1971 32265 21024 12389 6320 2960 : .. 91

1972 32021 20890 12583 6909 3288 1478

1973 32326 20742 12161 66•. 3330 1424 _.,.....-._-.....--~_.-
."

1974 31722 20366 12856 6963 3183 1276 I
I

1975 28752 18703 11946 6103 2680 1186 I
I

1976 I 'R"n 18413 11814 6155 2754 1,~n
I
I
I ....

Source: Unpubl tshed flqures, 01reccton de Planeamipntn !!Fr "............... , ,,..,"'~ ,
i..----- .----------,,-
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In this method, no correction can be made for repeaters in fi::-Qt grade, but if
the analyst has additional demogrnphic data, he can use a third method
which will be described.

Table 6,8

Official Data Olt Students Passing (Successfully Completing) the Grade

Grades
Year

1 2 3 4 5 6 Total

1969 72062 62312 51910 39873 30146 24682 280985

1970 76267 65761 534115 42557 32076 25825 295971

1971 77430 68934 55191 43691 34188 27333 306822

1972 77725 67645 56978 44859 34470 28219 3091196

1973 78770 69865 58531 47510 32204 30368 322158

1974 78968 70527 60226 48945 38837 31733 :29241

1975 78950 70690 60921 49993 39800 33012 333434

1976, 85160 73228 63909 52671 42238 35123 352429

Minislerio ce Educacion y Cullo, Direction de Planeamienl•. "Estudioo del
Funtionamiento del Siotema de Education del Pltraguay. No.1: Factor.. que Ar...·
torinn 01 Rendimiento E8colar en In Educacion Prin1orio del PlJroguny." Asuncion,
Psraguay: AKoslo 1977; Tabla 18.

Table 6.9

Official Data on Students Repeati,.g for Same Grades and Same Years
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Table 6,10

Computed Level ofAttendance Based on Official Statistics on Passing and
Repeaters

Grades
Years

1 2 3 4 5 6 Total

1970 93158 a 74495 57977 42676 31439
1971 97291 98150 59805 45517 33567
1972 98370 81517 62100 46979 35666
1973 98467 80806 63637 48189 35894
1974 99076 82721 65494 50693 38480
1975 97671 82473 66329 51633 40023
1976 97363 82504 67076 52747 41058

Table 6,11

Differences Between the Computed Level ofA ttendance and Official Statistics
ofAttendance

Oifferences by g'ades Percentage

Years Needed add it IIn to
1 2 3 4 5 6 rate of repetition

<nlf Jra

1970 -3C41 a - 166 1375 1951 1099 3,76 0.22
1971 -2294 683 1796 2120 1202 2.30
1972 -1013 1641 2367 2513 2038 1.02
1973 -2329 131 1490 1400 848 2.,31

1974 -1248 561 2195 2319 1995 1.24

1975 -1468 584 2566 3350 2584 1.<18
1976 -3197 - 839 1383 2498 1888 3.18 1.02

'bfficial enrollment 96.799 minus estimated 93.158 • -3,641.
Minus indicates repetition is underestimated.

5.0 Third Method: Analysis of New Entrants by Ages, to Adjust Rates

When population and enrollment figures by ages are available, a simple
demographic accounting may provide an estimate of the amount ofcorrection
in the first-grade repetition rate. Figures for Paraguay in 1972-73 are pre
sented in Table 6.12.

Table 6.12 (co!. 6) shows that 18,430 eight-year-oIds joined the school
system in 1973. Yet there are only 9,264 members (col. 3) of that age group

----------tbltt hlt~c not picviousiy joined the cducationai system in the past. SOme-
I:,,,)

, '\ '::~~
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Table 6.12

Comparison ofNewcomers by Ages in 1973 with the Population That Had
Neuer Joined the School System Until That Year (Third Method)
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I~ge 1972 Enroll ed 1912 Enrolled Repeaters rlew- Negative 94.a of Avail .pop. Negative
in

Popu1atio in Population in in di fferences 1972 pop. to enter differ-I 973 caners
I

1972 never enter- 1st grade 1st 9rade 1973 that once the system ences.•
ed educ. 1973 1973 entered the'; .
system system

{I] (21 (3) (4) (5) (6) 7)=(6)-(3) (8) (9)=(8)-2 10)=(6)-('1

6 77,89",- - 11;092 14,760 1,284 13,476 -- 13,296 73,296

7 15,313 13,839 61,534 52,875 3,362 49,513 -- 70,926 57,081

8 13,185 63,921 9,264 28,841 10,411 18,430 9,166 ~8,867 4,946 13,484

9 71,117 63,698 7,419 14,332 6,621 1,705 6£,921 3,223 4,482

10 69,138 63,365 5,813 7,556 4,247 3,309 -- 65,053 1.794 1,~15

11 61,215 60,813 6,402 3,673 3,299 374 -- 63,249 2,436

12 65,313 58,187 7,126 1,905 1,725 180 -- 61,460 3,273

13 63,513 51,413 12,100 890 887 3 -- 59,766 8,353

14 61,839 33,931 27,908 375 353 22 -- 58,190 24,259

15 60,221 20,148 40,073 142 131 11 -- 56,668 36,520

125,349 32,326 92,023 9,452 19,481-- --_.
Number of students enrolled in fir:t qr<lce in 1972: 1:5,983 125,983
tncrement to be added to the rC;let; _,0'. ,>te in 1972: 7.5t 15.5%
Repetition rHe estimated f,om statistic"1 forms 1972: 25.0% 25.0%
HinilTllJll repetition rate for 1972: 32.5% 40.5~

-----
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thing similar happens to the nine·year-olds, where the 286 excess students
over the available population are registered as newcomers in 1973. Both
figures account for an increment of 7.5 percent in the first-grade repetitill='
rate, increasing it up to 32.5 percent (col. 7).

The comparisons should really be carried out with the proportion of the
population that attended school over their lifetime. Thus, in column (8) the
percentages of those never attending the school are computed, arid negative
differences can be estimated and added. In this third method, the correction is
,;aised to 15.5 percent, thereby obtaining a total first-grade repetition rate of
40.5 percent (col. 10).

6.0 Fourth Method: Based on the Total Number ofNewcomers by Ages

To use method four the analyst must have (i) the seven-year-old population;
(ij) total enrollments in first grade; (iii) enrollments by ages; and (iv) enroll
ment rates by ages. First-grade enrollments are equal to the sum of new
entrants and repeaters. Therefore, ifenrollments and newcomers are known,
it is possible to compute first-grade repeaters and to relate them to first-grade
enrollments',..of the previous year in order to compute the repetition rates.

New entrants may be estimated from the data on enrollments by age that
are available in many countries. In Table 6.13, data for Paraguay arc pre
sented for the 1964-1976 period. Diagonal arrows in the table show us the
evolution in the total number of children of a given age-group who arc
enrolled in the educational system. A careful analysis of the figures can yield
an estimate of newcomers joining the school for the first time in each one of
the years.

For example, it is possible to estimate newcomers by ages comparing:

- 8-year-old students in 1973
- 7-year-old students in 1972

- Number of students in the age group joining
the school system (in any grade) in 1973

66,046
63,921

~.125

The previous figure represents a minimum number of students joining the
school system, because a certain number of the 63,921 students enrolled in
1972 may have dropped out. Therefore. there may in fact be a larger number
ofnewcomers in 1973. The analysis may be carried out in the following years:

.... " '-. ;.~ 1,.1~ .-.....:.. ::. " ,.'

In 1975, the ten-year-old group totals only 66, 373, and so for the first time
the age group registers a decrease. No newcomers may be estimated for this
year. Further reductions are recorded for 1976 and the following years. We
~F~~ThG· ....e"*,Tthat l~therE IIIIgM be n ;;E.taln ntimber of
dropouts, and in that case there could be an increase in the number of

66,446
66,046

400

- 9·year-old students in 1974
- 8-year-old students in 1973

- Newcomers of the age group in 1974
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Table 6.13

Enrollments by Ages: 1964-1976

~
I

Year less than 7 7 8 9 10 11 12 and more Total

1964 7.556 52.409 49.789 48.648 48.011 42.438 95.786 344.637

1965 8,127 52,527 51,516 49,948 49,984 44,203 100,693 356.998

1966 8,343 52.055........... 52.661 51 .122 51,40B 45.970 104.373 365.932

1967 9,313 53.329 ;}52,984 53,430 53,196 47,472 108,736 378.453
.........

1-754,7381968 9.773 57.864 56.686 56,018 50,202 114.404 399,685

---~ 56,0901969 11 .762 56.690 60,369 57,413 ~1 .525 114,675 408,524

1970 12.864 61.806 59,659 60.29': 59,995 52.963 116,593 424.179

1971 12,73~ 63.389 64,353 60,061 62.969 56.308 117,040 436,857

1972 13.839 t--}63 921 63.698 63.365 60,813 58,187 116,428 440,151

1973
.............

t-->66,04~14,029 66,368 6~ .781 65,659 56,686 117.961 451,530

1974 14,844 65,533 67, ;59 ~·66.446 65,618 59,9B9 115,264 454,853

1975 15,567 66,260 63,367 66,67?' r-H6.373 59.617 112.393 452,249

1976 16,901 70,763 68.400 66,171 68,936 61.905 114,476 467.552

-
Source: Unpublished fi9ures, Directorate of Planning, Ministry of Education, Asuncion, 1977.
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newcomers. For example, if 1,000 students dropped out from the total enroll
ment in 1974, there would be a positive difference between 66,373 ten-year
olds in 1975 and 65,446 nine-year-c!ds in 1974, or 627 new students. As
shown in Schema 6.1, it is possible to follow down the diagonal in Table 6.13,
and to estimate the number joining by successive subtraction. We will begin
with those under 7 years old in 1971.

Schema 6.1

Diagollal AnalY!liJ Beg;nning in 1971

Students joining in 1971

Students joining Ll 1972, 63,921 - 12,737 =

Students joining in 1:J7J 66,406 - 63,421 =

Students joining in W74 66,4~6 - 66,046 =

Minimum number of the age group that
joined the tichool system \1974 enrollment>

Total number of children in the age group (census)

Maximum possible error equals 9 percent of
total age group.

12,737

51,184

2,125

400

66,446

73,014

6,568

The maximum possible error is indicated by the difference between total
population in the age group (Census) and the minimum number of that age
group ever registered in a given school year (school statistics).

Table 6.14 summarizes the analysis shown in Schema 6.1 for all the
diagonals of Table 6.13. All available information on enrollment by ages in
Paraguay is summarizeci for the 1968-1975 period. The last column computes
the "maximum possible error" as shown in Schema 6.1. For the 19~8-1973

period, the maximum possible error would be 13.8 percent in 1975. The
averaging for all years would be 8.8 percent.

Remember that the number of children never joining the educational
system was reported as 5.9 percent in the Census data. Our estimate is 8.8
percent. The difference between the two is within error range at 2.9 percent.

Table 6.14 provides an estimate of newcomers for the entire 1972-1975
period. The conclusions drawn in the previous paragraph suggest that the
figures for newcomers are rdial-1e enough to be used as an alternative source
of information.

For any given year it iu in~ ::resting to study the difference between the total
number of newcomers of thf age group (addition of each row) and the total
num1)er ofnewcomers in I:.'tclz yE.1'" ~aJditionof each column). This difference
reflects the opportunity for a Kh;eOl 3\!" group tojoin the system on a normal
basis. When the number of nt!wrilmers is made up mainly of the number in
the age group that would normally be joining the system, the difference is

_qm"lIp" Hp"-, th" diffnrnn~in~icate5whetlH;p at' hot ~lt1denl:lcute. schooi
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Table 6.14

Number ofStudents of the Age-Group Born in Year t-7 Joining The School
System in Each Year (thous-:znds)

Seven-year- Number of students joining Tota1 nt.rnb~r Haxlrumold population the school sYstem In each year of neo.ocomers possible
Year(t) number 1967 1968 1969 1970 1971 1972 1973 1974 1975 of the age-grouP error

In census or before

1966 52984 1754 1352

1967 53329 3357 727

1968 66040 9313 48551 2505 - 2670 62,969 4.7

1969 67532 9773 46917 2969 402 752 60,e13 9.9

1970 69057 11762 50044 2547 - 1306 65,659 4.9

1971 71008 , 50525 309 1003 837 65,618 7.6

1972 73014 12737 51184 2125 400 - 66,446 9.0

1973 75077 - 13839 52529 731 1777 68,936 8.2

1974 7"1:'8 - - 14029 51504 - 67,615 12.4

1975 79378 -- - - 14844 52416 sa ,400 13.8

1976 - - - - 15567

Total number 526,456 AV = 8.8
newce-ers of
dffferent Ige-

63435 62538 68460 68881 66084 71012 68376 68760 537,606grou ps f n each
yelr

Off = 2 a
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at the normal (legal) age. When a campaig\1 iR r...n to enroll students of
younger ages, the total for the column (year) will be increased. The row will
be incrensbn only if the total proportion of the age group is increased. In
general, the longer the period of time considered, the smaller the difference
between tnrl row ar..d column totals. The explanation for this lies in the fact
that, over E. longer period, almost all students in the central and a£ljacent age
groups will be included in the distribution. For the entire eight-year period
presented in 'r..,ble 6.14, the difference is 2.1 percent.

The total number ofstudents of a given age group who wentually join the
school system may be used as an alternative basis for estimating the total
number ofnewcomers. The difference is small over time (Schiefelbe:n 1975).
A correction that includes the difference of2.1 percent r.an be used as a second
alternative. These two alternatives are shown as columns 2 and 3 in 'Iable
6.15.

In summary, newcomers may be estimated from demographic data plus
enrollment ratios. This new source of data for estimating iltJwcorners avoids
some of the limitations in the first method, which estimated transition ratios
by subtracting repetition, and computing a promotion rate based on the
balance of enrollments. Repetition rates based on the fourth method, in
which enrollment ratios are computed by age, are shown in Table 6.15. Two
alternatives are given.

The repetition rates estimated in Table 6.15 are much higher than the
rates reported in official ministry statistics. The second alternative is
smaller because it includes the increasing fraction of younger students join
ing the school system.

6.1 Seasonal Effects on Rates

Flow rates may be affected by the time (month) in the school year that
enrollment data are gathered. Data obtained in the beginning of the school
year tend to be larger than those collected at the end of the school year, when
some students have dropped out. Enrollments early in the school year may
reflect social demand for education. Enrollments late in the year show the
ability of the system to motivate students and to keep them in school. The
difference may be poverty effect.

7.0 Fifth Method: Using the More Reliable Second Grade Repetition Esti
mates as a Basis for Estimating Rates in First Grade

First grade repetition rates are generally less reliable than second grade
rates in Latin American schools (Schiefelbein 1975). This is true in Paraguay
also. First, students must present a dated certificate of the previous grade.
This cannot be asked in first grade. Second, most students are held back in
first grade, according to teachers' reports. Lastly, promotion from first grade
is controlled by reading tests.

In Paraguay, repetition is lower in the second grade than in the first (Tal-Ie
6.8). A fifth method was used in the initinlstages of this work as a rule-or.
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thumb for rapid estimation of repetition levels. The computations are pat.
terned on the classical diagonal analysis model used in most analysis of
aggregate enrollments.

First grade drop-outs Second grade

-- enrollments first grade enrollments
year t year t year t

Ell E 21

I ~ I
First grade promoted from Second grade
repeaters first grade repeaters
in year t

~
in year t

!
First. grade Second grade
enrollments enrollments
year t - 1 year t - 1

E1,1-l E 2• 1 - 1

In analytic terms:

where,

E 2, I - I - R 21 = P11

R It = Ell -Pit -DII

(4)

E 2/ = enrollment grade 2. year t

P1/ = promoted (number) from grade 1

r21 = second-grade rate of repetition in year t

D II ,-: dropouts from grade 1 in year t.

R 1/ =repetition in grade 1

The computation of available data on repeaters in second grade, when
placed in equation (4), gives the number of students promoted from first
grade (Table .3.16). The only additional information required is the number of
dropouts. There are various bases for improving the estimates of the number
of dropouts. All of these are approximations.

For example, the age 10 enrollment, which is the maximum for any age
group, can be subtracted from the age 11 enrollment, which reflects the first

-----------_ .•.--- .~._----------
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- drop from the maximum, and this can be taken as an indicator of the drop
outs. Clearly, these are only approximation methods, and the increase in
precision they bring may not be worth the trouble. The point is not that
endle:JS refinement is necessary but rather that the analyst cun, when he
studies the data in detail, find ways of improving them.

When it is worth the trouble, evidence about dropout rate" can be used to
refine alternative rates. Given the rather narrow range of the extremes, this
refinement will not produce any great difference in ~he rates of repetition.
The results are presented in Table 6.16.

Table 6.15

Estimated Rates of Repetition for First Grade (Fourth Method)

·.Adds corrl'C'tfon of 2.T! (r{)'ft r .. hl,. 11.14.

BO.B9d/1,01119/171 ,/94/O,ZIB191Z

ltm$

nrst grade enrollments

Ffr~t gradll estfmatlld
"umber of nf!1l'CDmllrs

Transition F'tr"H Second lJ 'transition nrU S~tond I
year a Her- IJ lter- y~ar aHer- alttr-

197:)2/:1971 nathe nattvp 197511974 nHht' native
t- -I_-''''--__--''-1l--1__-'''JIL- .c:.''-'- __...II, 6....1 l

/ year old popul,tlon 1972 /J.1RI /l.IRI 19/1 /9.J/R Rl.461 I
Enrol~ment "ate (mlJllfmum) 1972 96% 9a,1~ 1975 94.5'1: 9R.t::

I191? ~9RJ 111,9RJ 1911 111,/J6 111,736 I
Ffrst grade estImated 1971 55,725 54,189 1974 46,724 40.842 I

numbel'" o( reteater"s I I

First gr"ade pnrollmenls I tqn 126.034 126.034 11174 124.709 124.709 I

Estimated first qrade 1971 44.2t 43.0"': 1'174 37.5';; JZ.1t~i
rate (1.) of repetitfon

-------------------~-------~------11

l',
\.

8.0 Concluding Remarks

It is unusual to have all data available to comf-,ute by all methods. The
summary presented in 'fable 6.17 will help the analyst to check available
data and to determine the method that can be use-:! with the data at hand.

Data required for the first method is the most ext,ensive, and, when avail
able, all remaining models can be computed, as in the case of Paraguay.

Table 6.18 p;-esents a summary of the estimates obtained with each
method. Most methods provide alternative IJstimates for first grade. If the
first method is accepted as the most accurate one, the third and fourt~

methods seem to be the best alternatives when there are not enough d&ta to
compute by the first method.

When u ney' \'~petition rate is defined for first grade, it is possible to
compute the rates for the remaining grades and to compute the number of
promoted to second grade. By subtraction, the repetition rate ofsecond grade
may be obtained. A similar procedure may 00 impl~!Inented for the next
grade.

':

.....
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:J Table 6.16

Estimated Rates ofR,?petition for First Grade (Fifth Method) ,~,..zected Years,
1971,1974,1976

Item Year Figures Year Figures Year Figures Year Figures Year Figures

Enrollments,2nd grade 1964 81,181 1967 88,608 1971 99,585 1974 100,324 1976 100,560
.Rate of repetition, 1964 25.2 1967 20.7 1971 21.0 '. 1974 19.0 1976 19.6

2nd grade
Repeaters, fran 2nd 1964 20,350 1967 18,339 1971 20,890 1975 lB,10J 1976 19,723

grade
Enrollments 2nd grade 1965 84,215 1967 94,760 1972 98,826 1974 99,139 1977 104,848
Prc.<ooted from 1st grade 196q 63,855 1967 76,421 1971 77,936 1974 80,436 1976 85,125

Altunative I: Low 5.31 4.21 3.11 2.51 2.3%
llrO~uts fran 1st ,rade 191i4 6,219 1967 5,074 1971 3,907 1974 3,242 1976 2,956
Enrollments,1st grade 1964 117 ,344 1967 120,810 1971 126,034 1974 124,709 1976 128,537
Repeaters, 1st grade 1964 42,270 1967 39,315 1971 44,691 1974 41,031 1976 40,456
Rate of repetition, 1964 40.3 1967 32.5 1971 35.5 1974 32.9 1976 31.5

1st grade

jAlternatlve ll: Middle 5.5: 5.5~ 4.9: 4.71 4.5l;
Dropouts fran Is t 1964 6,454 6,646 6,176 5,P61 5;784
! grade
lEnrollments,lst grade 1964 117,344 120,810 126,034 124,709 128,537
Repeaters, 1st grade 1964 46,944 37,743 41,922 38,412 37,628

IRate of repetitlon,lst 1964 40.0 31.2 33.3 30.8 29.3
I grade

IAlternatlve 1l [: High 5.6% 6.8% 6.7l; 6_7~ 6.7l;
OropOuts fran 1st 1964 6,571 8,215 8,444 8,356 8,612

grade
Enrollments,1st grade 1964 117,344 120,810 126,034 124,709 128,537
Repeaters,lst grade 1964 46,918 36,174 39,654 35,912 34,800
Rate of repetition, 1961 40.0 29.9 31.5 28.8 27.1

1st grad<!
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Table 6.17

Summary ofData Required to Compute tile Five Methods
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•d6 .
I".~lII

Type of Infonna tion Information Used bv Each Typ~ of Method I
Method 1 /lethod· 2 Method 3 Method 4 Method 5

7 year -old population X X X

PopuIati on by ages X

Enro l1ments ,Is t grade X X

Enrol1mentS,2nd grade X

Repeaters,2nd grade X

Enrollments by grades X

Enrollments by ages X X

Enrollment rates by X X
ages

Enrollments by yrades X
and ages

1st. grade enrollment X X
ra tes by ages

1st· grade repeater X
by ages

Repea ter by grades X

Promoted by grades X

Given the large difference between official rates and the estimates, it is
uSI:ally enough to have only a rotlgh idea of the gap in order to make
decisions. When used in enrollmont projections, the estimates may allow for a
range ofalternative estimates. Simulation ofa projection for the future yenr
and a comparison of the results with historical changes may be a way to
adjust parameters to reality.

In any Cl1se, the method'i presented may give the planner n fecling for the
quality ofthc informlltio') nr.d some insights into the cvolution in the now of
students. The methods oO"rguidp,linea for making a more thorough appraisal
of the available information, and for building up a deeper knowledge of the
enrollment process. Thus, a sou.:tder basis for developing the assumptions
underlying an enrollment projE!';tion is pro\ided.
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Table 6.18

Comparison ofc'\(( Of/dal and Computed Repetition Rates for Selected Years

Year 19601 Ye~r 1971 Year 1976

Grades

Alt.l Alt.2 Alt.3 Alt. 1 Alt.2 Alt.3 Alt.l Alt.l Alt.3

, irst Grade

Offfclal rate 28.(~ 25.0:: a 22.0%
First method -- 43.4% 44.2%
Sect'n;f me thod -- 27.3:: 2S.2~

Third method -- 40.Sr. 32.5: --
Fourth method -- 44.2r. 43.0r. 37.5:: 32.1£
Fi fth method 40.3:: .~O.<r.: 40.0: 3S.Sr. 33.3: 31.51- 31.5:: 29.3:: 27.1%

Second Grade

O"Ict~1 rate
,

23.0: 22.0~ 18.0r.
First method -- 36.0r. 34.6::
Second method -- 22.2:: --
Third Grade

Official rate 19.0:: 16.0:: 14.0:
First method -- 33.0: 30.4::
Second metho~ -- -- --
fourth Grade

Offfclal rate 15.0:: 11.0:: 9.0::
First method -- 24.3:: 24.9::
Second me thod -- .. --

Compu ted for 1972

'-.

,'I,
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APPENDIX 6.1

Reasons Repetition May BeIncorrectly Estimated

The analysis of data gathering procedures in Paraguay showed that the
total enrollment is easily obtained for each course from the "Class Dook." By
contrast, repeaters were counted by the teacher asking students to raise their
hands if they are repeaters. Studies showed several other reasons why repeti
tion might be incorrectly estimated.

The total number of students may be verified through alternative proce
dures. The 1972 Census recorded 433, 117 students in elementary education.
The Ministry Of Education (1978) estimated the number as 440,151. The
difference is below 2 rercent, adding some support to the resulls of the field
study which indicated that repetition could be the main source of error.'

An idea of changes in numbers of new entrants may be obtained by looking
at changes in the proportion of each age group enrolled in the educational
system. Table A6.1 shows that, in spite ofunchanged first-grade enrollments,
the percentage enrolied in each age group has been reduced by at least 3
percent (when comparing the peak enrollment rates). On the other hand, the
increment is too small to support the possibility of annual enrollments over
100 percent in an age group. Table A6.1 also shows that for ages 9-10 the
highest proportion of any age group population (around 90 percent) is
reached. Ages 7-12 show small variations (less than 10 percent) around the
peak enrollment rate. For 1972, at least 76 percent have attended school for
six years. This fact, however, contradicts Census figures showing that 41.6
percent of the "seven years old and more" population had completed two or
fewer grades in elementary schoo!. Given that the hypothesis of large en
rollment overestimation has been rejected, the data lead once again to the
probabilit\· of errors in the estimated number of repeaters.

IThe difference in enrollments may be due to those teachers workimr with
small claB8esorIU" orl5Sfudents who inflate the enrollments in order to
avoid being eliminated. But this also may be the result of the Census undere
stimation of the population.
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Enrollme1lt Flow Rates

Table AG.!

Rates ofAttendance by Simple Ages in Paraguay

147

1965 1970 1972 a 1915
Age

POD.!rOUP Enrol. t POD. Enrol. t POD. Enrol. t POD. Enrol. %

6-7 61761 52527 85 68875 61806 90 73185 63921 88 82461 66260 81

7-8 60236 51616 86 67062 89659 89 ,1117 53698 90 79892 65367 82

!J-9 58738 49948 85 65298 60299 92 &9138 63265 92 77373 66672 86

9-10 57313 49984 87 64104 59995 94 67215 60813 91 74873 66373 89

10·11 56029 44203 79 62416 52963 85 65313 58187 91 72365 59617 82

11-12 54306 65313 58187 91 72365 59617 82

12-13 51885 61839 42057 68

13-14 49034 60221 30240 50

14-15 46291 58603 17801 30

15-16 43561 57045 11228 20

Source: PREALC. "Recursos Humanos en Para9uay 1975-1990." PREALC/l 02 .1976.
-- Also additional data from Ministry of Education records.

arhese and other data indicate that about 76': have attended school at least six years.
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Table A6.2

Students Enrolled by Grade and Age (1972)

~
First Second Third Fourth Fifth Sixth Total

Age M F M F M F M F M F M F H F

- 7 6470 6801 254 249 25 20 --- --- --- --- --- --- 6749 7100

7 6886 25926 4755 5557 343 439 2 10 1 2 --- --- 31987 31934

8 ~54S5 13455 1,425 2B61 3929 4793 2B7 422 53 1B --- --- 32149 31549
I

9 8118 6617 11938 0929 8519 9427 3183 2771 333 402 15 13 32106 31159

10 4423 3586 9432 7417 8553 8481 6208 6625 2551 2901 309 317 31476 29327

11 2383 1912 6262 4709 7510 6879 6510 6584 5083 5432 2307 2616 30055 2Bl32
-

12 1414 941 1278 274B 6067 4586 6551 53511 5394 5218 4247 4611 27951 23462

13 Mea 378 2059 1078 3647 2251 4557 3145 4611 3743 4080 3742 19594 14337

14 274 129 954 439 1863 847 2670 1491 3282 2036 3518 2645 12561 7587

15t 121 54 290 162 741 33:: 1210 530 1900 918 2938 1740 7200 3736

Total 6184 59499 52647 46179 41197 38055 3117B 27936 tm08 20640 17414 15684 31B2B 208323

Totals I 125983 98226 79252 59114 43878 33098 440151
I

-

a 640 + 274 • 121 • 1035 In first grade beyond t~.? age of 12.
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Table A6.3

Students Enrolled by Grade and Age (1977)

,......

.~~,

I~
First Second Third Fourth Fifth Sixth Total

Ao" H F H F H F H F H F H F H F
-7 8568 8616 423 489 18 14 -- -- -. -- -- -- 9009 9119

7 28688 27173 6959 7653 521 662 8 10 1 -- -- -- 36177 35498

8 14832 12654 15582 15426 5347 6284 509 777 9 9 -- -- 36279 35150

9 7OS0 5812 12810 11063 10257 10723 4322 5224 488 581 10 12 34947 33415

10 3842 3052 8797 6945 9598 9149 8212 9060 3755 4482 315 408 3451Q 11Ml;

11 2047 1480 5475 3985 762" 6395 8055 7551 6003 7072 3237 3936 33045 30419

12 1153 768 3361 2115 5515 4019 6641 5405 6610 6613 5991 6198 29271 24638

13 512 310 1566 890 3084 1800 4330 2885 5025 3960 5124 4804 19644 4649

14 237 129 651 305 1309 618 2166 1158 3186 1888 3827 2780 11376 6878

1St 99 45 244 109 472 167 869 338 1478 740 2697 1572 5859 2971

Total 67038 60039 55868 48980 43749 39831 35112 32408 27155 4865 21201 9710 50123 225833

Totals 127077 104848 83580 67520 52920 40911 475956
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CHAPTER 7

Trend Analysis 151

TrendAnalysis andProjection Based on
Curve Fitting

1.0 Introduction

The planner must deal with changes in social systems over time. The time
period of special concern to a planner is the future. The future is not easy to
deal with. The only basis for tracing the future is the present and past. Our
experience demonstrates that present and past situations will change. The
question is how will the situation change and what will be the effects of this
change on future events? To address this question the planner attempts to
exercise prevision and to stimulate foresight in the management of social
systems. The basis of this prevision is often shaky at best. The only near
certainty is that things will change. Friedman (1973) divides the planner's
time framework into the recent past, the near future, the historical future,
and the a-historical future, and centers the domain of planning thought in
the near future. He identifies forecasting as a central activi ty in this domain.

The methodologies employed in forecasting are limited in number and far
from rich and satisfying. The present may be intractable but tJ-.e future is
untractable. Yet, a central concern of the planner is providing some basis for
dealing with the future; and to do this he has a limited number of techniques,
ranging from systematic methods to informed gueS3es by individuals and
groups. Projection is one of these systematic techniques. Extrapolation based
on trend analysis, which in turn is based on curve fitting, is another. Duncan
(1969) cites these two among the four major methods of dealing with the
future. DeJouvenal (1966) lists extrapolation as the first of five major
methods. In the various units on systematic planning methods discussed in
this series, projection and extrapolation are used over and over again as a
basis for population projection, enrollment forecasting, and the forecasting of
manpower requirements. The techniques may be limited in quality and
number, but they are applied constantly in the analysis which supports
planning. In extrapolation methods based on curve·fitting, we will see that
the same few curve forms, or functions, are !:lelected and fitted again and
again, because they are simple and familiar to analysts.

In most reports of applied work the distinctions between projection and
extrapolation based on trend analysis through curve.fitting are blurred.
Many exercises labeled projections use extrapolation and trend analysis
based on curve·fitting. The distinction made here is that a projection is the
logical and systematic development of a set of assumptions, or hypotheses,
about future changes in the major variables that will affect that domain of
the future which is under study. The classic examples are found in the
population projections of the U.S. Bureau of Census, in which ass;lmptions
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about the future changes in mOe t~lity, fertility,and migration provide the
structure for future populati:m estimates. Extrapolation in the narrowest
sense of the term is the act ot extending a trend line beyond th'3 data at
hand-extendinll' a past trend into the future, in the case of planning. Some
extrapolations have no basis in data or.systematic analysis. Our interest here
is in extrapolation that is based on the analysis of a past trend derived from
fitting a curye function to a setofdata points. Curve-fitting is perhaps a more
satisfactory technical term for this exercise, but by using the term extrapola-

.tion we are emphasizing the use of curve-fitting in the appliC3tion that is
most relevant to planning: tracing the future, usually the near future, from
the recent past.

2.0 The Uses of Curve-Fitting

Curve-fitting is a technique for analyzing the relationship among a set of
data points plotted in reference to a pair of intersecting lines called axes and
describing this relationship mathematically. The equation y = a + bx de
scribes a linear relationship among plotted data points and can be depicted by
a straight line. The major purpose of curve-fitting in planning is to discover
and measure trends in the plotted data points and to apply this trend by
extrapolation to the future, for which there are no data. Not all configura
tions of plotted points indicate a trend. If the points can be "fitted," in the
sense that the relationship can be described by an equation such as
y = a + bx, then this linear trend can serve as the basis for extrapolating or
going beyond the present dRta. Given the parameters a and b, the value ofy
can be derived for any x, and the trend can be extrapolated in the form of a
line. In the analysis used in planning, curve-fitting can also be applied to
analyze past relationships among variables, to explain events, and to infer
causality. It can also be used to study trends as an end in itself, but our
interest is primarily in trend analysis as a basis for extrapolation.

Curve-fitting can be most simply performed by plotting the data points in
reference to the axes and drawing a line that best fits these data points. This
can be done roughly by drawing a line with a straightedge and judging by
inspection how close the points, as a set, lie to this line.

Figure 7.1
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'!rend Analysis 153

Figure 7.1 illustrates a common example of simple trend analysis per
formed by planners. The object is to describe how the values of Y (examples
might be the number in the population or workforce, or employment in a
given occupation) have changed over time, to characterize the trend, and to
use this trend to extrapolate to some future year. Y2ars, or time, are shvWD
along the X-axis; the value of the relev~ntvariable along the Y-axis; and
hence the points represent the value of the variable under study at given
points in time. These paired values, or points, might be (X =0, Y =3)
(X :: 5, Y = 4), (X = 8, Y = 10) ... (X = 20, Y = 16). We note that Y in
creases in a fairly regular pattern as X increases. The analyst can draw a
straight line that pretty well fits the relationship ofX and Y, or describes the
trend. Ifthe analyst wished to extrapolate or extend the line out toX = 30, he
could read off the corresponding value of Y from the grarh. Though all the
points do not lie along the line, the trend line fits the configurat.ion of data
points well. Hence, the way Y changes as X changes can be reasonably well
described by the equation for a straight line Y = a + bX. Figure 7.1 ilIus·
trates the basic r:>tion of trend analysis and extrapolation through curve·
fitting.

The analyst could also compute the parameter values a and b and estimate
any Y value on the basis of these parameter values and an X value. Roughly,
the parameter value b shows how much the Y value changes as the X value
changes; in this ex&mple how much Y increases over time. To estimate the
parameter a in a preliminary fashion, th" analyst can simply read off the
value of Y for X = 0, or the point where 1"e line passes through the Y-axis.
This value is near Y = 3. To estimate the paramewr b, the analyst requires
only a simple calculation, a ratio which shows how much Y changes as X
changes, b = 15-3/20' = 12120 = .60 As X goes from 0 to 20 years, Y goes from 3
to 15, and the ratio ofchange is .60. The analyst can now use these parameter
values and anygivenX value to estimate Y. He Ldn extrapolate the trend out
to any number ofyears beyond the data. (The number ofyears will depend on
the number ofyears the trend will hold. There is no rule here.) If the analyst
wishes to project the value of Y at X = 30 years, he has the formula
Y =a +bX, or Y =3 + .6(30). At 30 years, the value of Y would be 21, if a
linear fit does describe this trend and if these data can be taken to represent
future years. Note also that the sign of the parameter b is positive, which
means the trend line slopes up and to the right: Y increases as X increases.

This is curve·fitting at its simplest. The linear fi t seems reasonable, but the
precision of the parameter estimates could be improved. This can be done by
fitting the line to the data through least-squares. The line to fit is shown in
the equation:

Y =a +bX
(1)

3.0 Curve·fitting through Least·Squares

--'fhg principiethnt undertles Ule httlng of a linear trend uSlDg least:
squares has already bee: roughly illustrated in the previous exercise. In .
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least-squares, the principle is applied with more rigor and permits more
precise calculation of the parameters a and b. In least-squares 11 line is fitted
according to two conditions:

First, the sum of the vertical deviations of the obserVed values-that
means the data points-from the fitted straight line equals zero. (Note thatin
the previous exercise there were deviations above and below the line, and the
sum of these deviations, when fitted through least-squares, must equal zero.)
This is a necessary but not sufficient condition, betause any straight line
through the means of X and Y would produce deviations that sum to zero.
Another condition must be added.

Secondly, the sum of the squares ofthe deviations is less than the sum ofthe
squares of deviations for any other straight line. This is the condition which
gives least-squares its name. rfhe line is fitted so as to minimize the squa:,ed
sum of the deviations.

The previous example based on Figure 7.1 also showed a rough computa
tion of the parameters a and b, which appear in the equation for a straight
line. The straight line involves two constants, a and b, which are computed
from the observed data for any given trend analysis. T,J solve for a and b
requires two equations, which are solved simultaneously for the values of a
and b. In curve-fitting these are called r,ormal equations. The normal
equations for a straight line derived on the principle of least-squares permit
the analyst to solve for the parameters a and b in terms of the n data point:l.
For the linear fit, or straight line, the normals are:

~Y =Na + b'£X
~XY =a~X + b~X2

First, we will illustrate how the (n = 8) data points ofFigure 7.1 are used to
solve the normals for the paremeters a and b. This is straightforward arith
metic. It docfl not explain, however, how the normals for the linear equation
were derived on the basis of least-squares. We will illustrate this briefly in n
mathematical closing note at the end of this unit.

To solve fora and b we put X and Yvalues in columns 1 and 2 of table 7.1.
The remaining columns show values needed to solve the normals. In this
example there are 8 data points, or pairs ofX and Y values, which means that
the N shown in the nonnal equations is 8.

In this somewhat more precise calculation, the a and b values are slightly
different from those estimated in the first exercise. The slope of the line is
nowgivenasb =.59, and the place where it intercepts the Y-axisisa =2.40.
The previous estimates were .6 and 3. Once the normals are derived by
least-squares, the curve can be fitted to the data points by solving the
normals for a and b through simple algebra and arithmetic. A closing note
will show how the normal equations for the linear fit are derived mathemati
cally through least-squares.

The fit may not be linear, however, and for this reason the analyst gener
ally inspects the relationship between X and Y values, either by tabling
them, examining them and analyzing the changes in the tabled values
(examining the differences or ratios of changes in the Y values), or by

u grephirttfthedntn points and inspecting the confIguratIon. Although not all
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Table 7.1

Data Arranged to Solve Normals {or a and b

(N • 8)

X Y xv XZ

0 3 0 0

5 4 20 Z5

S 10 80 f>4

S 6 48 M

12 7 8-\ 144

16 1-\ Z24 256

1~ 11 ZO~ 361

20 16 320 -100

'D: • ss ,_Y • 71 >_XY = 985 iX~-;;314

Substituting these values into the normals we get:

71 = 8a + 88b
985 .: 88a + 1314b

155
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We now have two equations in two unknowns, and we can solve by any
simple method, in this case multiplying the first equation through by 11 to
remove a and solve for b:

781 = 88a + 968b
985 = 88a + 1314b (subtracting)
204 = - 346b

b = .59
a =2.4 (substituting back for b to solve

for a)

trends are linear, this form has wide application in analysis of data trends.
Figure 7.2 skett.hes the shape and the equations for five curves (1, 2, 3, 5,6)

used in extrapolation. Curve 1, which is the linear form we have already
examined, is by far the most commonly used.

Almost as widely applied and useful is the exponential, or geometric, which
is shown 8S Cl1rVIl form 5. This curve fun.:tion can be expressed in various
forms. Alternate expressions for curve 5 might be [e')" or (l + r)". This last
expression is at once recognizabl13 as the compound interest formula, and
sl;veral applications of it are shown in the curve-fitting and extrapolation
applied to the projections ofproduct, productivity, and employment in ronn·
power plannmg, or npplted in simple extrnpoiutioim oipopmation 01 uti'oI1
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(3)= (1 + r)

ment. Here r is the rate of increase, or the rate of interest in the compound
interest formula application, and n is the number of'years of the extrapola
tion. A rough estimate ofthe rate of increase between two past periods can be
derived from:

Here h, the number ofyears betwe,m the times when the two values of the Y
variable are assessed, is taken as the root of the ratio of the two values, and
the result is 1 + r, or 1 plus the annual or compound rate ofgrowth. Comput
ing the rate of growth for a given ratio of increase is unnecessary because the
values are tabled. (One useful setoftables is in Growth Factors .. .Compound
Interest Tables: Menlo Park, Cal.: Stanford Research Institute. Undated.>
The Growth Factors tables show th£' growth factor, thl; ratio of the values of
the variable between two periods, tabled by years from 1 to 50, and the
llnnual growth rates shown in tenths of a percent up to :~o percent, and at
cruder groupings, up to 50 percent.

Figure 7.2

Nine Important CUTes and General Expressions of Their Forms
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Analysts do in fact use this quick method uf analyzing a growth trend and
computing the annual rate for extrapolating or projecting; but if they do not
first analyzc time scries data to see ifthe assumed trend fits the data, there is
no logical warranty for such use. 'l'o warrant the use of the trend and the
tables in extrapolation requires prior examination of the data points to see if
they fit the trend. In the case ofthe compound interest form of the exponential
this could require:

Plotting the datR. points to see ifthey ,'oughly conform to the curve function
shown in the Figure 7.2, curve S. This is not always easy to recognize by
inspection, so alternative and more systematic methods can be used.

The tabled data points of two variables, or one variable Yover time, can be
analyzed to see if there is a constant ratio of change, or a ~onstant ratio of
change in the amount of change in Y.

The most satisfactory method for analyzing the trend, in the case of the
exponential, is to fit the curve to the logarithims of the original data. If the
first difference (subtracting successive values of the logarithims) is constant,
then the exponential fits the data. The fit to a logarithimic transformation of
the data should approximate a straight line, if indeed the original data is
exponential.

Least-squr..res can be applied to the logarithims to fit the data, just as in the
linear form. 'I'he equation for the curve, as shown in Figurp. 7.2 (curve 2), is
log Y = log a +X log b. The normal equations are:

~log Y =N log a + log b'i.X
'i.Xlog Y = log a'i.X + log b'i.X2

The application of least-squares procedures to the cata is just the same as in
the linear fit, except that the analyst is dealing in logarithms and must
convert back to obtain the values of the parameters a and b. If b is positive
and greater than I, the trend is up. Ifb is positive and less than 1, the trend is
down. Hence the exponential shows a constant percentage of increase or
decrease.

In Figure 7.2, curve 3, the ntis to a second-degree polynomial, or quadratic
form. The trend shows one distinct bend, as contrasted with the linear. Fits
are made to second· and sometimes third-degree polynomials (curve 4). The
fitting procedures are essentiRlly the same through least-squares. Establish
ing whether a quadratic form is an appropriate representation of the trend is
much the same as in dealing with the exponential:

- The data points can be plotted on a graph to see if the curve has
the characteristic bend shown in curve 3. (Note that the curve can
bend upwards or be concave, as shown in curve 3, or bend down
ward and be convex).

- The values of Y can be subtracted to determine if the second
difference is a constant. Such is the case if the Y values were:

Y 1st dif. 2nd dif.

'I 15.5 4.910.6 1.3
7.0 3.6 1.3
4.7 2.3 ~ll ___

l:u _._------------
3.7
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- The trend can be fitted through leost-squon!;j, using tho norromls
for the quadmtic, which are:

IY '" Na + bIX + CIX1

IXY '" aIX + b!}l2 + CIX3
IX2Y =aIX2 + hI.:.. ' + C!X· (5)

The three equations are then solved for the thl"C\1 parameters a, band c of
the quadratic: Y:= a + bX +cX 2• Though the computation gets more
lengthy, the method of fitting is the same as in the linear rase. :Fits are also
mado to the third-degree polynomial, or cubic, although thin form is rarel.1·
used. Four normal equations are neccssary for the third-degree polynomiAl.
but there is no merit in showing these at this point.

4.0 The Modified F.rponenlial alld Other C,mJI! jw'orms

Figure 7.2 shows other forms which are used in curve-fitting and projec
tion, but they will not be discussed in detail in this I-eading. The(le curves, the
modified exponential (61, the Gompertz (81 and the Logistic or Pearl Reed
cur..·~ (91, show increases ordecretlSl!S that approach an asymptote, which iA n
limit that is llpproached but not reached. Curve 6 increases or decreases, in
cOin/ex or concave form. uccol'ding to whether the parameter i5 positive or
negat:ve amI the parnmetcr b is greater or 11ll'S thun 1. This modified expo
nentinl describes a trend in which the umount of growth declines by n
cor-stunt percentn~e.

The logistic curve is n form of t~e modified exponential in which the
expression is in terms ofrcdprocnls ofthc,)' \'nlues. This curve is used to:lhow
growth over time, pnrticularly in populationr..

Thl' characteristic trend renected in the logistic. nnd in the similur Gam
~'If'rtz, is one in which thll Y variable increases slowl.y. then rapidly increllses,
th"n reaches u platcl1u and levclll 01T nenT the all,)'mptote or limit, It is
npparent thnt this renect,. the pUlIl dynnmics of populntion change in ~he

wodd - a period ofslow.r;rowth, Ulludd.m acceleration, and a leveling-olTas
limits of r"50urces and spuce nrc renched. The lORistic curve wos applied to
extrapolating the population of the United Stllk's, and forsom !:dl'cudcs, up to
19(,0. produced reasonable results. Wor!d War II and the po.-.t !IInr baby boom
threw the extrllptlilltion ofT, but at one time th~ curve WllS thought to ronect
almt.lflt Ugcnernllaw orpopulation InCreUlltl. The curoc was bused originally
on a lit to dotu that showed the increase offruit nics in n bottle. It worked welt
for nies. but the more per "JnlC and \'cnwtile humllM cnn nlwnys defeat the
form. or raise the lIlIymptntc. i\nuIY!ltH Clln deal with this ;lroblem of Inrge
l:hifis h,Y splicing in new nsymptotell and extending the curve forlil. but this i1'4
beyond our material in this section.

The tun'C forms O. 7. und 9 MO fitted by methods other thnn 1l'l'1.<;t'l:qUnres.
and require estimating the It pnrnmeterornsymptotc, liS well ns thea nnd b
parameter'll. We will not go into tlle fitting methods which nrc based on
llCgmenting the datn te get partinl totals for the modified exponential, con
verting to logarithimll in the CIlIie of the Gompertz, ~nd liUilllf by selected
puil.c:, .lIla ltdm..J.. ;c l",mOil mOIl! r.nsc 01 tn~ loguJhc: curve. Tile methods ore
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detailoo in Croxton and Cowden (1955). which is an old but useful source for
ml'thods of curve-fitting.

4.1 8U17I1.1alj·

In summary. the fitting ofa curve function to represent a trend and to serve
as n basis of extrapolation should first require examination of the data to
which the curve is to be fitted. This can be done by plotting the points on a
graph and studying the form of the curve by imlpection. It can also be done by
tabling the data and observing the changes in the Y value as X chunges. The
linear trend shows a constant amount of increase or decrea~e. i.e. the first
differences of Y will be consmnt. The quadratic shows increasing or decreas
ing amo' nts ofincreaaeordccrease. i.e. the seconddifferencesofYvaluesare
conatan - The exponential indicates a constant ratio ofchange. and therefore
u constal,~ r:1~,e of change in the amount of change. The direction is indicated
by the sign of b. and whether it is greater or less than 1. The modified
exponential. Gompertz. and logistic curves show growth declining by a con
stant percentage. and will not be used in analysis as much as the other forms.

The linear. quadratic. and exponential can be fitted through least-squares
methods. as describcd. becr-,u&e the normals are known. The derivation of the
normals through least-squares will be the final topic discussed in this Be::tion.
The topic ofcurve-fitting gocs far beyond this introduction. but analysts who
cnn handle this much on curve-fitting can cope with the work as it is done in
the standard practice of planning.

5.0 Closing Note: TIlt, DrriL'atioTl of the Normal Equation in Least
Squares-Fitting

The principle of least-squares requires that a line be fitted so as to
minimize the squure ofthe differenccs ofthe data points from this line. This is
shown in equation (61. (The expression within the brackets sho\'/s the devia
tion of the data points 1,)') from the line. which is a + bxl.

Minimize ~d2 = ~lj' - (a + bXJ)2 (61

Ifwe multiply out th~ expression within the brackets and bring the summa
tion sign in. the expression above becomes:

In order to find the expression that makes the quantity a minimum (which
minimizes the squared differences of points from the line). we must have the
derivative of the function first with respect to b and then with respect to a.
and then set .\heseexpre&;i<Ms equal to wro, Tho qtmntity chnngcs because of
contributiol18 of both a and b. nnd we differentiate to find where this con
tribution is minimnl according to each taken successively. In addition to
setting the first d~rivativesof the equation equal to zero. we must also verify
that the second derivatives with respect to a and b nre p08itive. As may be
COSily venhCd. the second denvutl're 01 equuUon ( I) with r"ltp,,~t to b j .. 2:... i,

~. --
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With respect to a, the st!cond derivative is 2n. Both are clearly positive,
indicating thatsolving fora and b will yielda minimum and nota maximum.

Differentiating with respect to b means treating terms without b as a
constant, and hence they are eliminated in the derivative. This gives:

2bIx2 - 2Ixy + 2aIx = O.

Differentiating with respect to a yields:

2bIx - 2Iy + 200 =0

By dividing the two equations b.;' ~ and rearranging, we get the normals:

bIx' + sIx + Ixy
'*-X +an =IY

--
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'!

Thelle are the same as th(' o:.ormnl equations in (2), after a slight rearrange
ment of terl":ls.

References and Suggester Additional Reading on Curve-Fitting

Croxton, Frederi;:k E. a11d Cowden, Dudley J. Applied General Statistics. 6th
printing. Englewooci Cliffs, New Jersey: PrentiC1l Hall, 1963. See espe
cially Chapter 12 "Analysis of Time Series: Secular Trend I-The
Straight Line" and Chapter 13, Analysis of Time Series: Secular Trend
II-Non-Linenr Trends"

De Jouvenal, B. The Art ofConject/lre. New York: Bnsic Books, 1966.
Duncan, Otis Dudley. "Social Forecnsting-The State of the Art," The Public

Interest 17 (Fall 1969).

Handy Reference on Compound Interest and Growth Factors

Stanford Research Institute. Growth Factors . .. Compound Interest Tables.
Menlo Park: SRI (undated).

World Bank. Compounding and Discounting Tables for Project El:aluation.
Washington, D.C.: World Bank (with Johns Hopkins Press), 1973.
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Manpower/Unit OIU_~

Part Three: Manpower Planning Metlwds

Foreword

Content and Form of the Materials

This module is designed to provide introductory instruction on manpower
planning methods. The module combines an instructional module amI two
instructional cases. The instructional module is divided into three instruc
tional units. Th~ first unit introduces the topic of macro-level manpower
planning, outlines a basic method and shows an alternate method. It then
explains the firsl stl'P in the bL'sic method-thp projection o. employment by
sect..rs of the ecol'omy. There is 1l closing Ejection on industry and occupa
tional classification syfJtems.

The second unit completes the steps '"If the basic method. These st€ps are
then illustrated with the first instructit>nal case, the Chilean Manpower
Case, which is Chapter 10.

The third unit offers analytic methods I()r deriving estimates used in
manpower projection methodologies. These metilods are mainly based on
curve.fitting, which was explained in the previous <:hapter. The third unit
presents two alternate methods used in manpower fo:'Cclllsting. One of the
alternate methods is illustrated in the instructional ca!>'! which follows.

.iii

------- --~~~~--

Tl·p lnstruc!ional Objectives of the Manpower Planning Module

the manpower planning module attempts to provide an overview of the
methods of macro-level manpower plan:ting, and an introduction to :he basic
methodology. The methods and language are technical, but the 1t:'vel of
technicality is not beyond that commonly applied in practice in the field. The
presentation of the material is straightforward and docs not includecritich:m
based on economic theory. These were discussed in Volume I and in othe.
project papers (Snodgrass and Sen 1979). This module stresses the common
problems experienced in applied planr.ing.

The curricular objectives of the module are:

- To present an overview of manpo\.Jer planning methodology.
- To present detailed treatment of a basic method uf manpower

planning.
- To iIIustrl1te the basic method with a case in which the methodol

ogy was applied in manpower planning work in a deveioping
country.

.- To provide technical bacltground on the projection methodology
and estimation methods used in manJ)Ower proiections.

- To illustrate other methods applied in manpower planning.
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- To stimulate interest in co~tinued luling and study in man
power planning n.ethuds.

The expected learning outcomes are:

- Develop a background knowleci:\e in manpower planning
methods. This means to be able to lis~ the limits ofthe methods; to
learn the technical vocabulary usel1 by those who apply the
methods; to be able to descri be the metl.ods applied in manpower
analysis; and, above all, to realize tha', no method is applied
mindlessly, and that in each situation the cnalyst must adapt the
method to the unique problem encounterell.

- Understand the steps of the basic method; spe~ificany, be able to
lil:lt and explain the steps and explain how these 'lteps are applied
in a manpower planning case.

- Be able to describe the data requirements for applying the basic
methods and outline the format tables for using thl.' data.

- Understand mechanics of extrapolation based on linecr and ex
ponentiL'1 curve forms. Use tables uf compcund intere&~ growth
factors.

- Understand the alternate method,

These outcomes can be tested upon completion of the module. The obJ''!cfive
of the module is not to create instant manpower experts, for this requil,'s a
period 01' supervised practice alld field experience gained in a manpo!~,'!r

planning project. Here, the nbjective is t.o prepure analysts who understami
the basic approach and methl.'<1s Bufficiently to work on manpower planning
under supervision and thereby I1cquire the necessary experience and depth of
understanding to carry out manpower planning on their own,

At the risk of repetition, it is wOith emphasizing that these units deal
mainly with manpower planning at the macro·, or national level, and not
with micro-level planning for an area, tity, or single industry.

There is an important Epistemological issue to be considered when apprais
ing manpower analysis methodology and the projection of manpower re
quirements. The methodological underpinning is that of a projection, which
means future conditions are traced on the baJis of a coherent and logicallv

consistent set of assumptions. In this sense a Inlinpower projection is exactly
equivalent to population or enrollment projections. Hence, to fault manpower
projections because the analyst has to assume growth in product, produc
tivity, employment, occupational distrihution. or educational attainment by
occupation is to fail to understand what n projection is. Assumptions are the
bone and sinew ofprojections. In that sense, manpower projections a.nnotfail
to be subjective. Analysis may support some estimnte~, but the basic
framework is supported by a structure of assumptions. The reader should
return to ponder this paragraph after completing Chapter 12.

II
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CHAPTER 8

Manpower Planning Methods: Unit One

1.0 Content and Objectives of l'nit One

Unit One outlines the basic models and methods of manpower planning. It
describes the basic method and provides detailed instruction for projecting
employment by sectors of the economy. This is called step 1 c;f the basic
method. It also illustrates the basic tables and data formats for step 1,
describes where and how th~ data are obtained, and illustrates how step 1
was carried out in a plannilJg situation.

The objectives of Unit One are:

- to acquire some general knowled~e of manpower m Jdels and
methods, and the information reqUIrements for manpl/wer plan
ning.

- to be able to describe the purpose ofthe basic method ofmanpower
planning.

- to be able to describe the steps of the basic method in general and
in nontechnical terms.

- to have a detailed knowledge of step 1 of the basic method and be
able to describe this step in detail; specifically, to be able to sketch
the format of the basic tables used in Step One.

1.1 Manpower planning approaches and the basic method: Introductof'j'
Comment

Schema 8.1 is an outline sketching out the simple models, methods, and
basic ',nformation required to forecast manpower requirements and the out
put, or supply, ofeducation/training systems. Manpower requirements fore
casts nrc sometimes called estimation oftIll! economic demand for education!
training. An instructional case, which will follow this section on general
methods, will use the terms Manpower Demand to refer to the forecasts of
manpower requirements, and Educational Supply to refer to the forecasts of
enrollment flows nnd grnduntes in the schools ofChi Ie. Demnnd is not a true
demand but simply projected expectations.

This section will explain the basic methodology outlined in points a
through C ofl.1 inSchemn8.1, in which employment is projected by sectors of
the economy. The Chilean instructional case that follows will illustrate thi..
basic methodology. The manpower planning cases will illustrate the (act
that, when the methodology is applied in actual planning, there arc always
slight variations from the ~asicmethod. Some steps are combined in t.1ll! wt\l'k
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2. Alternate Method
(Growth in Occupation)
X ij =number il' occupation (i);

sector (j) in the base year

D.. = future requirements in
I) occupation (i), sector (j)

Steps
a) Project Dij

.1._,"".' ,...__, '; ,,~ ....... _,.';';1: ,~I'OL''')-;,:: ~_;" ca:......

Schema 8.1

Outline for Man;: ?wer Planning ....
~

II. DISAGGj~Ec;tTED III. DEMAND/SUPPLY EFFECTS ."

(PIECEMEAL} ON FORECASTS ~
REQUIREMENTS

~(TO SUPPLEMENT 1. General Government
AGGREGATE FORECASTS) Goalstpolicies Analysis I:)

A Growth Rates economy l'l
L Service Sector/Government a) investment. l:l

A. Population based service monetary c=
n

norms/ratios fiscal ~a) Education (link to supply) b) Employment plans. 0
i) Social Policy (coverage, policies Z

demographic) B. National Education; ..,
0

ii) Education policy Demographic/Social targets ;:l

Program staffing, a) access d

e.g. tip ratios b) flow ~
b) Health Services c) output, pro- l':I

t"'
i) Coverage needs, demand grams/issues 0

ii) Delivery systems/norms/ C. Education Sector Policies
"tl

l::
staffing Le. Beds/Doc- a) input norms l'l

tOl's/Nurses/Parameds b) costs z
-i

c) Other Government Ser- c) resource constraints -
vices revenue E:::..

i) Defense (numbers, policies/finance c-
co

organization H.R.lags(e.g.trained iii"

manning tables) staff) ..
:;J

ii) Police. fire sanitation d) Admis- ""
(state. municipal) sions/scholarship E:::

co
policies. subven- :r
tions.

0

""
2. Core Industry Arrays systems &< institu-

..
i.1>.

Input/Output, Forward/ tions ,',.

Backward Linkages i) influence access 'f."

a) Scale/Technology/manning &<flow
tables ii) Influence incen-
(present and future) tives choices

..,
rpj + l'Lj II t..r. b jj

L

n

Dil=LIXjjlt
j=t

f)

a)

b)

e)

d)

c)

I. AGGREGATE LEVEL
FORECASTS

1. BASIC METIIOD

Steps

Product forecast by sectors
(plan targets)

P-
Productivity forecasts

p p.w. = product e.er worker

!.. = E: Employmen~ l 'sectors
b

E distributed sectors
by occupations
Occupation distributed
by education (levels
and programs).
Education "demand"
aggregated
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Schema 8.1

(continued)

bij = rate of ~hange of workers in
occupation (i) as product·
ivity in sector (j) changes

"1.

.-:\.
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':.",.,.l(-:~

~
~
<:)

E;

~
~

o
::s
ro

~

en
01

·Effects on Demand & Supply
Choices (Elasticities if
possible)

3. Social/Cultural Values
al National
b) Community
c) Family
d) Individual

2. Oem and/Supply/Price Interac
tions
Econ.
A. Labor Market Information

a) job opportunity
i) openings. pro-

motion
ii) earnings (wages,

salaries)·
iii) other returns

(phychic)
b) Guidance Informa

tion
V.oc/Career choice
Educ/Career choice

B. Rate of Return Studies.
a) Earnings profiles
b) Employment pr:r

bability

Value of Ed'lcation

b) Establishment surveys
Employment <Present &
Frlure Estimates Wages and
~"larie.;)
X occupation. given market
share,
prices, scale, technology

3. Small Industries and Pvt. Services
Linked to other industries & ser

vice needs
Linked to J)l)pulation served ratios

& technology
Unked to income & effective

market

4. Agriculture
Crops/Acreage
Land Tenure Patterns
Cultivation Patterns
Export, World Demand, Export

Policies,
Prices Domestic, Number!', Diet,

Income

Demand: Base stock + wastage
supply = Deficit

Inte:action in subse
quent iteration phases

.,",.",

.;..._.",1. ;:>h,j,·J>Er~i~
• ± _:8--'/ " -",.,';.;.'. iF

5. Fill details in cells and check with
Aggregates from I. Final iteration
deficit Phase I.

I.

!

- •.,1"; .

'\.= Growth in numbers of
J workers trend

e = F\lrm of the growt"
curve is exponential

b) i Distribute by Education
levels and Programs

C)l' Aggregate Education "De
mand"

3. Ap ly aggregate level ratios as
ch :ks. e.g.,

a) Participation rates
b) Demographic rates

!..":
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rpj = National data historical
trend productivity rate
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methods are never slavishly followed. Much will depend on the information
available, the pressure which deadlines impose on the planner, the technical
competence and working style ofanalysts, and the level ofprecision required
in the results.

In the first column of Schema 8.1, there is also an alternate method of
projecting manpower requirements by occupations. This method will be
illustrated in a case which describes the forecasting of manpower require
ments in the Dominican Republic. A reader unfamiliar with economics can
skip over the equations in Schema 8.1. The method \vill be made clear in our
presentation of the case.

Schema 8.1 also outlinus other information which may be available to the
planner, information that will permit him to ceepen and enrich the analysis
and improve the result. The basic method for forecasting manpower require
ments is primarily useful in providing a structure into which much more
detailed and precise information~nbe incorporated. Manpower planning, in
common with other planning approat;nes and processes, is an unending series
of approximations, iterations, and improvements.

The sections that follow will run through the '3imple steps required to
project manpower requirements using the basic method. The object of the
projection is to provide an estimate of the requirements for educated and
trained manpower during the future years ofa plan. The projected manpower
requirements can be expressed in terms of education and training require
ments, which can then be compared to projections of supply from the
education/training system. The resulting deficits orsurpluses can then be used
to guide the planning ofeducation and training. This is a simplified descrip
tion of how manpower planning is purported to work. Snodgrass and Sen
(l979) and Chapter 4 in Volume I have exposed the limitations of this
textbook version of manpower planning.

2.0 The base-year work force: Basic tables and formats

The first requirement is the base-year workforce by sector, occupation, and
education level. (Scctor and occupation classification is discussed in the final
sections of this unit.)

Schema 8.2 shows the format for the distribution of the workforce by
occupation (in the rows of the table), and scctors of the economy in the
columns of the table. Schema 8.2 has the workforce distributed for the base
year, x, and the target year, n. At this point we will fill in only the entries in
column x, for the base year.

Schema 8.3 shows the format for the distribution of the workforce by
occupation and educational attainment for the base year. WtJ now havo the
basic information required for starting the manpower projection. Note that
the occupational classification is the common link between the sector
classification (Schema 8.2) and the ed·.lcstional classification (Schema 8.3).
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Schema 8.2

Distribution ofWorkforce by Occupation and Sector (Base Year x and Target
Year nj ofEconomic Activity

Sectors Total No. Total I Agrlcultur"a Mining Manufacturing Services •• ,
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sector colll1ln inlcudes nll1lber and percent of workers In occupations ..!thin the sector.
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Uteracy
grade
( 4 - 6

Col. 6 Col. 7 Col. 8
Secondary Lower Prl"","Y
general nol"l!llll complete

compl',te (6)
(12 y.s.)

Col. 5
Tech.
complete
(12 yrs.)

Col. 4
Sub-pro
fessional
(15 yrs.)

Col. 3
First degree
level univer
sity 117 yrs.)
Professional and

Col. 2
University
graduate
stUdies
complete

Schema 8.3

Educational attainment by occupation in base year (x)

Col. 1

TotalOccupation

Note: Educational levels my be grouped In varIous ways. The ~asls Is ar~ltrary. Here the groups are
Col. 2 inclUdes 111 wIlo finish through 19th grade.
Col. J Includes all ,",,0 finish 17th through 19th grade.
CoL 4 includes all wIlo finish 15th qrade sub-professional.
Cot. 5 includes all ,",,0 finish only 12th grade technical training plus the proportion of those wIlo fInish this track

Ind Ittend higher education (~oth sub-professional and professional. i.e. lines 3 Ind 4).
Col. 6 Includes all those ,",,0 finish only 12th grade general preparatIon plus those wile; go on to hIgher edur.ation from

this track (because schools must produce graduates who terminate at 12 and graduates who continue on.)
Col. 7 Includes all those wIlo finish only 12th grade lower r.onnal plus that proportion from this track wIlo go on tohIgher education.
Col. 8 includes all those""o finish prir.ary. plus those wIlo fInish grades 7 up to 12 (In the secondary tracks) plus

the totals of 5. 6. and 7.
Col. 9 includes a. plus those wIlo finish at least 4 gra~es ~ut less than a complete 6 years of prh'.ary.

(1':1 yrs.) hIgher nonnal
O. Professional/science

Includes Includes Includes110.
those those wile those wIlo:
who fin- finish finish1. Admin Istrative /managers
Ish 12th prlllUry at leastNo.
grade plus 4 graues:
~

those whe plus2. Clerical
p us go on to col. 8/lo.

those who cols. group:
finish 5. 6 and
12th 7 groups .
grade and ...7. Artisans
go on to ,No.
col. 2:
3. and 48. Operators
grcups/lo.
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2.1 Information sources for the basic tables and formats

Here the object is to sketch out the blt'3ic methodology and not to discuss in
detail the sources of information for filling in the standard tables. Procedures
for collecting the basic information are discussed in other sections of these
materials, but a brief note on the information requirements may be helpful.
The prime source ofinformation is the national Ceusus, which almost always
collects information on the workforce and tables it by sectors, occupations,
and p.ducational attainment. There may be a number of limitations on the
information as commonly presented in census tables. The information may
not be arrayed in the form of occupations by sectors, as in Schema 8.2, or in
occupations by educational attainment levels, as in Schema 8.3. Information
in the censuses may be biased or invalid, but census experts, and not man
power planners, have to deal with this problem.

Ifthe information is not available in the appropriate format, it is possible to
have special runs made on the census data tv retabulate the dl'ta in the
proper format. Arrangements and costs vary by situation.

A second common problem is that the data may be too highly aggregated
for use. Only single-digit classifications of occupation and sector (as in
Schema 8.2) may be available, and spedal runs may be necessary to get the
data into finer occupational or sectoral categoriec. The same is likely to be
true of educational categories. More detail may be required, and special runs
may be necessary. These problems are illustrated in the various cases Gil

manpower planning presented in these materials.
Census information may not be in appropriate format; the data may be

grouped too crudely; different cross-tabulations may be required; or the
information may be out of date. Censuses ere decenial, and the plan period
may begin from a bse year that is different from the last census year. The first
plan year may be 1978 and the most recent census 1970. In this case, the
census must be brought forward to current date, or to the base year of the
planning exercise. To accomplish thin, the planner may use survey data from
special work force studies, e.g., skill surveys or establishment surveys. There
may also be detailed occupational information for a specific large industry or
enterprise. The point is that the basic census data can be updated,
supplemented, and made more detailed with results from other studies and
surveys of the workforce.

3.0 Thc basic projection methodology

The basic methodology now proceeds in a series of steps that appear
straightforward when described as a general method, but which have a
variety of modifications when applied in reality. Here we will run through a
very simple set of steps and illustrate them with the Chilean Manpower
Planning Case.

3.1 Employment projected to the target year

.ff.;_... ;
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a. Product has been projected from bose year to target year by Eector
in over-all development plan.

b Product d'" I d' b d'. Workel1l ,pro uctlVlty, IS ana yze 10 ose year on prevl~us

years. Un the bas:s of past trends or future expectations of m·
crease or decrease in sectors, productivity rates are projected
from bo!lse to target year.

c. Employment is then projected by sectors for targe!: years, by
diVision of alb.

-

•

;;

The projections of product and productivity may be taken directly from
development 1'lon estimates. Or the projections may be based on past or
historical trel'!.ds of product growth extrapolated to future years. Or the
projection may rest on a combination of the two things, with trends modified
by information on plant capacity, technology, and investment plans for ex
pansil'u. Comparative experience, the growth experienced in other countries
or economies, may also be used to guicle the projections.

The simplicity ofthe first step is shown in the following symbols. The aim is
to project employment from year x to year n. Employment, symbolized E,
equals P (product) dividpd by Pp.w. (product per worker).

E=-L
p p.w•

Product and product per worker are projected for each year x to n. Employ
ment is projected separately each year for each sector. Sector product P, and
product pllr worker Pp.w. may be taken directly from the national develop
ment plan or estimated on the basis of performance of the economy, or
assumed on the basis of informed judgments about development potential in
sectors or Bpecific industries. The growth experienced in other similar situa
tions in other countries, or in other regions or industries in the same country,
may ahm be used to guide the projections.

From the outset the results may depend on how well the national develop
ment planners have estimated product in sectors for the future year. This is a
cruci:l! p.sti;nate, and it underlies the employment projection, as it underlies
almost all other attemptb to derive manpower demand from the economy. The
adequacy of any employment projectiNI depends on the adequacy of the basic
projection of growth in product.

Base-year estimates of product and productivity can be in error. Ifproduct
and productivity are projected on the basis of a trer.d extrapolated from past
years, the adequacy or representativeness of the base years is in question. If
the product/productivity ratio is projected on the basis ofwhat. has happened
in the sedors and assumptions about probable changes, the adequacy ofthese
assumptions must be examined. The units in which th~ product is expressed
can also be troublesome. Monetary values may have to be adjusted to a base
year; and when this is difficult and no indexes are available, the product may
have to be expressed in units of physical output.

Census dota usually furnish the basic numbers in the work force, employed
and unemployed. The census data may have to be updated to the bose year by

-----~--~---~--~---------------------=
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an e15tablishment's survey which covers new <lmployment. The ';!ltablish
ment's survey may also be designed to get ma.'::Igement's best estimate of
likely expansion and future employment. Hel1~ '\ it may furnish one basis of
workforce estimates for future years.

When countries or industries are growing and changing, the establishment
survey will have shortcomings as a basis for future-year estimates. The
survey covers only existing industries. Industries that may not yet exist or be
idtmtified as possibilities early in a plan period may come into existence and
grow rapidly during the plan period. In some areas, planning may have
reached the stage where most major industrial pos!libilities have been
studied. Employment for these future industries may have been estimated
through feasibility studies which also cover sources of raw material, invest
ment and finardng, production problems, and market and sales forecasts. On
the basis of these studies, employment can be directly estimated for future
years.

Planners may use a general sectoral employment PRUinate as a first ap
proximation, but usu::.lly they go beyond this and work on estimates for
individual industries or groups of industries within the sector. A general
ratio of product to product-per-worker may be used to llerive a first estimate
of employment for an entire heavy industry group. Then, detailed employ
ment estimates may be prepared for each individual industry, and the resu1Lc;
adjusted and compared with the totals.

Product or productivity may be derived fwm investment ratios, or esti
mated on the basis ofmarket demand, minimal effective size ofthe plant, and
assumptions about the percentage of capacity at which it will opel'llt,~. Prod
uct for one industry may be derived from another, e.g., oxygen from steel.
Detailed input-output relationships may be built up to derive product for one
industry, group of industries, or sector, from another. In the Paraguay cas~,

one sectoral grouping was made up of major industries; a l:1econd gro:.;!, h',tS

made up of induotries supplying goods and services to the major industries;
and a third group was made up of industries supplying goods and servicc!> to
households. The product arId employment of the group of industries that
supply goods and services to the major industries could be related to growth
in the major industries. The product and employment of the industries
supplying goods and services to households could be related to growth in
popuJation, households, household income, and expenditure.

For light inr.ustries, and in the service and commerce sectors, employment
may be derived from a ratio to the total population projected for the area.
From the oize of the population and the effective market, an estimate of the
required output can be made; and from output, the number of workers
required. Industry fact sheets or manning tables <detailed estimates of
number and kinds ofworkers byjobs) can provide employment estimates and
occupational distributions ac':ording to scale and technology of the industry.
This detailed information may be summed into the general employment
estimates for target years.

The result of the first step is employment in the target year by sector of
economic ,activity. ----:-

q.
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-to Me/htH!." (or chccltinR employment estimale..,

When tile datn are Pllt imo tlle tobles. Slivcrnl check rntiOj; , ..m be applied.
Empl,:>yment enn be cxp:mdllf.! tl) populntion economically ildivc by ctltimnt·
inguneMployment and eddillg it il:'. Th~ economically ncti.,.e population PS a
pcrrentagu of the t.otnl population ':1m serve as a control check. This p.;I...ici·
pation mtD CUll be further broktln down for age groups, education :eJcls. and
llt'X. and compared with ~xpcr;cml;(! in tk, pnst and wjt', dota from othe!"
lIirr,i1nr cuuntricll. The perCt!ntllg~dis' ~outionofemployment by !lectors am
al~ ~r\'e lit> n check, t·.lt., the pcl'tCntnge in services lUI compared te the
rcrccnt31:11 in indulltry. Grmll o\'(,!'f~:.jmatt'S m:d undcTCstimntcs wiJIshow
up. The pCmlnt.."lgc ofthe workforce (.lund in brond secLon; oft!!e HOnOm)'
for exampl.... in the primnr,r sector of lIhrricuiture-is /lIsa a check.

5.0 SlIl'plt·mctlla..y rcacling Oil s,'clorc! am! occllpu!ional c/a.'ls;(:''CltiOlI
sdleml~s

To work with manpowcrdlltn requires thefo}"stcmnlictubulnl.ingoftlcctornl
nnd occupationnl dutu. The sectornl llnd occupllth:mul dntn are lnbulntOO
lIccordin~ to stllndllrd S)'str" Ii for classifying lIedors IIml occupations. Onl!
dil{it ~ctornl nnd oc:eupntional classification Bfhemel:l were: iIIustrnted in
Schema 8.2. In the Chilean ense, one·d~git c1n;;sific.lltionll were Glso used.
nlthough tile sectors nnd occupntiIJns were lllightl} difforent. In manpower
nnalysillthe plllnner ;ony attempt to worrt with rr.ore refinc.~ c1nll.'lificnlion
IlCnemeli tfell.. ::sc two or 'llree digilllond break industries and occupntions
into more detnil.."<l groupings. The dnSJIification of the workforre by sedors
lind cx:cuplltion:; is etmtr:,l to nggregnte I\'!vel mllnpower forecasting tUld
requirell ~l11e additional explllnntion.

5.1 Sectoral or II/clustry Cla.'lsi(icatioll

The United Nations 'UN. STISTAT,Scr.j2il defines whllt it refers to as
;I/(!ustry (which ill lIi!lo culled bronch of economic: ac/it'it)' or tit'ctor when n
one-digit. Inrge group ill referred to) lIS follows.

Industry rcferf' to the kind of establishmcmt i;, which the person
works (or workl-d if unemploy(.-d). For purposes of intOlrn:ltionnl
comporability. it is recommended thot countries adopt the Interna
tional Standard Indu&lrial Cles:lifiCftt.ion ofAll Economic Activities
(ISIC, most re.cenUy lIpproved by the United Nations. or that they
tabulate their statistlcnl data so that the tntegoriCfl can be re
grouped in accordance with the Standard ClaS8ification or otlenst
with the divisions (one digiti of this c108!lificntion.

Tnt! iSle lUIIIlCd Nahons Slntisticnl Office) providcs 0 taxonomy for
classifying ~conomically nctiv<! civil populntiorL~. The major rlivisions or
sectors. arc: 0 Agriculture; I Mining; 2·3 Monufocturin.:; 4 Construction; 5
Public Utilities; 6 Commerce; 7 'l'ransport.alion/Communications; 8 &rvices;
9 Not Specified. The eight divisions are divided into major groups (two-digit
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systems tend to follow the original model too blindly. In the Dominican
Republic a two-digit activity code space was r3served for hunting, trapping,
and repopulation of gam,:! supply, a trade that would not be too useful to
distinguish in most countries.

Occupational c1assificallions tend to become dated rather quickly, as new
techn.logies and administrative hierarchies develop and new job
c1assilications and occupational titles I1re created to fit the situation. Not
only d"es the nature (If the work change, but the educational re
quirements - and these are the two main bases for occupational class
ification - also change.. The change is almost always upward, Le., more
training and education am required. In the United Sta~es, the Occupational
Outlook Handbook is desi~:ned to keep new workers and guidance counselors
informed about recent and possible changes indemand for workers, new work
patterns, and new educati,on and training requirements. The compilers stute
that some of the information will be out ofdate before the edition appears in
print. The Dictionary ofOc:cupatioTUll Titles is the best reference for complete
coverage, and, like the Occupational Outlook Handbook, has been revised in
recent ediEons. The most recent OCcuj1.J.;onal Outlook Handbook is the
1978-79 edition (Bureau (If Labor Statistics, U.S. Department of Labor).

The Dictionary of OccLI:mtional Titles, now in its fourth edition, !U.S.
fepartment of Labor, 1977), reports that work is under way (circa 1977> to
rell1w the classification sY3tem in the DOT to other government occupational
language systems (Note the use of this terminology in contrast to the former
term systems for classifying occupations.) Examples of other occupational
language systems are those of the Bureau nfthe Censl:s, the Bureau of Labor
Statistics, the U.S. Office of Education, and the Office of Management and
Budget Standard Occupational Classification (SOC) program. In developing
countrie~ the National Office ofCensus and Statistics, the Nat{nnal Planning
Office, the Ministry of Labor, and the Ministry ("Finance will be sources of
data on workers as well all on schemes 0: 'ndustrics.

In general, manpower analysts have a considerable task to keep up with
recent sources for coding, classifying, and analyzing employment by occupa
tions and industries. This is true in the United Stutes where there are many
codes and systems, and in othp.r countries which use the international sys
tems, ISCO, ISIC and COTA.. Many countries have modified standard
classification systems in order to adapt them to their own national economy,

6.0 Summary Comme;>! at the End of Unit One

At the end of Unit One we have taken one step in the manpower require
ments p1'Ojcct.ion: emplorment has been projected on the basis ofproduct and
product-per-worker. We have seen that there is nothing special in the projec
tion process, that it follows the same basic methodologies of population
~:'ojection or enrollment projection. The aspect or manpower forecasting that
is disH nctiy~ i" th" ,.1 n",,;r.C'1.j"Ol ofwerhere 6,,, 6cctll'aLion, uedUi, uud edaca
tionallevels. S,). '.ems for classifying workers hove been discusscri. A follow
ing seetien on I )fer("'~es and further reading will provide additional
information.
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Comparison of ISCO and COTA Major Occupationai troups

ISCO COTA (l970)
0-1 Professional, technical related O. Professional, technical
2. Managers, High Public Officials 1. Manager!>, Administrators
3. Office, administrative, clerical 2. Office, clerical, administrative
4. Merchant:; and Sales 3. Merchants, sales
5. Service 4. Farmers
6. Farm and Forrest workers 5. Transport workers
7. Operatorg 6. Artesang and operators
8. Art~sans, skilled craft 7. Other artesans
9. Transport and Other 8. Day laborers, workers

can't be classified 9. Personal Services
Occupations not identifiable

I
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READING 8.1

Assumptions anti Method.~ Used in
Preparing Emplollment Ptv}ections *
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AI though the discussions of future
job prospects contained in the Hand·
bL''1k are \V1'itten in qualitative
terms, the analyses upon which they
are bhqed begin with quantitative es
timates ofprojeeted employment, reo
placement openings, and-in a few
cases-supply.

These projl,ctions were developed
using the me.. 'ecent data available
on population, industry, and occupa·
tional employmel1t, productivity,
consumer expenditures, and other
factors expected to affect employ
ment. The Bureau's research offices
provided many of these data, but
many other agencies of th" federal
government were im\'(l;-tant
contributors.

In addition. experts in industl'y,
unions, profeS8ional societies. and
trade associations furnished 1ata
and supplied information through
interviews.

After the information from these
sourceA "-..8 compiled, it was
analyLoci in cnf\junction with the
Bureau'~ model of the ..conomy in
1985. Like other models uspd in eco·
nomic forecasting, it nncompasses
the major facet.s of the economy and
reprasents a comIJrehensive view of
its projected structure, Tho Bureau's
model is comprised 01' internally con·
aistent projections of Gr -'3 Na tional
Product (GNP) and its cflmponents:
consumer expenditures. business in
vc<.cmcnc, government expendltures, .
and net exports; indl1strial output

"_._..__...-.-~~ ...-

vnd productivity; lubor force; aver·
age weekly hours of wnr!:; and em·
ployment for detailed industry
erOUpil and or.cupatioIlli. The
methods used to deveiop the em·
ployment projections in this edition
of the Handbook are the same as
those used in other Bureau of LabDr
Statistics studies of the economy. D~
tailed descriptions of these m!'thoas
appear in The U.S. Economy in 1985
rBLS Bulletin no. 1800> nnd theBLS
Handbook of Methods for Surveys
and Studies <Bulletin no. 1910).
Assumptions.' The Bureau's projec·
tions to 1985 are based on the folic..... ·
ing gener!l! il~'Gmptions:

- The ir•.stitutionai fr'1mew:lrk of
the U.S. economy wiH not
eli ll{e radically.

- Current social, technological,
and scientific treJ110 wit con·
tinue, inc1udin~ values placed
un work, educatton, income, and
I '.elsure.

- Th" economy wiII gradually reo
cove;" from the high unemploy·
ment levels of the mid-1970's
and real:h full employment (de·
fined I1S ail uner.lployment rate
of 4 percent) in the mid-1980's.

- No major evellt such as wide·
spread or long-lasting energy
shortagcR or war will signifi.
cantly aloor the industrial
structure of the eC01)Omy or
alter the rate of eC(j~omic
growth.

-TltHins in the occupatlOn5~
structure of industries will not

i..-
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uct, but also for the intcrmedinte and
basic industries that provide the raw
materials, electric power, transpor
tation, component parts, and other
inputs required in the production
process. To facilitate this tranda·
tion, the Department of Commerce
has develop~d input-output tables
that indicate the amount ot output
from each industry-sted, glass,
plastics, etc.-that is required to
produce a final product
automobiles for example.

By using estimate!' of future out
put per work-hour based on studies of
productivity and technological
trends for each industry, industry
employment projectioTls are derived
from the output estimates.

Theae projections are then com
pared with employment projections
derived using regression analysis.
This analysis develops equations
that relate employment by industry
to combinations of economic
variables, such as population and in
come, that are considered determi
nants of long-run changes in em
ployment. By comparing projections
resulting from input-output analysis
and regression analysis, areas may
be identified where one method pro
duces a projection inconsistent wit.h
past trends or with the Bureau's eco·
nomic model. The projections are
then adjusted accordingly.

Occupational employment pro
jections: Projections of industry em
ployment are translated into occupa
tional employment projections using
an industry-occupation matrix. This
matrix, which is divided into 200 in
dustry £lectors and 400 occupation
sectors, deRcriheA thp 1'11M'pnt "nn
projected occupational stnlcture of
each industry. By applying the pro
jected occupational structure for each
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~e alter:ed rndically by changes
In nJative wages, techno.logical
chr,ngef:l, or other factorrj.

Methods: Beginning with popula
t;on projections hy age and sex de
veloped by the Bureau of the Census,
a projection of the totnllabor force is
derived using expected labor force
participation rates for each of these
g.roups. In developing the participa
tion rates, the Bureau takes into ar
count a variety offactors that affect l

person's decision to enter the labor
farce estimate, and the result is mul
tiplied by a projection of output per
sponsibili ti,.~s.

The labor force projection then is
translated into the level of GNP that
would be prodllced by a fully em
ployed labor force. Unemployed per
sons are subtracted from the labor
force estimate, and the result. is mul
tiplied by a projo:·otion of output per
worker. The estim...~s of future out
put per worker arc based on an anal
ysis of trends in productivity (output
per work hour) among industries and
changes in the average weekly hours
of work.

Next, the projection of GNP is di
vided among its major compo
nents: consumer expenditures, bus
iness investment, government
expenditures-f~eral, state, and
local-and net e.,;ports. Each of these
components is broken doWl" by pro
ducing industry. Thus, consumer ex
penditures, for example, are divided
among industries prc.ducing goods
and services such as housing, food,
automobiles, medical care, and
education.

Once estimates are developed for
thn~n Frcdu'-"~ ~~r."':~ the;- tire
translated into detailed projections
of inrlustry output, not only for the
,nd'~stries producing the final prod-
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induBtry to the induAtry employment tion than are needed (t' fill jobs
projection and aggregating the re· created by growth. COIu'ljucntly,
suiting estimates, employment pro- cven some declining occupations
jections for each of the 400 occupa- ofTer cmployment opportunities.
tions contained if: ~'.! matrix nre ob· To estimate replacement openings,
tained. The growth rr.~e ofan occupn· the Bureau has dcveloped tablcs of
tion is accorC" 19ly determincd by (1) working life based on actuarial ex
changes in l ,>roportion of workers perience for deaths and on decennial
in the occ\: ltion to th<l totul work census datu for general patterns of
force in en 1 industry, and (2) the labor force participation b:' -;.ge nnd
growth rate of industries in which an sex. Withdrawals from eo _.1 Jccupa
occupation is concentrated. An occu· tion are cnlculated scparately for
pation that is projected to increase as men and women by age group and
a proportion of the workforce in each uscd to cflm;.Jute an overall scpara·
ir.Justry, for example, 01' one that. is tion rate for the occupation. These
concentrated in industries l'~"Ject<.d rates ar~ used to ('otimate average
to grow more rapidly than the aver· annual replacement. needs for each
age for all industries, would be pro- occup3tion over thc projedion
jected to grow faster than the aver· period.
age for all occupations. TI,~ Bureau is currently analyzing

In some cases employment is reo data from the 1970 Census to deter·
lated directly to one of the compo· mine the effect of oct;upationnl trans·
nents of the Bureau's model-for fers onjob openings. These transfers
example, the number of cos· have not been taken into account in
metologists is related to consumer cnlculating replacement needs.
exper.ditures for beauty shop ser- Some data on occupational transfers
vices. In others, employment is reo have been published in two Monthly
lated to an independent variable not Labor Review articles, "Occupa
explicitly projected in the modd, but tional Mobility in the American
believed to be a primary determi- Labor Force" and "Occupational
nant of employment in that occupa- Mobility of Health Workers,"
tion. The projection of automobile January and May 1977, respectively.
mechanics, for example, is based on Supply: Supply e:;timates used in
the expected stock of motor vehicles. analysis of r:ertain Handbook occu·
Projections that are developed inde· pations represent the numbers of
pendently are compared with those workers who are likely to seek entry
in the matrix and revised, if neces· to a particular occupation if past
SB.ry, to assume consistency. trends of entry continuE'. These esti·

Replacement needs: In addition to mates are developed indclJendently
v. projection of employment for each of the demand estimates. Thus, sup
occupation, a projection is made of ply and demand are not discussed in
the number of workers who wil\ be the usual economic sense in which
needed as replacements. Separations wages playa major role in equating
constitute a significant source of supply and demand. Statistics on col
opening". in ~occupntioll",nnn-e-' letle ellrolhllell~ tutti SHtJUtttltili<i 1;;;
workers are ne·.!ded to replace those field are the chiefsources of informa
who retire, die, or leave the occupa- tion on the potential .3upply of per·
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sonnel in professional ,technical, and
other occupations requiring exten
sive formal education. Data on per
sons completing apprenticeship pro
grams provide com~ information on
new entrants into s).jIied trades. A
Bureau publication, Occupational
Supply: Concepts and Sources of
Data {l.r Manpower Analysis (RLS
Bulletin nos. 1816, 1974), explores
several aspects of occupational
supply.

... Source: Occupational Outlook
Handbook, 1978·79, pp. 17-18
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READING 8.2

Projections of the Labor Force *

.,01 ..

..

Background and Uses: Projec
tions of the future size of the labl)r
force are needed for a variety of
planning purposes. They provh~e a
basis for establishing the amount of
employment growth the economy
must generate to maintain high
levels of employment. They serve aG
the basis for one approach in setting
goals for a general economic gt.>wth
rate consistent with full utilization
ofhuman resources. Projections help
the planner to gain insight into the
characteristics and numbers of
workers wilo will be available for in
dustry, and to see what this implies
for education, training, and person
nel policies. In addition, labor force
projections, together with population
projections, are used to estimate de
mand for products, develop market
ing plans, and evaluate expansion
programs. The U.S. Department of
Labor is particularly cont:erned with
the relationship between the ex
pected labor supply and the need for
various skills and training created
by our changing technology.

Method: Projections of the labor
force as a whole and of the separate
age-sex groups are made for quin
quennial dates usually for about 15
years ahead. The scheduL for pre
l-dring the pr'1iections has beel1 ir
reglllar, owing in part to tho:! timing
of new projections of the popull)tion
of working age. Labor force pro
jection:, for 1980, 1985, and 1990 were
published in Julv 1973. Work-oIL a
new-roun«oYproJections was begun
in late 1975.

Because sodal lind economic fac
tors affect the supply oflabor, certain
assumptions need to be made about
conditions surrounding any set of
labor force projections. Generally,
projections have been made on the
basic assumptions that past trends in
labor force participation would con
tinue into the future, and that t.he
economy would continue to expnnd
and maintain high levels of pmploy
ment opportunity consistem with an
unemployment rate of about 4 per
cent. Another usual assumption is
that there would be no major war or
significant change in the size of the
Armed Forces which might substan
tially alter the previous work pat
terns of the population. It also pre
supposes that the trend toward in
creased school enrollment beyond
the high school level, which has a
direct bearing on labor force activity
of young persons, would continue,
supported by adequate school
facilities, staff, and aid to students.

The general approach used in pre
paring the Bureau's labor force pro
jections is to project the proportion of
the population in each age-sex group
or subgroup that is expected to be in
the labor force, Le., the labor force
participation rate at the specified fu
ture date, and to apply these rates
to the expected population in each
group.

In making projecti,ons for a given
age-sex group or its subgroup, the

_~t~"ilJ1T'rl r,.nN\~''I~C ; .... to fit a line Oi'

curve to a series ofpoints r-lpresent
ing the labor force participation

. ......•.• -...._-_._._-'--.•. ,-_...._-- .. ~', ..



The overall size ofthe labor force is
built up by age and sex, not only be
cause the composition is needed for
many of the purposes noted earlier,
but also because the degree of labor
force participation varies among the
different age-sex groups, and the his
b.'rical trends in these rates also
var,)'. Some of the factors which help
to exphin the beblVior of the labor
force participation rates which affect
particular groups include school at·
tendance, marital status, birth rates,
and the availability ofsocial security
benefits, and the expansion of pri.
vate pension plans. The method of
projecting the labor force participa
tion rates for the various age-sex
groups takes into account the influ
ence of the more important of these
specific demographic and social fac
tors. For example, the population of
married women aged 20 to 49 is
grouped by those who are expected to
have children of preschool age and
those with no children under 5, on
the basis ofprojected trends in fertil
ity and child spacing.

For each of the demographic sub
groups, the projected labor force par
ticipation rates are applied to their
respective future populations and
the resulting labor force summed to
provide the total labor force for each
age-sex group and for all ages.

Sources ofData: The source of the
basic historical data on labor force
participation rates by age and se~

used to project the labor force is th<!
monthly statistics on the labor force.
These data are published by the
Bureau of Labor Statistics and are
based on the Current Population
Survey of the Bureau of the Census.
Historical data on Jabor force activ
ity by various catellories within sev
eraTGrthe age-sex groups are ob-

rates for that group for the years
since 1947, and to extrapolnte the
line or curve into the period covered
by the projection. The procedure is
modified, as appropriate, to discount
the temporary effect offactorsjudged
to be operative for only shortperiods.

The population projections used in
projecting the labor force are pre
pared by the Bureau of the Census on
the basis of analyzing past trends in
birth rates, death rates, and net im
migration, and then projecting these
trends. Since the birth rates pose the
mO,'lt uncertainty in projecting the
population, the Bureau ofthe Census
prepares several series of population
projections on the basis of 'larying
assumptions with respect to birth
rates. The uncertainty of projecting
birth rates does not directly affect
the level ofthe lal',:;r force projections
15 years ahead, since everyone of
working age (16 years and over) at
that future date has already been
born when the projections are mr.de.
However, the birth rates do have n
bearing on projedions of the labor
force participation rates of younger
married women, because mothers of
young children are less likely to
work. Because of this indirect effect,
it was necessary to select the one se·
ries of population projections which
seemed most reasonable on the basis
of an independent evaluation of past
trends in birth rates. For recent labor
force projections, series "E" of the
population projections published in
the Census Bureau's Curre'll Popu
lation Reports, Series P-25, No. 493,
was chosen as the base series. Alter
nate estimates of the total labor force
of women 16 to 49 years of age were
made on the basis of the series "D"
and "F". (Appendix 4.5, Chapter 4,
de:n:ribus methods.)

Manpower/Unit One 181
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tuined from the rer'; -ring
supplementary labor force sUl'veys
also based on the Current Population
Survey. These include information
from the Octooor surveys of the em
ployment ofschool-age youth and the
March surveys of the marital and
family characteristics of workers.

The population projections are the
latest available projections made by
the Bureau of the Census and pub·
lished in their Current Population
Reports, Series P-25. Da::'a used in
projecting the proportion of women
in each age group who will have chilo
dren under age 5 include published
and unpublished data on birth rates,
by age of mother and order of birth,
from the Division of Vital Statistics
of the Public Health Service; fertility
and marriage data from reports of
the Bureau of the Census, Current
Population Reports, Series P-20, and
data from the decennial censuses of
population.

>I< Source: Bureau ofLabor Statistics,
Handbook of Methods, Bulletin No.
1910 (lm6), p. 24-25,
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READING 8.3

Economic Growth Studies :I:

=

Background: The Bureau of
Labor Statistics has developed a pro
gram oi economic growth studies
aimed 8; providing a framework for
analyzing the problems vf l<lng-run
economic growth. The primary objec
tive of this program iR to develop
projections of employment oppor
tunities under alternative assump
tions. These projections provide a
framework for I1ssessing a number of
'mportant ecollomic problems, in
c1ud:ng labor utilization over the
nex\, :l<lcarlp and e\J~)lloyment re
quiremen:o of specific government
programs.

Methods: A s~ stem of economic
growth ....,odeltl has been developed to
serve as a tool in making economic
projections. This system begl..3 by
projecting the economic growth rate
of the United States under conditions
of potential or near-potential utiliza
tion ofi ts laborand capital resources.
This is referred to as potential Gross
National Product (GNP). To do this,
the system must project t.he labor
force to the target year, assuming a
specified unemployment rate, and
project the rates of change in produc
tivity and average hours paid.

This potential GNP is then dis
tributed among the major demand
components of GNP by use of a
macro-econometric model. This
model converts potentinl G!'~~'" into
incomo hy sector, such as govern
ment revenues, personal income, and
business income, and in turn trans
lates income into aggregate pur-

chases or demand. The foreign trade
sector and some government ac
counta are left for exogenous adjust
ment to permit flexibility in certain
assumptions of the projections. The
macro-model is designed so that pro
jections of supply GNP and demand
GNP are not necessarily equal. The
equating or balancing of these is
done by making selected changes in
government fiscal policy.

The next stage is to develop a pro
jection of the industry composition of
demand for each of the major demand
categories. For example, the con
sumer expenditures category in
c1udps th£: amouuts spent on rents,
cutomobiles, medical expenses, and
other goods and services purchased
by consumers. For each of the major
dtlmand categories, different ana
lytical procedures are followed in al
locating demand to the producing in
dustry. In some cases, s'lbmodels are
used to assist in this analysis. The
industry detail to which the
categories of demand are allocated
matches the input-output classifica
tion used in the subsequent step.

Demand as used in the natiunal
income accounts refers only to final
demand, Le., that of the ultimate
consulT.er. To place a value on the
output ofan industry whl)se products
are sold to ultimate consumers, but
are used as inputs to other industries
in the course of their own production,
an additional set of calculations is
necessary using an input-output
model. The input-output model
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tl'llns!ates lina! demand for a given
product into the output that is re
quired from all other industries to
produce the materials needed to
manufacture that product of service.

Prior to use of this model, the
input-output coefficients...... are pro
jected. The input-output tables used
as 0 base in the economic growth
model arc develClpeCi by the Bureau of
Economic AnalYois, U.S. Depart.
ment of Commerce. However, these
input-output tables incorporate the
technology and product mix for a
base year and may not reflect the
technology and product mix which
may prevail during the period for
which the projection is being made.
Thus, it is necessary to project
changes in the input-output coeffi
cients. '!\vo methods are used to do
this.

First, detailed 6.nalyses are made
of the changes taking place in the
tcchnCllogy of various industries, as
well as the changes expected in
product mix due to differing ~.. Jwth
rotes ofproduct groups within .ndus
tries. In those industries for which
detailed studies arc not made,
analyses are developed to determine
the diredion ar..d magnitude of
change in the use of its products by
other industries.

Second, employment estimates by
industry are developed. This is ac
complished by use ofa set ofiDdustry
productivity projections. The final
stage is to balance the model. Pro
jc;ctlOns contain many complex rela
tionships among economic variables
that were developed though a
lengthy sequenCl.! of operations. It is
necessary to have a set ofchecks Dnd
balances to insure that the various
utages of the projections make up an
internally consistent model. The

economic growth model is designed
to provide a feedback and balancing
procedure with r! spect to three of its
elements: impOl~t8, investment, and
employment. In practic~,all three of
these elementa must be brought into
balance simultEmeously.

Uses: long-te'rm employment pro
jections. The projections developed in
the economic growth program serve
a number of uscs. '!'he employment
projections by indudtry are used in
developing occupational outlook
projections. The projections de
veloped by the BUrl'ajl IOrm an im
portant part of the U.S. Govern
ment's report to international or
ganizations on long-term economic
outlook for the Unitc;d States.

*Source: Bureau of Labor Statistics,
Handbook of Methods, Bulletin No.
1910, (1976), pp. 256-257.
*"'Unit amounts of output from one
industry which is input to another
industry.
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CHAPTER 9

.ManpowerPlanning Methods: Unit- Two

1.0 Introduction to Unit Two

In Unit One the first step ofthe busic method was completed. Emp~oyment
was projectell by sectors of the economy. In Unit Two the remaining steps of
the basic method will be presented, beginning with the distdbution of em
ployment by occupations within sectors for the targbt year and the base year.
The distribution of employment by occupations for the base year is generally
taken from census data, as in the Chilean case to follow. Unit Two will
eXlJlain methods [or distributing employment by occupations within sectors,
and for relating education attainment lev<.:l3 to occupations.

To summarize the steps:

- The firsL stefl of the basic method projected employment by
sectors of a national economy.

The remaining steps are:

- Employment i O:"rihuted by occupation!! within tht: sectol's for
the target year.

- Educational attainment is rdated to nccupationc for the tu! grt
year. This yields the f!ducptional n:C!"; 'cm":;, ;,..~ thl: t!1rget
year.

- The outflow of educated worke!'s from the buse,y";"i qtu;:~ IS
estimated [or the period from base year to target year, (Thill
outflow is caused by death and retir"ement of \":orkers during the
projection period. In some areas, emigration is a major cause of
outflow.)

- The base-year stock, minus the outflow, is subtracted from the
target-year projection of requirements to :vield the numbel of
educated workers required during the period.

- The supply of educated and trained workers entering the work
force during the period is projected and compared with the num
bers of educated workers required (step 5). The deficit or surplus
can be used as a target to plan education and munpowerdevell.1r·
ment programs according to the so-called demand of the econumy.

1.1 The Objectives of Unit Two

The objectives of Unit Two are:

- To understand the details of the remaininll' steps of the basic
method; to be able to descri be the tables yielded in steps 1 through
6 and eXlJlain the purpose of the steps.



- To be able to describe the common data sources ane methods used
in the steps.

- To be able to niscuss shortcomings of of 'the method,
- To be able to describe the uses of the results of the method.

Instructional Note: Units One, Two and Three should be illustrated with the
Chile and Dominican case. The instructional units and the cases were des
igned to support each other,

".
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2.0 Distribution ofEmployment by Occupations Within. Sectors (Step 2)

StP.p 2 of the basic method distributes the employment (projected in step 1)
by occupations within sectors. The base-year distribution of employment by
occupations within sectors is provided by C<lnsus tables supplemented by
survey and specific sectoral or industry employment data. This distribution
is used as a guide for distributing employment by occupations in the target
year. However, over the years of the projection, the occupational distribution
will change. The task is to analyze the factors which will affect this occupa
tional distribution and to make assum~tioTlsus to how it will change, There
will always be growth in occupations requiring more education and training,
but the challenge is to develop a systematic method for projecting these
changes. The basic method is systemati<-, but it is not free of subjectivity. TIle
changes are based on the analyst's judgment. The issup., then, as in any
projection method, is how adequate are the assumptioru; on which these
changes are based. In the Chilean case the statement is made: "The 1970
distribution is a modification of the 1960 pattern, based upon international
comparative information from countries more economically advanced than
Chile." In Chile, occupational distributions were based on those found in
European l'ountrics, and the assumption is that Chile will follow the Euro
pean experience closely enough so that tr.e pr'Jjections will serve. This com
parative assumption will be discussed. It is often used and mis-used.

2,1 Setting Occupational Distrib:!tion

In step ~, the percentage ofworkers in each occupation within each sector is
set for the future year, This setting is based on exp(~rienCf? opinion, and
percentage diRtributions in the work forces of other countries. The simplest
procedure is to assume that these same base-year percentages will hold in the
target year. Usually, however, th2 planner takes into II.4'count the growth
projected for the different sectors and industries from base to tnrget year, the
expectations of changes of inputs in labor and cal'ital, and the experience of
other countries, in order to get a reasonable distributivn for the target year,
The planner may also take into account the change in occupational structure
in past years in the country and its influence on output, The major guidelines
come from expected growth in certain key sectors, all assumed or projected in
the over-all plan, If growth is planned for the manufacturing industry, the
percentages of professionals (0), administrators (1), artisan-craftamen (7),
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and operators (8) might be raiset: in the manufacturing sector. How much
would they be raised? There is no analytic answer to this, It would depend on
how hiJh the existing percentages are foY' the country in the base year, and
how high they are in other countries that have similar outputs or industrial
structures, It is sometimes possible to select a more developed country and to
move the percentages up toward this target.

Distributions of percentages in occupations have been published for.vari
ous countries, Parnes (1963) has summarized some of these in his appendix
tables, OECD, Occupational and Educational Structures of the Labor Force
and Levels of Economic Development (1970) is another source of guidance.
Also the study by Horowitz, Zymelman, and Herrnstadt. Mar.;>()u~r Re
quirements for Planning, Statistical Tables (1966) is usefu!, f;',:~ Zymelman's
"Productivity, Skills and Education in Manufacturinq- Inrh:et"ies" (in Plan
ning for Advanced Skills and Techrwlogies, Unit..d Nat.io::s, New York,
1969). These sources can also providE' the basis for sE'ttin~ educational at
tainment levels by occupations, which is the next s' .:p ·)f the Basic MethNl.

In step 2, as in step 1, it is important to realize that the upgrading of
occupational percentages for the target }'ear r:lay ..il'pend on a series of
assumptions and guesses which are systematizeu in the projection.

Step 2 is completed by multiplying the occupational pp.rcentages set for the
target year by the employment projected in step 1. A few cells from Table 9.1
will suffice a!" an example. This part of the step is purely mechanical. The'
setting of the percer.tage distribution requires experience, judgement, and
sometimes luck.

Table 9.1

Number in a Given Sector, by Occupation, in Target Year n

" \

..
, i
"

...•..~.'
."; .

:,'1

Total employment
Ilccuoat1cn 1n sector, year n

2M,OhM
o Profess1onals

I Managers /Admin.

ToU;

~O) x ?OO,OOO· f,ntil)

Occup~tlcn I, No. 1n sector/occupat1on
1n ye~r " yearn

) 6,OOOa

1 4,000

100

Occupational totals can then be summed for sectors, and the result is a
table showing the number9 of workers in each occupation for the target year.
Tables 10.3 and 10.4 in the Chilean case, given in the next chapter, show this
step. In Table 10.3 the occupational distribution for the target year is set. In
Table 10.4 the occupational percentages are multiplied by employment pro
jected for the sector in step 1, and the result shows the number of workers in
oach occupation for the varioue sectors.

As in any projection exercise, alternative occupational settings may be
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hypothesized. This will yield alternative projection series. For exampk. one
projection might show occupational distributions ~nchangedfrom base fear
to target year; and a second projection may assume a large increase in
occupations requiring more education and training. The :esulting pro
jections of manpower requirements will be l'ubstantially affected, and the
policy maker who uses the re3ults has o~y the reasonablemess of the as
sumptions which underlie the projection as a basis for judging which alterna
tive is better. This is also true of population projections.

~.O Educational Requireme'lts of the Workforce

The aim in this step is to estimate the eGucational requirements of the
workforce in the target year. Educational classifications are arbitrary. The
ca\.egories and groupir.gs will depend on the planner's interest, the school
system, and available data. The educational classification system uS<?d in
Table 9.? was based on the school system in the Chilean case.

3.1 Distribution of Education by Occupations (Step 3)

The educational attainment percentages for the target year are then set for
the various occupations. Again, this is an operat;on without hard and fast
rules. The general strategy may be to raise university and college attaiu
ments in the first two occupational categories, and to raise technical
secondary school training attainments for craftsmen and operators. For
example, ifthe professional group having university level preparation in the
base year is 65 percent, the strategy might be to raise this to 90 percent for the
target year. This is a substantial raise and will create a large demand on the
educational system, inasmuch as the professional workf'lrce in the target
y ~ar will 'Je a much larger base number on which to levy the i ~crease. Thi~ is
so becau'le the total population, including t~e workforce, will almost cer
tainly bl; growing during the plan period, and ne percentage ofprofessionals
in the work force will have bC'en raised in ste? 2.

The same sources used for gu:din~ the sfaing of occupational distribu
tions, which were cited in the previous step, can also be used for setting
educational attainment levels by occupation'> (see OECD, Occupational and
Educational Structures of the Labour Force, and United Nations, Planning
for Advanced Skills and Technologies). Great c:,rc must be exercised in
choosing comparative models. Educational attainment levels in the occupa
tions may differ by countries. One reason is that educational attainment
measured in years completed may not mean the same thing in different
countries. There is no standard educational attainment unit, although years
completed is m.:>st often used. The measurement of true product in an educa
tional system is a complex process as stlldies of edu<.ational effects demon
strate (Chapter 2), Learning outcomes may only he a8l!essed by massive
achievement testing, as in the International Evaluation of Educational
Achievement (lEA Surveys, see Purves and Levine, 1975). Standards for
comparisons of outcomes are difficult to apply acrol!8 systems, inasmuch as
the objectives may be quite different. The route to occupational efficiency
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Table 9.2

Educational Attainment by Occupation in Target Year n

1III I

?

Occupation

Col. 1 Col. 2 Col. J Col. 4 Col. 5 Col. 6 Col. 7 Col. B Col. 9

Total Un hers ity Fint degree Sub-pro- Tech. Secondlry lC*er Prl... ry lIterlcy
graduate level unher- fesslonal cOlllPlete general nonnal cOl!lCllete rade
studi es sity (17 yn./ (15 yrs.) (12 yrs.) cOlllplete (6) 4-6)
complete professional and (12 yrs.)
(19 vrs.) higher nonnal

Note: Educatlonll levels Ny be grouped In vlrlous ..Iys. The :..oSIs Is arbitrary. Here the groups Ire
Col. 2 Includes 111 who finish through 19th grlde.
Col. J Includes 111 who finish 17th through 19th grade.
Col. 4 Incllides 111 who finish 15th orlde sub-profuslonal.
Col. 5 Incl:l4eS 111 who ftnish only 12th "'Irlde technicil trlln'ng plus the proportion of those who finish this trick

Ind Ittend higher educltlon (Both sub-professfonll and p'"'Ifesslonll. I.e. lines 3 Ind 4).
Col. 6 Incluc!es III those whl) finish or,ly 12t~grlde generll prep"ratlon plus thoSf who go on ~o higher education from

this trick. (Because schools must produce graouates who tll'l'llnlte It Il Ind gradultes ~~o continue on.)
Col. 7 Includes 111 those whe flnlsn only 12th~rlde lower normal plus that prJoortlon from this trick ..ho go on to

higher .duCltlcn.
Col. B Includes 111 th05t who finish prfllllry, plus thos. "ho finiSh grad.s 7 up to 12 (In th. Sec~/l',ary trlcU) phs

th. totlls of S, 6, Inll 7.
Col. 9 Includes 8. phs those ""0 finish .It least 4 grlde~ but less than a complete 6 yelrs of p"lllllry.

O. Professional/science
No.
:

1. Aanlnlstrathe/managers
No.
S

2. Clerical
No.
S

7. Artisans \
No.
S I

8. Operltors
No.
S i

I'

I,
I I
! .

,"

1

i
1
I
I

Includes
those
who fin
ish 12th
grade
~
--prus
those ..ho
finish
12th
grade Ind
go on to
col· 2.
3. and 4 I
groups

j

I I"

Include~ I Includes
those wh~ those who

finish 1finishprll1!ry It lelSt
plus 4 grldes

thOse ..h plus
go on to col. B
cols. group
5. 6 Ind

7 groups I
,
I
I
I

I' ,

~
::l
'tl
o
E:
S.c::
:!.....
~
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00
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may be quite different in different countries. One country may "'equire much
more formal education for a comparable occupation.

3.2 Estimating Education-Occupation Distributions

Al ternate education-occupational settings may be used fvr the target year.
In one set, the educational attainment coefficients of the base year may be
maintained into the target year. Even when the coefficients are unchanged,
the target-year requirements will be larger absolutely, because employment
in higher occupations increases. Sets of educational attainment coefficients
can be applied to yield different sets of altern::.tive projections. Before coeffi
cients are raised to some very high level, the consequences ofthis assumed
"demand" on educational output must be checked against the capacity and
likely revenues .lvailable for expanding the educational and training
facilities. Demand and supply lJrojeetions need not be independent. One can
be used to check the other. Nute also that projected manpower requirements
are not really demand forecasts, since market effects may be omitted; but the
term demand is used.

The final opel"ltion in step 3 would appear as in Table 9.3, which is not a
final demand table because no allowance has yet been made for wastage or
in-migration of educated and trained people.

Step 3 yields the target-year estimate of educated people required in the
workforce. This comes from summing each educational level down the list of
occupations. In the case of alternative hypotheses, there will be different
totals for each educational level according to the alternative settings of the
attainment coefficients that is chosen.

4.0 A Note on Alternative Steps in Applying the Basic Manpower Require
ments

Method

Beyond step 3, there are alternative ways ofarriving ata final demand and
supply estimate for educated manpower:

- Reduce the base-year stock of educated workers by applying
wastage rates. Wastage is loss from rieath and retirement over
the years of the forecast. The original stock, reduced by wastage.
would then be added to the new supply coming in from
educational/training programs during the years of the forecast,
and the result subtracted from projected requirements to esti
mate the final deficits and surpluses. This is essentially the
procedure followed in the Dominican man~wer case. This pro
cess was modeled in Figure 1.3, Chapter 1. The second alternative
is equivaltmt.

- Alternatively, the planner can project the output ofeducation and
training institutions over the plan years, compare this to the
projected requirements, and then add in additional requirements
to allow for wastage from the original stocK. There will also be
some loss among new graduates who enter 8S workers over the
course of the plan. This is the method followed in t.hia h •• t ; n --' it

__ i~ ~;W'l;!"H·-t&-~ Chiic caRe.
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Table 9.3

Educational Attainment by Occupation in Target Year (n)

..:t-
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0
Ei
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C

Unlv. grad. FIrst degree level Sub-professlonal. ..... lfter.cy
studies (","plete (19 yrs.l unIversity (17 yrs.l 15 yrs. grade 4-6

Occupa t Ion

nYD. I NYO J.' r1Y~. 1 HVD. II HVD. I Hyp. II HVD. I HID. II Tnhl<

o Professionals 5,ooOa 7,OOOb
(Total' 100,000

1 Administrators

7 Arti sans

8 Operatars

Tot.l~

a.05 x 100.000

b.07 x 100.000

cHyP • I • Hyp. II • 100,01'0

'\typo I , I!yp. II
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. The Puraguay manpowel" study, run as part of the overall project which
produced these volumes on planning, was only a projection of manpower
requirements. This projection was not compared to the supply ofeducational
and training institutions in order to calculate a final deficit or surplu3
estimate. (A. Daniere and R. Davis, Paper 79 of USAIDlHarvard Planning
Project, Cambridge, Mass., 1979).

..

•

5.0 Outflow from Workforce Stocks (Step 4)

In step 4 we will estimate outflows (loss) frCJm the workforce and add these
to the requirements in the target year. To the workforce stock in the ba~e

year, we apply death and retirement, or wastage rates, over the plan years.
The most direct route is to calculate wastage rates for groups classified by
educational attainment levels, but usually it is necessary to work through
occupations and then education levels. The outflow rate is made of two main
components: death rate and retirement. <For areas within countries, emigra
tion affects outflow, and this must be used to modify outflow rates. Transfers
from one occupation to anotb.er also occur.)

Worker death and retirement rates differ by age. To apply these age
specific rates. the workforce in the base year must be broken down by worker
age groups (15-19,20-24, etc.>. Because the outflow rates will be different for
occupations, depending on base-year age structure and work life, the work
force in the base year may be cross-classified by occupations and age groups.
The outflow rates that will prevail during the plan years are estimated and
applied in five-year steps, as in life table methods shown in Chapter 4.

The procedure is sketched in Table 9.4 During each five-year plan period. a
certain number in the occupation leave through death or retirement, WI' W2 •

etc. These numbers are summed over the plan period. Outflow by occupations
can be converted to outflow by education levels, using the educational at
tainment coefficients.

If the period between x and target year n is 10 years or more, it may be
necessary to apply wastage rates to the new entrants to the workforce during
these years. En~rance rates are first applied to the age groups. Then a
wastage rate is applied and the result subtracted. This wastage is often
ignored unless the plan period is very long. In Venezuela and Chile, de
mographers have constructed life tables for the economically active popula
tion. The t.ables appear in standard life-table fermat; but both mortality and
retirement rates are applied to reduce the original cohort.

••

6.0 Aggregating Requirements by Education Levels <Step Five)

Table 9.5 shows the requirements by occupations for each education level.
The requirements for target-year education by occupation levels were taken
from step 3; outflow is added from step 4; and step 5 is simple arithmetic. The
number in the stock in the base year is subtracted from the requirements
projected in the target year. To this difference is added the outflow over the
int'l!r_"e_n~ngl'E!llrsJcl!!cul~J~d~or~.!!Q!l~ti!!1o~nl!!R~w~I!!·t!!h!]inrL!tnh.e.p-!p(l~n~t':!!"!:t;!£nl!:"Ll!fP~v~..~lQ!.ll -:"':-,----------
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Table 9.4

Application ofOut/low Rates to an Age-stratified Occupational Group (Base
Year x to Target Year n)

Occupation: o Professional

Age Stock.a Outflow ratel1
group x x to X + 5

30-34 3,000 0.02B2

35-39 5,000 0.C375

40-44 6.000 0.0625

45-49 7,000 0.0915

Ou~flow

X to X + 5

B5c

IBB

Stock. Stock,
x + 5 ..

2915d

4812
Note

Repeat process frOlll
X + 5 to X • 10.
X + 10 to x + 15,
until y!lr n is
reached.

Note: The outflcv by occupation un b! convert!d t" "u:Ige by educatl~nal Ittalm.ent le~e1s beCIUS! the
!duCitlonll Ittil.-nt for th! occupatio" Is knOY' In yur x· Et

o

~
?i
(;)

E;

9-
~
~

0.50BI

0.6429

500

• 120

70-74

~:~1 I I ~ wI a I w2
wtflllW$!rlod I. Total Period 2, Total

Iflctltlous

bfr.. IOOrk fore! life tabl!
cO•0282 x 3000
d3000 _ 85
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Table 9.5

Demand for Education and Training

Educat10nal level: Un1versity Graduates
Stud1es Completed (19 years)

o Profess1onal 10.000 20,000 10.000
1 Admfnfstrators

.~

I11.500

Total educatl0,'al
requfrements
• to n

, ,500

Outflow
• to n

OffferenceOccupat1on

... Total s

....

and the final total is the requirementM or demand for workers at given
education levels, shown in Table 9.5.

Step 5 ends the demand, or reljUiremeI,ts projection. These estimates may
then be ~sed .is targets for the educaUon-training system. The output c.f the
education-t",;ninl{ system, or supply, can be compared to this demand
estimate.

7.0 Comparison vf Supply with Dema,ld

TG compare tile requirements, or demand, with the supply or output of
educational and training institutions, requires a projection of the output of
the education/training system. Supply is projected by applying enrollment
flow models to the education and training system. These methods were dealt
with il' Chapters 15 5 on enrollment forecasting. Here we will simply note that
the projected output, or supply, of the system is compared to the projected
requirements to yield an estimate of deficits or surpluses in the supply of
educated or trained people.

8.0 Additional Note: Steps .z through 6 of Basic Method os Applied in the
Chilean Case

Steps 2 through 5 of the basic method may be traced through the tables of
the Chilean Case. Table 10.3 in the Chilean C:lse sl.~ws t!le occupational
distributions within sectors for the base year and l!l(> I~rget year (1970).
Table lOA in the Chilean case shows the result of multiplying the occupa
tional percentages by the sectoral employment for~cast in Step One. Table
10.5 shows the educational attainment levels in absol:.:tc> "('lumbers and per
centages by occupn:I,ms in the base year 1960. Table Hi.G shows the 8!~sumed

upgrading of these attainment coefficients \\ ithin OCCI~,()Jtions for the target
year 1970. Table 10.7 multiplies the upgraded educational attainment coeffi
cients by occupational employment to yield th~ et:ucation/occupation re
quirements for the target year. This yields two ;>rojections: Hypothesis 0
maintains the same occupational attainment coefficients as 1960.

<"
;j.,
;';

"
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Hypothesis I uses moderately upgraded coefficients from Table 10.6.
Table 10.8 subtracts the 1960 stock of educated workers from the 1970

projected reqcirements. When the requirements for replncing wastage are
added in, the result re,":'l"esents the total manpower required. Any forecast
using the Basic Method would then project the supply of the education and
training system, compare it with the net requirements from Table 10.8 and
estimate the surpluses and deficits of educated workers. TIc final summary
of educational demand is Table 10.9 of the Chilean case. The final demand!
supply comparison is in Table 10.10.

This final supply projection was not done in the conventional way in Chile
because of weaknesses in the enrollment and enrollment flow statistics. This
is shown in Table 10.10 (numbered 10 as in the next chapter). Here it must be
emphasized that the projection of supply which yielded the numbers in the
second column was very crude indeed, and not recommended except when
there is no alternative, as in the Chilean case. Whatever the adequacy of the
supply projection. the final comparison is the same, and it is a matter of
simple arithmetic, as Ta~le 10.10 illustrates.

Table 10.10 (from Chilean Case)

Comparison ofEconomic Demand and Educational Supply in Chilean
Manpower Forecast

Number Completing, 1960-1970
Econom~c Total b 01 fference
dem~nd ~upply (demand-sl,nnlv)

18 Grades (Unlv) 12.213 6.44n + 5,773 (deficit)

17 Grades (Unl v) 38,643 25. 9~\.' + 12,723

12 Grades 117.952 181,570 - 63,618
(All Sec)

6 Grades 497.539 1,053,440 - 555,901

a From Table 10.8.
b 1962 Craduate multlpl ied by 10 (note problems in thfs1method)
cAll Secondary excent Feminine Technical

The deficit at university level Is so large as to suggest that the

assumptions we Introduced for upgrading the occupational composition and

9.0 A Note on the Narrowness of Manpower Requirements Approaches

Here we should also note that these differences between projected re
quirements and projected'3upply are deficits or surpluses only under the
narrowest interpretation of manpower planning applied to educational sys
tems planning. The educational systems of all countries serve broader goals
than merely to supply educated and trained manpower to the workforce.
Education must also serve cultural, social, and political ends, and satisfy the
needs of both the individ~~l_and society. -=:U~n:d::e.:..r~t:h:e~n:a:rro=w=-:a:.!p:!:p::ro:::l1:::c::h:.....to=-- +- ~
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manpower requirements planning outlined here, these broader aims are not
dealt with explicitly. Educational planning methods for denling with these
broad issues are discussed in Volume I. In manpower requirements analysis,
the planner narrows his view to deal with people almost as a caricature. He
does this for a specific and narrow purpose which is sometimes useful and
harmless as long as we keep in mind the narrowness of the focus and the
caricature of humans as mere numbers of workers.

J.
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READING 9.1

National Industry-Occupational
Matrix *

•

,

-...,---------

I

Background

The Bureau ofLabor Statistics has
developed a comprehensive set of
data on the occupational employ
ment composition of all industry
sectors in the economy. Presently,
industry-occupational rr.atrices are
available for 1970, 1974, and 1985.
These data are set up to form a ma
trix or table showing estimated em
ployment in specific occupations,
plus groupings of occupations,
cross-classified by industry sector.
Thus, the occupational pat.tern of
each industry sector is shown, i.e.,
the proportion of each occupation to
total employment in an industry.
Looked at another way, the tabula
tion shows how total employment in
an occupation is distributed by
industry.

In recent years, a strong interest.
has developed in determining occu
pational needs for many purposes,
including training new workers, re
training workers displace by auto
mation, and providing state and
sub-state occupational information
to high school counselors, employ
ment counselors, students, and other
persons making career decisions.
The Industry-Occupational Matrix
provides a systematic approach to
developing the desired information.

Sources ofData

Data for the Industry-Gccu-

pational Matrices are brought to
gether from a wide variety of
sources. A major source for the de
velopment ofthe 1970 matrix was the
Occupation by Industry report from
the 1970 Census of Population. The
Current Population Survey (CPS) is
the source for data on total employ
ment, employment for broad occupa
tional groups, and for a few large,
specific occupations. Other sources of
occupational employment data in
cluded the Bureau of Labor Statis
tics' annual surveys of occupational
wage rates in metropolitan areas and
selected industries; regulatory
agency statistics on employment by
occupation in the telephone, rail
road, and air transportation indus
tries; u.S. Civil Service Commission
statistics on employment by occupa
tion in the federal government;
statistics on selected professional oc
cupations based on licensing data
and membership records of profes
sional societies; and surveys of em
ployers by the Bureau and other
agencies to obtain estimates of em
ployment in a limited number of
highly important occupations such
as scientists, engineers, teachers,
and police officers.

Specific estimates from sources
other than the Census wore inrorpo
rated into the cells of the matrix; the
remaining details in the matrix were
derived by forcing 1970 ropulation
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census cstimates for detailed reUs
(published in Occupation by Indus
try) into agreement with control to
tals for occupational groups and in
dustries from sources other than the
Census. The occupational control to
tals were average annual employ
ment by occuDational group taken
from the CPS. Most of the industry
employment totals were bascd on
BLS estimates ofpriv:.~e wage- and
salary-workers a<ljusted to inc!"dc
the self-employed, unpaid family
workers, and government workers,
and to exclude the secondary jobs of
dual job holders. Total employment
in agriculture and private house
holds was based on CPS estimates.
The adjustments of the matrix to
consistency with CPS estimates of
total employment and industry em
ployment estimates, derived as de
scribed above, brings the matrix for
1970 into agreement with data used
as the basis for the Bureau's projec
tions of total employment and occu
pational employmcnt by industry.
The Bureau's occupational projec
tions are reflected in, and developed
in part through, matrix techniques.
(See section on analysis and uses.)
The 1985 matrix was developed by
examining a variety of historical
statistics on the changing occupa
tional structure of industries, includ
ing data from the 1950, 1960, and
1970 Censuses, and evaluating the
factors likely to influence changes in
the future, such as expected new
technology, changcs in product mix,
and the general organization of
industries.

The 1970 matrix provided the base
for the 1974 and 1985 matrices.
Where available, occupational data
from other sources, such as those
cited above, were incorporated into

the updated matrices as fixed cells.
For the remaining cells, first approx
imations of the occupational pat
terns for 1974 were made by inter
polating between the patterns of the
1970 and the 1985 matrices. The re
sulting patterns (in mining and
manufacturing) were then brought
into consistency with data on produc
tion worker trends available from
the Bureau's Current "Employment
Statistics program. Thp patterns
were then applied to individual in
dustry employment controls and
summed to arrive at occupational to
tals. These occupational control to
tals were then compared to dat.a from
the CPS and other sources 0'" infor
mation. When necessary, certain oc
cupations (except for fixed cells) were
then forced on a prorated basis to
predetermined occupational control
levels. This iterative forcing proce
dure was repeated until the internal
matrix cells were consistent with
both the industry and the occupa
tional controls. Thus, both the 1974
and the 1985 industry-occupational
matrices were consistent with (a) na
tional employment by industry, (b)
broad occupational employment
levels from the CPS, (c) trends in
production (and nonproduction)
worker employment by industry, (d)
anticipated trends in occupational
structure within industries, and (e)
reliable estimates ofdetailed occupa
tional employment available from
the CPS and other sources.

Analysis

A basic objective of the project is to
have available a comprehensive set
of data on national industry
occupational relationships that can
be used in projecting employment

1
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requirements by occupation. Al
though statistics on employment by
occupation aloe relatively thin, par
ticularly between decennial cen
suses, there is a great deal of infor
mation on total employment in de
tailed industries. Each industry uses
a unique combination of occupa
tional skills, together with other fac
tors of production, in its efforts to
achieve lea~t cost for its output. Oc
cupational patterns may be
markedly different from one indus
try to another. For example, em
ployment in the insurance industry
is primarily of white collar workers
such as insurance agents, clerical
workers, actuaries, and others. In
contrast, the workforce in restau
rants is largely made up of food ser
vice workers, cocks, &nd owner
managers. Over periods of 5 years or
less, the occupational structure of
many industries remains relatively
stable. Consequently, if good infor
mation is available on the occupa
tional composition of individual in
dustries for a base period, it can be
used together with the available
statistiCS ('" cha!lging employment
in each j,,-,'-Il.lstry u, develop estimates
ofcurrent employment by occupation
for later perio.ls. Further, if projec
tions of output and employment are
available by industry, the base
period occupational ratios applied to
the industry employment projections
will yield initial estimates of em
ployment requirements by occupa
tion for future periods.

Although the occupational pat
terns of many industries ure rela
tively stable over periods ofless than
5 years, it is clear that occupational
patterns change with the advance of
technology and changes in the sup
ply of workers in each occupation.

" \ (
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Hence, information on how technol
o~ and labor supply are changing
th~ (1~cupati(lnalpatter;n in each in
dustry is used to modify the initial
estimates. This improve::! the esti
mates of current employment by oc
cupation and of future employment
requirements by occupation de
veloped by applying base-period
industry-occupational ratios to in
dustry employment estimates.
Changing technology and other fac
tors that affect skill requirements
are constantly being studied to esti
mate the future occupational struc
ture of each matrix industry.

·Source: Burel1u of Labor Statistics,
Handbook of Methods, B.....lletin 1910
(1976), p. 53-54.

I
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READING 9.2

Technowgical Change *
.w:.

..

Reviews of Technological Trends in
Mqjor Industries

To provid<l a broad overview ofsig
nificant trends in the economy, the
Bureau pre;-ltll-es a summary report
applying to key industries on new
types of m:lchinery, processes and
products whir:h are beJ:eved likely to
have an important efl~ct over the
next 5 to 10 years. The industries
covered compose a cross section ofthe
economy and include those where
the pace may be slow, as well as those
where change is rapid. The first ver·
sion of this report, entitled
Technological Trends in 36 Major
American Industries, was issued by
the President's Advisory ':ommittee
on Labor-Management ~olicy in
1964. A revised edition overed 40
!..,r111~tries .

While BLS studies have been ~1)n

ccrned with developments in "auto
mation," particularly in anticipating
long-term trends in the future, they
are not the only technological
changes taking place that affect
labor requirements and industrial
relations. For example, new ways of
generating power, piggybacking in
transportation, usc of synthetic m.'
terials in manufacturing, mech
anized methods of materials han
dling, and faster steelmaking pro
cesses are important technologi
cal developments, not usually cov
ered by technical definitions of "au
tomation," but having significant
manpower implications.

'I ~

;,;~

....-

q.

Impact on Productivity
Definition of Technological Change

Since one of the principal conse-
Technological change is defined nuences of technolo;gical change, so

broadly in the BLS studies, as en- lilr a:i manpower utilization is con
compassing significant changes in t>:lr:led, is an incr,ease in produc
processes and equipment, produds tivity - i.e., output per employee-
and services produced, and mate- hour - special attention is giv
rials, fuels, and energy used. The en in BLS studiE!s to analyzing
term "automation," which is some- changes in industrial productivity.
times popularly used as a synonym Such trend analygis is n useful
for "technological change," des- method of measuring the Pflce of
ignates, strictly speaking, a particu- technological change. Chanp,'es in 1
lar type of current development. It productivity, howe-vcr, also 'reflect {
has been variously d<!fined, for chanies in capacity, utilization and ~._,----,-_.
example, as "automatic operation," manyothernontecbnical factors; itis i ...----"
"the mechanization of sensory, con- important to I'f~c',,&"llize that the pro- ,
trol and thought processes," and "a ductivi ty trend iz only a partial mea- i
concern with production processes as sure of the rate of technolclri\:lll ~

., Ql",tcm " .-.-:------i€~k!!i&r;;f..,i:!Wi@'e·;---------..::.------___ilf,.-.----~.-."-:_"""':-"-~"-:-c"",~';f;i~
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In determining the impact ofa spe
cific technology, BLS studies try to
indicate the reduction in unit labor
requirements that the new processes
are designed to achieve. In some
cases, estimates of labor savings are
derived on the basis of comparisons
with the estimated average technol
ogy of the industry under study; in
others, with the best equipment that
is available; or in actual plant
studies, with the technology that is
actually displaced.

It is also important to distinguish
between the impact on productivity
of the operation directly affected and
on productivity of the plant as a
whole. An advanced machine tool,
for example, may result in a rela
tively large reduction in unit labor
requirements in the machining op
eration, but would have little impact
on finishing, and assembling, and
may even require additional labor in
engineering and maintenance work.
The impact on plant productivity,
therefore, would be considerably less
than the effect on productivi ty of any
department or operation directly
affected.

Impact on Emp[oy,-;,ei'f

In assessing the impact of
technological change on employ
ment, it is necessary to consider the
implications 01 plant manpower
policies and the effects of economic
changes with which technical
changes interact. Analysis of the im
pact of technological change purely
in terms of machinery is incomplete.

At the plant level, for example, the
substitution of machinery for labor
may substantially reduce job oppt'r
tunit.icR in operations directly af·
fected. If etforts are made, however,

--------------- ~--~~--~-~-

to eliminate these jobs by not filling
vacancies created by quits, deaths,
and retirement of employees, or by
transfer of affected workers to other
positions in the plant or office, labor
savings could be achieved without
displacing the workers affected from
the plant.

Moreover, the employment impact
of technical change is also interre
lated with the effects of the business
cycle. Thus, workers whose jobs are
aliminated by technical changes may
not be displaced from a plant until a
decline in demand results in
layoffs-a long ti~r.e after the change
has been made in some cases. In the
subsequent recovery, however, they
may not be hired back because their
jobs no longer exist.

Since many changes ex~; £ their ef
fects on employment through the
competitive market, the employ
ment trend for the industry as a
whole must also be examined. The
plant which reduces its unit costs
through technological improvement
may be able to gain a h'rger share of
the markr.:t and increase its employ
ment, bllt at the expense of the less
technicnlly advanced competing
plants, which may be forced to shut
down, dit::placing workers far from
the location of the change.

Because of the whole complex of
economic factors that operate
through the market, including
changes in demand, location, foreign
competition, merger, and consumer
taste, it is very difficult to isolate the
expanding and displacing effects of
technological change.

Impact on Occupations

'!\vo aspects of occupational
change resulting from technological

:.I

L
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chlinges are examined. Changes in
job structure-the distribution ofthe
plant or office workforce by function
or bread skill-grouping·-are studied
to determine the c.'dent of upgrading
or downgrading. Since the cont<>:lt of
jobs may be altered as a re.;ult of
changes in equipment or plUceSseS,
attention also is directed to intensive
before-and-after analysis of job
duties and the knowledge .::.~.d

abilities required to perform these
duties as indicated by job descrip
tions and observation. The content of
newly created jobs, such as pro
grammer, also is studied.

"'Source: Bureau of Labor Statistics,
Handbook ofMethods, Bulletin 1910
(1976), p. 235-236.
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CHAPTER 10

Manpower Planning: A Case Study of
the Basic Method

1.0 The Chile Manpower Planning Case

This case, which describes manpower planning in Chile, was selected
because it is almost a classic illustration of the basic methodology of macro
level manpower planning. As such, it exemplifi\?s the limitations of the basic
method. It also demonstrates the fact that despite the limitations of the
method, policy and decision makers in deveioping countries request such
work from visiting analysts. In the Chilean case, nrequest" is perhaps too
weak a word; "demand" might be more accurate. In preliminary discussions
in Chile, the team of visiting specialists, after explaining the limitations of
quick and general manpower analysis to Chilean officials, were told-nDo
the work, and let us judge how useful the results are." The reasons given by
ifficials for wanting the manpower analysis, whatever its limitations, were
these:

- Chilean planners wanted a general manpower requirements
framework within which to place several studies of requirements
for specific occupations (for example, the engineering fields) and
sectors (mining). Though separate studies had been done, it was
difficult to relate them. The planners wanted a general
framework for relating the various economic forecasts.

- They wanted a general manpower accounting framework for
monitoring the current development plan.

- They wished some very general estimates of deficits and
surpluses for various education types and levell., as a general
guideline for the educational reform that they were planning.

The visiting specialists decided to go ahead and do the best they could
under the circumstances. The work was carried out in Santiago, Chile, in
June 1964. The favorable circumstan<:es were that there had been a recent
census (1960) of the workforce, and these basic data could be made available
in special runs of the census results. AdditionalIy, officials furnished fulI
cooperation and support because they wanted the work. The visiting team
members were experienced analysts and planners; their Chilean counter
parts were competent economists and planners, and the working relation
ships were excellent. The disadvantages were that the tusk had to be com
pleted in less than a month of full-time work; only one of the visiting team
was fluent in Spanish; and the enrollment data for the education training
system were wholly inadequate for running systematic projections ofsupply.
In the attempts to project the educational supply ofstudents, the Chilean case

.~
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is weak, but because this study revealed this lack of data, Chil ~an planners
later improved enrollment and enrolIment flow data for t:le education
system.

The events described in the case took place in 1964, almost 15 years beforl'
the preparation of this case. This means the work is outdated; but a comJ.-.)fl
sating advantage is that time has passed and the projections have beer
compared with subsequent events. In spite of the haste with which the work
was done, and the limitations ofthe data, the projections stood up remarkably
well. This doe,,; not mean the work was good, but merely that the future
actually turned out to be similar to the future that was forecast. Moreover,
though these are the methods of 15 years ago, the methodology has not
improved all that dramatically. Manpower planning techniques still have
weaknesses, and the results depend greatly on judgments and hunches of
experienced and skilled analysts. The work was done under the direction of
W. Platt, assisted by A.M. LoeL ilnd RG. Davis. It is described in a mono
graph: William J. Platt, AI 1\:':. Loeb, and Russell G. Davis, Manpower
and Educational Plnnr.ing in Chile, Chile-California Program, Vol. 1, San
tiago, 1964. Sections Lorn this monograph have been used directly in this
case.

1.1 Introduction

(Taken directly from report of Platt, Loeb, and Davis 1964).
On April 23, 1964, the Director of the Bureau of the Budget of the Govern

ment of Chile and the Director of USAID/Chile agreed that the Chile
California Program would provide technical services to accomplish the fi)l
lowing purposes:

... to evaluate existing activities in human resources planning; to
recommend possible new orientations, studies and methods that can
be useful for the projected objectives of manpower planning in rela
tion to development plan goals; and to recommend institutional
arrangements for the colIection of human resource data and for its
utilization as a basis for policy and planni<lg decisions generally,
and specifically in educational planning, especially at the secondary
and higher training level, including, most importantly, vocational,
technical and professional training of importance to the develop
ment process.

We adopt here a broad definition of "human resources planning." We take
the term to include: (1) piannmg that will help Chileans to develop them
selves and their country; and (2) planning for the institutions that help
allocate proficiencies and skills in such a manner that people are performing
as near to their fulI potential a3 possible. Within this definition we are
concerned for planning that '11iJ1 not only assist the formal education system,
but will also help all the f.~rmaland informal upgrading of abilities that goes
on in training programs and on the job.

We have concentrated on the economic requirements for education and
training. We recognize that social and political requirements are as impor·

f,
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tant as economic requirements, but we interpreted out terms of reference to
emphasize the economic needs. Chile must, ofcourse, make policy choices and
establish budgets in education that take direct account of social, political,
and cultural requirements. We offer the following suggestions only in the
hope that they may help clarify some of the connectior..s between education
and training policies and economic requirements.

1.2 Method ofApproach and Organization of the Report

Our approach was determined primarily by three factors: (1) the limited
time at Ollr disposal, (2) the priorities expressed by Chilean officials upon our
arrival, and (3) the availability ofdata and previous analyses. 01 the second
count, in our initial meeting, the Director of Planning and his Deputy agreed
that the most seriOl~s deficiency in human resources planning in Chile was
the need for an immediate or early approximation of the economy's future
demands upon the educational system. They agreed that they would like this
demand to be expressed in the output of graduates by type and level of
education. Our own assessment corroborated their opinion that this defi
ciency was a serious one. In view of thiS overriding priority, we devoted a
substantial effort to working with Chilean counterparts in preparing a first
approximation of the economic needs for graduates between 1960 and 1970 to
support the ten-year development plan.

2.0 Estimation of Employment in the Base Year (1959) and Target Year
(1970)

Table 10.1, Employment by Sector, 1959-1970, is the first step. Its objective
is to translate the development plan into employment. Employment, both
quantitative and qualitative, is one of the considerations that must help
shape a development plan. Foreign exchange, investment and savings, and
manpower requirements are bases for determining the feasibility of a plan
and of selecting among alternative programs of development.

The estimate of employment in 1970 had to make some assumptions as to
productivity by sector in that year. An attempt was madp to find empirical
trends in productivity for output and employment series available for the
period from 1958 to 1962. B.2cause of price instabilities and nther data
difficulties, we decided to rely more heavily on an estimate that established
targets for t.he improvemel,t of productivity. These were based on some
inquiry into the sector plans. and upon international comparative experience
in productidty changes. We urge that the setting of these targets be done
more thoroughly and with greater participation by people who have intimate
knowledge ofeach sector and ofmajor development projects and investments
that may take place in the sector.

We also recommend that a new employment projection be based upon a
more Get.liled breakdown ofthe sectors, particularly ofmanufacturing and of
-~':ic€6,prh!!te l!lld pubiic:-"11Ue we had output ugures, past and future, for
this further disaggregation, we did not have employment figures to match.



..

206 PLANNING EDUCATION FOR DEVELOPMENT I Models Ilnd MethodB

Table 10.1

Employment by Sector, 1959-1970

EconOillic S~ctor Employment

1959 1970

Asslllled ennUI I
9I'llWtIl In
productivity

". '
J -'

Agriculture 657,194 1,084,397
/linin9 91,449 106,956

Mlnuflcturi n9 420,818 607,821
Construction 114,064 154,383
Servl ces, pr1v1 te 712,278 947,270
Servi cos, government 197,579 191,312

Totll llbor f~rce 2,193.382 3,092,139

Totll I'1lpulltlor. ,7,194,258 9,438.857

Workfurce partlcipa- 30.5 32.8
ticn r~te.

IJ.8

4.5

3.0

4.0

2.8

2.8

"'

2.1 Estimate ofEmployment, 1970

(a) Employment, 1959. Employment figures by ~ctors, estimated unoffi
cially by Development Corporation Planners for the years 1950-1962,
were used as a starting point. Estimates for 1960 were compared with
the actual figures supplied by the 1960 Census, obtaining a relationship
which was then applied to correct the estimates for 1959.

(b) Production. The estimates for 1970 production by sectors were prepared
by taking the 1959 figures and then using the sectoral rates of increase
as stated in the National Economic Development Plan.

(c) Productivity. First, 1959 production by sectors was taken as base because
in that year there prevailed in Chile certain characteristics of"stability"
(moderate inflation, no major disequilibrium in the balance ofpayments,
etc.); secondly, this was divided by the estimated employment in each
sector during that year. Thus, there was obtained a per capita production
estimate in 1~59 Escudos (National Monetary Unit) for each sector.

<d) Rates of incr, ,1;;e for productivity. An analysis of the rates of produc
tivit.y was performed, based on physical production indices and on em
ployment indiCt:> by sectors, between 1959 and 1962. Since it was ob
served that these were not very consistent, another estimate was made
for annual growth rates in productivity by sector, starting from 1959.
The resulting average annual estimated rates are as follows:

~.

......

..

Sector
Agriculture
Mining
Industry
Construction
General Services
Governmental Services

Percent
0.8
4.5
3.0
4.0
2.8
2.8
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(e) Estimated employment, 1970. Using the per cApita productivity esti-
mates (see d., aboveI and the projection of production by sector (see b,

above), employment in each sector of the economy was estimated. The
results are shown in Table 10.2. The s~ctorgeneral services (all private
sect'lr services) is an aggregation of five sectors shown in disaggregated
form in Table 10.3. The growth rates were applied to the total of the five
sectors to get 1970 employment in services private in Tables 10.3 and
10.4.

Table 10.2

Estimated Employment by Sectors

(1) (l) (3) (4) (5) (6)
Productton: EmploYTMnt: ProductiY1ty Productton: Productivity Emploj'llent

5[CTOR mtll tons of n~er of E- p!r y!lr 111111 '('Ins of [- p!r yelr n_er of
1959 E' penons 1959 [. penons

Agrtculture 5ll •• 651,184 196.4 94l.1 86l.1 1,084,391

M1n1ng lRl.6 91,U9 3,144.9 545.9 5.104.l 106,956

tndu!tr)' 84l.8 4l0,818 l.OOl.l l,6B4.1 l.711.1 601,821

Construct1on 104.4 114,064 915.3 l,114.6 1,408.6 154,383

General Serytcn 1,115.5 11l,l18 2,49l.1 l,199.5 3,311.6 941,210

Goyerfl.Tlent,l Sery1(:e! 321.3 191,519 1,656.5 429.4 2,lU.5 191,312

Totlls 3,861.0 l.19l.JBl 8.911.2 l,On,l12

~l) Pr"Jvhlo;1t1l flrlurcs frolll thf' flutloMal ~ccollnts. ["stands for Escudos, t"e ~lat1onal "onetary Unit.

':'} ndj!Jst~'d fif'Jures fro,., unofficial calculations by the OI'Yl!lo~nt Corporation rlanners.

(·1) Obt<!1ned by d1v1dlnr] rollJ1l'ln (1) by column (,).

(4) EH1mllte lila de on th~ b"sh of sectoral r"tes of fnr.re,n .. :a ppr U,P 'latlOnlll rconOlllic Op.vPlol'Wl'ent Pl,n.

:i} r'scd on fnH1al fOHflllAtps bv "IlIll1l"1 PlIltt of DrOductlvitv fncrfl&SP rates between 1959 and l~70.

made bv 'latlnnAl OeYelonf'lent cnrnorlltion f"conOl'ltst!i. InLl 1'l(J(lff'led by .tlnf'lhotel'" Pllnntnn T~am.

((;) I')bt~Jfnpd by dlyldlMll cnlUf"'M (4) by colUl"'fl (5).

The next step is shown in Table 10.3, Employment Distribution by Occupa
tion and Sector, 1960 and 1970. This step is undertaken because we want to
relate educational requirements to occupations. not to sectors. However,
there may be some educational plans that will need sector breakdowns. Table
10.3 is the means of reconverting employment back to a sector breakdown if
that is needed.

The 1960 distribution is the actual one calculated for the Census. The 1970
distribution is a modification of the 1960 pattern, based upon international
comparative information from countries economically more advanced than
Chile (see Parnes 1962, 1963).

2.2 Note to the Reader of this Case

The product forecasts were taken from the economic development plan.
Productivity estimates were based on past analysis of historical trends,

_~ . .IDoolfj!1d bvill~.!1.tBofChileAn emnomiRt,q ex!U'rt in !!,iven induRtriPR nnd
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Table 10.3
I~I

I Occupational Distributions Within Sector:], 1960 and 1970I

I

i! 5<rvtces 196\1 Servlus 1970

;
Constn.ction ~

tJoc:. eo. CoaoeTce Tnnsp. 5<rvl~. Ol",::-r SnvIces 5etYt.cesTot&! 1%0 Tot&! 1970 Agricul ture " HWng X ~fKturing % IUter J., I Ct:aiul % 1. '4 PI1Y1te ~ cmt. 1'.I

I lb. ." Ir. " 1960 1970 1960 1970 1960 1970 1961' 1970 I~J 1960 1960 lJ60 1960 1970 1970
Totll I 2388667 100.00 :lOn139 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 IOC.Ul 100.00 I.':l

o Prof... lo..1 I t:Ic:113203 4.94 19:1016 6.24 0.20 0.50 2.40 3.00 1.35 3.10 2.72 2.50 6.60 0.1l 1.08 13.25 0.15 10.00 35.00 (';I

>1 _fnt'trltfl 45952 1.92 6S4n 2.12 0.12 O. 'I 1.97 1.97 2.14 3.00 2.29 5.00 I.l2 3.03 2.34 2.49 o.n 3.00 4.00 ::!Z Cleri,.l 162026 6.7. 2050114 6.64 0.45 0.45 6.90 6.90 5.50 8.00 2.17 3.00 19.15 15••0 19.73 ••90 '.51 lC.l'O 4.00 03 S.1 ...... 161219 7.04 136213 6.02 .. .- .. -. 0.48 1.00 0.04 0.10 0.13 67.79 0.50 0.27 O.U lr.'lO .. Z.. f.,..,., 657205 27.52 1047666 33.90 9G.:IO 96.01 0.13 0.43 2.14 1.00 0.34 .. 0.56 .. .. LiS 0." -. .. ClF"he_n
:0Mine" 55490 2.l2 631n 2.06 .. .. 60.20 59.61 0.05 .. 0.11 -- 0.13 .. -- 0.06 0.07 .. ..
t:ITransiJOt't n7S1 3.15 90097 2.91 0.43 0.49 1.47 1.97 1.67 1.67 1.55 1.55 3." 1.63 45.12 0.79 0.11 7.00 2.00 I.':lIGrters
~Artl.... 423497 17.14 SOIZlO 16.44 1.70 1.10 20.l2 20.l2 6l.91 SI.41 66.15 61.64 4l.l9 1.17 5.01 1.41 3.l1 4.00 1.00 S[raf_

I Ollerlton "ll,- 100941 4.13 USOZI 5.91 0.25 0.25 1.67 1.67 19." 25.00 0.12 5.00 3.67 4.17 0.20 0.19 1.17 2.00 1.00 a:9 Llbann 110910 4.61 93173 l.04 0.27 0.27 1.37 l.l7 1.22 1.22 n.ll 20.00 11.10 2.72 2l.~ 1.70 15.95 5.00 2.UO (q

X S.....lc. 3n519 13.47 300595 9.~2 0.21 o.n 2.09 2.09 1.20 1.20 I.Zl l.ll 3.27 2.09 2.7. 5-4.71 2.01 23.00 11.00 ~Worton .. .. .. .. .. 9.26 65.15 1.00 10.00 -Y AIw!d Farcls 1416n 6.11 152:lOf 4.93 " .. .. .. .. .. a::Ind otItfl'
0a...
Ii"

5auIl:e:

'*r"U"~
CO
I'

1970 ~Ua...l 1li.stri!luti0a5 Esn-tal _ lIlternat1oaa1 ~r1sons a.
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sectors. There was subjectivity in these so-callE'd expert opinions. Produc
tivity is the weak spot in most manpower plans; there are no analytical
methods, firm guidelines, or fixed criteria. Although there is no space to
demonstrate this, the Chilean planners' analysis was fairly sound, but the
estimates would have been ul'ed in any case. There was no choice for the
foreign analysts.

Table lOA applies the distribution percentages estimated in Table 10.3 to
the employment projected in Table 10.1, thus completing tL~ transformation
from sector employment to occupational employment. (Six sectors were used
in Table 10.4).

Table 10.5 shows the educational attainment of Chile's population as of
1960, broken down by occupation. The absolute numbers are Census figures,
but with one statistical operation performed to make them adaptable to the
methodology. The operation is that of cumulating the number who have
attained a given educational level with those who have attained the next
educational level. Thus, the numbers shown represent the people who an
swered the Census-taker by saying the specified number of years was the
highest grade they had completed, plus all others who said they had attended
a higher grade. Logic suggests thi'3 cumulative approach, because all those
who reported attending the university have obviously completed primary
and secondary schooling as a prerequisite.

Tal·1e 10.5 also shows the attainments in percentages. This represents the
fraction of those in the occupation who have l".ttained each level or more of
education. For example, 24.11 percent of people in the administrative occu
pations had completed at least six years os secondary education. These
percentages are cailed atiainment coefficients.

For those not accu3tomed to such tables the results may seem strange. For
example, in the occupational category "Professional" (scientific) one might
expect mostly college graduates. In fact almost 25 perc~nt do not even report
a complete primary scrooling (line 15, Table 10.5). Several reasons account
for this: i) people report, or code, occupations incorrectly; ii) people report, or
code, education incorrectly; iii) in the past, Chileans wi.th little formal school
ing entered some professions. TherE' is alwaY3 a distribution and not a fixed
attainment level for an occupation. <See the Dominican Case, Chapter 12.l

The school system in Chile is "the old structure," shown in Appendix 10.1
at the end ofthis chapter. GroupiugB used in Table 10.5 are arbitrary. In some
cases, the groupings corresponul.>d withj(lb-edu,:ation requi:-ements. or levels
in the system. In one case, Commercial, ti'le planning oflice Wll:lted the 6th
and 7th years separated because nlany students lett after six years.

-
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Or~tlon Agricul tuTe Mininll lnd1stry Coll5tTuction Services Services
Private Public 197C·ToW Toul
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"""1, 'l'. 1i:lp1, 'Y, !il!>1, 'Yo £mp1, 1970 1%0 1960

ToW &iplO}'11O!lt 1970 1084397 106956 6073ll !SUB 947270 199312 3091139 2388667 1,30

Professional O.SO 54ll 3.00 3208 3.10 18S42 2.50 ~.a59 10.00 94127 35,00 66959 1~3016 118203 1,64

Alilfnfst,.atlve 0.12: 1301 1.97 n07 3.00 18234 5,00 7719 3.00 28413 4.00 7652 65431 45952 1.42

Clertcal 0.45 4879 6.90 7379 8.00 48256 3.00 4631 14 .00 132667 4.00 7652 205414 1620,0 1,26

Sales Workers .. .. 1,00 6078 0.10 154 79.00 179981
.. .. 186213 168219 1,11

Fanners 96.01 1041129 0.43 459 1,00 6078 .. .. .. .- .. .. 1047666 651205 1.56

Ftsh~l"IMn

Miners .. .68 63831 .. .. .. .. .. .. .. .. 63831 55490 LIS

Transport 0.49 5313 1.97 ll07 4.61 10157 1.55 239Z 7.CO 66308
2.00 38/6 90091 77751 1.16

lforkers

7 "rtfSin 1.70 18434 n.32 21733 54.81 333147 61.64 95161 •.00 37891
1.00 1913 508280 423491 1.20

Crafts~n,
ODer"to,.~ O.2S 2nO 1.61 1186 25.00 151955 5.00 7719 2.00

1.00 1913 185028 100948 1.84
189<15

9 laberers 0.27 29Z7 1,37 1465 1.21 7n5 20.00 30876 5.00 47364
2.00 3826 93873 110180 0.85

X Se.... tc! O.ll 2277 2.69 za77 1.20 7295 I.Zl 1868 13.00 265Z36
77.00 Zl044 JQ0595 321519 0.94

VJrkers

y AnDied Fa,.,e... NEe .. .. .. 3.00 75781
40.00 76524 1S2J06 147679 1.04

Toul 100.00 lot.OO ll)~.OO 100.00
ICO.CO

~IO}'11O!lt rna T.ble 10.1
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Table 10.4

aTMs was a check ratio to a~sess growth tot.als in oc~upattons over ten yeiJr perfod mg..

EmpLoyment in 1970 by Occupation, Based ~pon 10 Year DeveLopment PLan
Percentage Distribution

Ii j

/

':~~~I",,",,,",,,,,,,,,,,,,,,,,,-,,,;~?,..t j ..

1

J
1
1

j
j

'.j

\';1
1



"'1

I
IQ ,I Il ~., I I

Table 10.5

Educational Attainment by Occupation - 1960

Educ..ltton leYltls-
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,
.....'''htrIU..

II~. "4
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C1er1n1

.'. 'f,.
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.... "'/r

4
FI~", fhhe,..."

n·. ...
5
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N'. ..:.

6
TrAnsport

fl·. '* N'. 'To

Souru: 1960 c..u.ws
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0.21
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Table 10.5 (cont'd):

Educationaf Attainment by Occupation - 1960
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• 1

In estimating 1976educational requirements, we must decide whether the
economy will need a labor force with attainments equal to, or higher thsn,
those current in the year ofthe forecast (1964). Even ifonly 1960 attainments
are assumed, there will be considerable economic demand upon the education
system to allow for growth in employment, and for the structural changeD in
occupational composition that tend toward categories which require llil)re
education. <Holding 1960 attainment coefficients constant in the foregoiilg
sense is the basis of our minimum estimate to be shown as "Hypothesis 0" in
Table 10.7.)

Since rather sizable increases in the productivity of the labor force are
assumed in the plan (and will be necessary if Chile's economy is to remain
competitive at home and abroad), it is more logical to assume some upgrading
of educaticnal attainments. The upgrading assumptions are :Jhown in Table
10.6. The percentages shown are the annual increases in education levels
which are judged right for the occupation and education level shown. The
column entitled factor is the growth factor, or percent compounded for ten
years. It is the quantity by which the 1960 attainment coefficient is multi
plied to obtain the 1970 attainment coefficient. Note once more that in
setting these education levels, and changes in them, the basis is judgmental
or subjective. In Chile, these settings were checked with experts, but just as
in the case of productivity estimates, there was much subjectivity.

In Table 10.7 we have applied the attainment coefficients to the employ
ment calculated earlier. This application results in two alternative estimates
of the projected requirements of manpower necess3ry to achieve the de
velopment plan. Hypothesis 0 is for educational attainments in each occupa
tion identical to those found in 1960. Hypothesis I is for the moderately
upgraded attainments estimated in Table 10.6.

The final step is shown in Table 10.8, which converts the projected reo
quirements of manpower into the ten-year flows necessary to satisfy T':

quirements. The procedure is that of subtracting the 1960 stock from the
1970 projections to find net additions necessary. To this must be added an
allowance for outflows, namely, deaths and retirements. A separnte calcula
tion of outflow was made by applying Chile's demographic experience in
age-specific survival rates to the age distribution reported in each occupation
by the 1958 Census. (This calculation is only a first approximation, since it
neglects a small attrition that will also apply to80me of the new entrants to
the labor force.) The results of the outflow calculation are shown in the
percentages at the bottom of the table, which arc applied against the 1960
stocks, thus obtaining outflows.

A note of caution should be sounded with respect to the rct:l1llts shown for

'. \
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Table 10.6

Upgrading ofAt~inmentCoefficients, 1960-1970

occur_fl,. ~r "! It rJ~ 'r~ Y!' ~~,. "~ J!'. r;~~,. ": Jr. l:~,. ..~ 1!. ::~,. 'i~ Jr. ~~ ..~ yr. :~~. ": Jr. J:C~;' ,.~ yr. ~:~; ,.: Jr. ~~~p~ •,..,.. ,... Ytlr ,... ,..,. ,... Year '.Ir 'II" 'tar YIM" 'ftr

a Pre'n,f..1 11 1.344 11 1.344 .. 1.<10 .1 1.... II l.lDS as 1.000 n loll n 1.22 us US 51 1.419 as 1.000 as
1 A*1ltstrtthe 2 1.22 • 1.41 • 1.41 • 1.48 I 1.105 0 1.000 ] 1.344 ] 1.344 ] 1.344 5 1.129 5 un 0
2 Cleri..1 Q 1.000 0 1.000 Q 1.000 2 1.22 1 l.lDS I 1.105 , 1.344 0 1.00 0 1.00 0 1.000 Q 1.000 I

1"'.- Z I.ZZ , 1.344 , 1.344 , 1.344 2 U2 2 U2 , 1.344 2 I.ZZ 2 1.22 2 U2 2 1.22 2

• 'l.-n Q 1.000 0 1.000 0 1.000 Q 1.000 I 1.1DS I 1.105 Q 1.000 Q 1.000 Q 1.000 5 1.119 5 1.lzt I

I Ii..,.. Q 1.000 Q 1.000 Q 1.000 Q 1.000 I 1.105 I I.IDS Q 1.000 Q 1.0.."0 0 1.000 . . I

If-...o 0 1.000 I 1.114 Z I.ZZ , 1.344 I 1.105 Z I.ZZ 2 loll Q 1.000 Q 1.000 2.......
7 ArttHIII Q 1.000 0 1.000 Q 1.000 5 1.'" I 1.105 1 1.105 0 1.000 5 1.129 5 I.m

'IIfen_ Q 1.000 Q 1.000 Q 1.000 ] 1.344 I l.lDS I 1.105 . 5 un 5 I.IZi
, LM:"'~ . . . I 1.105 I 1.105 . Q 1.000 5 1.129

15onl......... 2 I.ZZ 2 1.22 2 1.22 , 1.344 2 1.22 2 U2 2 1.22 2 1.22 2 1.22,--. J 1.... , 1.344 ] 1.344 J 1.144 Z 1.22 , 1.144 , 1.144 , 1.344 , 1.344 Z 1.22 ! I.ZZ
'.I.C.

• fNlol ;~ C10tIIIIlathe ....1 .~ cent af 1rc.t'H'••.t.;: .~ .... ocQIINlton.l chutrtcJtIOft fIof not follow ,I tiler
no .. r urA OK.tl.
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Table 10.7

The 1970 Requireme1!ts for Manpower, by Educational Attainment and
Occupation

~.nott'1p'io 1~ Total Prnfp\ .. lonal ~dmln. Clerical Saleo;
0 1 2 3

[mployment, 1970 193.016 65.4]\ 205.414 186.2136 Yea~ Unherslty. 1960 Co.". o.eo 1.28 0.86 0.12 0.011910 Stock· 15.507 le.051 :63 2e' 130
1910 Coefl. 9.18 1. DC 0.12 0.08
1910 Stock 10.505 10.87i 600 2e6 148

5 Yur Unhers1ty. 1960 Co.lf. 1.30 21.11 2.76 0.18 0.34
1910 Stock 49.105 42.S88 l.at6 1.601 633
1910 Co.". 29.86 4.08 O.IA .46
1910 Stock 65.246 57.635 2.670 i ,607. 85.

4 Yeu Untvers1h. 1960 Co.fI. 1.73 27.95 4.20 1.54 0.64
1970 Stock 64 .825 S3.940 2,740 3.163 1.191
1910 Co.ll. 41.36 ~.21 1.54 0.86
1970 Stock 92.7A6 79,031 4.063 3.163 1.601 ..

2 Y'!.r Unhe"stty. 1960 Co.fI. 2.19 31.31 6.e5 3.29 1.29
1910 Stoel 79.819 60.433 4.210 6.758 2.402
1970 Co.". 46.33 9.54 4.01 1.73
1970 Stock 11e .205 89.e24 6.2el 0.237 3,221

6 'tar Secondll"Y. 1960 Co.ll. 6.26 4e.08 2e .11 27.00 8.5e
1970 Stock 205.03~ 85.031 15,775 55,626 15.902
1910 Co.lf. 48.10 16.64 29.92 10.42
1970 Sto<~ 229.506 93.999 17.430 61.403 19.403

) Year Secondary . 1960 Co.". 14.53 56.66 53.76 50.18 25.94• 1970 Stock e50.n.~ 109.362 35,175 119,510 48.303
1970 Co.". S6.6~ 53.76 64.28 31.6e
1970 Stock 493.361 109.362 35,175 132.0eO 58.918

6 Yur COl!I!'Ierct.l. 1960 Co.". 0.61 0.36 1.91 6.04 0.72
1910 Stock 18.565 695 1,250 14.050 1.341
1970 Co.". 0.43 1.56 9.19 0.96
197(, Stock 24.489 030 1,675 18.878 1.708

S 'PI..• Industrtll. 1960 Co.I,. 0.13 0.68 0.39 0.17 t.07
1,313 255 3e9 1301970 Stock 3.879

0.17 0.081970 Co.lf. 0.A2 0.52
1970 Stock 4.998 1.5A3 140 348 149

J lear lnduUrtal. 1960 Co.fI. 0.78 2.00 1.51 1.05 0.49

1970 Stock 22.208 4.015 9R8 1,157 912

1970 Co.lf. 2.66 2.03 1.05 0.59
\910 ~tock "h"'JrlO ~."4 , .lZA 1,157 1,099

5 Year Agriculture. 1960 COllff. 0.01 0.19 0.04 0.04 0.03
1970 ~tock 1.194 167 26 81 55
H70 Co.11. 0.30 0.06 o.oe 0.06
1970 Stock 1.359 579 39 82 74

J Year Agrtculturp,196'" Coeff. 0.09 0.45 0.17 O.le 0.09
1970 Stock 3.014 A69 111 188 168
1970 Co.I(. 0.45 0.27 0.14 0.11
11)70 Stod 3.663 869 177 188 20e

6 Year Prtr.lary. 1960 Co.lf. 71.66 71.70 77.0e 19.12
1970 Stock 1.149.301 118.315 46.91e 158.250 110.089 '.1970 Co.lf. 71 66 11.10 85.12 72.12
1970 Stock 1.294.460 138.315 e6.914 174.848 134.Z'l7

1960 AUlt_nt C,.ffle'"nt. f_ hbt 10.5.
1970 AUlt..,nt cootr'e'ont. Clle.llt f_ 1960 by Ileto" 'n hble 10.6.
E"'IlloY"Ont I""" llblo10.4.
H)'Pothnh ·0· rIPrlo"nt, no uPfjndt"•.
Hyparthnh "t" rfp"unts IIlOdtrltE I:~rldtnq per Table 10.~.

"strictly sPt'aktnq thl! "1~10 Stock" Should br hbrlrd .. t9~1) Proj'!Ct'd Rf(h'lr~"U'

I: ,<~
....-:.... ~.
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Table 10.7 (cant'd):

The 1970 Requirements for Manpower, by Educational Attainment and
Occupation

FI~r' ""inEr:. Transp. ,Arttsans Doer-"ters l"hnr",,... Ser\lfce t.""~r1 F' nrril><;
4 5 6 7 B 9 X y

1,047.116 63,Bll 10,091 SOB,2M 185,018 g).a7J is/.m Hi,J06
0.019 O.OOl 0.01 0.005 0.004 0.006 O.ln

104 1 lB 15 7 9 151
0.019 O.OOl 0.02 0.005 0.004 0.007 .ll

104 1 lB 15 7 10 19B

0.14 0.009 0.07 0.01 0.01 0.007 0.02 0.37
1,467 6 61 101 17 7 10 564
0.14 0.009 O.OB 0.02 0.01 0.014 .50

1,417 6 71 102 17 l7 7~2

0.11 0.01 0.15 0.06 0.05 0.01 0.0; 0.61
2,100 11 115 lOS 93 9 76 9"
0.11 0.02 0.18 0.06 0.05 0.06 .81

2,100 11 1!1 105 91 91 1,164

0.11 0.05 O.ll 0.13 C.09 0.01 0.1/ 0.91
l,14B 11 197 660 13~ 19 lB3 1,401
0.11 0.05 0.44 0.11 0.1/ 0.16 1.2l

l,148 11 396 1,067 ,11 143 1,873

1.07 0.31 1.74 1.11 O.SS o. :9 1.19 5.75
11,110 110 1.469 6,101 1,61B 166 I.Bl1 B,757

LIB 0.36 3.0l I.l4 0.97 0.4l 1.45 7.01
11,311 2:0 2,719 1,811 1.794 404 1,108 10,676

2.75 2.17 15.ll 8.76 5.79 1.05 4.93 18.45
18.811 1,385 13,811 44.515 10,71l l,B6l 7,508 18,1'10

l.04 2.39 18.70 9.68 6.40 3.l7 6.01 2Z .51
~' . -19 1,515 16,848 49./01 11.841 1,164 9.153 14,lB4

0.017 0.019 0.1/ O.Ol 0.04 0.01 0.04 0.18
388 11 108 lSI 74 19 60 416

0.037 0.019 0.14 0.03 0.05 0.l7
388 11 III 152 76 564

0.01 0.04 0.11 0.18 0.05 0.01 0.01 0.1/
105 II 99 1.4ZJ 93 19 '5 181

0.01 0.04 0.11 0.4~ 0.08 0.01 0.011 0.011
105 II 99 1,187 148 19 18 14

0.08 0.56 1.11 1.80 0.53 0.19 0.17 1.38
818 357 1,090 9,149 981 172 159 1,101

0.08 0.5\ 1.11 1.93 O.BI 0.47 0.10 1.85
Bl8 157 1.000 14 .893 1,591 441 104 1,813

0.04 0.0018 0.01 0.001 0.00; 0.001 0""' 0.011
419 I 18 10 1) 1 1 144

0.01 0.02
619 30

0.11 0.01 0.08 O.OZ 0.03 0.01 O.UI 0.07
l,l61 11 71 101 56 I~ 15 107
0.11 0.085

1,100 119

I1.Bl ll.11 57.90 52.1l 41.59 31.ll
.....

lU7 54./1
111,9l9 14,879 51,166 164.966 71,951 19,410 50,B14 82,596

11.07 15.75 70.64 57.60 C5.96 34.1/ 40.71 66.1!
116,910 16,416 73,644 192.769 B5,OlB 31,499 61.004 100.761

··.,/:~i::~~
.:'·"~.I
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such specialized types of education as commercial, industrial, and agricul
tural. Those tracks had not accumulated many graduates until the last
decade or two. This PJ'fJ~"'t:"iou method tends to understate future require
ments when the program ir. the bas~ year has not yet reached maturity.

Caution should also be observed in 12ading the requirements for graduates
at what are currently intermediate nonterminal points, such as four-year
university, two-year university, and three-year secondary. Observations
were entered for these levels only because in future schemes of education
these may be terminal, as well as preparatory, levels. The flows required may
give some guidance as to capacities required at these levels. If the two-year
university figures are to be used for estimating demand for the regional
colleges, it would first be necessary to subtract from the demand the students
who complete year two and go on to third, fourth and higher years of univer
sity education. This calculation could easily be made from existing or antici
pated dropout patterns in the universities.

2.3 Final Summary of Demand

Table 10.9, the final summary table of demand, is based on aggregation of
Table 10.8. which was based on the steps yielding Tables 10.1 to 10.7.

Table 10.9

Economic Demand: 1G·'i'earPlan. RequiredNumberCompleting, 1960-1970
6-year 5-year All types

Occupation L',i vers ltv university of secondary

Professional 11 ,519 35,175 51,229

Administrative 370 1,680 10.009

Clerical 62 491 32.188

Sales 50 330 8.464

Farmers, fi shermen 141 653 7.212

Miners 2 2 85

Transport workers 3 21 934

Art isans 5 19 3,507

Operators 3 16 1,114

laborers 0 0 32

Service workers 0 0 0

3,178
-,

Armed Forces and others 58 256

Total 12.213 38,643 117,952

2.4 A Nvte on Problems in Supply Projection

As noted previoJ,lsly, the Chilean case is no model of how to do educational
supply projections. There were no enrollment or flow data available in time
series, and hence the analysts simply used the last year of reliable data on
graduates, and assumed that this same number was the average number of
graduates per year over the decade. Hence the number was multiplied by 10

..

' .• J 1",\
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to give a very crude estimate of supply.
In Chile the major focus was on manpower and educational requirements,

and not on enrollment projections.

3.0 A Summary Comparison ofDemand and Supply

The above comment serves as an introduction to an estimate made of the
relation between economic demand and total supply. Since no educational
output figures w:rr; :4vailable, tlus study used the 1962 enrollments in the
lastyear ofeat.:h ievel. 9a~·!l. in~'cate80 percent to 90 percent of those enrolled
in the last yep.r successfully completed the course. Accordingly, these "sup
ply" figures overstate the real output. Perhaps a compensating bias is the use
of 1962as the basis ofestimating a ten-year supply. Since the school system is
growing, u~ing an estimate of the 1965 graduates might have been more
representative of the decade. In any case, the comparison follows:

Table 10.10

Number Completing, 1960-1970

EconomJc Total
t

Difference
demand (demllnd-supply)supp1

1S Grades (Un1v) 12.213 6,440 + 5.773 (deficit)

17 Grades (Unlv) 38,643 25,920 + 12,723

12 Grades 117,952 1S1,570 - 63,618 (surplus)
(All Sec)

6 Grades 497,539 1,053,440 - 555,901

a FI'QlII Table 10.8.
b 1962 Graduate multiplied by 10 (note pl"Ob1t!!ft! In this method)
c All Secondary except FllIIIfnfne Technfc!l

The deficit at university level is so large as to suggest that the assumptions
we introduced for upgrading the occupational composition and educational
attainments of the labor force were too high. The minimum hypothesis is a
more feasible program. However, these deficits may be correct in sign, ifnot
in absolute magnitude. They may suggest that Chile's development plan is an
ambitious one in terms of high-level manpower, calling, as it does, for some
structural shifts to sectors that require a more sophisticated labor force.

If there is indeed a major shortage, attention should be given to the
possibility ofmeeting some ofthe needs with graduates oftwo-year instead of
four-year collegeH.1t may well be that for some occupations a two-year course,
plus training, will provide the requisite proficiency.

The apparent surpluses of output at secondary and primary levels may
represent social demand for education; but the social demand also includes
the amount of education required for the economically inactive population,
such as students, housewives, and others temporarily or permanently out of
tl!e labor force.
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APPENDIX 10.1

School System in Chile Before (Old) and After
(lVew) Educational Reform
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Closing Note on Chilean Case

The Chilean Manpower Planning exercise provided the basis for a number
of policy and program recommendations made to government officials. Be
cause this case was selected primarily to illustrate the basic methodology, the
policy and program recommendations will not be included. As a dosing
exercise, it is suggested that a brief outline of possible policy and program
suggestions be offered. Given the highly aggregated and general results of
the projections, the rccommendaticns should be equally general and
undetailed.

-'..
- ---~---------~----~---+----~



",

Manpower/Unit Three 223

CHAPTER 11

Manpower Planning Methods: Unit
Three

1.0 Content of Unit Three

Unit Three deals with methods ofiitting curves to past trends in product,
productivity, and employment in order to extrapolate employment to future
years, Itoffers an alternative methodology for directly estimating changes in
the number of workers in specific occupations. This alternate method is
illustrated in the Dominican Republic case, which applied a mix ofmet'lods
to forecast manpower requirements by educational attainment levels. The
Dominican case also illustrates the forecasting of the supply of education/
training system, and the comparison of demand (requirements) and supply
(output of education/training) to yield estimates of surpluses or deficits in
education/training supply.

Unit Three also shows an extrapolation method applied to the projection of
manpower requirements, by sector and occupations, for Paraguay. In the
Paraguay study there was no forecast of education supply; only a forecast of
worker requirements by occupation/sector.

Because curve-fitting and extrapolation are so central to the various
methods for projecting manpower requirements, Chapter 7 offered a unit on
curve-fitting and extrapolation. The unit discussed the application of curve
fitting to trend analysis, explained the basic mathematics, and illustrated
some of the common curve functions used in population forecasting. Chapter
11 will now show how curve.fitting is used in manpower analysis.

1.1 Objectives of Unit Three

- To understand and be able to illustrate the Alternate Method of
projecting manpower requirements by occuprtion. Specifically,
be able to apply the extrapolation formula in simple arithmetic
exercises.

- To be able to follow and understand the steps ofbasic and alterna
tive methods for projecting product, productivity and employ
ment and distributing employment by occupations within
sectors.

- To be able to identify sources of data and information for:
a) Projecting product, productivity, and employment;
b) Guiding assumptions about occupational distributions within

sectors and industries;
c) duiding assumptions about educational attainment levels

which correspond to occupations.
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Additional objective in wnjunction with Chapter 7

- To understand the basic applications of curve-fitting in trend
analysis. Several applications in manpower analysis nre de
scribed here.

2.0 Estimation Routines in Target Setting

Underlying the basic method of projection are sub-routines for estima ting
the component parts. All routines are essentially simple, and beneath an
occasional facade of algebra, very similar. All methods and their variants
require that product, product per head, and employment be projected, and
that occupational composition in the workforce, and educational levels
within occupations, be set or estimated. The sources and methods available
for doing this were outlined in Chapter 8, Schema 8.1.

- Using sectoral product and productivity estimates and forecasts
already available in national planning documents or studies.

- Doing a specific study or establishment survey; or using labor
market data from reports on particular industries, froups of
industries, or sectors. The plans for large infrastructura proJects,
for example, dams, irrigation projects, road networks, often have
multi-year forecasts of employment and even manning tables by
specific occupations. (The tables give worker numbers by job
type).

- Deriving employment estimates for one sector or industry from
another sector or industry, using some set of input-output rela
tionships. For example, the output ofone industry may depend on
the input needs of another.

- Deriving employment from ratios to the population and service
norms. This is a standard approach to estimating or projecting
public service employment in health, public safety, or ,,~ucation.
For example, health plan norllls may require a certain ratio of
hospitals, beds, nurses, or doctors to a given population size.
Teaching and educational reGllirements are almost always de
rived from enrollment projections, pupilltencher ratios, and edu
cational staffing norms.

- Using product and p'roductivity growth data and occupational
distributions in similar industries in the same or another coun
try, and modifying the occupational and educational attainment
structure to correspond to the country situation under considera
tion.

- Deriving percentage of workers in an occupation in relation to
output per worker, using regression analY!lis of this relationship
as it is shown in the data of a number of industries or countries.

- Extrapolation or curve-fitting to growth trends in product, pro
ductivity, and occupational numbers on the basis ofpast economic
changes within the country for which the estimates are being
made.

- More often, the use of a combination of these sources.

..
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2.1 Product Estimates

Product for future ypars may simply be set both for the economy as a whole
or for each sector in the country illan. Or, planners may assume an annual
cumulative percentage increase applied to the base yenr:

Pn =Px(l + r)l (l)

Here Px is the product in the base year, r is the annual growth ratE' com
pounded over t years, the term of the forecast; and the result iSPn or product
at the end of the plan period. Underlying the use of this formula is the
assumption, or the observation, that product increases in a pattern that can
be described by a particular curve or curve function. In this case the form is
that of a geometric increase, or exponential, or, a~ it is commonly termed, a
compound interest formula. In theory, Ilpplyi~J this growth curve should
first require analysis of past series data to see if the data do follow this form.
Methods for doing this were discussed in the material on curve-fitting in
Chapter 7. (For exponential form, see curve 5, Fig. 7.2)

The setting of r may not be purely arbitrary. It may be derived from the
performance of the economy or sector between two time periods in past years.
Again, this simply assumes expontJntial growth:

:j!Fpx(1 + r) = __

Px - t (2)

Here Px is, as before, product in present year; and Px _ I is product t years bp.
fore. The root is on':! plus the past growth rate over t years. If the root (1 + r)

turned out 1.07, and if the planner assumed that this annual growth rate of7
percent would continue over 10 years of the plan period, given a base-year
product of 12 billion:

Pn = Px(l + r)l = 12(1.07)10 = 23.6 billion (3)

The growth factor (1.07)1° = 1.9672 can be looked up in compound interest
tables. (Growth Factors: Compound Interest Tables, Stanford Reserach Insti
tute,1963). Again, in theory, before assuming the exponential form, analysts
should study the data of a series ofyears to ascertain whether the curve form
fits the changes in the data. (See Chapter 7 on curve-fitting.>

The rate may be increased on the basis of growth observed in another,
presumably similar, economy. Or it may be based on knowledge of future
likely investment, capital/output ratios, the establishmentofnew industries,
the opening of new markets, and the country's likely share and earnings.

The analysis may be incorporated into an econometric growth model of the
national economy, supplemented and checked by studies of specialists who
analyze the growth potential in specific industries and sectors. (A growth
model is described in the reading at the end of this chapter.)

The estimated product ofone country mllY be used for another country. The
estimate may be based on the average of a group of countries, or derived by
fitting SJme growth curve to the past of the home country Rnd extrapolating,
as discussed in the section on curve-fitting. A fit to a linear form is used most
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often. Or quadratic and exponentials transform"!d to linear forms by
logarithms. These curve functions are sim;>le and eaqy to work with. and the
data do behave in this way. In the case of the compound interest formula, the
computational tables are readily available and easy to use.· World Bank
(1973) and Stanford Research Institute (1963) have prepared such tables.

2.2 Productivity Forecasts

Productivity growth is handled in much the sam" way as product, with
assumptions about employment. output, and the relationships among labor,
capital, and technology included. Reading 11.2 at the end of this chapter
discusses productivity estimation. The three growth rates, product, produc
tivity and employment are related: product rate equals the sum of the other
two. (See Appendix A12.1 in Chapter 12, Dominican Manpower Case).

2.3 Occupational Distribution: Simple Methods

The percentages and numbers (If workforce members in occupations in
future years are set in a variety of ways. But they are set, and the process is
not free of pure guesswork. In the simplest situation, the percentages are
merely raised for the higher and skilled occupations in the sectors which are
marked for growth. A specific occupational percentage may simply be raised
arithmetically, e.g., from 3 to 5 percent as in the Chilean case. Or the
percentages which prevail in the same sector in another country may be
taken as a target toward which percentages in the plan are raised.

Two basic methods may be used to estimate numbers ina specific occupa
tion in some future year. The first uses a simple proportion:

where: W n = work force year n,
w.. = work force year x,
On = number in occupation in

year n

(4)

~.

Here the number in the occupation in the base year (0.. ) is increased as the
workforce W increases from year x to n, Le., if the workforce doubles the
number in the occupation doubles. In the alternative method. /ilhown in
Chapter 8, Schema 8.1, and applied in the Dominican case, the number in the
occupation in the sectors changes according to three change rates: change in
the number of workers in the sector; change in productivity; and change in
proportion to an elasticity coefficient that reflects occupational growth as
productivity changes. (This is illustrated in Section 4.1 and in Chapter 12,
the Dominican Case.)
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3.0 Curue-Fitting to Estimate Product, Productiuity, or Employment

A linear trend can be extrapolated from past data to estimate increase in
produd, employment, or productivity..

Pro(i:!ct over past years is simply graphed; a line is fitted to the points, and
extended or extrapolated to future years. With product on the Y-axis and
years along the X-axis. the line can be extended into future years on the
assumption of a continuation of the same linear trend. The calculation is
straightforward and illustrated in the curve-fitting material of Chapter 7.
The method is general. Figure 11.1 illustrates 3 fit to linear growth trend in
product over a period of years.

Figure 11.1

y
Product

~~l40
30 •
20

T ~nX
61 63 65 67 69 71 73 75 77 79 31 83

y 1.035x + 31.64

(x I9620)

In addition to fitting to the linear form y =a + bx, a second-degree curve
y = a + bx + cx2 or a logarithmic adaptation (log y = log a +x log b) of an
exponential are common curve forms for fitting trends, because the normals
(derived equations in which the data from the problem can be directly substi
tuted in order to solve for the constants) are known. and results can be readily
computed. (Chapter 7)

Fitting data to curves is simple enough, but when the poor and inadequate
hi5wrical data of most developing countries are used, results should be
checked if this is possible. Census and population forecasts are the reference
points against which most social and economic forecasts are checked.

The analysis in Figure 11.1 can be used to estimate productivity, changes
in the number of workers in occupations, or changes in their education. The
method is general.

A simple linear regression mr,del may also be used to estimate the value of
one variate (e.g., employm0nt of members of a specific occupation) from
another (productivity or product per head) through regression. Figure 11.2
shows a typical example of this. The dots in the scattergram represent the
bivariate distribution (from 40 countries) ofdata on the relative frequency of
engineers to total workers graphed against total production over total work
ers. Le., the relation of engineers to productivity. The objective would be to
estimate Xl (percentage of engineers) from X2 (productivity expected in the
sector) by the linear equation Xl = a = bxz. Given the expected production
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and workforce of the sector for some future year and using the values of the
constants computed on the basis of the 40 countries, the percentage of en
gineers in the firm, industry, or workforce is estimated. This result is like the
elasticity bij in equation 5 below.

The simplicity of the logic underlying such models may provoke a slight
queasiness. Why should a haphazardly chosen collection of countries or
induatnes, yield-through simple regression-6l(ener.d answer? And what
is the warranty for choosing this one aspect cfhuman resource education and
training (relative frequency of engineers in the workforce) and this general
estimate of productivity'?

4.0 EmploymentForecasting by the Alternate Method Shown in Schema 8.1

Alternate methods ofmanpower requirements forecasting make usc of the
same essential projection methodologies in which a curve is fitted to past
series data and a trend extrapolated to the future. In an nlternate method
which will be illustrated in the Dominican case, the fit is to an exponential
form:

t.'

/
! .

n
D it = I Xij .(biJrpj + YLj) t

j - 1

(5)

where:

D it = requirements in occupation;, future year t~

Xij = number of workers in (jCc.-pation i, sector j;
e = 2.71828 ... (Base of Natural Log System); this shows curve form;

YLj = changr: (increase or decrease) in number ofworkers (employment)
in the Ilb::tor j;

rpj = change in productivity in sector j;
bij = elasticity coefficient which relates change in proOuctivity in sector

j to change in the numbers of workers in occupation i .
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The demand in the occupation is then totaled acr039 all sectors in which the
occupation is _found. Demand might bette:' be called rcquirc17Wnts.

4.1 The Alternate Method Applied in the Dominican Case

To apply equaticn (5) to project changes in numbers in occupations from
1970 to 1985 requires the rote of change in productivity (rpj), the rate of
change in employment (rI.J) and the elasticity coefficient (bu). The rates for
productivity and employment are shown in 'Thble 11.1 They are derived from
fitting a curve to past changes in proeuct, productivity and employment in
the Dominican Economy. TIne burates for selected industry and occupational
classes are shown in Table 11.2. These are based on international or compara
tive analysis of kind shown in Figure 11.2.

Table 11.1

Produ.;t, Productiuityand Employment Growth RatesForSelected Industries
<Dominican Republic)

Natural ra~es I - arowth (based or, aM lIS Is of past trends)
Product l Employment -, productivity

______...&i . Ylj , r pJ

, .........

Food and beverages

Textiles

Wood pI"lducts

Sugar

Etc.

.067.

.1117

.160

.092

.022

.1)1)7

.006

.043

.040

.1~0

.074

.049

The elasticity ~efficients bi, would then be applied to occu:>ations within
seck-rs. Note: product growth rate = employment rate,. productivity rate.

Table 11.2

Elasticity Coefficients for Sector Growth and Occupational Growth

Profe~slonall Office Mlnual
technlc.l '1anagers workers Sales "orkers

Fooo and DeVeNges .55 .31 .09 .00 -.04

'!'l'xtlles .58 .30 11 .24 -.04

Woad products .56 .2. .i9 .11 -.03

Sugar .55 .31 .09 .00 -.04

Etc.

Source: ZymelalMll. ".nuel. ·Productivlty. Skills and Education in Manu
facturing Industr1.:!s.· (in Pl~nn1nn for AdvJnced Stills and
Technologies, United Nations: flew Yo,k, 1969. liP. 103-1311).

------~~--~---------- ---------------------

":': ;, ..~,;~;
·... 1:'

.>'):?:M:



-.

230 PLANNING EDUCATION FOR DEVELOPMENT I Modols nnd Mothods

The Dominican case illustrates that analysts use different methods for
projecting occupationR for different sectors. The CUI ve function shown in
equation (5) was used to forecast the numbers in occupations in the major
industries of the manufacturing sectvi'. This apiJ:i""tion win be:: mu~i.t·ut.:d in
a numerical example.

For OCClIpations in the sectors ofConstruction, Transport, Communication,
and Electlicity/Gas/Water, the product for the ReetorR wag first projected to
the target year 1985, on the basis of a curve fit to past growth trends and a
modificatliJlI t.o reflect present and future expansion projects and plans.
Productivity estimates were projected in the same exercise, and employment
was obtained by dividing productivity into product, as in the basic meiliod
illustrated in the Chilean case. Employment was then distributed byoccupa
tions on the basis of past. growth trends and comparativp. !Hll\lysis. The
occupational structure ofthe Argentine economy was used as a basis, and this
basic structure was modified according tc> Dominican reality.

A different method was used to project "ccupations in agriculture, govern
ment, and ser!ices. For agriculture, product was extrapolated on the basis of
past growth and future plans. The occupational structure used for 1985 is an
upgraded version of the one revealed in the 1970 Census in the Dominican
Republic.

For the government services of education and health, employment and
occupational distributions were based on population forecasts and service
norms and on staffing ratios. For mining, where the sector is dominated by a
few large modern enterprises, the expansion plans, including detailed man
power requirement forecasts, were incorporated directly into the general
sectoral manpower requirements forecasts. Manning table data were also
directly used. .

In this section we will present a detailed example of the projection of
occupations in manufacturing, using the growth curve shown in equation (5).
This requires curve-fitting to extrapolate growth trends in product, employ
ment, and productivity. These were shown in Table 11.1 which furnishes the
basis for the productivity growth rate (rpj) and the employment growth rate
(rl) used in equation (5). These two growth rates are deri,'ed from the growth
trend ofproduct by sector. Productgrowth equals growth in employment pIus
growth in productivity. Product growth is derived from a curve fit to past
growth in product for the sectors and industries of the Dominican economy.
(These are shown in Appendix 12.3 of Chapter 12, the Dominican case,)

To complete the projection, shown in equation (5), requires estimates ofbij,
the elasticity coefficient that relates growth in productivity to growth in
occupations within the sector. These are shown in TallIe 11.2. Once the
analyst has the coefficients rpj, YI.j, and bij, they are applied, as shown in
Table 11.3 to the base-year number (970) in the occupation. This is done for
all manufacturing industries.

We will demonstrate the extrapolation of numbers in occupations from
1970 to 1985, using only a few selected examples of industries and occupa
tions. In the Dominican case, the lal"fj;o number ofextrapolations was done by
computer. Here are two exampleo of the arithmetic:

::
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Table 11.3

Dominican Examples: Manufacturing Sector

Industry Occupation 1985 e~trapolation

S~g~r Engineers !lumber 1970 • 22 22 (e'ss( .049) + .043] 15

. 22(1.07)15 . 22(2.759) . 61

Textiles Managers Number 1970 • 62 62 [e-30(.10) + .007fS

. 62(1.0J7) 15 . 62(1.7246) = 107
-

This procedure is carried through for all industries in the manufacturing
sector. In some cases the numbers projected are raised or lowered slightly to
reflect modifying assumptions not built into the extrapolation equation.
Table results will differ slightly from equation estimates.

5.0 The Remaining Steps in the Dominican Manpower and Education Re
quirements Forecast

The remaining steps in the Dominican case are similar to the steps in the
basic method. With the numbers forecast by occupations for 1985, the analyst
converts occupational membership to educational attainment levels. In the
Dominican case, this required acljusting the occupations according to the
educational attainment levels found in the 1970 census, and upgrading the
educational attainment ofprofessional and skilled occupations. With occupa
tions translated into educational requirements, the next steps require a
forecast of the supply, or education/training output in the Dominican Repub
lic, and the comparison of this supply projection with the educational re
quirements projection, to indicate deficitn or surpluses.

In the Dominican case, the supply forecasts were much more adequately
done than in Chile. The essentials of the methodology nrc covered in the
section on enrollment forecasting. In general, the method first requires
estimating the coefficients ofpromotion, repetition, and dropout. These flow
coefficients are tabulated in a matrix and multiplied by enrollments in the
twelve grades of the elementary and secondary school structure. New en
trants into the system during the years of the projection were estimated
separately on the basis of projected populntion and entrance rates.

The fl(\wcoefficients (promotion, repetition, and dropout) are multiplied by
the grade enrollments, new entrants al.., added in, and the result is the
enrollment for the following year. This process is repeated for the number of
years there is in the forecast. During the forecast, the flow coefficients and
th~ entrance rates change according to system plans for improvement. In
"dditjnn to prnjcctjoD" of cnrnl1m::~t;: :n~d tFaduat.:; gf pniNlJ' a;;d
secondary school, projections were run for enrollments and graduates at

'lJ _
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post-secondary level, for schools and universities. Enrollments and gradu
ates were also projected for training programs outside the formal school
system. All of these supplies ofeducated and trained people were aggregated
and compared with the forecast of requirements to estimate deficits and
surpluses in education and training programs.

The logic ofthe method can be traced through by reading the case, which is
a summary of the forecast of supply, demand, and the comparison of supply
and demand to yield estimated deficits and surpluses. Technical appendices
are included at the end of Chapter 12 to illustrate the methods of projecting
demand.

6.0 Other Methodologies

There are as many other different methods or modifications of the basic
methodology as there are planners and analysts at work on macro-level
manpower forecasting. Here we will conclude by describing briefly some of
the features of the forecasting method used in a Paraguay study. Paraguay
illustrates only the projection of requirements by occupations and not by
educational attainment levels. There are three essential features of the
methodology used by Daniere in the Paraguay ca.;e to project manpower
requirements by occupations:

- Methods for adjusting detailed sample survey data to update
census data, and provide occupational distributions of the
sectorial employment projected. (Similar to BI.S matrix aqjust·
ments, readmgs 8.2 and 8.3, Chapter 8).

- Arrangement of sectors in a quasi input-output arrangement so
that employment projections of one sector guide projections in
another sector.. (See BLS ut>t~ t:f input-output relations; Reading
8.3).

- The basic projection methodol.)gy of sectoral employment.

Here we will discuss only methodological feature Band C. {Daniere and
Davis describe the full method in USAIDlHarvard Project, Paper 79, 1979.

7.0 The Inter-Sectoral Arrangements in the Paraguay Case

This part of the methodology consists in systematically grouping sectors of
the Paraguayan econOidY into these major groups or claBBes:

GroupA: This consists mainly ofindustrial sectors where growth depends
on the international market and majordevelopment plans. It may be thought
ofas a basic group ofsectors, because it is used partlyas a basis for projecting
growth in product and employment for Groups C and D.

Group B: This is a group of sectors, usually characterized by large de
velopment projects (agriculture, mining, large public works) for which there
may be independent and detailed employment forecasts made as part of
long-term plans. These employment forecasts often include detailed occ"j)a-

______ .__.. ._.._Jionel ....qn;re'lWr.·:;whiGA .• . ga
forecast totals.
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Group C consists of sectors which serve the industries and projects in
Groups A and B. Growth in Group C enn in a sense be related to growth in the
sectors of the combined Groups A and B.

Group D consists of sectors that furnish goods or services to Grc'!PS A, B,
and C, and also to households.

The inter-sectoral relationships among the groups is taken into account in
the methodology which follows this sequence.

- The employment for Group A is proj£:cted (by regions and nation
ally) by the extrapolation formula that will be outlined in the
following section.

- The employment for Group B is projected by a similar extrapola
tion formula and, in some sectors, detailed forecasts of employ
ment in large projects or planned developments are adde<l di
rectly into the estimates.

- The employment forecasts for Groups A and B are added, and the
total is used as the basis for projecting employment in Group C.

- The employment forecasts for Groups A, B, and C are added, and
the total is used as one basis for projecting employment in Group
D. (The original intention of the methodology was to project the
employment in this sectoras a function oftwo growth fadors: one
would be the growth in the total of sectors A, B, and C; the other
would be the growth of the general population. The logic is that
growth would be proportionate to both poralation increase
(household services) and increase in the basic sectors (A, B, and
C), since Group D served both industries and households. The
household growth data were unavailable, however, and growth in
D was made proportional only to growth in the total of sectors A,
B, and C.

7.1 Basic Employment Forecasting Method for Sectoral Groups

The basic forecasting method is simply a straight linear extrapQlation of
employment on the basis of past increases in sectoral output ami s' 30ral
employment. These forecasts will be varied to take into account inter-Jroup
relationships described in the previous section. For Group A, tl:.c hasic
method for projecting employment to 1980 is:

Group A:

(6)

where:

E = Employment in year shown
B = Gross Domestic Product, GDP

This is simply a straight linear extrapolation of employment in sector j,
region i for the year 1980 (.;BiRO), which is equal to the employment in the
sector and region in the year 1972 (.;Bi72 ) plus the difference between the

_nmploymcnt m~1Z.a~~empleymt!iit iii 19(;2 (i.e., the glu"Lh in ern"
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ployment in past years) divided by the difference in the Gross Domestic
Product between 1972 and 1962 (B72 - B82), multiplied by the difference in
the GDP in the base year (B72) and the projection of target year (Bso). Hence,
the base year 1972 employment is increased by a ratio of past employment
growth to past product growth multiplied by the difference between product
in the base year and target year. This assumes a straight linear trend based
on past changes in employment related to past changes in product. The
method is simpler to illustrate with numbers than to explain words. To
project Eso, employment in 1980, by region and sector:

E8'J. = Employment in 1962 = 800
En = Employment in 1972 = 1200
B82 =GDP in 1962 = 100 million (national monetary unit)
B72 = GDP in 1972 = 200 million
Bso = Projected GDP for 1980 =350 million

(1200 - 800)
Eso = 1200 + (200 _ 100) . (350 - 200)

= 1200 + ~~~ . 150 = 1200 + 4 . 150 = 1800

This :8 an outline of the extrapolation method for projecting employment for
Sector Group A.

7.2 Projection for Other Sector Groups B, C, D, and E

The projections for Group B are done by the same formulation as Group A.
Additionally, detailed employment estimates for large projects are obtained
frr.:-;'\ plans and engineering studies.

F~· r the projections for Group C, the same essential formulation is followed,
except that employment estimates for Groups A and B are added to give a new
variable, Fi, which is then used in the following formulation:

Group C:

(7)

Because the Fi totals for the years 1962 and 1972 and the target year of the
forecast, Fi, have been provided in the previous projections, the employment
for Group C can be forecast with equation (7).

For the projection for Group D, the I!mployment estimates for Groups A, B,
and C are added together to give the variable Gj, which represents the
combined employment of the three groups.

The final step in the Paraguay case consists of adjusting the occupational
coefficients or distributions derived from a census sample and applying them
to the projected employment. The approach is outlined in Figure 11.3, based
on Dsniere's methodology.

\
'------------------- -

---- ------~~---



-"..... , ,

Manpower/Unit Three 235

Figllre 11.3

Sequential Schema ofPhase 2
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8.0 Closing Note on Manpower Methods

A review ofthe simplerapproaches to manpowerplan:ling and the illustra
tion of these methods in the cases to follow should convince the planner of the
following truths, which have been dealt with in preceding thematic 'papers:

- The focus in manpower planning is on a very narrow interpreta
tion of the goals of education-training systems. Educational sys
tems do more than produce educated and trained workers for the
workforce, but this is momentarily ignore<i in manpower plan
ning, and graduates are treated as output and called supply, anel
worker requirements are treate<1 by the numbers and termed
demand.

- Underlying most manpower requirements forecasts are a host of
simplifying assumptions about relationships between product
productivity, (product per worker), employment, occupatlOnai
structures, and educational levels. The use offixed coefficients to
reflect sector/occupation and oC"'lpption/education distributions
is a weakness known to analysts, outitis sometimes not stressed
in their reports.

- The underlying models and methods are essentially simple, de.
pend on extrapolations based on simple curve-fitting, and are
varied in applications in different situations.

- There is also some different and additional information that can
enrich the simple forecasts of manpower requirements (the
second and third columns ofSchema 8.1), but there are no general
models for incorporating all of this information into a single
analysis. Manpoweranalysis proceeds through a series ofapprox
imations and simple iterations, incorporating new and adc:lJtJonal
data to update and improve successive rounds of forecasting.

- With all its limitations, manpower analysis has been widely
applied in planning, and is still being applied. The record is clear
that it is used and that there is a demand for it. The record is not
so clear that it has been wisely used to influence policy and
program changes in education and training. Still, there is little
evidence that manpower planning has been useless or harmful.
These issues are discussed in other papers in this series. Different
applications of manpower planning have led to unstable results,
and sometimes to no results, but this could be saiel of almost any
application of any of the methodologies of social science.
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READING 11.1

GeneralDescription ofEcorwmicGrowth
Model Used in Manpower Forecw;t

Source: Bureau of Labor Statistics,
Handbook of Methods, Bulletin No.
1910 (976), pp. 256-257.

Mothod.

Background

The Bureau of Labor Statislics has ~evelope~ a pro
gram of economic arowth studies aimed al pro\lidinR a
framework for analyzing Ihe rroblcms of iong-run
economic growth. The primary objective of Ihis pro
gram is to develop projeclion, of employment oppor
lunitie~ under altemative assumplions. These rrojec~

lion! provide a framework for assessing a number of
important economic problems jnclu~ing labor uliliz~

tion over the nexl d«ade and employment require
ments of specific go\lcrnment program~.

cal p",ce~uresare followed in allocaling ~eman~ 10 Ihe
producing industry. In sume c:,se~ suhmodd' are used
10 assist in this analysi'\. The industry derail to which
the c31egorics of demand Olrc allocalcd m<llche\ the:
input-output c1assificarion used in Ihe .mhscquent \Iep.

Demand 3\ uscll in the: "'illion;,11 income aCclmnls
refers only to final ~emand. i.e .• :hal of Ihe ultimale
consumer. Torlace a value on Ihe output ofan industry
whose product!. are not ~iOrd 10 uhimatc consumer,. hut
arc u,~d in!'itcJd hy olher imJu'lric~ in the:' coun,c of
lhcirown production. an additional s.o:.: .~ c;dcul"tilm, i,
nccc'\sary using an input·ourput mooel. The inpul~

OUlpul mOOtllran,lale' finnJ demand for a itiven rrod
uct inlo Ih~ output Ihat i\ rtquired from alluther indu,~

trics 10 J.!roducc Ihe millen"l, nc(\kd 14,,1 m;tnuf..lClurt
Ihat proouci or ~cn icc.

A system of economic growth models has .been de- Prior to u-e of Ihi, model. Ihe input.outpul coem.
veloped 10 serve as a 1001 in mnkina economic projec~ cienn are projecled. The inpUI-mJlpUI lothl~, u\ed :1\ ;.

tions. Thi. ,yslem begins by projecling Ihe economic ba-e in Ihe economic growth me,.]e' arc developed hy
growth rate of the Uniled States un~er conditions of Ihe Dureau of Economic Ani~y,i" U.S. ()eparlmenlof
polenlial or near potential ulilization of ils labor and Commerce. However. the-e inpul.oulpullilhlc, incor-
capital resources. This is referred to as potential gross porate Ihe I<chnology i1n~ produci mi. for a hi"e ye"r.
national product (GNP). To do this. the system must and may not renect the I<chnolOllY and product mi.
project Ihe labor force to Ihe larget year. assuming a which may prevail during Ihe period for .. hich Ihe pro-
specified unemployment rale. and project the rates of jection is being made. Thu,. il i, necessary 10 proje"
change in produclivity and average hours paid. changes in the inpul·outrut.",.meients. Two method,

This potential gross nalional product (GNP) is then are u..d to do this: D<lailed an"ly,.. arc made of Ihe
dislributed among the milior demand components of chanae.taking place in the leehnnloJY of various indus.
GNP by u.eofa macro-economelric model. This model trie... well a.,he changese.•"..,etI in prodoet mi. due
converts polential GNP inlo income by ..ctor. such as to dilTeringgrow,h rale. ofproduct group. wilhin indu,-
lovernmcnt revcnUC5, ~nonaJ income and bU!linc~\ Iric\. For induslric, for which detailed 'ludic, arc nul
income. and in turn translate. income inlo aareg.lle made. analyses are ~eveloped 10 d<tcrmine 'he dir«.
purchase. or demand. The foreillll trade sector and tion al,d magnilude of ,hange in the u-e of it, proouch
some government accounts are len for e.ogenou. lid- by olher industri...
juslmentto permit nexibilily in certain assumplion. of
the projection•. The macro-model is ~esigned .0 that Next. employmenl e\limal<s hy industry are de-
projection. of supply GNP and ~emand GNP are nOI veloped. Thi.i..ccompli,hetlbyu-eofa,elofinduslry
necessarily equal. The equating or balancing of these is productivity projectior.•. The final 'Iage i, 10 balance
done by making selecled chang.. in govemmentfi.cal Ihe model. Projections contain many co,nple. relalion-
policy. . ship, amona economic variables that were developed

The ne.1 .tage in the projeclion. i. to develop a through a lengthy 'equence of opemlion•. II i' nec..-
projection of Ihe industry composition of demand for sary 10 have a sel of checks and balal),;•• lo in.ure Ihat
each ofthe mlliar dern.nd categories. For example.lhe Ihe variou. slage. of the projeclions make up an inter-
consumer expenditures category inclu~e. the amount. nally con.i,lenl model. The economic growth model i.
spenl on renl•• automobiles. medical expenses. and ~e.illlled 10 provide a feed-back and balancing pro-
other good. and ,ervices purch.sed by consumen. For cedure with re.pectlo three of il. element" Import.,

____~ ..c!J"" ,"".nr d,.m,,~,t ,."'..;n........ ili!!:r'""" """'}:1h.~-<:"""'··"·ol··;'",,,-,",~;,~ ..';•..i,,,h."··l..'Jijlil"·.;;,...·ll..·..u..• -l:"ii'1il"lr,,".-·',;,',,,'•.,.....M'"·i-1l..ih;.."'.,.,"',;·:......:-----------------~
Ihc"Ie ch:mcnh mu,t he hroullhl inlo hali1nce \imullanc~

uu,ly.



~.

238 PLANNING EDUCATION Fon DEVELOPMENT I Models and Mothods

READING 11.2

Productivity: General Objectivf$ and
Delinitio1liJ

1. An assured source of accurate information on sectoral productivity is
required in order to accomplish the following objectives basic to planning:

- To provide a basis for economic growth forecasts, in order to
project and plan growth and development, especially in key
sectors.

- To provide the bas:" for developing priorities for selecting appro
priate technologies.

- To provide a basis for forecasting employment and for develop
ment of employment policies for key sectors and occupations.

- To provide a basis for estimating manpower requirements in
terms ofgiven patterns of growth in input and employment, and
to guide the planning of education and training.

- To provide a basis for monitoring the performance of the economy
(by sectors and later by industries and by firms). Also to monitor
workforce developments and establish wagP. and price policies.

2. Though analysis of productivity will require some study of the com
prehensive relationship of output to m~or factors of product;ion or inputs
(Iabnr, equipment, methods, organization), the focus here will be on the study
of labor productivity. The definition of productivity can be broad, e.g. the
measure ofthe economy ofmeans, or narrow, e.g. the product/factors ratio, or
specialized for one factor, e.g. labor time expended per unit ofoutput. Total
factor productivity analysis is one basic approach, and labor productivity
analysis is a second. The current trend seems to be to emphasize total factor
productivity analysis, but here the term productiuity used alone will gener
ally be used in its specialized sense, and laborproductiuity will be understood.

3. The limitations ofnarrow approaches to the analysis ofproductivity are
recognized from the outset. These problems include: (i) the difficulty of
defining and measuring output in the services and especially in some gov
ernment services (regulation, defense); (ii) problems ofattributing inputs to
joint products; (iii) variations over time in qualitative characteristics of
physical output units; (iv) combining physical and monetary measures; (v)
difficulties in developing deflator indices and weights; (vi) difficulties in
accounting for different labor input types, and for direct and indirect labor
and contract labor, and attributing and measuring the conlribution of re
dearch and development, supervision and communications staff. A general
problem of basic methodological approach is whether to analyze the sectors
(industries, services) close-up, with many micro level work-study and

............~_...._._-_.:-------;-,-----.
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methods-study efforts (which produce large and complex volumes of data
difficult to manage), as opposed to developing aggregate, indirect complex
indicators and indices which would be difficult to construct, maintain and
interpret. What is certain is that the problem ofanalyzing productivity must
be dealt with by economic: planners. Productivity estimates are at once the
most critical and the most vulnerable parts of general economic nnd man
power planning. Productivity estimation is the Achilles Heel of manpower
planning.

Schema All.l outlines a number ofmajor issues in the conceptualization and
measurement ofProductivity. The columns cover the common variables dealt
with in the measurement of Output, or Product; the measurement of Input
(factors of l'roduction,' labor inputs etc); and the measurement of
Classificatory Variables, Le. variables which affect the relationship between
Input and Output, and hence variables which affect the measurement of
Productivity.

In the measurement of Output (Product), the analyst has various choices.
He can choose to measure Gross Output or Net Output; he can measure Total
Value (the total ofquantity times price)or Value Added, <the Total Value less
Factor contributions to product). To avoid problems ofpricing, market imper
fections, and inflation, analysts in order to obtain more reliability in measur
ing and comparing products, may base the comparison on physical units of
output. Schema 11.1, also outlines the difficult problems and choices in the
definition and measurement of Output in the service sectors. In Education
there is no real agreement as to how output, and hence produdivity, should
be measured. Quantitative measures of enrollment flow and efficiency and
numbers of graduates can serve as crude indicators of Output in Education,
but these measures do not capture the qualitative differences ir. the educa
tion process or qualitative differences in learning output. Test.s of achieve
ment, skills and attitudes may reflect some aspects of quality In output, but
there are subtle and deep lying elements of knowledge and skill that may not
be captured in standardized tests.

Even if the tests measured learning output in any real sense, there are few
tests or measurement procedures for assessing the supposed outcomes of
education. These include enhanced worker proC:uctivity <which is difficult to
measure and even more difficult to attribute uniquely to education), the
performance ofcivic functions by citizens, and generally improved social and
cultural performance by educated peop:e. There is no easy or accepted mea
sure of the outcomes ofeducation, and hence product can not be fully assessed
and educational productivity determined.

The same problems plague the measurement of output in other service
sectors, such as in health and in government services generally. How is
output measured in government regulatory agencies, or in the military
services in time of peace? Perhaps the fact that there is peace is the true
measure of output. Measurement of output in the services is difficult. In
government agencies the wage bill may be taken as the product, but this can
lead to absurdities when applied to productivity. For instance, in the situa
tion where more workers are hired and paid more for doing less, prGductivity
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..:

appears to be increased. In some social sectors the true gain in product can not
be assessed except in reference tC' national goals and values. Where distribu
tion and equity are the goals tilen moral philosophers are still struggling
with the issues that ariso f'"Om the fact that when one individual, or group, is
benefitted, it may be at ttL" ,-ost of another. For example, total agricultural
output JTI"'~ (lp.crem:c w ~. i.~e distribution and equity are sought through land
reform. The measurement of output can not cope well with these issues.

There are equally difficult problems in measurement of Input. A mEYor
choice is between assessment "ftotal factor productivity, or concentration on
a central factor such as labor. Parceiling out the effects of the various factors
which go into output is difficult, and attributing these effects to specific
inputs, types of inputs, and quantities of inputs is equally difficult. The
application of regression based approaches and least squares models to the
study ofeducational effects has been discussed in Chapter II. The limitations
ofordinary least squares are familiar to analysts, but there have been fur ther
methodological developments through the use of multi-stage least-squares
analysis and the use of models based on flexible functional forms which
permit systematic analysis of the relationships between pairs of inputs. The
tran.slog (transcendental logarithmic) function allows variable elasticities of
substitution both among input factors and through time. No model and no
form ofanalysis gets completely around the problem of uniquely attributing
products to given kinds and amounts of inputs used in a complex process.

In addition to complications in modeling the effects of inputs on outputs
there are also questions about the units in which inputs are expressed, and
difficulties in reflecting qualitative differences in outputs, e.g. qualitative
differences in worker crafts. The effects ofsome kinds oflabor are difficult to
measure and attribute, for example, research and development effort which
has a long term and subtle payoff in a production process. There are also
problems of weighting and combining inputs, and deflating and indexing
outputs.

In any study of process effects there is also the difficulty of characterizing
the context and charting its effect on inputs and I.Utputs. Hence, there is a
need to identify, classify and measure historical and contextual variables
that interact with inputs, and sets of inputs, to produce unique effects. The
analyst must struggle with all of these issues and difficulties to measure
productivity, and after years of effort and vast investment, productivity
anaiysis is still a research enterprise for all but the r.:ost straightforward
production situations.
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Schema All.I:

An OutUne ofVariables for Productivity Analysis

OUTPUT (Choices)

\1.

"'3;::.
~

'"

~
-6o
E:
'"::t
~
~

~....

CLASSIFICATORY VARIABLES

1. Classification of Economy and Level
of Analysis Issues:
a. Sectoril (kind and numbdr, e.g.

more aggregate, less ...
b. Sub-sectors, where products and

Ol!tcomes differ markedly, e.g.
Labor and Social A.ffairs; Educa
tion, types and levels.

c. Industries, claseified at varying
levels of specificity for product
(service); joint product.

d. Firms, within each individual
firm what size and type? plant?
department? profit center?

e. Icdividual and small group ser
vice enterprises; cut off level (see
size).

2. Industry type (formal, nonformal,
modern, traditional, primary
secondary, tertiary; by type; s"gment
of labor market.

(cont. following page)

1. Major issue is whether to use total
facto!" approach or selected inputs
such as labor. It is difficult to parcel
out and attribute effects of varying
factors such as labor, land, capital
equipment, materials, energy ... or
ganization, method ...

2. Various ways of expressing units of
labor:
a. Worker numbers (per capita)
b. Man hours, weeks, months, years,

weighted and unw;:ighted
c. Visible versus Incorporated Labor
d. :'roduction versus Non Produc

tion Labor (inputs)
e. Preparation in support of produc

tion: supervision, administration
distribution, transportation, re
search und development, public
relations ...

f. Worker characteristics, educa
tion, occupation, salary/wage/
benefits, experience, organiza
tional hierarchy ... nationality

INPUT (Choices)

Service Unit Outputs

More straightforward
a. Education - attainment, enroll

ment, graduates, flow, input/
output, expenditures, (unit-costs)

b. Health - patient/treatments
preventive service units

Less Straightforward

a. Education - quality schooling,
achievement, Outcomes (effects,
i.e., employment, earnings, social
alljustment, rate-of-return).

b. Type of Health ser\'ice& (e.g. pre
ventive, curative issues, MCH).

l· G.·OSS Output versus Net Output

~.

~"
i
,

Value (pq) versus Value Added

Physical Product versus Monetized
Product
a. Product measured

I b. Unit of measure
I c. Net versus gross output

.,.
,

I
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c. Other services where output is
difficult to measure - Communi
cation, Regulation, Security,
Governance

d. Note that some basic value or
normative position may be re
quired befClre social productivity
can be assessed, even in
straightforward services. Exam
ples might be, Basic Needs Ap
prose:" <Universal oo1Jcation, lit
erncy, etc.), distributive equity
nonus etc.; national security
goals, public safety norms ...

5. Cost&, budget, expenditure measures
outlayS, e.g. p~r.pupil oosts

6. Attainment of service norms

7. Other ConsiderationR
a. Productandser';i-:emix as well as

qulmtity and level
u. DEWee of diaaggrcv;ntion by

commodity
Co Combini!1g and weighting com

mOdities in composite index
d. QqaIitative changes
e. Adlaptation to local need and pref.

I

erqnce
f. Indirect indicator chains

Schema All.l

(continued)

3. Other Inputs
a. Land (arable etc.)
b. Energy use (renewablr, etc,)
c. Capital, costs, r,tc.
d. Resources and materials used

(raw mf.+.erials, water, semi
finished)

Considerations
It. Problems of attributing indirect

and support labor or inputs serv
ing many commodities or service
outcomes.

b. Problems of rontract labo..
c. Voluntary labor.
d. Creative labor.
e. Cse ofstandard worker ::lassifica

Hon schemes asco, DOT) or
classification by factor analysis.

Other Meusurement IssjjF~
1. Weighting proolems ior cl'mbinations

of inputs/outputs.

2. Indexing problems (pq weights)
choosing periods, choosing mixes.

3. Blll:lic issue ofmany disagg;-egated es
timates of PMH, or aggregate CO:11

posite indexes and indirect indic
ators.

3. Industry ';~ -rlassification
a. By employers <workers, produc-

tion/other
b. By sales volume, value, etc.
c. By social capital
d. By technology
e. Other, Information Based, etc.

4. Ownership and auspices <national,
other, publiclpri\'ate)

5. Management

6. Location

~
,;..
~

~
~
t':l
g
~
0,1

~
g
~
<:
t':l

~
Ii:
t':l

~

~c.
Cl
Iii"..
"c.
:c
Cl

;.
e-

..~ .....!--..
....... - ._~,;~ I '-~•• '~_ - :" '---i:"i;.;;"~~, .~;;.

?'

I
I

I ,. , ! .

r ~ ~'I~~~~~~~~~~~~J~:1i" I
~: ~- i, ,

~:~i' i.'~lIiiii ' - , , ' " i 1_,;,.L;;;L[F~;~¢~M~~1~·t- ,-,...,-~y...:;.,.,.a*.;~ur..:"'''''&r~iii



Manpower Planning 243

CHAPTER 12

MllnpowerPlanning with an.AJiernative
Method: The Dominican Republic Case
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1.0 Introduction

The n·.air! study of the manpower requirements of the Dominican Labor
Force was &:'ructucd in this form:

- A description ofthe Dominican LaborForce in the base year ofthe
study, 1970. This section dellCribes the occupational strucure by
economic sectors and relates the occupatioDlJ to the educational
level of the workers.

- The structure, capaci(' • and dynamics of the formal .y.tem of
education in the Doml .dcan Republic. This section has been re
duced in this venion (English) of the case.

- SU}lply projectio718 ofthe educational and training sy.tem in the
Do-:-;inican Republic (1970-1985). This section has been cutdown
in this version oC the case, and included in the previous section.

- Demand Projections for the Labor Force (1970-1985).

- Compamon ofprojections ofchmandandsupply ami tJu balance
betwHn chmand arad Ifupply oftrairud woru1'tl (1970-1985).
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- Summary ofconclusions and recommendations made as a result
ofthe study. Thia is a concise summary ofthe study's wide range of
recommendations on policies and programs to be adopted.

The main report is followed by a technical appendix that explains the
methodology used to project requirements, called here demand.

2.0 The Dominican Labor Force: General Analysis

Any opportunity for future development that is planned in the Dominican
Republic will, of course, grow out of pnlsent conditions. The increase in
trained and educated persons must be added to the pool of those who cur
rently comprise the labor force. The characteristics of these workel'8 appear
in the first set of tables, which are based on the population census data for
1970 and adjusted by the additional analysis made for this study.

The following comments on the occupational and sectoral distribution of
workers are quoted directly from the original Dominican report by Davis
(1974). The reader can make his own observations, based on Tnble 12.1

The distribution of employed workers, by occupation and sectors
of economic activity (Table 12.1), indicates that the Dominican Re
public ho., the labor force structure which is typical of a developing
country, where primary production in agriculture predominates.
UnskiI1ed and casual employment has been high, and industrial
employment, and 'lther areas requiring skilled manpower, have
scarcely begun to grow.

The level of technical and professional employment is normal for
the i1tate ofthe economy in the base year, slightly over 3 percent, but
there is considerable spread in the distribution of the educational
levels of those who were classified as professionals and technicians.
More than halfof them have less than 12 years ofeducation (a point
which will be disCUA8ed when the supply ofeducated professionals is
analyzed). The percentage of administrative and executive person
nel seems to be very low for the Dominican situation, .5 percent
(4848/833,057 = .0058). Either the occupational cate~ory was not
clearly defined in the census or the vital role of admiwBtration was
underestimated or under-recorded. It is important to note that this
occupation would require specific training JJroff!1lms which, in tum,
would Affeet the demand as well as the supply. The educational level
of those classified in this key category is loW; more than 70 J)el'Cent
have less than 12 years of education. The representation of office
workers in the labor force is similar to the average in other compar
able countries.

Skilled workers Beem to be under counted, because arti8BnB other
than Plumbet'lt. Electricians and Mechanics were classified as Other
Workers. Moot of tho8e in the Other Worlcergrouping are farmers
and laborers

i
but 80m.e in the. Industry and Other Services sllctors

may be skU ed. More than three-fourths of the labor force are
classified as Other Workers.· .

The di8tributl.on of occupational~group9 according to eeeton of
economic activity is al80 8liown in Table 12.1. High. p'roportions of
technical and ~profe88ional worken are found in Other Services,
Govenunent Commel'OO, Construction and Indultry eeetors. About
;0 peIeenL JUte sedtil Sai!iittsti; aM i€BBilRli6t.& w;;-k in -he: Co--
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merce and Finance sector and Government, and arc distribute~
more or less evenly between the two. Almost all the school teachers
work in the government sector, althouah there are many who were
classified in the non-university profesSions ('rable ::'2.1) who really
work as teachers in institutions ofthe private sector. Therefore, they
are include<1 in the sector category of Other &rvices. Seventy per·
cent of the 19ronomists and veterinarians arc included in the ~\g
ricultural e~ctor. Only a small percentage of them work for the
government. This is rare in other similar countries.

The proportion of lawvers in the Government sector appears low.
Lawyers are distributed in different sectors, with a few classified
into other services; but 90 percent arc found in the Commerce and
Finance sector. The 6 percent in f{overnment employ is low. Office
employees are distributed accordmg to anticipated patterns; about
75 percent work in either Government or Commerce and Finance.

"'The low education level of workers may account for some misclassification,
but readers should note that analystll must often work with shaky occupa
tional data. That's the challenge.

The comments made on the distributions in occupations and in sectord, and
in occupations by sectors, should illustrate the kind of observations which
experienced manpower analysts make on occupation by sector distributions
of the workforce. Not all the observations made in the original report are
give:l in this case. Even in the report itself, notaII the analyst's observations
were offered. The purpose in giving some observations here is to indicate
what a manpower analyst looks at and to show the mistakes he makes in his
observations.

2.1 The Educational Attainment Level of the Workforce

Table 12.2 indicated a low levol of educational qualification for the eco
nomically active population. Only 22 percent had completed primary or a
higher educational level. Workers 34 years and over have an educational
level significantly lower than that of younger workers. <The chi-square fClr
the difference in ages and educational level is significant at the .001 level).
This situation reflects a history of educational deprivation for the older
groups in the workforce.

Through the census and a special labor market survey of ",mployoos and
employers, three categories of skilled workers could be studied: the first
group, plumbers and related jobs, includes metallurgists; the second group is
composed of electricians who work principally!•• repair services; and the
third group is made up of machinists ond nuLo meebanics. This labor market
study showed how skilled workers were recruited, paid, trained, and pro
moted in the Dominican workforce. Only a portion of these results were
incorporated into the general manJlOwer study. The interested reader can
consult the original ana complete set of reports (Donunican Republic, 1974).
Toe labor market study revealed se'veral intereeting aspects of the Domini·
can labor market which are not directly connected to this manpower .tudy:
(1) there was no systematic information either collected or exehanged onjob

. gpeRillifj gr laber ;;l:ip~lj" ht the DoBjjniatn RepttbHe, altd l:heie "dB a ciiti=l il
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Table 12.1

Occupational Structure of the Labor Foree by Productive Sectors: 1970

OccupatlCll41 Categories Sectors
...grl- "ini1\9 1nd:ts - ConstNC- Transport Electric- Iw""erce Dt.~er Govern
culture try tlon and CCG!- ity, gas. and fI-

;~~;sb
mente Total

IlIUnfcatlons an~ water nanc.e-

£l\9iuers, ,architects 24 - 44 l,llgf 11 48 44 39 86 1,415
p.e.lsts, physicists and

128ph4rwachts 10 - - - - 38 493 95 764
~:-cnOllhts, veterinarian. 358 - 28 - - - 25 5"l 28 491
c_hu, sociologists

i..thsatletans - - 8 - A · 75 46 12 209
~ers, jUdges - 26 12 - - - 1,160 19 43 1,260
~countlnts, bookeepen - 14 120 - · 23 1,106 33 85 1,381
~tors,su~s, dentists - - . - - - 10 1.553 41 1.604
ther pt"OfesslOf'a15 · - 9 3 - · 31 587 166 796
roductlan technletans and

others 390 9 278 1,440 50 44 371 2,084 182 4,848 ,
lronedlCS, r>edlca1 technlcla s · · . - - - - 282 12 294

!tursllS, altives - · - - 9 - 10 2,834 36 2,889
rofesson · - - - · - 28 34 13,748 13,810
~r.&gers and a*lnlstrators 200 12 600 235 105 12 1.804 294 1,286 4,548
ffloe eaployees 527 86 6,269 481 3,469 787 7.~,873 4,319 27,642 69,453
~lell'lel'l all<l related 184 9 911 39 1.170 · 50,073 514 54 52,954 I
lWl1bers and rehted · · 612 19 · 33 45 1,822 74

2'
665

1lectrlcflns and rehted · · 281 21 47 298 79 3,nQ 33 3,876
:u~l1e -eeh..les 42 19 757 116 124 51 281 12,504 160 14,054

;~':~:~I
9 · 814 39 121 - 90 482 22 1,577 .

391,%1 530 n,8l8 18,654 44,996 537 7,799 85,800 8,247 6,2,408 !
n tiny personnel · · - - - · - - 11 75~ -

Ibtll m 705 705 !IS B09 22 166 51) 110 1 e33 88 942 116 916 63 871 :833 057

~ AllIlendlx 7, Yol.- U. H_n Resources and U!ploX'""nt In the Dominican Republic. Edutationo1 Developnent c.nter, Inc.
'ainc1udn the sugar Industry.

b1nc:llldes tourlsa, _edical servfces. cleonlng. cloI1estles and others.
~Includes eQlcaUon and publfc adllllnlstration.

dIllCludes untverstty profnsors. secontiry teachers. prlNry teachers aM others.
e lncl,"," fa..rs and ainers, day hbo. a~d ,other workers.

f This IUIIler can be atsleadll\9; of the 1,119 "Architects and Engineers" registered fn the base nu:r:ber of 1970. only 385
...roe ....", c:hll engineen or archlttc:ts. For 1IlOn! details. see the methodolo~lcal note In Volume II.
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Table 12.2

Eonomically Active Population: Age by Educational Groups
(from 15 to 34 years and 35+ in 1970)

*

Educational Hot Without less than 6 years 7 and 8 9, 10, and 12 years 13,14,and 16 years Total
l':---_level specified education 6 years years 11 years 15 years

Me -------
rom 15 to 34 64,400 179,707 258,098 35,144 51,565 28,594 48,381 8,491 4,916 679,296

(9.5)A (26.5) (38.0) (5.2) (7.6) (4.2) (7.1 ) (1.2) (.7) (100.0)

From 35 to 65 50,363 180,666 151,193 16,220 30,893 11,088 7,896 4,894 5,052 458,265
(11.0) (39.4) (33.0) (3.5) (6.7) (2.4) (1.7) (1.1) I(1.1)

(l00.0)

OrAL 114,763 360,373 409,291 51,364 82,458 39,682 56,277 113,385 9,968 ,137,561

Source: Special tabulations from the 1970 Census.

~
~
~
"t:l
6"
5
~.

.001

apercents in parentheses sum across the age 9roups

679

459

1,138253

Chi-Square 3 14.3

Probability that the result is due to chance: ~

Conclusion' Age and educational level are related:
. older IIOrters have less education

arhls total of the Economically Active Population differs from other fi9ures
presented In this doctlllent because of adjustments that were made.

885

~ional
level (Gr3deS)

Age\<6 >6

1<35 502 177

" 35
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248 PLANNING EDUCATION FOR DEVELOPMENT I Modols oDd Mothoda

need for a labor market information system; (2) there was a haphazard and
personalized system of hiring skilled worlters for jobs; (3) there was little
mobility for skilled workers because the market was so haphazard; (4) skilled
workers were underpaid and undervalued by employers; (5) there was almost
no realization of the need to train workers within firms.

3.0 Education and Training System; Actual Capacity rr:d.1985 Proj'!ction

The quantitative characteristics of the Dominican educational system
appear in Schemas 12.1 and 12.2, which show the structure and flow of the
systern for the year 1970, as well as for the targetyear 1985. The projection to
1985 is a neutral one, i.e. assumes present structures and trends continue as
they are. It provides a basis for showing needed changes that should be made
in plans and policies. The primary level comprises grades 1-6, while the
£econdnry level is divided into two cycles. 'Ihe first cycle lasts two years and
the second, or diversified cycle, (Table 12.3), has a duration of three years,
depending on the programs. The third level, higher education, is better
described in Table 12.4, where institutional details and the fields ofstudy in
the universities of the country are presented. This is folIO'ved by Table 12.5
showing projections in supply of university level programs. Outside the
formal schools, nonformal programs of education and special programs for
training are run parallel to the educational system.

Schema 12.2 shows that the enrolIment structure has a pyramidal form.
The broad base (primary grades) reflects educational policies of 15 years ago,
when there was an effort to transform the edu~ationalsystem into one that
could reach the goal ofuniversal primary education. This attempt has not yet
sucreeded.

Table 12.3

Structure of Secondary Education (Diversified Cycle) 1970 and 1975

Type of Educatfon I 1970 1975
Enrolled Graduated Enrolled I Graduated

NumDer ~ NumDer ~ NumDer NumDer

Coorne rc fa 1 1,097 i 1.0 173 2.2 2,59~1 1.5! 294 1.7
Industrial I 684 I 0.7 79 1.0 1,0121 0.6: 105 0.6
AgrIcultural 619 I 0.6 180 2.3 654 1 0.4 i 135 0.8
Nonnal I 540 i 0.5 148 1.9 240 1.4

I
603 0.3,

AcademIc i 100,260 I 97.2 7,120 92.5 170,535, 97.2 i 16,726 95.6

Total : 103,200 1100.0 7,700 100.0 175,400 !100.0 : 17,500 100.0

4.0 General Projection of the Workforce (1970-1985)

The general forecast of the labor force, using two alternative projection
series, appears i1'..Tnble 12.6.
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Schema 12.1

Diagram of the Dominican Educational Sector Flow in 1970
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Schema 12.2

Diagram of the Dominican Educational Sector Flow in 1985

Hote: The enrollment figures are expressed In thousands a"d the rates of transition as decimal fractions.
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Table 12.4

Distribution ofStudent Population by Institutions and Faculties ofHigher
Education for the Year 1973

I'"''''''
Institutions Total !

univirsity Universit'l UniversityUniver~ity Univ~r~it Uiliv~rfiiity Number %1R r. n
~

!HI.I'lanitfes 1,849 461 1,079 129 336 -- 3,854 17.8j
:Science 466 -- 92 -- -- -- 558 2.6j

I
iVeterinary medicine

576 249 152 II .,d ."1"",,, -- -- -- 877 4.1
Medicine 4,349 31 501 667 -- 99 5,647 26.1
Economfcs 3,513 370 874 201 445 I 52 5,455 ?::;.~\

ILaw 373 247 357 40 -- -- 917 4.2,
Enqineering and

arch i teeture 3,034 582 560 105 -- 65 4,346 20.0!

Total 14,160 1,740 3,615 1,142 781 I 216
!

21,654

100.0\lpercentages (65.4) (8.0) (16.7) (5.3) (3.6) I (1.0) (100.0)

Source: Obtained from the records of the respective higher education institutions (Schema 11-2.
Volume II, page 262, Human Resources and Employment in the Oominican Republic, Educational
Development Center, Inc.)

·these figures do not include enrollment for "Colegio Universitario."
~hese figures correspond to 1974.

I

I
o.

~
~
&
"tl
S'
;:l
;:l

~.

t-.:l
Q1.....

--'-' ~

i"S:"~



.. , • e ,. ,,\1 , ! 11,1 I .' , • I

I'
,.t

!

~ lIbrlting~t 7 of the section on Projection of Supply

[
";;
co
::I
c.

:::
"5-e.

~
C1
to.:l

i
Q

~

~
~
~
:::J
tl
l.'l
<
l"J

~
Ii:
l"J

?i

I Present Projected
. :~7~-1915 1Q75-1<l!rO 1900-191)5 1972-19115

I
19.0 13.9 1:'.9 14.7

33.~ 18.6 14.9 20.9

Growth Rates for Hip,her Edocation
(Cumlative Annual Percentage Increase)

Table 12.5

Projections ofSupply in University Level Programs

(

Rates of increa~~

Total enrollment
Total lmiduates

19'12 1975 1980 1985 CI.m1lative 1970-1985 I

Enr. I Grad.
Dropouts by year

thi.versity Programs Enr. Grad. Enr. Grad. Enr. Grad. Grad. 1-2 >2 Tot&1

F.neineering, Architect 3725 B3 6815 296 13379 923 24438 2156 11946 9382 2166 11548

~icine 4633 101 8101 3£2 16019 879 30286 1947 11493 7380 51"2 12522

law L7c 51 1149 7:l 2398 142 101029 306 19710 2242 666 2908

Eecnanic Sciences 4J99 2L~ 78LC 573 15463 1563 27975 3056 19303 1"182 2838 17020

Hlmmities 3687 232 4847 452 839<' 762 15203 1505 10569 11659 271" 14313

Agriculturel\'etemiaTY 1021 ~~ 14n 137 24eC 23E 1;549 49: 3237 1729 75(, 2485

Sciences (Physical) 4°- 5'~ 644 54 1155 101 2095 202 1426 1e95 520 2415uU-- -- -- -- -- -- --
Total 11B3?! B18 J:867 1944 59294 4579 105975 9665 59948 41l~69 lLIlo2 63271
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Alternative 1, beginning in 1970, with an economically active population
of 1.2 million, 836,000 employed and a cumulative annual rate of growth of
3.':. percent, would result in an economically active populatior.. of almost 2
million in 1985, with 1.5 million employed. This means an annual increase in
employment of 4.1 percent in that period, and a rate of unemployment of 23
percent of the economically active population in 1985. These are optimistic
rates with respect to the increase in employment, but they are within the
limits of national capability.

Alternative 2 results in a smaller active population, beginning with a
slightly smaller E.A.P. for the base year. With the same rate of
growth for the economically active population and employment, this alterna
tive would result in a smaller economically active population and a lower rate
of unemployment, 15 percent for 1985.

Employment is maintained at the same level in both alternatives; the
difference results from the variation i,l methods of measuring the eco
nomically active population. Within these limits, the projection of demand
for employment, by sectors and occupations, is derived.

Table 12.6

Economically Active Population (EA.P.) 1970 and 1985

R.!te R.!te of
E.A.P. 1970 1970-1985 1985 unemployment

Altern.t'.e 1

LA.P. 1,225,000 3.2~ 1,964,000
Employed 836,000 4.a 1,519,000
Unemployed 389,000 445,000 23~ I

lternathe 2

LA.P. 1,109,000 3.21 1,778.000
Employed 836,000 4.a 1.519,000
Unemployed 273,000 259,000 15:

SfJurce.· Based on 1970 Census; Work Document No.6, Volume II.

4.1 Economic Growth Forecast

Table 12.7 shows economic growth projected by pri ncipal sectors. The first
column gives the growth of value added, or production, from w;lich employ
ment growth is derived. Mining shows a significant growth 8S a result of its
expansion in years previous to the base year, although it did not generote
much employment due to its small capacity when compared to other sectors.
The growth of the construction sector is more important, because it presents a
greater share ofproduct and employment, and it also employs a high percent.
age of professionals, qualified workers, and technicians.

The rate of gr.:>wth of industrial production is double that of industrial
employment. Thi.s implies a sustained growth in productivity, which is in
agreement with recent and expected trends in investment, technology, and
education. The same relative growth betw::!en production and employment is
projected in the public sector, a sector that will employ the majority ofhighly
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Table 12.7

Value Added and Employment Growth for 1975 and 1985

Economic sectors Value added of production Emplo}tlent
Rate of Growth National Rate of

1970 1985 1970-1985 1970 1985 Growth 1970-1985

Agriculture 297.4 642.2 5.3 399,705 627,070 3.0
Mining 18.1 489.8 24.6 705 6,274 14.5
Industrl 222.7 984.5 10.4 88,809 186,658 4.95
Construction 64.2 416.3 13.3 22,166 72,099 7.86
Transportation and

cOlllllunication 82.0 228.6 7.1 50,110 111,990 5.36
Electricity and gas 19.6 97.7 11.3 1,833 2,498 2.06
Commerce and finance 343.5 1,017.7 7.5 88,942 131,732 2.61
Serv1cesb 97.9 270.5 7.0 116,916 269,022 5.55

c
Govemnent 127.6 357.6 7.1 63,871 114,065 3.86

h'otal 1 273.0 4 504.9 8.79 833.057 1 521 408 4.01

Source: 8ased on 1970 Census: Appendix 5. Volume II; and Appendix 9, Volume II.

aIncludes sugar industry.
bIncludes medical services and veterinarians; public services, recreation, repa~r services,
d~stic service, other services, and tourism.

cIncludes mi11tary personnel •
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Manpower Plcnning 255

educated professionals. Agriculture, which would have a larger share in
product and employment, shows a strong increase in production und an
average growth in productivity and employment. The share of agricultural
cmployment in the labor force will decrease slightly, from 48 percent in 1970
to 41 percent in 1985.

4.2 Demand Foreca..~t of the Workforce by Sector and Occupation (1970
1985)

Some important points should be noted about the detailed projections of
labor force demand for occupations, which are shown in Table 12.8.

- Special fields withi&l engineering are presented in aggregate
form, as was done in the projections of supply, because in the
census data for the base year these specializatioIlF were not dif
ferentiated. Generally the demand comes out much less than the
supply, butl in some specializations, the supply is greater than
the demanu.

- The demand for agronomists and veterinarians is high, but not
out of line with the increased share in product and employment
implied b~' the overall growth trend ofthe agricultural sector. The
demand for social scientists is very low, but the analysis of the
labor market indicates that graduates in this field could work in
many sectors and occupations.

- In the case of lawyers, the moderate demand and supply could be
reasonably well alljusted. Lawyers have occupational as well as
sectorial mobility within the workforce in the Dominican
Republic.

- Teachers, together with educated professionals at the university
level, occupy a ~'ery important position within the ~r:>fessional
categories of the demand table. They will work in secol"dnry and
higher education ano ·~t \'3riouslevels in the private schools. If
the supply forecast!: ffJr the primary school level are lll' high as
projected, addit.ional t~achers will be required to take car~ of the
Increase in the number of students enrolled.

- The demand for office workers seems to be low, but jobs for office
employees with some degree of administrative ability will be
avai:able. Sometimes it is difficult to separate one type ofoccupa
tion from the other. In the category of sales administrator, there
are jobs with two functions-swesmen and administrators.

- According to the special study ofthe labor market, the demand for
skilled workers is high. Electricians and plumbers are required
princip -Uy for repair serviccs, whereas specialized workers in
metals are re.quired in industry. The demand for motor and auto
mechanics will be very high, principally in the service sector, hut
also in industry, construction, and tralllJportation.

- The demand for unskilled and untrained workers in agriculture,
scrvices, and manual labor, will grow at a slower pace than the
demand for trained work~rs. Demand will decline for all unskil
led workers.
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Table 12.8

Projections ofDemand for Occupations

::

Occupational categories 1970 1985 Ratea

E~1neers and architects l,41sl 2,106 2.65
Chemists, physicists and pha~acists 764 2,069 6.64
Agronamlsts and veterinarians 4'1 1,152 5.69
Economists, sociologists, and

mathl!lMt1c1ans 209 439 4.95
La'Olyers, judges 1,260 1,660 1.84
Accountants, bookkeepers 1,381 2,165 3.00
Doctors and denti s ts l,li04 4,135 6.31
Other prGfessionals with university

educatlon 7~6 2,286 7.03
Profess1onalt without university

education 4,848 13,097 6.fi2
Modical te:hnlcians 294 806 6.12
Nurses 2,839 7,515 6.37
Professors (all Included) 13,810 36,·H4 6.47
Managers and administrators 4,548 9,958 5.22
Office employeus 69,453 121,456 3.7J
salesmen and rt·lated jobil 52,954 86,819 3.30
Phmbers ant! metalworkers t.665 8.7)7 7.92
Electricians and r~Jated 3,878 9,725 6.13
Auto mechanics 14,054 36,215 6.31
Other meCha1c<; 1,571 4,948 7.62
Other "Orker 642.403 1,155,937 3.91
HI1 fta';')' personnel 11,759 13,709 1.02

,~

Total 833 057 1.521.408 4.02

~: Volume II, Appendix 9, Employment and Occupational Structure
by PI'(,"lluctlve Slct')r: Projl!cUon for 19l!S. Illlllan Re:iources
and E.'I10111".w,nt In ~;~. Ootnlnlcan~, Educational bevl?lop-

a 1iilmrl:ft1lm;-It,e-:-
llonMl rate of growth.

bIncludes professionals without university education and production
technklans

c Includes farmers and miners. day 13bor and other workers.
%ee m;;thodoJogical note in Vol. U. p. 1$6: and note 6 of Table 1 •
V,)1. I., p. 21.

5.0 Projection ofthe Balance between Supply andDemand in Education and
Training (1970-1985)

TaMG 12.9 presents U." flrincipal features of the lIupply ond demand Tr~ro

jec:tions oftJle_workforce between I!nO and 1985. Tho 1Ui'P1y rOl'J9S5inclll.dee
the aupplyofthe bast? yearU970) shown in 1bble 12.7, reduced by mortality,
rnti."ment, and migmtion. This is Added to the increaJ18 over time, arljuated
for attrition. Increases in 8uppiy result from the growth of educational and
training inlltitu'(.ions in the Dominican Republic. Tht' resulting supply ill
("aii;", •. t! ;7ith th<2 teBaRil iii 100; to tii~J tl._ ..w.,:U:,....j 5.""': J...:icli... i.. e_"':i
of tho occupation!,1 mtegoric8.

'\;'~>
. ,',
-"J:.



5.1 Projections ofthe Balance between Supply and Demand in Professional
Occupahons

In general, the supply exceeds the demand by 261,251 workem in all
occupations, implying n rate of unempl'lyment of 15 percent in the labor
force. However, this is not a pC!lSimistic wotld'orce forecast. It implies Q

reduction of 11 percent in the rate ofunemployment Crom 1970. The excesses
and deficits of the supply over the demand for various occupations are pre·
sented in 'lbble 12.9. The results indicate:

,",
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Table 12.9

Balance between Manpower Supply and Demand by Occ,..'mtional Groups
(1985)

Occup.tloMI t.tlgorlos Inyontory llerIand Supply Excon1970 1985 1985

~ Prornslon.h .nd Tf!Chnlcl.ns

•• (n9In..rs .n4 uchltects 1.415 2.106 10.572 8.466
f.co.-Ists. soclologht:l. sclontlsts. =.nd IOItlltaltlcl.ns 209 439 8,056 7.617
Accoun'.tnts. l>ootOllPon 1,381 2.165 7.592 5,427
P.rUlldlcs. etdlc.1 lochnlcllns 294 806 4.552 3.746
Docto". surgoons .nd dentists 1,604 '.135 6.636 2,501
AgrollOllllsts '00 Yet.-:.urhns 491 1.152 2.329 1.177
Physicists. chEIIlsh .nd ph.n-..lclsU 764 2,069 3.108 1.149
l'Wn. judglls ',260 1,660 ~,559 899

Subtot.1 7,418 ",532 45,'04 30 872
D:f1clt

i'rofenlon.h IIlt1lout university oduc.tlon 1.106 5.304 4.598 -:m-
Professlonah IIftll se. university oducatlon 796 2,286 1.519 ·767
Produc I lo"t,tl!cIln Ic IIns 3.7'2 7.793 3.292 .'.501
Professors 5.603 ",789 12.078 -2.711
!lurses, II !dwlYn 2,889 7.5!5 4,''H ·3.018

Sublot.l 14,136 37,687 25,984e.11.103

"'''''90rs '00 .~Inlst"to" '.548 9.958 ',000 ·5.958
Other professors 8,207 21.n5
OffIce o"llloy~es 69.453 121.456 348.000 ouo.n.o?In""n .nd rolilod J~bs 52,95' 86,019
Subtot.1 1J5.162 239,910 352.000 0112,002

""nUll IIonen
St<o IS1 tiled ~nd unst I110d IIOrUrsc 642.408 1.155.937 1,303,000 1'7,llfi3
Gt~,. f'leC",nlc~ 1,577 ',948 ",830 9,~2

SubtaUI 643,985 1.160,885 1,317.830 156&945
tlelt ...

Eloctrlc!", .nd r,lllod .fobs 3.878 9.725 8,239 .r,m-
PllIllbe" .00 ... ta!lIOrlcrs 7.665 8.737 '.839 .3,898
Auto IlOc/l.n!cs ",054 36,215 14,65~ .21,558
SubtoUl 20,597 54,677 27,735 '26,"2

TOUl d 821,298 1.507.699 1,768,953 261,254

~.: Pro.lectlon f.bl" In D.o.and .nd SuoolY Studi". !!ftIl Pesources end £aoplo}!l!nt
.In t"- OooolnlCln P'publlt, Educ.ttOMI Ol!valc;=lll\t ~t~r, IfIC •

•.~ccord"'9 to the nlnl_ hypothesis.
It

IndUdes unlveMlty professon, Sllconcllry and prh.",ry tflchers.

c Inelu"'n f ....". "IMrs. d,y-I.bol'l!rs, .nd othfr won,rs .
• dDo.' not IftC'" IIl1lt••" "....AA•••

c'h, supply deficit will be HlI.d by the ,.c,n In profeulon.h.
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- Occupations that require some universit;y education show a la!1{e
excess of supply over demand in the Dominican Republic. It 19
worthwhile turning back to Table 12.5 ~t) see where this excess
comes from. The demand is for 52~_~~ workers with professional
and subprofessional education. rrojeetions of supply indicate
that there will be 59,948 graduates of university rrofess.onal
level programs and another 63,000 who complete some :years of
the university or post-secondary, but !C811 than full UnIversity
professional, program. With a demand f,'l' 52,219 workers with
post-secondary cQucation and a supply of 123,000, there is a
possible excess of supply over demand of about 70,000. Some of
these can be used in other occupational categorics and will not
become a waste of educational rellOuraJS in a manpower sensc.
For example, ovcr 20,000 of them can be used down in the cate
gOI7 called other professors for which no specific supply was
proJccted. Another 10,COO can be aboorJed as managers or office
workers. Still, ther!.' is an excess supply of p'cople with some
university trainin~of about 40,000. The specIfic: matches of de
mand nnd supply 10 Tablc 12.8 do not reflect this excess, '\'hich
will be caused primarily by nongraduates (and some graduates)
of general university programs in humanities, law, and social
sciences. Even with this excess ofsupply over demand for general
education, there is a deficit in supply of people with specific
post-secondary training.

- All the professional occupations that requi~n university educa
tion, show an excess, sometimes a very large one. (See first group
in Table- '~.8). For the entire ~up, the excess is 30,872. Within
the group, engineers and architects represent the greater excess,
8,466. It is not true that this profession always offers atablc
employment.. In the state of West Bengal, Indi~, there were
20,000 unemployed engineers registered in the offices of em
ployment securi'" between 1970 anrl1972. In the United States,
cuts in special programs and in defeD1'e, which began in the early
sevcnties, caused a period of unempl~ymentfor engineers. The
situation, however, changes 9,uickly. Current data indicate that
U.S. universities nre graduatmg 59,000 engineers a year, while
the demand is fo~' 75,000 (1973).

The case of the engineers serves as an example to indicate that deficits and
excesses change rapidly, even though future opportunities in employment
are notimmediately perceived by students, parents, and institutions. Accord
ing to projections. the Dominican Republic might face a surplus situation, but
engincers can be employed in administrative positions or can generate their
own job market by starting up small industries or service enterprises. Fi
nally, it should be noted that the cstimations of the balance between supply
and demand do not hold for long periods. They simply provide aignals for the
orientation of policies. Employment pcrspectivcs for some specialized bran
chcs of engineering will be quite good.

Projections of demand in the social scienccs indicate excess supply. Dc
mand, for oocialscientists as a defined profession, is low, although graduates
ofthesc programs could find employment as professors and, without doubt, in
'1ffice positions. Still, the data suggestpolicies that would control the increase
iii ndmiS!iium W ll'l"~iaIllS of stad;y fOi til""", plOi"saiOlw.

There is also an excess of accountar,~,who have the option or obtaining

..~.
"'-
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office employment where they would replace bookeepeL"s with less training.
The number of medical technicians exceeds the demand. Here, a foliow-up
study made it pos~ible to analyze the future unemployment proble=n of this
group. The transfer of excess tecilmicians to similar but lower-IeVE! health
jobs is not practical, but demand ,could be increased by a change in medical
and health services or by an increase in state health services.

The supply of doctors shows a surplus, and if emi(rration is restricted,
especially to the United State'., the problem could become worse. As in the
case of te.:hnicians, employment opportunities for doctors couid be improved
by an increase in health services. The surplus of doctors could increase the
employment problems of medica} technicians, or vice versa, because the
doctors could, on their own, perform support duties; or, in the cnfl~ of a
reorganizution of the provision off1ervices, medical technicians could replace
some doctors.

Nurses, although not belonging to the first occupational group, present the
opposite problem, a deficit. A more precise study of the general situation of
workers in the field ofhealth and medicine, would requil'e, besides the supply
and demand analysis, a study of how future official policies, such as R chan,re
in salary, technology, or the organization of health services, would affect thl'
demand in health professiof1~.

The supply of chemists, physicists, ann pharmacists will also exceed the
demand. Among the professions, the employment oflawyers shows the lowest
increase, This situation probably renects a reaction ngainst the warning
circulated in Latin American univ,ersities some years ago that there were too
many lawyers and not enough scientists and engineers. The dem~md projec
t:on, as well an the market conditions for lawyers, indicates that law does not
ha 're a bad ontIook, at least until the profession becomes crowded once again.

- Technical occupations and those with professional support have a
bl!ghtt:.· future with regal'd to employment opportunities. Ac
corl1ing to projections, there will be a scarcity of "other" techni
cians and production tech':ijan~" with a deficit of about 4,500
production technicians. 'TAle lablj!, market research showed that
job satisl:'1ction of the r/fOUp that called themselves production
technicinnt: was not hit,'ll. This may explain the low supply, given
the existing demand. Given the excess ofengineers, it is possible
that a displacemont oftechnician~may be produced, as engineers
move down into l~chnicianil'jobs. This would reduce the deficit of
technicians and also the surplus of engineers with professional
studies.

- Nurses and teachers are projected as deficits, although the figure
for teachprs is not exact, ginm that unemployed university grad
uates in va: '('lIS study areas, ~specially in the humanities, could
satisfy the demand. The supply projection was for 10.000 gradu
ates from hlll.hlnities during the pedod, and another 14,000 with
a rear or more of study in the humanities. The excess of social
SCIentists can also be guided toward teaching in order to fill the
n,,/i,.it h",t",,,c'" :a:~!y :Hid demand llirst UppCUl ... in the third
grouping of'Ihble .8.

1-
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In the managers and administrators category, there is on approximate
dciicit of 6,000 on the supply side, but these positions can be occupied by
graduates from humanities and social science, by graduates from secondary
education, and by engineers and other specialists who could be trained and
attracted to management positions. An exact balance between supply and
demand is not possible in this category, nor in that of "other" professors.

In summing up, the total demand for all teachers, estimated as slightly
above 36,000, can be satisfied by the excess ofsupply in different programs of
secondary and higher eduatlon.

- Office employees and salesmen,jointly, show a surplus or \llmost
120,000, with a great number of office employees trained in
programs supported by the private sector. The programs that are
actually offered should be directed toward the education ~f sales
personnel who need training that combines office man'Jgement
and salesmanrbip.

- The excess of unclllssified workers indicates potential unem
ployment problems for this category of workers. Among the skil
led workers differentiated in a more detailed labor market study,
only the group, "other" mechanics shows an excess. This may
reflect problems of classification. Electricians, plumbers, metal
workers, and especially automobile mechanics, show a deficit on
the supply side. These indir.ations are based on the projection of
the numlJer of student.'! in identified specialized training pro
grams. The demand can ahiO be met with workers who improve
their skills and knowledge oftheir job by means ofexperience and
practice in the auto service stations and other small auto work
shops. This has been, after all, the traditional source of supply of
the automobile mechanics who orr actually in the labor force. The
acquired training and skills of mechanics trained in military
service has also contributed t~ this source of supply.

5.2 General Policies ofDevelopment ofHuman Resources Based on Projec
tions of Supply and Demand in Education and Training

From the analysis of the supply and demand situation of the labor force in
1985, some conclusions follow. They will be annotated briefly here and will be
used to develop a more systematic framework of policies presented in the
summary of policy conclusions that accompany th,~ main port of this study.

- Coutinuation of rapitl e7pansion in higher and sccondar;' educa
tion does not appear to b",i'18tified by the projections ofsupply and
demand of the labor force in 1985. Most of the profeSSIons and
occupations that require higher levels of education now show an
excess of supply, even when they are compared with estimated
demand based on high rates ofgrowth ofprOduction (value added)
(8.7%) and employment (4.1%).

- The balance between suppl~' and demand is more favorable for
some technicians and supporting professions than it is for profes
sionals at the university level. In the professional cotegory there
can exist a small number of s~ecialized fields that require otten
',iou, tt:!, for cXdluple, wiLlliu lhe iielcb of specialized 611,,;ineetiug

..... I
I
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and the sciences, However, the small number of specialists re
quired does not justify opening new university specializations,
since it would imply high unitary costs because of the problem of
scale (efficient size), Special, modularized programs could be
built into the so-called standard brands of engineeri"lg, t;uch as
mechanical, electrical/electronic, chemical and civil engineering.

- The workforce requires basic education and literacy.
- Concern for employment policies should have prioritv over con·

cern for better opportunities to obtain a general education, al·
though both policies can be &.;ddressed withm an adequate sY!ltem
of education oriented toward work. No educational or training
program outside the work and employment context can satisfy
the dema.nds of the economy and the labor force in future years.
Unemployment can reach up to 15 percent, even with the ambiti
ous rates of growth that have been projected. Education and
training, oriented toward employment, should be develo,?ed
within the appropriRt-~policy structures which permit creation
and expansion of er.lployment and career opportunities.

261
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APPENDIX 12.1:

Estilnating the Labor Force Demand

This work to estimate the Labor Force Demand was done by Manual
Zymelman supplemented by work by Juan LIado, David Woodward,
Emesto SC~liefelbein,and Russell Davis.

In the demand projection of the Domini...an lEl!-,or force the first basic table
(Table A 12.1) shows the distribution of OCC'lp dons by industrial sector and
is based on the 1970 Census.

The following equation, using thE' number of workers in each occupation
and sector, proiects the demand for each oct:upation until 1985.

Du 1985 =Xu 1970 .0ijrpj + YrJ) 15 (1)

where

Di) = the demand for workers by occupation Ii) and sector (j) in 1985,
Xu =the number of workers by occupation (i) all':: sector (j) in 1970

from Table 12.1, (based on 1970 Census),
Yr.) = the growth rate of employment in the sector (j),
r,~, = the growth rate of productivity in the sector (jl.
bu = the elasticity, or change in the number of workers in each occupa

tion (i) relative to the change in productivity :·t each sector (j I,
e = base of natural log system, 2,71928 ...

The projection method then requires the following steps:
1. A projection ofchange in the product or value added. For this purpose, a

curve is fitted to changes in the product during a series or recent years, and a
growth rate is derived from this projection. The form is exponential.

2. Estimate that part of change in the product that can be attributed to
changes in the number of workers in each sector. Such a change is repre
sented by Yr., in eCjuation (1 l.

3. Estimate the portion of change in the product that is attributed to
changes in workers' productivity in the sector. This portion of change carre
eponds to rni in equation (U.

4. Estimate or obtain elasticity coefficient that shows the relative change
in number of wcrlters in each occupation as productivity changes. These
coefficients are represented by b" in equation (1).

Product, Productivity, and Employment Growth kates Analysis

To project employment by occupations using equation ( II, rates of growth
in product, productivity and employment had to be analyzed. These growth
rates are shown in Table AI2.2. They were derived from the analysis of

. glOw til iii the vurious sectors. trot tlus analySIS, a series of hIstorIcal data on
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the sectors ahown in Table A12.3 were obtained. Table 12.4 is an illustrative
example showing growth series for only Borne of the Table A12.3 sectors. The
analyses that were actually mad~. however, included all the principal sectors
of the Dominican economy.

To derive the growth rates of product, employment, and productivity that
appear in Table A12.2, the curve was first fitted to the growth trend in the
historical series of the sectors that appear in Table A12.3. Then the trend was
projected as shown in Figure A12.4, using the following equation:

(2)

where

Yo is the index of the base year;
r is the annual rate of growth;
/ is the time in years.

In the Dominican Repuhlic, only growth based on the time series between
196611nd 1972 was used to estimate the trend. Data on pruduct were avail
able for a longer series, from 1960 to 1972. III some cases, when additional
information referring to plans or specific expansion ofprojects was available,
the basic growth indexes were modified for certain sectors.

Usc of the Elasticity Coefficients on Projections by Occupation in 1985

Once values of YLj and r pj have been estimated, as given in Table A12.2, the
elasticity coefficient~ bi) were estimated. These are shown in Table A12.5.
Rates of change ir. employment (YL) and productivity (rpj), as well as the
elasticity coefficients (b i), were put into equation (1). For example, the
estimate fCor Administrators and Managers in the Food and Beverages sector
gave the following results:

YLj = .022
rpj = .040
by = .31

These coefficients were then used in equation (1), along with the number of
workers in each occupation and sector of the base year in Table A12.1, to
project the number of corresponding workers in 1985, as shown in Table
A12.6.

301 [•.31<'04) + .022] 15 = 301 G.034] 15 =496

Results might be slightly different in Table A12.6 from the results which
would be yielded by strict application of the formula. This is true because the
manpower analyst also incorporates additional information (and hunches)
from experts on changes in sectors and occupation. This supports the view
that, despite formulas, manpower forecasting is not scientific or mechanical;
it is subjective and artist.ic.

:.
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Tabl~ A12.1

Occupational Structure by Economic Activity Sector: 1970

•

I
OCCUPATIOrlAL
CATEGORIES

..
l.?ROFE5SIONALS ANO TECHNICIANS -+- 2N~15 ~4';- _ L_9 t- _..~ _ ~o5

, ~. 2tneers A~ -_-_-_. ---+--':..:rIIT-t._--7-.<~'+_":"'+__C<rr-+_ '-'r-t
.. enlls-t5;".!.t!.l.stetsts In - Jb ~

J. A1lronomhts, Veterlnarh,lS 19135R - ?n ~

9. Pharmachts
10. Paramedics, Medical TeeM cans

2

- 0 0

.. ~_. 1----- - ':':-- 0

- 0 0

- -
0 - .
- 0 .

'15. production Technichns 4 -~.. - q _'~ to

17. Other profess1onal~ - 0 0 :._

[l. ""'NAGERS ANO A()\INI SHATORS 4 548 1nn 12 578 301

[l.OFFleE PERSONNEL 69 453 527 86 3 389 1 494

12,10148,757705233,057 399,705

IV.SALES ANO RELATEO PER~;ONNEL -+--"'52~954 184 _9 866 325

V•MANUAL WORkERS 664 5lii 398 012 _ _ 5~_ ~},§~L 1_~~

10. Farmer!..L)~~ln=er~s::=======:...:.=t:jJ~~~' }f.3~9!~~'~6q~4~+_~_2~3~'4....:+I-:::.~=~on~-t-_=<J""'-f1q. umhel's:-: 0 .. 602. , ...:-..
20. E ectr ,:fans 8 8 - - -82,
l . Auto Mecnan cs 42 .~ - --169 ••

1-~21;2~.•_~Ot~hlel-:r~Mlec!;!:h~la=n~c~s +rnr'Tirirf__:L-o.. 0 -- bJ(] ~!.
2,. avo aborers - 101 6..3Z5_ ..r;~

+--"-1:!.4,.'-"O""'th"'e"-r_''''''O''-rO.lke''-r"'"s ._~O.5J4 2,267 1llZ...~L.6Ji __~JL

IV'-'-'l."''''.!..!IL.....I-'"TA'''R.!...Y.J-P''"ER'''S'''O~'''Nk.!EL~ ._+-'-'11~. ...,7!5~9 -=---+_...:..'--:t-__:.._t-_~.~

TOTAL

)

?

''"'t~' •

~~;;:, --------
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Table A12.1

Continued

"

,
__~0-4_..!1=-5-f----,2",8'-t 133 12 • 36 ~8 _ ~r-l~~}- - -JIT-I- -:- _~+-_,-"IZ'-+__+-_67 8
1---..:.:-lI--:=---f---..:.:-1-----".'4---'.=--j--'--=:-lI---=:=--f---=:--'I---'<;,-uf---..R-f

1---'.=--.. +_; -..=::::=It==::~>~==:::::t=:j:=t:......:-::..::~=-:t==:~+=:~~:l~1=L:~o~o:t
~.-1--.=---+-'-":"--f-----;llr1'1--":'.-+-'-":".-f----'.=--+--.=--+--...:.-I---;:irt

--: --+--...::---~.- .:.:-t-_.:.:-+--:=-1--':':-il---":':-I---.::-t---::--.I-=;lrnr-f

4,

31 '1 2 42 8 9
R.
4,

4 • • ~

1-----.:6",2-t_-.:4'--t-_-"2,,,,6-t-_--,,5:o.2+_--,-1=-3+-_1""2'--1-_-,2",,9-t_-,,,,79'-11- __ ~ +-..:3""7,,,,3=-6-I
521 82 218 603 185 64 132 90 2 880 62 571

57 66 55 302 10· 33 18 45 51 850

2

1---'-'15",-,,-22~3'-1f-'1=-0,-,9=-59<-.__ 1 010 763 833 646 2512 1 715 36845 135 619
I---·-i-~·n- -I-' -

......
40.~S2 343,0381.9202.74272Z

'1

1.0531.8531,33715.903 11.12&

I--...:.'--i---=.-

,. • l4

1--..,...48-+--:611,", -+-.--rx~-+-;,......'-!...+--~lU·l.-f-,:-+---.,T,z;T-I--i;......9+-;'1fr-f....!~m-f
IllII ]Q9. _ 14'1 """ 4ll .4& 1.~8 10,

lli.Q?L ,J.l1..1BL --,-7.;..;75"-1~"" _4.-"OO=--tI----"2"'80'+......:3""90"-+_""21'-'---+----'&~~.'-I--'l"-"I"'8=-9 ~6.::..&L
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Table A12.1

Continued

"." ~ "j," ~17/! "h'j: iili 'jexcept 24

".. .~b.. ....
::J - '" tJ ClI ;"1t J G ':;t ~ Ii: ...
~ .....tj.... "t ClI _ ... .::!

~lJ:; e .!!!c .... / &.{S ~w.:!: 8 0 3 _ =- " J I'" 41~1rJ §c..J,: u ,2 ..
~

I
~S~}- 115 2 562 ~9 .I- 1~9 21 46 32 2 670

4lf I~ · ·· - · · - - ·· - · .' · · ·- · · - · · 8
- · · · · · ·
23 · 28 · - -
· · - · · - -· - · · · · - '-:-· · 15 · - -· · · · · - - .
· - · · · 9 - 0- · - · · · - -
· - · - · · - 9

4 · - · · · · - 19
8 · · · · · - · .
4 44 .440 6 0 Ib ib i4 ..

· · 6 ~ · · ,i5

3 736 12 235 225 1 141 125 90 15 438

62 571 787 4Ql 1 468 8 278 416 1 300 2 169 lb 127

51 850 · 39 1 923 47 852 386 890 280 298

135 619 919 18 849 645 5 270 2 534 44 986 302 2,379. · · - · · · · -
99 3 · · ·

298 · 21 16
51 - Ii IZ- Ii 19 i

4W '.b.' · Z 9 ~ b,bl4 ." ,4,

62 2 2 7 14,020 - B8 30 6.1 38 120 195 690

11 759
.' - · - - . . .._.

343,838 l,B33 22,166 4,310 02,720 3,482 47,312 2,790 1.1,912

Occupatlona
Categories
(Repeat from
page 264)
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Table A12.1

Continueci

23

90

10

- • VI

11,378 61,182 TOTA

138

4,5« ?4,357

1 487

"

7.300

3 0403 280
12
56

14 041

15.848 4.613

553

'"
I
1
2

l--w-if--i·in-if--"".,-:'I---.,r5+--";',,+-.::-t_-':':"'--l--'-.- 3
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Table A12.2

Normal Rates ofGrowth in Production, Employment ana Pf'lJductiv:ty. by
Industrial Sector
(in percentages)

Industrial Sector C~tegory ClIub
No. No.

Production Employment Productivity
r q r

l
r
p

All sectors to 31 0 to 9 8.5 4.1 4.4

1.. ~'

Agrtculture 3.0 2.1
Mlntng :- ::....__~__~~ '4::.;.,-=5~_---,7,-,.~5__

Hanufacturin Industr a 5.5 4.7
oods and beverages -,::z- 4.0

Tutlles 7 32 0.7 10.0
lIood products 8 33 8.6 7.4
Paper products 9 34 7.7 4.8
Chemical products 10 35 8.5 5.8
Hlneral products 11 36 8.5 5.0
Basic metals 12 37 2.9 4.1
Hetal products 13 38 12.5 3.6
Other III!nufactured products 14 39 1.0 3.4

Sugar InduHry --'6e-_-"-31'-'1"'8 ='--__--'4'-'."'3 ~4.",9,--_

Servl ces 15 t% 22

3.7
2.8

a Excludes the sugar Industry which Is shown as a separate sector.

b CIIIl - International Standard Industrial ClassIfication
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Table A12.::I

List of the Series on Value Added by Sectors

269
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CIIU No.

11

12

13
21-29

31-39
31-3118
mo
32

33
34

35

36

37

38

39

4101

50

61 & 62
61

. 62
)'

'71
72
8

91

951

Sector Description

Total of industries (1965-71)
Agri~ulture and livestock
Agl'!r.:llture only
Livestock
f<lrestry (1968)
Fishing
Mining
Major categories of manufacturing indu5tries
Foods, beverages and tobacco (exclud~s sU1ar)
Sugar mills and refineries
Textiles, etc. (1965-71)
Lumber, etc.
Paper, etc.
Chemical s I etc.
Mineral JTOducts
Basic metals industry
Manufacturing of metal product~

Other manufacturinD iudustries
Electricity
Construction
Commerce (does not include restaurants and hotels)
Wholesale conrnerce
Reta i 1 comme rce
Transporati on
Communications
Finance (1965-71)
Public administration and defense
Education
Public service::
Repair services

Sources: CN ~ National Accounts
IPIM .. Manufacturing Industry Pro(!'Jction Index
CIIU .. International Standard In.!ustrial Classification

------- ~--~--~---~-
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5~f's And Rtflne~les Textiles i
Vllue added ~u=e of Ii VAlu~ I~ded

rices I product~on I(~ 1962
19&8 1962 19S8 prfces

1
I -
I Vall1~ add~d

(rom 1962 IproductionIindex It current I I
pric~s 1962-100 1962-'00 prfces VEAll I- . -1.-...__

'or-

I I 7:'4 x 106 I
776 87.4 93.3 1960 ' sa.OO

I 758

I
85.5 92.9 704 II lOG 1961 I 4S.45

B87 100.0 leo.o 6~7 x 10~ 1962 I 413.25
945 laCS 107.2 1013 x 106 1963 I 43.S1

1003 I 113.7 109.5 \104 x '06 1964 . 43.71
sa3 I 99.S 108•• 957 x '06 1965 31.85

lot11 112.9 10S.8 1060 x '06 1966 37.73
1035

I
116.7 107.7 1115 x 106 1967 45.31

1040 1J7.3 111.0 U!5 ;; JOG J968 3£.28
1167 131.6 H2.5 1314 x 106 19S9 46.9~

1187 145.0 1J4.4 1472 x '06 1970 53.56
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1591 179.5 124.7 19iO x 10" 1972 ..
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Figure A12..J

ExpOIzeTlti.-zl Curve Pitted to Value Added Data

"11:lIr.. 1\12,1. shows th,' curve fHt,.·<! to IIl'rl"" d,\t1l of
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Table A12.5

Elasticity Coefficie/lts b

Indu.trlal ••ctor P..M."fon.l OffIce Sale. ""nual
and technIcal ..,rkers workers

Food., Beverages .55 .31 .09 .00 -.04

Textiles .58 .JO .13 .24 -.04

Wood Products .56 .29 .19 .31 - .03

Paper Products .75 .17 .16 .25 - .04

Chemical Product. .48 .28 .02 .37 -.10

Glassware .43 .35 .18 .60 -.05

8.. fc Hotals .38 -.03 .00 .18 -.02

Met~1 Products .97 .26 .23 .40 -.08

Other ",onufacturlng .BO .29 .36 .40 -.11

SU9ar .55 .31 .09 .00 -.04

Source: ~anuel Zymelman, "Product!vlty SkIlls and Education In i.... nufacturlnc;
Indu.trles", In PlannIng for Advanced Skills and TechnologIes.
New York: United No,tlon •• 1969. pp. 103-138.

...

•

:i
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Table A12.6

Occupational Structure ,!ly Economic Actiuit: Sector Projected for 1985

I

OCCUPATIONAL 1 to 3 4

CAT£GORIES

to ~~
Q :J! <: t
~~ ~'"

.;: .:!
,?- f!!_ ~'" :; ..f'-!!f J1/ft v

ff~ ~- 1: '"
I':? ... <t ~ i:

I. PROFESSIONALS AND TEeH~leIANS 29 761 6.06 7J 901 2 369 447
1. £nglleer"p~rc~ltrcts .6 2 06 bU ""l4i[.
2. ehem sts, i,lcEts . 6 612 U6 I-- J1L,
3. /lgronQll1tsts, ~etrrtnarlans Allf! ..
4. Economists, Soclolog1sts,Hatfemat c an 0 .9 39 .. 8~

5. [amrs Judnes · ,0
6. Accountants, Ilookeepers ,~ .. 40
,. DOctors SUr< eons .. ..
O. Dentists 00 6. 80 .. ..
9. Phannac sts .. ~ 4' .. ..
O. Pa rall1l'd I cs ""dlca echn cans 94 806 .. ..

. Nurses. Mh...ives 2. IAQ .. ..
12. Professors - Unhersttv 509 .50 3 0 .. ..
13. eaclN!rs - Sl!COndarV ~ 9"li .47 '.4 .. ..
14. eachers .. Pr marl 4.14R .4 .. .. ,
15. Teachfirs .. Others B,WI .4tl .. ..
16. Productlun Technicians 747 .89 I.J43 224

---,-r,-,. Other profess tonals with SOf1ll!
university education 796 7.03 2 286 · 15

1'1.2. Other professlonas without

---- university education 1 106 10.45 5 304 · ..
". MIl",' 5ERS AND AlJollNISTRATORS 4 548 5.22 9 958 ~~
II. OF. ICE PERSONNEL 69 453 3.7J 121 456 960 400

IV. SALES ANO RELATED PERSONNEL 52 954 3.30 86 919 335 35
v MANIIAl WORKERS 664 582 4.03

1~~tf~1 52n
~ E,.""en, Miners rg Vl!52----w: fJTiinl,ers
20. tlectrlci.ns

;;-
1--9~r

-_....:..-. I-io
-zr:- Auto Riich.nlcs

--_.
14: 36 1~ ~"-,ij) 10

tner ....cnan cs 5 4.94B 2 300
23. oaf .bcl"'rs 14 'lIl.A~ - Ull
24. 0 t er Workers 30 294 13 ~.~l~ 2 110

VI. MILITARY PERSONNEL 11 759 1.02 13 709 .. ..
TOTAL 833,057 4.02 1,521,408 6U .070 6,274

-------- -~~---_.-
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'lable A12.6

Continued
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The Conversion of Demand in Educational Terms

Tab'.es A12.7, A12.8, A12.9 illustrate the steps necessary to convert pro
jected occupations into projected level!! of education.

The dem'.1nd for a universit~· ectucation in the labor market is tied to
specific occupations, such as doctors, enginee.'S. etc., as well as to less specific
occupations that are genemlly filled by p~opie who possess a university
education, sl'ch as administrators, office managers, stock and bonds brokers,
etc.

Because the occupational data do not allow for a more detailed brcakdown,
we must assume that the cross-c1abOification of occupation by education is
valid to determinc the percentage of occupations that are mled with
university-educated people.

In our case, the largc occupational groups requiring a university educatioll
are the administrators and managers, office employees and salesmen. Pro
fcssional and technical workers are sufficiently distinct to be able to deter
mine, case by case, the demand for secondary or higher cducatic,n. We have
accepted that manual workers do not require university training. Table
A12.7 shows the distribution of occupations by education accoriing to the
1970 Census.

Table A12.7

Occupation by Educational Level in 1970
(in percentages)

~
I 9.10-11.12 Total

school 16' 13·14.15
p~opl e

Occuoatlon

Managers and
5.4% i '1.51: 16.6% 4,546AdmInIstrators

I
Office Employees 3.0

I·
5.5 28.4 69,453

Sales .7 1.6 11.2 52,954
I I,

SOl/rcn: Spedal analysl$ of tr,. 1970 Census with corrections.

However, these percentages cl\nnot be applied to the projected number of
occupations for 1985, since there is an "upward trend" in educat.ional re
quirementtl thr,~ughout the country. Younger members have more schooling.
For this reL.\son, we assume that the average educational attainment for all
occupations ill 1985 will be the same as that found in the 25_~'9 age group in
1970. The resulti:\g percentages are shown in Table AI2.8.

The number ofpeop!e with different levels ofeducation in the three princi
pal groups can be estimated by multiplying the coefficients by the total
flttiitberilf'~~Htt~Ul."CUplrliun:tt~nbic7\-i2.9).The totais shown ill~

Table A12.9 would be added to t.he demand for education which has been
derived from the occupational structure of professional and technical
workers.

_..__.-----.~---------
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Table A12.8

Occupation by Education of the 25-29 Age Group in 1970
(in percentages)

H.1Mgers and
adml nls tra tors

OffIce

Sales

Source: 1970 Census

16+

17.3 X

3.4

.5

13-14-15

~
O'OX -

0.5

2.0

9-10-11-12

27.~ X

24.6

10.2

Table A12.9

Demand in Three Occupations

1935 Number of people by years of ,~hoolOccupatfon Number of
peopk . -, -

H.1nagers and
admtnts trators 9,958 I,m 1, 792 2,778

OffIce employees 121,455 4,129 IO,J23 42,023

rles 85,019 434 1,735 8,855

Total ,\,205 13,051 53,555

Note Regarding the Definition of Educational Demand Requiremen'';

In our occupational classification it wad decided that some university
education was a requirement to be able to work as engineers, agronomists,
etc. Basically, at the present time, many people are performing professional
duties wit.hout a degree, However, from the educational planning viewpoint
it is perfectly legitimate to assume that the increase in demand for profes
sionals must be filled with persons who have obtained a degree. This policy is
justified 011 the grounds that it is necessary to upgrade the quality of the
pr~f~ssionalforce. As a result, university dropouts have to be channeled into
technical or para-professional jobs.

~.
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Part IV: Other Planning Metlwd.fj

•
CHAPTER 13 rw

Scheduling
Gary Lewis and Russell Davis

1.0 11Itroduclio1l

Planners must deal with the future, and scheduling is one I)f several
different methodologies for charting future activities. Futurology is used for
sketching :ut the distant future; projection methodologies are applied to the
mid-term future, the three to 15-year time periods planners attempt to chart;
and scheduling ill user! to layout in logical fashion a time sequence of events
and activities for the immediate future. In addition to being applied to the
shorter ranges of planning, scheduling also implies more of an attempt to
intervene in the immediate future, to shape events and activiti£:s, in short to
manage t.he implementation of plans and programs.

In management, administrators as well as planners make use ofschedul
ing techniques. In education, many major projects require several months or
years to complete. There are stages along the path to completion that must be
scheduled. These are eventr.. Botween events are the activities which make
events happen. These J.ctiviti<!s require resources, the allocation and deliv
ery of money, people, and materials. Resources are interdependent when
applied jointly in an activity, and hence-the timely and joint arrival of
resources must be scheduled.

Educational planners are accustomed to think ofscheduling when it comes
to the planning and management oflarge capital projects that require build
ings and equipment. Here time/materials dependencies are clear. The roof
will go on after the supports are in place. Less obvious, but more often, the
cause of failures in large educational projects in developing countries is the
timely allocation and arrival of human resources-the right person for the
right job. Development projects chronicle the horrors of hospitals built and
equipped and unused because staff did not arrive; and of schools empty
because there were no staffs assigned. The longest lead time required in
planning is for the development and assignment of human resources.

1.1 Scheduli1lg

For scheduling, planners use a variety of techniques and procedures with a
common purpose, to layout in logiC.ll fashion a time sequence of events and

.ttcliviii~:t; Pr.!i u:l~Ht~re; IlehduHng,hroiidl;- defined, is apprepriata far m;m
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agers who are concemed with the planning and control of a project. A project
if ;Jlso broadly defined to mean any task with a beginning and an encling.
While all scheduling procedurl1s vary from the very simple to the seemingly
complex, they are based upon the common-sense notions that most people use
in everyday life. If someone has an appointm&nt at 3:00 p.m. and a certain
number of things must be done between the present time and the time of the
"-pr~;ntment,then most people would schedule l!ctivitieG in such a way as to
complete them by t.he appointed time. The scheduling technique to be illus
trated here, cal1ed Program Evaluation and Review Technique (PERT), is
only a systematization of the common-s£>nse methods that people usc every
day.

There are two principal advantages to scheduling the activi ties in a project.
The first is that it force'! planners or managers to think the project through.
When it is necessary to identify and arrange in time sequence the activities
required to complete a project, a comprehensive picture of the project can
result. Or the opposite may happen. The planner may realize he has not
thought through all the ramifications or potential conflicts. The second
Jdvantage is that scheduling can aid the planner or manager in making
oecisions. The process of scheduling won't result m decisions, but it does
inform them by revealing information about potential trouble spots, which
the .:kcision maker can then take into account to guide choice and action.

This nit will discuss the definitions, notations, and conventions involved
in PER'l, and extlmples of typical PERT exercises will be given. These will be
followed by an il1u~tratio'1of a modified PERT procedure that is applicable
when it is desirable to identify specific decision points in u s.:heduling
scheme.

2.0 The Traditional PERT Network

The basic features of the PERT procedure are events and flctivities, defined
below.

An event is the start or completion o!' a task.
An activity is the ongoing performan,':C of a task.
PERT activities consume time and roquire people, material, space,

facilities, or other resources. PERT events. on the other hand, do not consume
time or resources, but must indicate significant points in the project. Ifone is
concerned with a project that will terminate in the completed building of a
middle school, then one of many activities that must take place is the detailed
study of the terrain on which the school is to be built. There arc two events
connected with this activity: one is the start of the study and the second is the
completion of the study activity.

It is helpful, in scheduling, to display the events and activities, and a
special networking diagram hos been developed for this purpose. A PERT
event is normally depicted with a circle; a PERT activity by .'n arrow connect
ing two events. Figure 13.1 shows the two events and the activity ofstudying
the school terrain in the example just given. Note that insidE' each circle is a
number, and over the arrow is lrtetter;-These symbo~used to reillrence
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the list or activities and evenL'l that must accompany any PERT network.
Note, too, that in this example the PERT events and activities are broadly
defined. For some planning p.... rposes, the entire process of the terrain study
itselrmight be shown in a detniied PERT network which would depict all the
;'~levantactivities and events. The level of PERT activities has to be appro
priate to the situation. It must be neither too detailed nor too general.

•

:.

-•
Figure 13.1

PERT Activity and Event Notation

There are several features about PERT networks tllat, while obvious,
should nonethe!c:::ls be mentioned. First, a PERT network is composed c f

events which !lrc<;p~d or follow other events in time. In completing a network,
one must work 'out the logical time sequence or events that applies. Thp
second feature to note is that ail event cannot be considered complete until p.II
or the activities that lead to the event have bee' completed. In Figure 1:'.2,
event 4 is not considered complete until both activity c and activity d have
been completed. Note also that a loop in a PERT network will destroy the
network. Shown in Figure 13.3 is a PERT diagram drawn with a loop in it
from event 1 to 2 to 4 to 3 to 1 again. The effect ofa loop is to cause continual
cycling around the events with no chance ofever reaching the project comple
tion. (Note that 4 cannot be completed until 2 is completed, but 2 cannot be
completed until 4 is completed.) For this reaSdn a 1001' is not permitted in a
PERT diagram.

With only the simple concepts of events and activities arranged in time
sequence, considerable advantage can be gained from preparing a PERT
schedule. The plenner or manager must list all the relevant activities and
events and put them into a logical sequence along a time dimension. This
accompiishes the function of thinking through a project. But to aid in decision
muking, some additional features must be added to the basic PERT network.
It is usually of great importlince to a manager that the project move along
about as expected and be completed within the time limit allotted. A PERT
nl'twork can be used to indicate places in the project where resources are in
under- or over-supply, and hence where delay may occur. It may also indicate
that resources might ~ found to lessen the likelihood of delay.

To aid in decisions concerni ng resource allocations, several time estimates
must be made for the various activities. We require the following additional
definitions:

Event

a Make a detailed study
of the terrain

....

Activity

<D---a-@
PE:~T activity event listing

ill Sturt terrain study
@ Complete terrain study

•.-,
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Figure 13.2

A HypotheticaL PERT Diagram

Figure 13,3

A Loop ill a PERT Dwgram

T s is the cOlltractural obligation tin:!!. the total time scheduled for
the project.

t" is the average activity time. if th~ aci.ivity were to be J'epeated
many times.

Tf: is the earliest possible time th:l an event can be accomplished
(completed!.

T/, is the latest allowable time that an event can be completed and
the project still remain on schedule.

Since these definitions may not be immediately clear. each will be dis
cussed in turn, The contractual obligation time, Ts• is merely the total time
allowed until the project must be completed. If fI new ochool building must be
completed and ready for occupancy within 11 months, then 11 months is the
appropriate value for Ts .

The average activity time, t", may be somewhat more .omplicated to
determine, For each activity in the project, a separate t,. valUE: must be
estimated. Where a particular activity has been performed many times, such
as in a production job, it may be fairly easy to estimate how long that activi ty
will u:<e on the average. Where there is more uncertainty, but still some
experience in the past with the particular task, someone will huveto esti·
mate the average activity time from memory or from past records. When ajob
is new, a best guess may be all that is possible.

For calculating average activity time, regardless of the uncertainty in·
volved, it is advisable to have people familiar with thE!.e.!!a~d~i'!.v!.!it~vJ:P!!r:anvY:'i!:'rl!el'~t:.!:lh~..nCJniL- , ••!,-----
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time estimates. First, there is the most optimistic time possible; call this time
a. Second, there is the most likely time: \..Ull this m. The third is the most
pessimistic time; call this b. Given these three estimates, it is pO&5ible to
calculate fr • Equation (1) is a formula showing how f" is determined from lhe
values fora, m, and b.

f =a + 4m + b
I' 6

Figuni'13.4 shows the relationship between frl a, m, und b under two circum
stances. Note that tl' is the time at which 50 percent of the area in the
distribution lies on either side of the line drawn to the curve. ].:the distribu
tion is unimoJ31 and symmetrical, tr will coincide with m. the most likely
tilT'e. If the dist,i1Jution is skewed, as in Figure 13.4(b>. then the most likely
time will be different from the average time.

Figure 18.4

Some Hypoth,!ticaL Distributions Showing the A('';;'~ge Activity Time ft,,}

(ill "Symmetric.l1 lJi~trib\ltio)n
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2.1 Calculation of T E. The Earliest Po.qsible Time

Figuro? 13.5(a)

The PERT Network and Average Activity Times

Activity
a
b
c
d
f

t. (in days)
1
~

2
3
1

I.,.,
-

i-

... Suppose that we have calculated t. values for each of the activities listed in
a hypothetical PERT network shown in Figure 13.5(a). With this information
it is possible to calculate hoth of the other times defined earlier: Tf:. the
earliest possible time that an event call he reached. and TL. the latest
allowable completion time.

Figure 13.5(h)

Calculation of Tfo.'

''Ji

", •..•1,

',.

---~

f Tf ; =0 6
~------'---®

t" = 1 T
... = 6
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Shown in Figure 13.5(b) are values calculated for T E• For example. TE
listed over event 2 is one day. It takes on average one day to complete activity
(;'. and since activity a is the only activity that must be completed before event
2 is reached. the earliest possible time (on average) that event 2 will be
~achefi is one day. Similarly TE for event 3 is two days. again employing the
same reasoning. When we come to event 4, however, th"re are two activitieE"
that must be completed before the event is reached (they are activities c and
dl. The calculation ofTE is slightly more complicated in this situation. There
are two logical options for TE: first. it might be the sum of the length of the
activities along the top path. from a through c, this being 1 + 2 = 3 days; or,
second. it might be the sum of the length of activities along the Lottom path
from b through d. this being2 + 3 = 5 days. Which of these :',"10 t'ptions is the
earliest possible time that the event can be completed? Strangely enough
(until we think about iU, the COI"'"ect choice is the lon.J;er of the two options.
This is so because all activities le:!ding to an event mu:.:: t, be completed before
an event is properly completed. .(n this case """c set of activities leading to
event 4 took three days; the other took five days. Since both have w be
completed before event 4 is complete, 5 days i5 t/'le shortest amount of time
before the event can be finished. Note that th:s assumes that the time along
the upper path through event 2 is being run concurrently with the time along
the lower path through event 3. The final T E. for the last event. is shown in
Figure 13.5(bl to be six. Ifthe earliest possible time we could complete event4
is five ci,tys. and it takes one day on average to do activity r. then the earliest
possible time we could complete event 5 would be 5 + 1 '= 6 days. Note that
all of thea" calculations use tlte average figures t,..

2.2 Calculation oj' T L, the Latest Allowable Time

Calculations for TL are made in a similar way with similar logic. but we
begin from the last event in the PERT network and move back to the first
e·.ent. T L for the last event is just Ts• the contractural obligation date. It
should be obvious that the latest possible time we can complete the last event
and still have the project remain on schedule would be on the very day when
the project was supposed to finish. TL for event 4 is five days: it is TL (event
5) - t, (activity (J '= 6 .- 1 '= 5.

Similar reasoning can be used to establish that TL for event 2 is 3 days
(5 - 2).and TL forevent3is2days(5 - 3), The only question ofchoice oftime
paths arises where we have two or more arrows (activi ties) originating in the
same event. This happ'Jns in Figure 13.5(c). when we go back to event 1. Here
there will be two pat,n options for TL estimating. Moving along the upper
path. where activity a takes one day, we get one possibility as 3 - 1 = 2. Our
second path option is moving along the lower path. where activi ty b takes 2
days. and we have 2 - 2 = O. The smaller of the competing values is selected.
The smaller T L value is always chosen. Notes at the end of the chapter
explain why.

I
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Figure 13.5(cJ

Calculation of T L

" Tf · = 6
~---,!.--(J) .

t,. = 1 T. 6." -

&.

::.

Always choose the smaller T L value for an event, since that will be the
latest time that the event can be completed and still allow the remainder of
the project to be completed on time.

Values for T E and T L are used to calculate something called slack time. The
upper path choice has slack time, T L - TE =3 - 1 = 2. The lower path
2 - 2 = 0 has no slack time. The lower path from 1 to:3 mu~t be completed on
schedule. It is critical. There is no slack, as in th'; path 1 to 2. From this the
critical path is identified. The critical path is the one which has no slack t.ime.
It is the path of the latest time that can be followed to complete the project on
time. It is the critical path that is of primary interest to decision makers.
Along the critical path lie sources of potential bottlenecks in completing the
project on time. The analysis suggests options for transferring resources or
time from one activity to another.

Slac~ time for an event is defined as the difference between the latest
allowable time T L and the earliest arrival time TE , that is, slack
time = T L - TE •

Where there is large slack time, it is possible that excess time or resources
have been committed to th€;' events involved. Ifthere is negative slack, it is an
indication of too tight a sch(~dule. In such a situation. a decision maker may
wish to transfer some resources from one set of acti0.ties with positive slad:
time to the ones causing the negative slack. A slack time ofzero indicaU!alhe
project is right on schedule. The less the slack, the mO~"ecritical the event is to
the project. From the start of the project to its completion, there is normally
one path that stands out as heing critical:

l

1
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Figure 13.6

Calculation ofSlack Time and Identification ofthe Critical Path for Pl!"ilT
Network in Figure 13.5.

;;;

Event
1
2
3
4
5

o
3
2
5
6

o
1
2
5
6

Slack Time = TL - T E

o
2
o
o
o

Critical Path: 1, 3,4,5 (where the slack time is 0, O. 'J, j)

The critical path in a PERT network is that path from start to
completion that requires the most time. This is the same as s81ying
that T L is smaller, and there is no slack time, or no time to spare.

Any event which happens to be on the critical path C3n cause slippage in
the final completion date. If an event is on the critical path and is reached 2
days later than expected, then the whole project is likely t.o be pushed back 2
day" unless other events on the critical path are :-eached ir. times faster than
the average time expected. To find the critical pat..~ iI". d PERT network we
must identify that path with the minimum slack time. This is done in Figure
13.6 for the information in the PERT network in Figure 13.5.

As was already apparent from out previov.:; calculations, perhaps, the
critical path is the one going from event 1 through events 3, 4, and t.erminat
ing in event 5.In a simple example like this one, it is readily apparent which
path is the critical one but, in more complicat.ed PERT networks, slack times
will have to be computed before the critical path is determined. A manager
faced with a PERT network like that in Figure 13.5 might assume that
everything seems to indicate the project wiH finish on time. However, to help
insure project completion at the specified time, a manager might wish to
transfer resources to activities on the critical path. For example, activity a
will require an average of one day if done with normal resources. If workers
are transferred from this activity to activity b, it would lengthen the time
needed to perform aetivi ty a, but decrease the time needed to perform acti vi ty
b. This adds ",sources to those activities that would have the most immediate
effed upon project delay, in effect helping to insure project completion on
time. Obviously a PERT diagram cannot make this decision, but the informa
tion provided by the network is useful in making decisions about resource
allocations of this type. . ,

3.0 Exercise

Figure 13.7 shows a lengthier and somewhat more complex systems chart
used in educational research and planning. The PERT sequence traces the

•
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deve!opment ofa research project based on a sample survey. Estimated time
in days are placed along the paths. Find the critical path and tracc it in with
heavy Enes. Cneck with Figure A13.3 at the end of the chlip;~:," tc compare
y,:\ur critical path analysis with that of the planner.

Figure 13.7

A PERT Network
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4.0 A Modification of the PERT Network

Sometimes the planner's objective is to use scheduling to provide a com
prehensive overview of a project. There is no need to calculate critical paths
and resource allocations. Feedback mechanisms may operate to keep the
project on track. In this situation it is often advantageous to modify the basic
PERT network to indicate features in addition to events and activities.
Typically, another feature that is of concern in projects are those points in
time at which decisions must be made that affect the course of the project. If,
for example, there is to be a review of a particular phase of the project. either
internally or by external agencies or individuals, then one might wish to
indicate this in a scheduling network.

A decision point in a project is usually noted with a diamond shape that
takes the place of an event in a PERT diagram (see Figure 13.8).

Figure 13.8

Illustration ofa PERT Network Modified to Include tJ Decision Point
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Figure 13.8 shows a simple network modified to include a decision point.
Note that there are usually two exits from the decision point, one indicating
Yes and the other indicating No. The No route traces back to some earlier
event or activity of the project. Because this essentially introduces a loop into
the traditional PERT network, it is not possible to calculAte ... 'itical paths
with this type cf network. It is only used to identify the major events.
activitiee, and decision points.

Appendix 13.1 shows a standard PERT network of a manpower planning
~~quence, as illustrated in Davis (1966>. The identified steps in this PERT
network are actually combinations of events and activities as defined pre
viously. Note, too, that considerable detail can go into the preparation of any
given diagram. Shown as a separate network is Step 7 in the original PERT.
Called Subsystem #7, it uses a modified PERT format to iIIustra te the main
activities, events, and decision points necessary in doing an establishment
survey of existing industries. Lest one becom'? carried away with ever
increasing refi':cments in scheduling networks. the reader is advised to heed
the words of 'Naming provided by Davis in the introduction to the schemati
zation appedring here as ..'.ppcndix 13.1.
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APPENDIX 13.1

Two jlodified PERT Networks of a Manpower
Planning Sequence

Figure A13.1 and text schematize an overall manpower plannhg se
quence. There are also specifications for staffing the planning sections to
carry out the tasks schematized. Each one of the circled numbers in the
overall diagram represents a subsystem which would have to be analyzed and
broken into its component pr.rts.

As an example, subsystem 7, Industrial Surveys and Analysis, is
schE:matized and the activities and events are d/i!scribed. The schemata are
offered as examples of how the planning process might be analyzed atomi
cally. The schematization of all the component parts of the process is deliber
ately not given in this scheme. Planners often become so intri~ed with
models and schemata that they spend months working on pictures when they
should be out looking at schools. For those plannirg staITs that have an
underemployed draftsman, the preparation of such schema might offer con
siderable aesthetic satisfaction. A substantial literature on PERT analysis is
available as a guide.

Ot'crall PlallninR Sequence

Stage Descriptions

I. Situational Survey and Negotiations Pursuant to Study Design
II. Internal Management Planning

III. Systems Analysis and Data-Collection-Reduction
IV. Projection of Supply and Demand
V. System Design

VI. Feasibility Evaluation
VII. System Re-design

Note: Arrows show activities of staff. not flow of information. Communica
tion among stafTmembers must be complete and well-coordinated. but
such lines would unnecessarily complicate the schematic.
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Notes on Staffing

a. Basic staff requirements and tasks arc: Educational Planner and Project
Director (I, 2, 5, 9, 14-20) plus coordination; Sociologist 0, 10);
Demographer (4, II); Industrial Survey Technician (7.12,14); Econo
mist (6, 9, 14); and, Educational Systems Analyst (8. 13). All would
cooperate in cstablishing service sector demand (Step IS) and total
demand targets (Step 16).

b. The educational systems analyst should work with the project director
from beginning to end; however. the sociologist. industrial survey techni
cian, demographer and economist need only be available full-time during
Stages III and IV, but should be available as consultants both in the
preceding and final design stages. When a country is contemplating sig
nificant changes in its agricultural complex, an agricultural expert may
be needed.

e. Since future measurement of the new system's output must he performed
on a continuing basis by loc:11 Q,ncials, it would he advisahle to include
"counterparts" in each segment of the study, so that they may he
thoroughly familiar with the operation of the system and can carryon

without frequent technical supervision.

STEP DESCIIII'TIO:-;S

I. Establish study scope and sequence: survey eXlstlllg data. Note: Scope
will include targets set by home officials (over which the planner has no
control) and economic development targets and specifics (whieh the
planner must accept, at least until Stage VI is reached I.

2. Determine stafT requirements; recruit. organize and brief study MalT.
3. Socio-cultural analysis to determine special conditions (e.g. religious

restraints, literacy shortcomings, traditional family or village production
patterns) which any future system will have to alter or circumvent.

4. Population study: Census tracts. birth and fertility data, life lahles,
I.ligration, et cetera.

S. Data on emploYl,lent in government sector and estimate of future needs,
both state and local; Note: logical responsibility of project director since
he is in closest louch with government officials; may require extra staffing.

6. Resource estimate: involves measures of national or regional product,
sector or industry productivity, corporate and personal income; also.
estimates of tax policies and revenues, as well as past practices in allo
cating resources to education; general analysis of existing economic
development plans, including agricultural sector.

7. Industrial survey and analysis: establishment surveys to determine Cllf

rent statm of workforce and future manpower needs; establish measures
of efficiency in manpower utilizatio.l and performance; acquire data on
current and planned in-plant or apprenticeship training programs.

8. Analysis of formal educational system (public and private): input-output
relationship:; (e.g. supply of teachers and their distribution, as against
output of graduates from vari()u~ levels); efficiency measures (both those
resulting from- ._:<:~t analysis and performance of graduates on the job);
system structure and lines of authority and communication; current in
structional content. techniques and sequences: hardware evaluation:
legal bases for system; estimate of altitudes which might prejudice future
system improvements (i.e. student. teacher and administrator).

9. Agricultural employment analysis. with reference to broad-scale develop
ment planS: -roul:.n-worker projcc!lon In agrtcuilural sedor.

\
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10. Set educational goals for non-workforce part of population. particularly
women.

II. Pcrform necessary population projections.
J:!. Estimate etTe=t of planned new indlJstry on fulure workforce demand.

hy discrete steps to target year; add preJicted need as ascertained from
exi~ting industries.

13. Project output of the formal educational system. all levels. p'Jblic and
private. Nole: This is the output of the present syste,n. if it continued to
function unchanged until the target year.

14. Establish total future workforce requirement,. in occup:;.tional t=rms.
except for service scctor; appropriate wastage factors should be used. as
in 9 & 15.

15. Establish future workforce demand in service seclor. by discrete steps to
target year. Note: Those services connected with educalional expansion
and improvement can not be added in until end of step ::: 16. and can not
be made fairly exact until end of stcp := 18.

16. Aggregale total workforce needed in larget year. taking into account
waslaj;e: add in desired general characteristics of non-workforce: deduct
projected oulput of present educational systel'l: calculate gaps. in cecu
palional and hehavioral lerms. which future syslem must fill. Nol,,: Check
percentag"s of economic sectors (c.!!. service vs. produclion) against
experience of similar eounlries.

17. Translale demand targe" inlo educational lerms (not necessarilv years
of schoolin!! compl<:led. el celera). This partly depends on the protolype
educational syslcm which (from among many possihl<:) is indicalcd hy
all of the preceding analysis. Therefore. final figures musl await Ihe
aelual syslel11 design.

IX D"si!!n oplimal (ideal) syslem 10 lill gaps (as well as increase el1iciency
al currenl ICld of OUlpUII. al lowcst cost. ,\'01,',' Sullicient cost analysis
shOlild he underlaken hoth to pro\ ide a sound hasis for evalualion and
10 idenlify "here and how illueh costs arc increased (e.g. curriculum
illlprmel11enl. teacher Irainin!!. lahoratory equipment, et celer;) l. Thus.
if cosl-CUllin;! is indieal,'d in slep = IQ. it can he done "ith full knowl
edge of how Ihe quantily "r qualily of OUlput will he affecled in the
re-desi!!ned s"I,'n1. Nole lhal such faelolS will usually alter Ihe assump
lions and projection, in slep =I.l and the final estim;)le of the "educalit'n
!!ap" in slep := 17.

19. Test 'y stem lksigneJ in step'::: 18 against estimate of resollrces a'nilahle.
hoth financial and human.

~(). Re·optimize and re-desi!!n educational system to conform to financial.
and lIther. r,'alities.

St"BSl'STF.:'lf =i
£ST,\8L1SIDfE'';T St"ll\'F:\' OF EXISTI:'\G hOt'STlIl'

( SCIIF::'lfATIC)

ACT1\'ITJI.S L[ADI:"G TO CIRCLED E\"[:"TS

I. Start
., Compile Jist of industries. classified by economic sector, ISIC

and size. (Location may be also included if geographic factors
warrant. )

3, Sample and Statistical Analysis Design

••.~

;21.1
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"""'I

4. Design que'itionnllires nnd personal interview forms
S. Conduct field survey
6. Classify work-forc:e using following matrices:

(a) Occ :,,: See:tor (b) Occ / Ed. Level (e) Oce: :-: Age
7. Devise estimate of efficiency in large Occ X Ed. Level cells

(may be productivity. if such a measulc is available; otherwise.
some management rating scheme)

8. Data processing
9. Profile of present industry. including efficiency of various sub

indu~try ~cupational or functional groupings
10. Report of piojections for future work-force demand in existing

indu:itrics. years x to r: (discrete steps). as input for later
calculations. Use IBM cards for final data.

DECISIONS (I>IAMONDS)

I. Is industry presently in planning area?
2. Is listing of all local industry available. stating economic sector.

ISIC coding and size?
3. Is number of industrial firms too large to handle in allotted

time, if complete survey of all firms is performed?
4. Are personal interview and/or questionnaires available?
5. Was sampling plan used?

MATIIEM.'\TIC',\L C\LCULi\TIO:-;S (RECT"~GLES)

I. Calculate gaps. using Dec >: Economic Sector matrix. (Note:
Hold off on Oce :< Ed. Level data for later conversion, after
general system design for occupational training is chosen.)
Add wastage; subtract in-plant training.

2. Aggregate net gaps across all industries in surveyor sample.
3. Perform statistical analysis to get final total.

INPUTS (ELLIPSES)

I. Future expansion plans of existing industry (from question
naires and interviews).

2. Established "mix" for industries (elsewhere) not at stage pro
jected for existing planning area industries in year n (for pur
poses of comparison).

Important assumptions involved in any sampling scheme:
(a) Arc occupational mix and efficiency in sample industries

same as in total industry population of planning area?
(steps 6 and 7)

(b) Arc expansion plans (or some central tendency measure
of same) of sample industries representative of total in
dustry population of planning area? (ellipse 1)
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Diagram ned Answer of Critical Path Exercise (Original shown in Figure
13.7: Compare)

1. St~rt rroject 9.
Z, Flnhh CbJecthfS Stat""en~ 10.
3. List ""Jor Varhble; II.
4. !leyelop, CawpletelyPotheses IZ.
S. St.rt Conltrvctf".l I~...s iJ.
6. Start Oeflnlng Unherse H.
7. Ceyelop S&r.pl1ng Sc~~ 15.
8. Start S>-."'PV! Selection 16.

Chart is a IIIOdtflcatlon of chart in r:esmond L. Cook Pro~ram Evaluation and levlew TechnfqJes; Appl1eatlons In
EduCitlQL..L...S.. OffIce of Educa!lon. MonoQraoh 17, (WashiM!On. D.C.: ~ ,S, Goverrlllont Prlntlnq Office. 1966)p. 43.
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Benefit Cost

CHAPTER 14

Project Analysis: Benefit-Cost and
Cost-Effectiveness
Philip Zodhiates

297

1.0 Introduction

The rationale for project appraisal techniques such as benefit-cost and
cost-effectiveness analyses is economic efficiency, the aim being to ensure
that scarce resources are put to their most valuable use. Cost-benefit and
cost-effectiveness analyses can be viewed as the application of profitability
analysis-practiced for many years in the private sector-to publicly funded
projects where the focus is not on the individual person or firm, but on society
as a '\Thole. But there are other diffel'ences as well. A private firm normlllly
looks at its profit and loss at the end of a production period. whereas benefit
cost analysis attempts to evaluate a project before it is undertakeri, to decide
whether or not it is worth adopting. We will use benefit-cost as a generic term
that includes the analytic procedures of net present value. internal rate of
return, and benefiUcost ratio. The terminology sometimes changes around to
cost-benefit analysis when we are referring to general procedures for compar
ing costs and returns on a project. In some cases, either usage may occur, and
the choice is arbitrary.

Systematic project evaluation has become particularly :mportant for plan
ners when a project is being designed and alternatives are being considered.
The project analyst looks at one or more alternative projects, and after a
systematic enumeration ofall costs and all benefits-expressed in monetary
or non-monetary terms, readily quantifiable or difficult to measure-he
determines which alternative produces the greatest benefits. His task. essen
tially, is to predict for each alternative project the inputs that will be em
ployed and the outputs (sometimes outcomes) that will result.

Benefit-cost analysis is used when project costs and benefits can be iden
tified and assigned monetary values. It is based on the simple but reasonable
idea that projects should be funded only when benefits exceed costs, or. at the
very minimum. when benefits at least equal costs. The importance of this
criterion for decision making does not depend on the claim that it should be
the only criterion for investment-after all, political considerations often
take precedence-but on the fact that when resources are scarce the central
problem of decision makers is maximizing the returns to investment; or,
looking at the opposite side of the coin, minimizing the costs.

In educational planning, benefit-cost approaches have been applied in two
major contexts. The first is a general po! icy planning context in which rates of
return are computed for general levels of education, or types of educational

... '\ '.'
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•
programs. Rnte-of-return studies have been comprehensively reviewed in
Chapter 5, Volume I. This review CO\ ~red comparisons based on net present
value, internal rate of return, and cost-benefit ratios, with investments
assessed on both a private and social basis. In this kind of applirotion the
ann!yst attempts to asse@i! the return on investment to a level ofeducatioI'. Ly
comparing the net earnings ofgraduates at ene level with the net f::arnings of
graduates at the next higher level ofeducation. The differeucc, discounted to
present value or expressed us an i:lternal rate, is then interpreted as the
return on the investment to the additiunallevel ofeducation. The sweep here
is a broad one, and presumably policy makers use these rate-of-return com
parisons to guide investment in an entire level or type ofeducation. In reality
the approach has been far more prominent in the academic literature on
economics of education than it has in policy planning.

The :::"con~ context in which benefit-cost approaches have been used is irl
project anrU.l'<19 end planning. This is the context which frames the work in
the two vo: Imes which have been cited as companion pieces to this series:

;.',1

- Educational Testing Ser\·jee, A Manual for the Analysis orCoses
and Outcomes in Nonformal Education, Princeton, N.J.: Interna
tional Office, ETC, 1979.

- Jamison, Dean, Steven Klees, and Steven Wells, Educational
Media: Guidelines for Planning anti Evaluation. Beverly Hills,
Cal: Sage, 178.

i

".
" __"" " .. _ _ ..__• ..M_M .~ _ ••
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Material in this chapter can be supplemented by the two books cited above.
A briefsection ofthe first book is used as a reading selection at the end of this
chapter, but Ute entire book is useful as a reference work for plaAlners.
Cost-benefit analysis applied in project analysis and planning is the context
that will be stressed in this chapter. This application has practicoI sig:tifi
cance for planners, although the utilization of conventional cost-benefit
approaches is not universal among planners in developil'] countries despite
strong advocacy from the international assistance r.genCl~sand development
banks. Roemer and Stem (1975) make the topic readable for practitioners.

Applications in both contexts reston the same basic framework ofassump
tions, which have been reviewed by Harberger (1972) and in Chapter 5,
Volume I. Benefit-cost analysis of returns to education rests on the assump
tion that lifetime earnings differentials between individuals are close ap
proximations to the differenccs in their contributions to national income.
Related to this is the claim that differenccs in el'.rnings are largely attributa
ble to differences in educational attainment, mther than to differences in
native ability and family background. These ideas were also revieweC in
Chapter 5, Volume I.

The evidence in favor of this set of a!lsumptions is hased on a strong and
consistent positive relationship between education and earnings. Moreover,
ifadjustments are made for differences in education-insteadofjustcounting
numbers of workers in the labor force-u much better explanation enn be
constructed for the growth of goods nnd services in developing Cul1ntries.
Edward Dennison, among others, has offered this as evidence that education
leads to higher productivity (Denison 1960, 1964).

-----~....._-- ,--------
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A counter-explanation for the positive relationship between education and
earnings is that those who receive more educntion tend to be advantaged in
other ways-family background, social contacts, opportunities. Critics of the
basic assumption also point to the credentialing effect of education, that is,
people rcr.eive a higher income not because they are more productive but
bccnuse the~' have access to higher payingjobs by virtue oftheir educational
credentials.

The validity of the productivity assumption has been challenged by
numerous authors; see for example Woodhall (1970), Blaug (1967),
Psacharopoulos (1973), and Berg (1970).

At present the debate centers not so much on whether educntion increases
productivity but on how much, as well as on the unresolved question of how
accurately earnings reflect productivity. This debak has great relevance for
the validity of benefit-cost analys",., in education because economic benefits
are almost always construed as the difference in earnings, over the years,
between people with different levels of education.

In project evaluation one issue is whether or not the proportion ofretuI'ru1
attributed to education is, for example, 50, 70, cr 100 perr.ent of the total
income differential. Typical is the example in the appc'idix at the end ofthis
chapter, in which all ofthe increased earning which carpenters received after
training is attributed to the training. A second ir.sue is that at the pre-project
stage, evidence from the past must I>e used to determine how much of an
increase in output can be expected from enrollment in the project under
consideration. The error involved in equating earnings with productivity is
thus compounded by "uving to rely on past earnings trends based on cross
sectional data. Even at the post-project stage the effect of an educational
project on productivi ty is extremely difficuIt to measure beenuse it is difficult
to determine how much of the increase in output can be attributed to the
project under ccnsideration. The cumulative impact of these problems has
the effect of m'lking benefi t-cost analysis a very :ough tool indeed for decision
makers.

There is also the m,qttcr of the discount rate, probably the most important
variable in benefit-cost analysis since even small chancres id the discount
rate frequently havE' I' f.: r,nificant impact on the results.

A second category of~con?micbenefits poses lesser problems for the project
analyst, namely, int€rnal efficiency, which is measured by the reduction in
unit cost per student enrolled, or per graduate. Greater internal efficiency
enables the educatil"nal process to produce more graduates for the same
amount of inpu:s or to provide the same amount of education with fewer
inputs. The reSOl4rces saved represent the benefits to the economy as a whole.
As an example of this type of analysis carried out at the national level is
Blaug's (1968) study of internal Jfficiency in British schools.

The evaluation of internal efliciency, however, may also take account of
non-monetary outcomes, by means of a cost-effectiveness analysis which is
undertaken when costs and benefits cnnnot both be expressed in terms of
monetary values. Non-monetary benefits of increased productivity within a
project can be educational effects in the iorm of improved achievement scores

~.
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or decreased repeater and dropout rates. See the appendix to Chapter 2 for a
model of these effects.

Project appraisal is most successful and hence most useful in measuring a
project's internal efficiency. By utilizing a multidimensional appraoch that
includes cost·benefit and a variety of cost-effectiv:!nE'sg :1r,nlyses-{)ne for
each clearly defined project objectivc-cvaluation can serve the needs of
planners, as well as the needs of project participants, for feedbact when
improvements are being considered.

Because education normally serves multiple goals, only one of which is to
raise productivity, ami hence the earniflg capacity of individuals, both
benefit-cost and cost-effectIveness techniques are necessary for evaluating
educational projects. The remainder of this paper takes up the concept of
discounting which is at the heart of benefit-cont analysis. It discusses three
cri:::':1a associated with the benefit-cost analysis framework: net present
vait."" internal rate of return, ,: H1 benefit/cost ratio. The discussion of cost
effectIveness in section 4.0 is followed by a hrief account of the concept of
valu~, p central issue in the use of decision tools such as ben..fit·cost and
ccst·effectiveness which are essentially prescriptive and value-laden.

2.0 The Notion of Time: Interest Rates and Discounting

The essence of investment is that something is given up today in order to
gain some benefit in the future. The question facing dtJcision makers and
planners is whether, given the Immediate costs as well as the stream of costs
and benefits over the lifetime of the project, the contemplated investment
WOJld be profitable, or in the case where several options exist, whether the
project would be the most profitable of all available alternatives. The time
horizon is a critical feature of projects.

Individuals, as well as societY,are not indifferent to time. It matters a great
deal, for example, whether one has $100 today or has to wait five years before
he can make use of the $100. The idea is that $100 today is not equivalent to
$100 five years from now because one could invest the money and earn
interest. By using the appropriate interest rate, one can calculate the value of
his investment at some future point, it.'! future value. The equation used to
calculate the future value of an investment is as follows:

~--

L_.

where:

FV = PV(l + r)/ (1)

11
FV =Future value,
PV = Present value,

r =Interest rete,
t =Number of years of investment.

Suppose we want to calculate thl~ worth of $100 investe<1 five years at a 5
percent interest rate. Using equation (1),



FV = $100(1 + .05)$
= $100(1.05)$
= $127.60
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We find Lsi. o.'r im'estment would be worth $127.60 five years hence, at a 5
percentin~restrate. Obviously, ifwe were to leave the $100 in a bank for ten
years; at the same interest rate, it would be worth stiiI more:

FV = $100(1.05)10
= $161.10

Working forward, from the present investment to its future wort~,however,
has several drawbacks for planning purposes. One of the problems is that
future value is conceptually ~mote for decision makers interested in know
ing whether an investment is worth making today. Planners and decision
makers need a mechanism whereby estimated future returns can be evalu
ated at their present worth, that is, at ~he time the investment decision is
being made.

Discounting future returns to their present value is, in essence, the obverse
side of caculating the future value of a current investment. In discounting,
the interest rate becomes the rate by means of which we discount future
value, now called the discount rate. The relationship between future value
and present value is given below:

FV = PV(1 + r)t, where r = mterest rate or discount rate. (1)

Dividing both sides by (l + r), we get the equation for present value:

,lit

-A
4

J PV = FV
(1 + r)t (2)

If, for example, we estimate that we will receive a payment of $100 in five
years, and we know the interest rate to be 5 percent, we can calculate its
present value:

PV = $100
(1.05)$

=$78.37

Now suppose that instead of five years, we have to wait ten years before we
can use the $100. Present value then becomes:

PV = $100
(1.05)10

= $61.39

Note: Analysts do not have to do the calculations. The answer can be looked
up in a Present Value Table, as in Table A 14.2 in the appendix at the end of
this chapter.

____.The mOre_distaJ!tth~ Davments (whether benefits or costs), the smaller is
I':' '.
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their present value because discounting increases as ,.e move further into
the future.

It may be useful to consider some of the implications of discounting. If we
owed money, for example, we would prefer to pay lakr than sov~l.", because
the later we pay, the smaller will be the present valu{) of th~ amount paid. If
we were owed money, the opposite would be true. Similarly, planner..; woui<i
prefer a project with early benefits and deferred expenditures to one where
the reverse holds.

2.1 Education Projects

The fact is, however, that educational projects t::!nd to incur costs early on,
while returns in the form ofadditional earnings due to the project occur in the
future. Unless the stream of costs and benefits is discounted, the evaluation
of an educational project will tend to grossly overestimate the project's net
returns. This is illustrated in the following example. Suppose we have a
project X that takes one year to build at an initial co.>tof$500,000, and then
yields a declining stream of benefits over a five-year period. The complete
stream of payments is shown below

Table 14.1

Stream ofPayments (All Figures in Thousands ofDollars)

Suppose we know that the appropriate discount rate is 5 percent. Project X
will immediately yield a net benefit of - 500 (actually a cost), and the
present value of this is simply - 500. At the end of the first year, there is a
positive yield of + 200 with a present "alue 0[200/1.05 = 190.48. The present
value of the second-year flow of + 150 is 150/(1.05)' = 135.99,-and so on: The
total present value of X is

200 150 100 50 25
PVx = - 500 + 1.05 + (1.05)2 + (1.05)31 (1.05)t (1.05)5 (3)

- 500 + 190.48 + 135.99 + 86.36 + 41.12 + 19.59

- 26.45 0" a net loss of $26,460

If the appropriate discount rate is indeed 5 percent. projectX turns out to be Do

rather poor investment. However, had we not discounted, that is, had we
made our calet,hiions with a discount rate equal to zero, we would have
arrived at the mistaken conclusion that project X was in fact profitable. With
r = 0, the total stream of payments comes to - 500 + 525, which is a net
S;:.i- of$25 j GOG. The uee ofeJiscoantttsLe:tnd tit", t;:tiu~ we uoo~gn Witci.:l1i"ly
make an important difference to project evaluation results.
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3.0 Criteria Used in Benefit-Cost Analysis

3.0.1 Net Present Value

The Net Prel'lentValue approach reduces a stream ofcosts and benefits to a
single number in which costs and benefits that are projected to occur in the
future are discounted. The NPV equatilln, which is the general statement of
the calculations above in (3), can be expressed as

NPV = Bo - Co + BI - CI + B2 - ~+ B3 - C3 ... + Bn - Cn (4)
1 + r (l + r)2 (l + r)'l (1 + r)n

where B-. . ~o represents net benefits at the initial investment period,
BI - C'. ;,~iicates net benefits at the end of the next year, and B n - Cn

represents tte .:let benefits for the last year of the project's life. In the case of
an e<hlcational project, for example, the net benefit would be the additional
i:Jcome of graduates due to extra schooling minus all the costs of the
additional education-such as students' foregone earnir.gs, teachers'
salaries, buildii1g and maintenance costs, expenditures on bocks and other
instructional materials-all discounted to present value.

The NPV criterion prescribes choosing a project with a positive NPV, and
in the case of several alternatives, choosing the project or projects with the
highest NPV. This decision rule is examined below with the use of some
examples.

(a) Choosing one of a number of mutually exclusive alternative
projects.

Suppose a group of planners have come up with six alternative proposals
for starting a secondary school, ranging from buying some old but dispersed
buildings to purchasing some land and constructing a new school. For this
example we assume that funding and other inputs are not a problem; and that
all payments have already been discounted. The costs and benefits of the six
alternatives are summarized be~ow in Table 14.2. Project D promises the
largest net benefit, $750,000, and should therefore be chosen.

Table 14.2

Alternative Projects (All figures are in thousands of dollars)

Secondary school Discounted Discounted Net present
alternatives costs benefits value

A 200 700 500
B 100 500 400
C 300 475 175
D 500 1250 750
E 500 750 250
F 200 600 400

- - ---~ ~---------~_.----~
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(b) Choosing among a number of alternative projecta, given are·
source constraint.

Now suppose that the six choices are not mutually exclusive, but instead
represent diff~rentvocational education projects, ranging from carpentry to
a computer technicians programs, and that the decision makers are bounded
by a resource constraint of$51)0,000. For simplicity, we again assume that all
costs and benefits have been considered, and discounted over time. Again, the
calculations would involve finding out whether or not appropriate instruc
tors are available, computing the cost ofsalaries for staffand teachers as well
as the cost of equipment and materials, and, most importantly, researching
the regional economy's demand for particular skills. The NPV criterion tells
us to choose those projects which maximize net benefit for an expenditure of
$500,000. The easiest way to proceed is to calculate the net benefit perunit of
cost, rank the six projects according to this index, and select projects from the
top of the list down, until the $500,000 is expended. This selection procedure
is shown in Table 14.3.

Table 14.3

BeMfit for Unit of Cost (All Figures in Thousands ofDollars)

c:::

Vocat fona I Discounted Disr"'mted Benefit per Cumuldtive
... Education Costs Beneff ts unit of cost cost, all
:I Projects projects

B 100 500 5.0 100

A 200 700 3.5 300

F 200 600 3.0 50~ .cons ra Int·
0 500 1250 2.5 1000

C 300 475 1.6 1300

E SOD 750 1.5 16()0

Projects B. A, and F will be chosen, thereby exhausting the avuilable funds
while at the same time maximizing the net benefits. With B, A, and F total
net benefits, (500 - 100) + (700 - 200) + (600 - 200) =1300, or
$1,300,000. PrQject D, which was the best choice when funds were unlimited,
produces only $750,000 worth of benefits.

3.0.2 The Internal Rate ofReturn

Benefit-cost analysis in education often takes the form of calculating the
internal rate of return (lROR) of aproject, which is the discount rate that
makes the net present value of a project equal to zero. In other words, the
IROR is the i, or interest rate, that satisfies .f-.~. ........

-~-_._~,-------~
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(5)

.ii

where T represents the total life of the project; I, the sum over costs and
benefits; t, the year at which each cost and benefit occurs; and i, the discount
rate, which equates the sum of all costs and the sum of all benefits.

The advantage of the mOR approach over ot.~erdiscounting techniques is
that it is a conceptually easy technique to comprehecd because it closely
parallels the kinds of profitability calculations practiced in private firms,
that is, it is equivalent to the method used to estimate the yield ofa private
investment. Its advantage over the NPV approach is thatIROR does not have
to rely on any assumptions or outside estimates of the appropriate discount
rate. The interest rate is ge'Jernted within the project itself based on project
data.

The decision criterion associated with IROR is to ur.dertake a project ifits
mOR is greater than the appropriate interest rate provided by the market.
When there <ire several alternatives, the project with the highest internal
rate of return should be chosen. If, for example, the market interest rate is 5
percent while u project's IROR is cc.lculated at 10 percent, the decision maker
is justified, on economic grounds, in allocating resources to the project. The
criterion is based on the reasonable assumption th~t a project should be
undertaken ifit offers a rat.! of return greater than the rate at which money
can be borrowed.

Obviously, one cannot totally ignore the market interest rate because, at
the end ofthe analysis, one always has to complfre the project's internal rate
of return with the interest rate provided by tlte market. But as long as the
project's IliOR is substantially different from the appropriate market inter
est rate, a rough estimate of the latter is sufficient, whereas in the NPV
approach a great deal oftime and effort might be necessary at the outset to
estimate an accurate discount rate. Testing the rate with later analysis
might also be necessary.

The IROR approach involves a trial-and-error procedure in w11ich we try
out a number of discount rates until we arrive at the rate which equates a
project's costs and benefits. Suppose, for the sake of simplicity, that a pro
posed project Y has an initial cost of $100,000, and a declining stream of net
benefits over the next five years, at the end of which the project comes to an
end.

Table 14.4

Stream ofProject C09ts and Benefits (All Figures in Thousands)

0112314151
-100 +50 +40 +30 +20 +i!O
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In this case the project's cost does not have to be discounted because it occurs
ttl the jnit~1l1 year. The stream of benefits, however, must be reduced to their
pf\;se,,:' value. What is the mOR ofproject Y? In our process oftrialtmd error,
suppose we begin by trying out a discount rate of 15 percent. The choice is
arbitrary, but not without some basis. UE:ually, the analyst starts with a rate
just below or just above some rough estimate of the prevailing rate outside.

Present value of cost (PVc) = $100,000
Present value of benefits (PVa)

?V (i=0.15)=~+~+~+~+~
!l 1.15 (1.15)2 (1.15)3 (1.15)4 (1.15)5

= 43.48 + 30.23 + 19.72 + 11.44 + 4.97
= 109.84 or $109,840

Since 109.84-100 does not equal zero, we know that the project's IROR must
be higher than 15 percent. Next, suppose we try a discount rate of20 percent.
Now

. " 50 40 30 20 10
?VS(l = O.:lO) = 1.20 + (1.20)2 + (1.20)3+ (1.20l (1.20)~= 100.48

Since 100.48 - 100 is almost zero, we know that the projed's mOR is approx
imately 20 percent. If our rough estimate of the market discount rate is say,
10 percent, we can be sure that project Y is worth undertaking.

Most of the time the IROR is a valid decision criterion, but there are some
serious problems with it which have recently been discussed in the program
evaluation literature. See Sassone and Scl:afTer (1978) and Stokey and Zec
khauser (1978) for a lucid summary of criticisms leveled against IROR. In
considering mutually exclusive projects, the IROR criterion has sometimes
been found to prescribe the wrong decision: this happens when the project
with the highest internal rate of return is not the one with the greatest net
present value. Suppose we have to choose between two competing projects, Y
(from the previous example) andZ, whose stream ofpayments is given below.

Table 14.5

Two Streams ofPayments (All Figures in Thousands of Dollars)

Project/Year 0 1 2 3 4 5

Y -100 +50 +40 +30 +20 +10

Z ·-100 -50 +60 +60 +60 +60

We slready know that the internal rate of return of Y is about 20 percent. By
using a similar series of successive approximations we can arrive at the
internal rate ofreturnofprojectZ, which turns out to be about 16.5 percent.
According to the mOR criterion, we should choose project Y. But ifwe were to
undertake a net present value calculation, this decision would be incorrect

. fo!,_,!!l discou!1t rates between zero and 13 nercent.lfthe BDorooriatedi"count
.'..,
.~ .

I
!
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rate ~vns anything less than 13 percent, it would be Z, not Y, that had the
higher net present value. Only if the appropriate discount rate was greater
than 13 percent but less than 20 percent would the two criteria-internal
rate of return and net present value-agree that project Y should be chosen.
Figure 14.1 shows the pre8ent value of the two projects at different discount
rates; the IROR of each pl'{',;ect is given at the points of htersection of lines
PVy and PVz with the horiz, ~2tal axis. It would clearly be a mistake to pick
project Y, if the appropriate discount rote was below 13 percent, despite the
f:let that it has a higher internal rate of return.

Figure 14.1

Comparison ofPV Comparisons for Two Projects at Various Rates (0 to 20)

Present
Value

~lOO.OOO

.25

Discount rate

_______~ ~~--------------1

-$20,000

01----f----+----:~_t_--3l"oll:"'....;;:l't----t--

$ 20.000

$ 40.000

$ 60,000

$ BO,OOO
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The mOR criterion is also unreliable when a project's net costs do not all
come at the bc,~inning.Suppose we have a projQctJ with the following stream
of payments:

Table 14.6

Stream ofProject Payments (All Figures in Thousands)

Project/Year 1 2 3 4 5 I
J -210 .1.. :;.00 +300 +200 -400

In computing project J's internal rate of r~turn, we find that costs a.Jd
benefits can be made equal at two different discount rates, around 5 percent
and 25 percent.

(a) With i = 0.05

Costs Benefits

210 400 100 300 200
1.05 + (1."05)5 =(1.05)2 + (1.05)3+ (1.05)4

200 + 313.48 = 90.66 + 259.07 + 164.47
513.48 = 514.20

(b) With i =0.25

Costs Benefits
210 40<) 100 300 200

1.25 + (1.2;,)5 = (1.25)2+ (1.25)3+ (1.25)4

168.00 + 13Ul7 = 64.00 + 153.60 + 81.92

299.07 = 299.52

If the appropriate discount rate is between 5 and 25 percent, the IROR
criterion is of no help at all. Owing to these problems, most project analysts
now counsel using the net present criterion whenever the appropriate dis
count rate can be determined.

3.03 The Benefit/Cost Ratio

Although the benefit/cost ratio criterion has been popular in the past
largely due to its simplicity-it is now considered unsatisfactory. The deci
sion rule associated with it is to choose a project if its benefit/cost ratio (that
is, its total benefits divided by its total costsl is greater than I, and to reject it
if the ratio is less than 1. With competing projects the .:riterion prescribes the
project with the largest benefit/cost ratio. In many situations the benefit/cost
ratio wiIllead to the same choice as the net present value and internal rate of
return criteria. But, as with IROR, there are circumstances in which it can
mislead us into selecting the wrong project. A principal deficiency of the

c:'" .
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bencfitlcost ratio is that it tends to prescribe projects with the largest returns
per unit of cost rathe,. £han projects with the greatest net benefits. Suppose
there is no budget constraint, and we have two projects, A and B, whose
streams of payments have been discounted to their present worth.

Table 14.7

Net Present Benefits of Two Projects

Project

A
B

Benefits

$100,000
$1,000,000

Costs

$10,000
$250,000

Net Benefits

$90,000
$750,000

BenefitlC08t
Ratio

10
4

-~.
--~

In this instance, project A has a higherbenefiUcost ratio, and according to the
benefitlcost ratio criterion, should be selected. But B produces larger net
benefits: since funding is not a problem, project B should be undertaken.

Moreover, the benefiUcost ratio depends on whether we define something
af: a cost or a benefit. A public utility, for example, may cost $1 million,
generate $4 million of benefits, but cause environmental damage of $2
million. Depending on whether that damage is regarded as a positive cost or a
negative benefit, the benefitlcost ratio is 2.0 or 1.33. If the environmental
damage is h.lded to the costs the ratio = $4 million/($2 million + $1 mil
lion) = 1.33. If the damage is subtracted from the benefits: ($4 million - $2
million)/$1 million = 2.0. The net present value criterion is not vulnerable to
this ambiguity.

Nevertheless, the benefiUcost ratio remains a useful criterion when there
is a capital constraint and there are a number of independent projects from
which to choose. As in the example presented in Table 14.3, it serves to rank
projects according to their (discounted) benefits per dollar of (discounted)
costs. When the benefitlcost ratio of each project is computed, we then choose
the project with the highest ratio until all our investment funds have been
exhausted.

The current trend in project appraisal is away from the internal rate of
return and the benefiUcost ratio, and toward the adoption of net present
value as the preferred criterion for decision making. There are, however,
some counter-indications: most evaluators of educational projects, and the
World Bank in its project appraisals, continue to utilize IROR. The retention
of the mOR I,.~;terion is unproblematic as long as a situation similar to that
presented in Figure 14.1 does not hold, and as long as a project has front
loaded costs followed by an uninterrupted stream of net benefits. But, in
general, because it is applicable in all circumstances in which the appro
priate discount rate can be determined, the proper criterion to use is net
present value. This is illustrated in the problem at the end of the chapter.

4.0 Cost-Effectiveness Analysis

--------~-----~---- -
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Not all educational outcomes can be expressed in monetary terms. Often,
project: planners are interested not only in the effect that a particular educa
tion program will rave on the participants' future earnings, but also on
purely educaticnal outcomes, such as the number of participants who suc
cessfully graduate, the r.umbe." who repeat, the number who drop out, or the
proportion of:,tudents that succ<'!ssfully passed a reading test. Whenever an
educational projed has objectives that cannot be measured in monetary
tenns-and this is almost always the caSE;-the project evaluation must take
the fonn of a cost··effectiveness analysis, a version of benefit-cost analysis.
Cost-effectiveness is characterized by the measurement of costs and benefits
in different units, a strategy which allowb us to undertake an evaluation
without the use of a common metric.

This sort of analysis is applicable when the costs ofalternative projects are
identical and therefore only benefits need be compared; 01' when benefits are
identical and thereforp. only costs need be evaluated. h order to do cost
effectiveness analysis it is essential that project objectives be specific and
clearly stated-that is, measurement of project outcomes and comparison of
project costs are possible only when project objectives are made explicit and
defined unambiguously. With projects that have multiple objectives, cost
effectiveness analysis becomes multidimensional, each objective requiring
separate appraisal. The evaluation of a project that has succeeded in attain
ing certain objectives while failing to reach "thers depends on the decision
maker's set ofpriorities, his "preference functiolJ." The planner's task may be
to help the decision maker to make his objectives explicit, to help him rank
goals according to his order ofpreference, and to evaluate the project's success
in meeting each of the relevant objectives.

The technique of cost-effectiveness analysis may be illustrated by the
following simplified example. Suppose there are two alternative methods
available for teaching adult literacy in a rural community. Both methods
involve settinG" up evening classes at the local elementary school. Method Ais
a six-month program that costs $100 per participant. According to previous
experience with a similar project, A has a 90 percent success rate. Success in
this instance is measured by the proportion of participants who pass a
literacy test at the end ofthe project. Method Bis an abbreviated three-month
program that costs only $40 per participant, but has only a 50 percent success
rate. The Ministry of Education has allocated $10,000 for an adult literacy
program in the community. Five hundred adults are believed to need literacy
trmning.

Neither method could be afforded if the goal was to cover all of the 500
illiterate adults in the community. Even the cheaper alternathe would
require an expenditure of $20,000. The question is which program will
achieve more for the $10,000 the Ministry has available to spend on adult
literacy. A simple caiculation shows that Method A can cover 100 adults
($10,000/$100 = 100 people); on the average, 90 of the participants will have
achieved literacy by the end of the program. Project B can cover 250 adults
($10,000/$40 = 250 people) of which 125 are expected to become literate.
Sin~ t::lternative B \VilI!,~~ce.l!K-~!!t.er nl!!,mm!:M!er."!lnf'[!!ii.t::n~r~'1tl·,,~:-~.a;!;.j,olil~t;;S;,+it~'o;;iibH+I ~lxe----~{---------
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the preferred choice, all other effects, including the attitudes of the 125 who
fail, being equal.

The calculations and the criterion of choice are both quite similar to the
benefit-cost technique which prescribes selecting the project with the
greatest net benefit. In cost-effectiveness analysis, the decision rule is simply
a variant of the benefit-cost rule: select the alternative that produces the
maximum effectiveness. Method A produces .9 literate adults for every $100
spent, with an effectiveness of .009 (.9/$100 = .009) successful participants
per dollar. Method B produces .5 literate adults for every $40 spent, with an
effectiveness of .0125 (.5/$40 = .0125) successful participants per dollar.
'J':.~1l: 14.8 sets up the decision problem under discussion.

Table 14.8

Cost-Effectiveness Decision Rule

Method

No. of
illiterate No. of adults Probability

adults needing Cost per who can be of
program person covered success

Effectiveness:
participants
successful

passing test
per $ spent

A
B

500
500

$100
$ 40

100
250

.9

.5
.009
.0125

-.

It is possible that decision makers involved in this situation may have
objectives in addition to the literacy goal already considered. They may, for
example, also intend to affect the child-rearing or family-planning practices
ofthe community. Each ofthese objectives will have to be clearly defined, and
each will require a separate cost-effectiveness analysis. In general, cost
effectiveness analysis is a useful technique for project evaluation as long 8S

we know what we want to achieve, or what we are allowed to spend.

5.0 The Concept of Value

Clearly, benefit-cost and cost effectiveness analyses are not very exact
techniques. A further weakness, for some people, is that they are prescriptive
tools which must rely heavily on normative judgements. Far from being
weakened by this fact, cost-benefit and cost-effectiveness are powerful pre
cisely because they utilize the value orientation of the relevant decision
makers by making these values explicit, and by forcing decision makers to
rank them. As tools for rational decision making, cost·benefit analysis and
cost-effectiveness analysis enr.ourage a systematic and thorough appraisal of
all costs and benefits, though they may not always su(;,,~ed in giving precise
answers.

The issue of value permeates every aspect of project evaluat.ion, from the
consideration of what costs and benefits should be attributed to a project to
the assignment of weights to each input and output. When the appraisal ofa
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projcct takcs thc form of an econom:c analysis, the central problems revolve
around the difficulty of identifying and meusm'ing all social costs and bene
fits. The problem becomes even thornier when we try to deal with the
non-economic effects of an education project. If a principal objective ir. to
reduce inequality among social clascs in a community, what weight should
we attach to educating a working-class student as opposed to one from the
upper classes? Equally important, who should make this valuation? Some
would object to any attempt at quantifying these kinds of objectives, and,
part.icularly, to the assignment of numbers to value questions. The fact is,
however, that everyone confronted with conflicting needs and scarce re
sources with which to meet them is forced to set priorities, and to rank his
objectives in order of importance, at least in an implicit or intuitive way. The
quantification ofnon-economic outcomes is merely the attempt to make these
valuations explicit and to systematize how we think about them.

Many problems rcmain unresolved, most notably the questions surround
ing the productivity assumption. Similarly, cost benefit and cost
effectiveness have not made much progress in coming to grips with educa
tion's other external effects such as its consumption value, as well as other
social and cultural contributions of education. Nevertheless, cost·benefit
analysis has the virturt! ofposing the issue ofcosts and benefits sharply, thus
encouraging efforts to improve the measurement of educational benefits. It
also has the virtue of linking up with social demand by permitting compari
sons of private benefits which influence parents and students with social
benefits which affect government decisions.

Finally, despite the recent attacks on rational approaches to planning and
the evident shortcomings of project appraisal techniques, the use of decision
tools such as cost·ben"fit and cost-effectiveness analyses is growing. The
reality ofscarce resoun~:iand the need to make efficient use of them, coupled
with growing apprehension about the misuse and misaliocation of public
funds, have served to increase the use ofprogram evaluation techniqucs and
to encourage efforts at improving them. More V'.an e.er beiure, decision
makers are calling for evaluation at all stages of a project's life: in ~~

planning and design, in the course of its operatio:l, and at its termir.· .tivo.
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,ApPENDIX 14.1

NetPresent Value Analysis ofa Village Nonfor1llal
Education Project

Example: Setting

The central government would provide training materials and a
master carpenter to a village for two years to train five local carpen
ters' apprentices. The village would provide a suitable building to
serve as a meeting place, heat during the winter months, and would
have to pay $150 per year toward the teacher's salary. The village
could pass on part of the cost to the participants by charging up to
$50 J?er year to each. The village could also require participants to
prOVide their own tools.

The village leaders calculate that II suitable building will cost
$100 per year to rent and $50 per year to heat. They survey the
village and find five carpenters' apprentices who are qualified and
w,illing to attend the program. By chance, the apprentices all happen
to be 28 years of age! .

The main difference between this example and a case of an individual
decidin~ to attend Heb in the perspective uf the decision maker. The central
government mu!!t assess the advantages ofinvesting in the program from the
perspective of society as a whole. The basic questions concerning the invest
ment are the same as those asked by the individual-butfrom the perspective
of society.

(1) What additional costs does society incur from the project?
(2) What additional benefi\;s will society receive from the project?
In an evaluation of this project, government analysts begin by listing the

amount and timing of all additional costs and benefits which can be as
sociated with the program. The concepts of social cost and social benefit are
more complex than those for the intr.vidual. Social cost is the value of all
resources used by the project, regardless of the sources from which funds and
contributions come. Similarly, social benefits are the value ofall the effects of
the project.

2. Determining a Time Horizon

ThE' first question for governmental analysts is the period of time over
which they expect their decision to affect the economy. In the case of an
individual, his entire working life would be the appropriate time horizon. In
the prescnt example of village training for carpentry we will make things
easy by using the SBme tirr.e horizon, 32 years, for all five participants.

It should be noted, however, that the effects of this village program in
nonformlll education may well extend beyond the working lives of the indi-

~._------~--~---_._------~-~--------------------;-------~
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vidual participants. For eJcumple, with increased incomes the families ofthe
new carpenters may have more children at school for longer periods of time,
with even more income resulting in the future. But the amount of these
benefits to the next geO(!ration is difficult to know, and they will be dis
counted heavily because the time horizon is so many years ahead. Con
sequently, we note these benefits in our analysis of the village carpentry
program but we have not assigned them values in our calculations.

Table A14.1 shows the various cost and benefit items in the nonformal
education program for village carpentry. Explanation for each item follows:

3. Cost and Benefit Analysis

(1) Teacher's Salary
$650 at tl and t2

A teacher is hired at $650 per year to give the five carpenters' helpers the
skills required for master carpenters' work. Although $150 of the teacher's
salary is in the village project buOe.::t, pnd $500 of the teacher's salary is paid
by the central government, the tota! salary "r $650 is the appropriate cost
figure for the analysis. This figure reficcts the value of the teacher's labor.
Because the master carpenter is employed as a teacher, the economy has lost
the goods 8.nd services he would otherwise produce, and those are valued at
$650 per year.

(2) Tools
$200 at tl

Five sets of tools are required for program participants at the beginning of
the program, at $40 per set.

(3) Building Rental and Heat
$150 at tl and t2

A suitable building has been found for the village project costing $150 n
year for rent and heat. The fact that the village council, rather than the
central government, is paying this cost makes no difference. All costs, regard
less of source, must be included in Table A14.1.

We should point out that even ifthe village owned the building, and did not
have to pay rent, there may still be an economic cost if other activities are
displaced from the building as a result of the NFE program. In this case, the
cost that should be listed in Table A14.1 would be the value of the building to
the activity that is displaced-for instance, the rent they have to pay in a
comparable place.

Another complication which sometimes arises in economic analysis of
nonformal education has to do with shared facilities. For example, the village
carpentry program might use a govemmentalschool after schcJl hours. Ifthe
NFE program creates additional costs by using the school or displaces other
after-school programs, some reasonable share of facility costs should be
entered in Table A14.1. The idea is to capture all costs of the program,
whether they appear in the program budget or not.

(4) Opportunity Costs ofParticipants' Time
$2500 at tl and t2

. '-
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Table 14.1

A Govcrnmental Investment Decision With Discounted Present Valuc3

(1) (2) 0) (4) (5)
Year

Current Value Current Value Discounted Discounted
in Project Value of Value of

Time Ho r !zan of Costo of Benefito CootO @ 5% Benefit. @ 5%

$650
t 1 200 $3.332!

150
2.500. 3500

650 b
t2 150 2.993

2.500. 3300

t3 $ %'1 $431. 90
t4 500 1~:i.J5

t5 SOD 391.75
t6 500 373.10
t7 500 355. 3~
t8 500 338.40
t9 SOD 322.30

tlO 500 306.95
tll 500 292.35
t12 500 278.40
tlJ 500 265.25
t 14 500 252.55
tiS 5(,0 240.50
t16 500 229. OS
t17 SOD 218.15
t18 500 201.75
t19 SOD 197.85
t 20 51lO 168.45
tn 5nO 179.45
t22 500 170.90
tn SilO 162.80
t 24 SOD 155. OS
t25 500 147.65
tU. SOD 140.60
t27 500 133.90
t 28 SOD 127.55
t29 500 121.45
t 30 500 115.70
t 31 500 nO.20
tn 500 104.95

Totals $6.800 $15.000 56.325 $6,971.60

a 515nO from TAble In- .9524 X 3500· 53.332
b (I.n5)

~~~~~)2 fro. Table In- .9070 X 3300· 52991

As in the case of the individual carpenter's helper. we are assuming that
the five participants in the village program are giving up their jobs as
carpenters' apprentices and, consequently, are giving up their earnings of
$500 per year each.

This can also be viewed as a cost to society because, if the five individuals
did not enroll in the NFE program, they would have spent the twoyears doing
carpentry for various villagers and village projects. The ap~renticeBwould

. I
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have received payment for their labor, and the vilIage would have received .
the products oftheir labor. When the apprentices go into nonformal education
full-time, the village loses their production. The value of this lost production
is the cost to the economy of the time the participants spend in training.

Economic theory suggests that in a competitive labor market which oper
ates freely, wages indicate the value ofa worker's contribution to production.
So, for in$tance, the value of the five apprentices' lost production would
amount to $2500 per year. But in some situations an analyst would have
reason to think that wages are not a good measure of lost or foregone
production. Indeed, in some situations there may be no wage scales readily
available to gaug" how much production is lost when participants ~nter

nonformal education.
In these circumstances, economic analysts come up with a shadow price, to

take the place ofa wage figure, in order to indicate the approximate value of
production whi::h is lost. By shadow price we mean an estimate ofsomeone's
productive contribution to society when that cannot be judged from wages.
Because these are estimates, procedure should be used cautiously, and rea
sons for using shadow prices rather than wages should be documented.

(5) Increased Earnings
$500 @t:J, t4, t5 t:J2

The total benefit to the economy from the viIlage carpentry program is the
value of the additional productivity of the participants as a result of the
program. The projected increased earnings are used as an indicator of this
additional production. In this example, we estimatIJ that the newly trained
carpl'nters will each earn $100 more annualIy, and th group will earn $500
more annually for 30 years folIowing the training project.

In Table AI4.1, column 3, this $500 is entered each yeAr from t:J to t32,
which is the working life of the trained carpenters after they complete the
training program.

In column 5, this $500 is discounted each year of the working life by the
familiar equation (2) from the text:

FV
PV = (l + r)/

For t3, this equals $500/(1 + r)l at 5% and t = 3: $500/(1.05)3 = $431.90 (in
table)
For t4, the present value would be $411.35, and so on through each year ofthe
project.

The analyst need not do the arithmetic above. He can simply consult a
present value table at the appropriate interest rate and time period. We have
referred in the text to large sets of tables of compound interest prepared by
Stanford Research Institute and the World Bank. Table A14.2 is an excerpt
from one of these large seta oftables, and it shows present. value calculations
for years 1 to 35, and then years 40, 60, and SO. It tabulates only the values of
the interest rates 3%, 5%, 8%,10%, 12%,and 15%. In t.heproblem, t.heratc is
5%. The present values, year by year, of this interest rate are shown in Table
AI4.2.

...
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Table A14.2

Present Value (PV) of a $1 Payment t Years in the Future Discounted at r

t I r ••03 I .05 I .08 I .10 I .12 --r---:"i"5"
1 0.9709 0.9524 0.9259 0.9091 0.8929 0.8696
2 0.9426 0.9070 0.8573 0.82M 0.7972 0.7561
3 0.9151 0.8638 0.7938 0.7513 0.711R 0.6575
4 0.8885 0.8227 0.7350 0.6810 0.6355 0.5718
5 0.8626 0.7R35 0.6R06 0.620'l 0.567~ 0.4972
6 0.8675 0.7462 0.6302 0.564 5 0.5066 0.4323
7 0.8131 0.7107 0.5835 0.5132 0.4523 0.3759
8 0.7894 0.6768 0.5403 0.4665 0.4039 0.3269
9 0.7664 0.6446 0.5002 0.42/,) 0.1606 O. 2R4 3

10 0.7441 0.6139 0.4632 0.lR55 0.1220 0.2472
11 0.7224 0.5847 0.4289 0.3505 n.2875 0.2149
12 0.7014 0.566R 0.42R9 0.1505 0.2R75 0.21/.9
13 0.6810 0.5305 0.167i 0.2R97 0.2292 0.1625
14 0.6611 0.5051 O. 3~05 0.2613 0.2046 0.1411
15 0.6419 0.4RIO 0.3152 0.2394 0.IR27 0.1229
Ib O. b232 0.4581 0.2919 0.2176 O. 1631 0.1069
17 0.6050 0.4363 0.2703 0.1978 0.145b 0.0929
18 0.5874 0.4155 0.2502 0.1799 0.1300 0.0808
19 0.5703 0.3957 0.2317 0.1635 0.1161 0.0703
20 0.5537 0.3769 0.2145 0.14R6 0.1037 0.0611
21 0.5675 0.3589 0.1987 0.1351 0.0926 0.0531
22 0.5219 0.341tl 0.1839 0.1228 0.0826 0.0462
23 0.5067 0.3256 0.1703 0.1117 0.0738 0.0402
24 0.4919 0.3101 0.1577 0.1015 0.0659 0.0349
25 o 4776 0,2953 0.1460 o 0923 0.05RR 0.0304
26 0.4637 0.2812 0.1352 0.0839 0.0525 0.0264
27 0.4502 0.267& 0.1252 0.0763 0.0469 0.0230
211 0.4171 0.2551 0.1159 0.0691 0.()/d9 0.0200
29 0.4243 0.2429 0.1073 0.0610 0.0174 0.0174
10 o 4120 o '114 o 0994 0.0571 0.0114 0.0151
31 0.4000 0.2204 0.0920 0.0521 0.029R 0.0131
32 0.3883 0.2099 0.0852 0.0474 0.0266 0.0114
33 0.3770 0.1999 0.0789 0.0431 0.023R Cl.0099
34 0.3660 0.1904 0.0730 0.0391 0.0212 0.0086
35 0.3554 0.1813 0.0676 0.0356 0.01R9 0.0075
40 0.3066 0.1420 0.0460 0.0221 0.0107 0.0037
60 0.1697 0.0535 0.0099 0.n033 0.0011 0.0002
80 0.0940 0.0202 0.0021 0.no05 0.0001 0.0000

Using Table A14.2, we can easily get the values in column 5 ofTable A14.1.
The value in Table A14.2 shows th~ present value of $1 inve8ted at 5% for
various years. For 5% at three years the value is .8638. To get the value in
column 5 of Table A14.1, we simply multiply thi8 by the number of dollars,
which is 500, and the answer is:

ta = $500 x .8638 = $431.90
t4 = $500 x .8227 = $411.35
ta2= $500 x .2099 = $104.95

The discounted values in the cost column (column 2) nnd in the benefits

--------~---~--~~--------------...,;---------!
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column (column 5) are added up to give the bottom-line values ofTable A14.1.
Note that the costs and benefits arc discounted in the same way, using the
same table, the same intereGt and the appropriate year.

4. Summarizing

As we saw earlier, when examining the investment decision by an indi
vidual, cost-and-benefit information needs to be summarized. Table A14.1
first states all cost,: dn<: o!1nr.fitu in current dollars. Then Table A14.1 givs the
same infonnat:.m at a common point in time, that is, the discounted present
value of eacl', item using a 5 percent discount rate.

From Tetble A14.1 we learn that the discounted present value ofbenefits in
the village progrmu is greater than the discounted present value of costs.
This nonformal education project is a good social investment-from a long
term economic standpoint.

Source: A Manual for the Analysis of Costs and Outcomes in Nonformal
Education. International Office, Educational Testing Service,
Princeton, N. J.

--------------------
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CHAPl'ER 15

Heuristic Methods for Planning
Delphi Method: reviewed by Russell Davis
Compass Method: developed by Barclay Hudson

1.0 Introduction

This volume on planning methods has been weighted toward models,
systematic analysib methods, and set procedures for problem solving. These
approaches yield computable solutions, and thus they are called algorithms.
There are many planning tasks that are best apl'roached with the more
open-ended search procedures called heuristic methuds or models. Heuristic
methods are not confined to standard formats or set procedures, and are
therefore well suited to improving problem definition, accommodating
dialectical processes. and tracing broad trends into distant futures. The latter
task is called futurOlogy. All three of these tasks-problem definition, ac
commodation of dialectical processes, and futurology-are important in
planning.

The planner must define his problem by identifying, observing, and relat
ing its relevant variables before he can develop models or apply analysis.
Premature closure un problem specification means a partial, invalid, or
irrelevant solution. Heuristics can serve by stimulating research or discov
ery. Through open-tmded search, new variables can be added and new rela
tionships defined and measured.

Planners must often attempt to analyze and model a social process to which
participants bring ideas and counter-ideas, values and counter-values. The
process may become a dialectical one, in which there is a confrontation of
oppositions, sometimes leading to domination of one position over the other,
sometimes to cycles of alternative influence, and sometimes to a higher
synthesis. The planning process must accommodate the dialectical process,
and in conflict situations heuristic methods stimulate the articulation of
competing views. We will be examining a method for stimulating a dialecti
cal process called Compass, an approach developed by Hudson (1979) to aid
policy assessment and planning.

The planner deals with the future. Chapter 7 stated that Friedman (1973)
segments this future into three domains. First, there is the /lear future, which
is the domain of the systems planner. Planners study the near future with
projections and forecasts. These methodologies have been covered. Secondly,
there is the historical future, which is the domain ofideological thought. Here
policy planners must cope with the dialectical process. Finally, there is the
ahistorical future, which is the domain of utopian thought and futurology. In
our view the planner must deal with all three domains, and in any given

-~ -_. ----------
----------- ---------------~-~------------------~--_---:.
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situation his major preoccupation may be either the near future, the histori
cal future, or the ahistorical future, or all three in some mixture. The day-to
day work of the planner may be truly grounded in methods for analyzing the
near future, but concern with more distant future will constantly intrude, and
for futurology, heuristic methods often serve better than systematic
forecasts.

1.1 The Objectives and Content of This Sf.<:tion

The objectives of this section are:

- To provide general background knowledge on the heuristic
methods which are used in planning to impro-;e problem defini
tion, accommodate dialectical processes, and provide a
framework for futurology.

- To describe briefly a number of heuristic methods used in plan
ning. There will be no attempt to offer detailed descriptions and
elaborations on these methods. Much less will there be detailed
instruction on how to apply these methods, as in the case of
instructional units on population projection and manpower anal
ysis. One reason for this is that there is not all that much to the
methodologies, and hence step-by-step technical presentation is
not required. Some of the methodologies have been improved
upon by experts who have brought in techniques from mathemat
ics and statl,tics; but these elaborations are not necessl\ry for
planr;.:rg who wish to use heuristic methods. The contrary ~oint is
u7"::;ncd h~re. Heuristic techniques are useful for compact p,:>licy
assessmellt where their virtues are speed, economYt and

i
above

0.11, the fact that they are simple to understand ana app y.

- To describe and elaborate two heuristic methods as examples of
useful forms for compact policy assessment. The first is Barclay
Hudson's Compass, _I simple workshop-based heuristic method
which is used ~ -, socilll pla!'.n~rs to define issues andproblems and
accommodate dialectical processes. This is a typIcal heuristic
method in that there are few formal and technical features to the
methodology. A second heuristic method is Delphi. This is an
older technique. considerably more elaborated with borrowings
from statistics and the social sciences. There are several vari ants
of Delphi, the simplest of which is the Conventional Delrhi, or
DelphI Exercise (pencil and paper). .

We will look at a Delphi exercise used for clarifying planners' ideas about
future developments in the field of education and development. We will
briefly describe Real-Time, or Conference, Delphi, which i'il a form of Delphi
Exercise. The Real-Time Delphi is usually based on a computer operating in
interactive mode. There is also the Policy Delphi, where exploration of issues
and discussion and development ofpolicy options are encouraged. Unlike the
Delphi Exercise, the Policy Delphi does not aim at consensus, but is very
similar to the heuristic method called Compass.

The material of this ch8p~r includes:

- A brief description_~~t~~D_e_l~h_i_Exer=ci::s=e..:a::n::d~~t=h=e..:P-=o:::li:.:c=--y..:D=-:e=l!:ph:.:::.!-i; _

~.
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- .... 'bscription of a second heuristic method called Compass;
- A comparison of Compass and Delphi;
- A Glossary, which briefly describes other heuristic methods;
- An Appendix, which shows a questionnaire used in a Delphi

ExerCise on education and development futures.

2.0 Delphi

Delphi is a heuristic methodology designed to structure the opinions of an
informed group in order to analyze and clarify policy, planning, and futures
issues. A knowledgeable group is asked to give its opinion on possible future
development of important issues. These opinions are poolod and analyzed,
and over time some form of group consensus is sought. This is the Conven
tional Delphi or Delphi Exercise, and the procedure as described by Linstone
and 'furoff (1975) is:

- A questionnaire on the issues or problems under dud)' is des
igned by a monitor or control team, which is the group running
the exercise (see Appendix 15.1 for an example of such a
questionnaire.)

- The questionaire is sent to a large group ofrespondents who have
knowledge of the issue or problem under study.

- The respondents state their opinions in answer to the question
naire and return their answers to the monitor team.

- The monitor team summarizes the answers of the respondent
group on the first round of the questionnaire and feeds this
information back to the respondents, along with a revised ques·
tionnaire for the next round.

- Individual members of the respondent group have the opportu
nity to change their original opinions and make them converge
toward the group average. Methods for creating convergence and
consensus will be shown in the following section. To gain consen
sus, the monitor team shows individual respondents how far they
diverge from the group average on opimons. Over successive
rounds there is an attempt to move divergent respondents toward
the group average. (Note: This is true of the Delphi Exercise
lVhere consensus is sought, but not required ofthe Policy Delphi,)

- The respondent lP.'0up again fills out the second-round question
naire and sends It back to the monitor team, which summarizes
the answers and gives the group a chance to reevaluate their
replies. The monitor team prepares a new-round questionnaire.

- The procedure goes on iteratively for three or more rounds, and
the moniw:- team analyzes the way individual members' opinions
converge toward some average or consensus.

In a newer form called the Delphi Conference, or Real-Time Delphi, the
monitoring and circulation ofsuccessive rounds ofthe summaries are done by
computer, which compiles the group results and feeds them back to the
individual respondents.

'..
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2.1.1 Tile Policy Delplli

The Policy Delphi differs in purpose and use from either the Delphi Exer
cise or Delphi Conference. The Delphi Exercise and the Delphi Conference
are designed to move toward group consensus, and hence those methods can
use pooled opinions to trace future policy implications, technological de
velopments, plan outcomes, or future developments. The Pohcy Delphi, in
contrast, is designed to generate strong opposing views on major policy
issues, and hence it is useful primarily for exploring issues and accommodat
ing dialectical processes in support ofalternate policies. The Policy Delphi is
similar to Compass in purpose and use. The Delphi El:ercise is different; it is
used mainly in forecasting. All forms of Delphi are heuristic methods for
open-ended exploration and definition of issues.

2.1.2 A Delplli Exercise example

An example of a simple Delphi Exercise is given in Appendix 15.1 at the
end of this chapter. The methodology centered on successive rounds of a
questionnaire designed to get the expert opinions of educational planners on
future happenings in education and development. The questionnaire, which
was submitted to education planners and officials, was designed to identify
future developments in education that would affect planners and policy
makers.

The purpose of the exercise was to introduce educational planners to the
topic offuturology, to introduce heuristic methods and the Delphi technique,
to identify important emerging issues in education and development that
planners should be aware of in developing their plans, and, lastly, to provide
guidance for developing forward-looking curricula on issues in education.
The questionnaire was given to planners and policy makers who were experts
in the fields of education and development. The planners estimated present
and future possibilities. The estimates were summarized and reported back
to participants. In three rounds of exchange, some consensus on the future of
education emerged, as well as some firm differences.

2.1.3 Tile general stages ofa Delphi Exercise

Delphi exercises similar to the one shown in Appendix 15.1 u,sually go
through several stages. Linstone and 'furoff (1975) list four stages in the
process, whether or not the exercise is a paper-and-pencil questionnaire or
real-time interaction with a computer:

(1) Exploration of the theme of the exercise: During this time the respon
dents contribute their own versions of information on the topic, or their
attitl'des toward the issue. Thid is an essential test of the validity of the
exercise and an important criterion for judging whether the respondents are
truly participating, or merely passive observers. The exercise in Appendix
15.1 worked reasonably well at this stage when it was submitted to educa
tionalleaders, policy makers, and some planners in developing countries. It

i
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did not work when it was submitted to teachers and planning technicians.
They simply waited for,the experts in the monitor team to give them more
information.

(2) Clarification and uderstanding of the meaning of the issue from the
viewpoint of the members of the respondent group: The Delphi Exercise
questionnaire in Appendix 15.1 provoked two kinds of disagreement and
resistance among the respondents. First, there was disagreement about the
terminolcgy and format of the questionnaire. Respondents wanted to know
what the framers of the questionnaire had in mind when they asked for
judgement on the importance of an issue. They also wanted to know what it
meant to rank a possible future event from brzd to good. There was a second
kind ofdisagreement that centered on the meaning of the words used in the
questionnaire items. For example, some educators wanted to know what the
designers meant by economic developmen~, as it was used in the fin.t item of
the questionnaire. The monitors defined this in tennE of growth in GNP.
Early versions of the second item uc"a cultural patrimony, and many did not
know what this meant. It was changed simply to culture. Linstone and Throff
(1975) recommend exploring significant disagreements on meanings in larer
phases of the exercise. Experience with the exercise in Appendix 15.1 indi
cated that sophisticated participants will refuse to continut with the exercise
until all meanings are clear and all items revised.

(3) Exploration and resolution of disagreements would be the third stage
of an exercise if the questionnaire itself were generally acceptable. If the
questionnaire is not accepted, then it must be redesigned and the exerch~

started again from the outset.
(4) The fourth phase is a final assessment after response data have been

analyzed and fed back to the respondents, and the opinions of the respondents
have begun to converge.

Statistical measures of central tendency and dispersion can be used to
guide respondents toward convergence by reducing extreme spread and mov
ing outliers (respondents whose opinions diverge markedly from the group)
closer to the group average. The simplest technique is the use of the median
as a measure of central tendency, and the inter.quartile and the semi
quartile range as measures ofspread. We can best illustrate this by referring
to the Delphi Exercise in Appendix 15.1.

2.2 Convergence in Delphi

The third column of the questionnaire in Appendix 15.1 asks the respon
dents to indicate when they believe some change may take place. The date
will be within the period of years from 1980-2020.

1980 1990 2000 2010 2020

Suppose that 50 percent ofthe respondents report in the first round that they
think the event will occur on or before the year 2000, and 50 percent think it
will occur after. Then the group median is at 2000:
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1985
median

1990 2000 2010 2020

1

1

This am be fed back to individual respondents in the second round, and they
can see how far their estimate diverges from the group's. Respondents may
also be asked to give reasons for their estimates. This may lead outlier
respondents to move closer to the group median. Hence, Delphi is often
described as an exercise which seeks consensus or convergence in l.\ group.
Suppose also that 25 percent of the group think that the event will occur on or
before 1990 and 25 percent think that it will occur after 2010. ThiB marks out
the inter-quartile range, Le. the range in which the middle 50 perr.put of
respondents say the event will occur (sec figure).

If a respondent has indicated in his estimate that the year will be after 2010
for example, the monitor group enn show how much this estimate deviates
from the group inter-quartile range. The respondent may again be asked to
explain why he feels his estimate is right when it deviates from the pooled
estimates of other respondents. Mter three or four rounds, estimates may
converge, or tr.ey may congeal at an extreme. Convergence is a strength of
Delphi if confensus is sought. It may also be a weakenss iffalse consensus is
forced. Some ol.tliers may persistently refuse to move their estimates to
ward the cons ensus value. This can also be important information, especially
when it is Iiccompanied by a reasoned rationale for the disagreement.

More refined statistical U::chniques can be applied to Delphi results to
measure convergence, or to guide respondents toward convergence, but the
methodology is essentially simple. High precision in statistics is not war
ranted. In general, we should simply note that the Delphi Exercise, but not
the Policy Delphi, attempts to move respondents toward consensus on succes
sive rounds by:

- Indicating where the group estimp..te lies and where the indi
vidual estimate lies in respect to the group;

- Asking individuals whose estimate depart widely from the group
<.!stimate to justify their divergent estimates;

- Developing group convergence and consensus over the rounds of
the exercise or revealing reasons for persistent divergence;

Throff (1975) discribes a very different process for the Policy Delphi. He
lists the phases:

- Formulating what the issues for discussion arc.



325

I

I--III

..

Heuristic Methods

- Laying out the policy options, given the issues.

- Determining initial positions as to the important issues, and
identifying disagreements.

- Exploring the reasons for the disagreements and clarifying un
derlying assumptions and views.

- Getting group evaluations of the underlying reasons for support
of positions.

- Reevaluating ofthe policy options on the basis ofan assessment of
the underlying evidence.

These steps do not suggest a process that is inexorably leading toward
convergence and concensus, and this is precisely the point in which the Policy
Delphi differs from the Delphi Exercise. The Policy Delphi brings underlying
differences on issues to the surface and thereby lays out policy options for
dialectical exploration. There is no attempt to move toward definitive so
lutions, decisions, or even single views ofthe future. Hence, the Policy Delphi
is used for exploration of social issues, definition of social problems, and
consideration of alternative policy options. It is a valuable technique in the
repertoire of heuristic methods available to planners.

3.0 Compass: An Approach to Compact Policy Assessment

Compass is a fast Ilnd inexpensive procedure for exploring policy issues,
summarizing the pros and cons of a policy proposal, or organizing divergent
evaluations of the outcomes from completed projects. Compass is essentially
a workshop form and, unlike the Delphi Exercise but similar to the Policy
Delphi, it is designed so that pp.rticipants will be in direct, competitive
dialogue. In fact, opposition and struggle are essential to the dialectical
process which Compass is designed to stimulate. Participants in the work
shop may be limited to a small team ofsubject experts, or the procedure may
be adapted to open public hearings or participatory planning in community
settings.

The two major structural roles in Compass are project manager aud
moderator. The project manager is in char;;e. He controls resource8 and staff
and usually is a responsible person or decision maker in an organi:r.f\tional
setting. The moderator manages the Compass sessions and the social
interchange.

3.1 Stages in the Operation

Compass operates in two stages. The first consists ofa briefworkshcp, from
which findings issue in a brief interim report for critical feedback. The entire
process spans about 24 hourf'. The second stage is optional, consisting of
follow-up investigation into the tentative conclusions and key issues raised
in the first report. This can range from a day to two weeks.

COMPASS opens when the moderator provides participants with a brief
statement of the scenario (forecast, policy proposal, design plan ... ) to be

------------_._--_.-. -
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discussed. The workshop begins with a canvass of informed opinions on
possible outcomes from the existing issue or program proposal. Program
impacts are listed in a graphic display, noting especially the emerging points
of disagreement and uncertainty. The procedure is structured, but in ways
quite different from Delphi methods or ordinary public hearings. The pace is
faster, and the decision options n..-e better defined. A central feature of the
process ill the maintenance {If a graphic record of summary issues. The
opposingviews and the pros and cons ofissues are summarized graphically hy
the moderator. The objective is to maintain a graphic display ofsalient points
of view at all times. The fairness with which views are writ~'.!nDnd dig,layed
is critical. A large (3' x 5') strip of butcher paper iB useful tr, rocnro and
display the development of an extensive discussion and to keep major d",·
velopments in view. It can be removed and saved as a record, or it can~ ....ut
up and sorted when a summary report on the session is written and edited.
Detailed rationales for positions are kept offthe record at this stage. Support
ing arguments and evidence are kept to a minimum. The objective at this
stage is mainly to raise or scan issues, not to try to resolve them.

The process of issue-scanniny, in the first workshop may take an hour, or
possibly severnl.lt can go through several iterations, focusing on a series of
policy alternatives, or later involve specialized groups of pnrticioants for
deeper analysis of issues raised in earlier rounds.

In preparing the report for this stage, the Ctlcord from the graphic display is
presented intact. It is ulso reworked into an agenda for follow-up research on
points of uncertainty and disagreement. The graphic display serves several
purposes during the workshop. It keepa the overall shape of issues in view,
preventing polarization of opinion around isolated points. It also provides
participants' continued access to earlier points, encouraging second thoughts
about earlier assumptions and often leading to important insights. The
graphic record keeps discussion concise: it helps prevent wasted repetition of
statements, it reassures people that they have been heard, and it reminds
them that whatever they have to say ml'st ultimately be reduced to a single
key phrase or illustrative example.

The second stage of Compuss ronsi:lts offollow-up actions which may tuke
several directions. One is short-term il1tensive research into critical issues
raised in the workshop. In selecting priorities for investigation, the issues are
screened according to several criteria:

- Issues of fact, value and cause-effect are separated out-an im
portant step insofar as these need to be resolved by distinct
methods of scientific, political, and historical inquiry.

- Genuine points of contention are separated from matters nfsim
ple misunderstanding Most attention is given to issues refleeting
the expressed concerns ofimportnnt fP'Oups affected by d~"iG!lS,
whose support for alternativo poliCIes hinges on the r.esultu of
further investigation.

- High pric .ritv is given to the clarification of issues that bear
dinlctly on the relative merits of specific policy options being
considored. ~;

~ __~~_~ __ -~_~ ~--~~----~----- -------------------7~------:---~o

?

J



Heuristic Methods 327

-III

•

- Spccial attention is focuscd on issucs which can bc resolvcd on thc
basis of existing. knowledgc or with results from short·term
follow-u~ investigation. Issucs requiring more elaborate re
search and original data-gathering arc considered only
secondary targets of effort.

The Compass approach can be applied to a range ofspecialized problems
for examplc, policy interpretations of forecasting, or analysis of social im
pacts in connection with environmc:ltal impact reporting. Another applica
tion of Compass is in drafting of funding prol=..isals for policy rescarch or
evaluation of experimental programs, where key issues and appropriate
research methods need to be spelled out as concretely as possible in advance
of the main effort.

-
~

4.0 Mechanics ofRunning a Compass

We will take a typical project and describe the functions of the two persons
with major roles and responsibilities. The project manager may be a policy
decision maker, a corporate troubleshooter, the principal investigator of a
research project, a task force coordinator for an interiurisdictional planning
effort, or perhaps a funding agen.::" Jfficc::-.

The moderator can be a me:nber of the organization or part of the in-house
staff, but some of the mode! ~tor's functions are bel:lt carried out by an out
sider, especially in helping Licit assumptions to surface. It might be difficult
for an organization's own member!'! to expose these assumptions.

In order to run a Compass session to define specific tasks in a large project,
the project 11V'nager has these responsibilities:

'-'II

- He must commit a small but definite budget of time and staff
resources to the Compass effort-perh'l.ps 1 to 5 p",rcent of the
total. This mearul asking s; "IT to devote a f(lW hours or dUj'S to a
very intensive and quite uno:thodox form of policy research. If
outside participants are to be iHch:{led, 11 list of names must be
preparrd and invitations made.

- He needs w au'horize consideration of a very concrete policy
proposal-aomething that might conceivably constitute an end
product of the overall research effort. The pr_posal mijOtht be
hypothetical, or a genuine best guess. It mi~htbe tne leader's own
idea, or might be derived from e:pcculativf1 thinking encour
aged among the research stall. It might be a suggestion oltered by
the moderator, based on exposure tc background materials on the
project, or general knowledge of the ficld.

- The project manager needs both the authority and mental flexi
bility to modify research priorities and reassign bsks based on
res~lts of the CompaSs session. Otherwise the cffort is relatively
pointless.

The moderator has three functions:

( ~. -
- First he must help crystallize a proposal-for discussion-for

example, to expand or close out a program, to adopt a ncw linc of
~~~-_'-:-_------~:----------"-
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policy, to revipe a physical plan in a specific way, to !'ovise a
forecast toward a specific target. The proposal can be a straw
man, or a serious working hypothesis, or It may represent the
outcome of an earlier study needing criticnl review. (Experience
sugRests that the moderator can often suggest a concrete preposnl
for :!ebat.e more easily than a proJect manager: the moderator is
not so inhibited about making nrove and premature suggestions,
nor so defensive about freewheeling cnticism of proposals of
fered.) The moderator must also consult with the prOject mana~er
to set the specific question. For eX:lDlple: "The issue is whether to
adap,t Plan A with modification B. What are the Ilros and cons?"
Or, 'Let's assume the worst-that pO(lulation will grow 30 per
::ent faster than predicted. Do we stick with Plan A anyway?"

- The moderat.or manages the ComJ.mss session itself. He can keep
it shortened to halfan hour for a Simple canvass ofpros and cons.
Generally, however, the session takes the good part of a morning
or afternoon, allowing participants to review the results and
identify key points of agreement and disagreement. They may
also want t::i il'lsh further on one or more new lines of thinking
opened up in the course ofdebate. Pros and cons are summarized
on the graphic display which has been described.

- The moderator edits the graphic dill,llly into a 7 to 10-page
preliminary report on findings, delivered with 12-36 hours, de
pendinr; on hislher stamina, available logistic support, and edito
rial assistance. Editing mainly consists of (a) clustering pros and
cons around points of consensus or debate. identifying the
grounds of disagreement (factual uncertainty? value conflicts?
cause-effect assumptions?); (b) highlighting key issues based on a
subjective sense-of-the-meeting or straw vote at the session's
conclusion; and (c) specifying short-term lines of attack on those
issues which seem objectively resolvable, and directly bel.'.ring on
practical policy choices.

- The moderator is responsible for surveying reactions to the pre
liminary draft. He may prepare a revised version incorporating
refinements, dissenting opinions, and relevant supporting data,

- The moderator should also be prepared to work with the project
manager and s"affto set up compact forms offollow-up investiga
tion into key issues, including design of task fore-a roles, collab
oration with outside agencies, and comparative case review of
historical precedents for policies under consideration.

4.1 Products and Outcomes ofCOMPASS

• First, there is the workshop graphic display, serving as im
mediate overview of issues raised (1-2 hours).

• Second, there is an immediate follow-up report, providing oppor
tunity for immediate feedback and revisions 02-36 hours). In
subsequent drafts, minority opinions and tech'"ical appendices
may be added for support on positions expressed.

• Third, Compass provides a written agenda for high-yield re
search, focusing on remaining areas of uricertainty and dis
agreement that directly affect policy. It defines special areas of
expertise and appropriat.e combinatIons of techniques needed to
triangulate on findings.

,
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• Fourth, results cail be written up to dovetail into traditional
management and planning formats, such as technical reports,
legislative nnalysen, or impiementation guidelines.

o Finally, Compass provides a structured bt;t open-ended procedure
for communicationand mutual understanding among members of
a highly diversified group jointly concerned with solving a shared
concrete problem or exploring a specific scenario.

5.0 A Comparison of Compass and Delphi

Delphi makes a good baseline for comparing the Compass approach. Both
are examples of compact policy assessment. (Appendix 15.2 describes Com
pact Policy Assessment and other heuristic approaches).

5.1 Similarities between Compass and Delphi

Major similarities between Delphi and Compass are as follows:
• Both are designed to address complex problems, and both aim at a

systematic display of important policy issues.
• Each provides its own fairly simple procedural formula for canvassing

informed opinion about social processes, policy impacts, and the feasibility
and desirability of new policy actions. When the methods aI'P applied, the
formulas can h;lve many variations, which will depend on the moderator's
sensitivity to group processes, as well as on the project director's objectives
and the organizational setting of the discussion. In this sense, both constitute
an art as much as a science, a communication process rather than a decision
algorithm.

• Both offer capacity to develop results based on judgment in circum
stances where judgment plays an important role: (a) as a surrogate for
unobtainable data; (b) as a context for liberating intuitions and imagination
in the discussion; and (c) in dealing with attitudes, feelings, and subjective
interpretations.

• Both deal with issues that cannot be resolved by recourse to objective
almanac-type facts, but only by a process of refereed advocacy or systematic
confrontation between rival views.

• Both methods emphasize the value of fruitful tension between opposing
views. Neither looks for truth solely in consens~,.Differeno~sof opinion are
treated as signposts for exploring alternative futures, gaining fresh perspec
tive on social processes, and pointing out new requirements for policy design.

• Both seek to economize on information-processing by minimizing discus
sion in areas of general consensus. Only wherl~ divergent opinions are at
stake do they give freer rein to explicit marshalling of arguments and evi
dence to support advocacy positions on each side of the issue.

• Delphi and Compass share the same pitfall1.r associated with any form of
compact policy assessment. Problems of bias can arise in the sele:tion of
participants; in the personalities of the persons who are monitoring the
Delphi process·or moderating the Compass process; in peremptory deflection
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ofminority opinions; or in falling into a particular language, logic, or concep
tual paradigm for defining policy issues. It is easy to overspecify any method,
denying the need to adapt it to particular problem-solving situations. It is
also easy to overlook the demanding nature of each method, misusing it by
ignoring the finesse that comes from experience.

5.2 Differences Between Compass and Delphi

Compass is distinct from Delphi in a number of respects, some substantial,
some merely reflecting differences in emphasis. Starting with the most
important:

• Compactness. Compass is basically a half-day procedure resulting ip. an
immediate, concise report with optional stages offollow-up. Delphi is consid
erably more elaborate.

• Definition of issues. Delphi often focuses on dimensions of a situatio'1
that can be depicted by some scalar response, as, for example, rating scales o.
dates. In contrast, the policy issues raised in Compass are open-ended. A
single question is used to catalyze responses-"Are you for Policy X or
against it-and why?" The aim is to promote discussion, dialectical process,
and even confrontation.

• Compass begins with a concrete scenario-a context specific enough fOi'
participants to have a solid base for expressing judgments. In r.ontr.1st,
Delphi inquiries usually refer to general propOSItions or conceptual qualities
abstracted from a larger social context.

Compass was initiated in part as a response to the limitations on the
rational comprehensive tradition of urban planning, and draws on alterna
tive traditions, including advocacy planning, incremental planning, and
transactive plannin~ '::ice Hudson, 1977a, 1977b, 1978).

6.0 Conclusion

The use of heuristic methods in policy analysis and planning has been
discussed. An overview of heuristic methods used for exploring current and
future social issues has been offered. Two methods, Delphi and Compass,
have been described in some detail. This study should indicate that there is
no extensive technical methodology essential to either approach. Experts

.have elaborated the methods, especially Delphi, with techniques borro'ved
from mathematics and statistics, but these refinements are not essential to
mastering and applying the methods. Readings are suggested in the Biblbg
raphy for thos\: who wish to cover heuristic methods and futurology in greater
depth.

..-.------_._ ..._--------;.---------;-



-~

Heuristic Methods 331

BIBliOGRAPHY

(Further reading on heuristics and future methods)

Ayers, Robert U. Technological Forecasting and Long-Range Planning, New
York: McGraw-Hili, 1969.

Bell, Daniel. "Twelve Modes of Prediction." In Julius Gould, ed Penguin
Survey of the Social Sciences, Baltimore: Penguin Books, 1965.

Brown, B. Delphi Process: A Methodology Used for the Elicitation ofOpinions
ofExperts. Santa Monica, Ca.: Rand Corporation, 1968.

Davis, Russell; Hudson, Barclay; and Lewis, Gary. "Educational Planning:
Notes on the State of the Art." In Russell, Davis, Noei, and McGinn, eds.
Analysis in Support of Educational Planning: A State-of-the-Art Ap
praisal. Cambridge, Mass.: Harvard CSED, 1977.

DeJouvenal, B. The Art of Conjecture, New York: Basic Books, 1966.
Duncan, Otis Dudley. "Social Forecasting-The State of the Art." The Public

Interest 17 (Fall 1969).
Dunn, Edgar. Economic and Social Development. Baltimore: Johns Hopkins,

1971.
Friedmann, John. Retracking America. A Theory of Transactive Planning.

Garden City, N.Y.: Doubleday-Anchor, 1973.
Gordon, W. "Operational Approach to Creativity." Harvard Business Review

34:6 (1956).
Helmer, Olaf and Nicholas Rescher. On the Ep:stemology ." the Inexact

Sciences. Santa Monica, Cal.: Rand Corporation, 1968.
Hudson, Barclay M. "Educational Planning: Notes on the State ofthe Art."

Los Angeles: UCLA Urban Planning Program, Working Paper DP.I04,
1977a.

--"Varieties of Science: Not by Rationalism Alone" and "Dialectical Sci
ence: Epistemology for Evolutionary Systems." Los Angeles: UCLA
Urban Planning Program, manuscript, 1977b.

--"Planning: Typologies, Issues and Application Contexts." Los Angeles:
UCLA Urban Planning Program, Working Paper, 1978.

--arid Russell Davis Knowledge Networks {or Educational Planning.
Strategies for the Better Use ofUniversity Resources. Los Angeles: UCLA
Urban Planning Program, 1976.

--Martin Wl.l.chs and .Joseph Schofer "Local Impact Evaluation: Ingre
dients for Network Design." Journal of the American Jnstitute ofPlan
ners 40:4 (July 1974): pp. 255-265.

Kahan, H. and Weiner, A. The Year 2000. New York: Cnlwell-Collier and
Macmillan, 1967.

Lee, Douglass B. Jr. "Requiem for Large-8cale Models." Journal of the
American Institute ofPlanners. 39:3 (May 1973).

Linstone, Harold A., and Murray TurofT, eds. The Delphi Method. Techniques
and Applications. Reading, Mass.: Addison-Weslcy, 1975.

Mafieri,!mCffiieT,lfffiTW.L. ZIegler, cds. 7lte Poter.;tat 0/ Educ(Juonat Futures,
Washington, Ohio: Charles A. Joncs, 1972.



".

332 PLANNING EDUCATION FOR DEVELOPMENT I Modola ond Mothoda

'\f.-~-:i,~'
, -"i:

rio.-

-..

-"

..

•
\;~ ..

Martin, Joseph. Technological Forecasting for Decision Making. New York:
Elsevier, 1972.

Mason, R. O. "A Dialectical Approach to Strategic Planning." Management
Science 15 (April 1969): B-403-414.

MitrofT, Ian A. and Murray Turoff"Phiiosophica~and Methodological Foun
dations of Delphi." In Linstone and Turoff, cds. The Delphi Method.
Reading, Mass.: Addison-Wesley, 1975. pp. 17-36.

Tomer, Alvin Future Shock. New York: Bantam Books, 1970.
Turoff, Murray "The Policy Delphi," pp. 84-101 In Linstone and TurofT, eds.

The Delphi Method. Reading, Mass.: Addison-Wesley, 1975. pp. 84-101.

Also as Alternative Viewpoints:

Boulding, Kenneth. Beyond Economics. Ann Arbor: University of Michigan
Press, 1968.

Forrester, Jay. World Dynamics. Cambridge, Mass.: Wright Allen, 1971.
H",.,derson, Hazel. Creating Alternative Futures. New York: Berkley Win

dhover, 1978.
l\'':.ddows, Donella H. The Limits to Growth. New York: Universe Books,

1972.
Odum, Howard. Environment, Power and Society, New York: Wiley, 1972.

"'. -:: ,~, .....- -._. __ .."--~' _._... '."-'

•



Heuristic Methods 333

ApPENDIX 15.1

Delphi Exploration of Educational Futures

Introduction to Exercise

You are asked to make some judgments. In the first column, if you judge
that the statement is ofno importance, place a check mark and go to the next
statement. If you simply can't understand or judge the statement, place a
check in the second column and go on to the next statement. Ifyou judge ~he

eventin the third column impossible, circle zero and go on to the next iteI1l. If
you judge that the event is possible (occur before 2020) circle a number in
ascending order of possibility. In the next column, h,dicate the date for this
possible event to occur sometime. In the final c()lumn, circle yourjudgment as
to whether the event will be bad-lower liumbers on s:ale; or good-higher
numbers on scale. Ifyou judge that the event has taken place, or condition
now exists, mark Now in the Year Event column.
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Change statement .HC-
~.
tance

I. Educ~t!on and
Deve1opmen t

1. T~e major
goal of edu
cation w!11
be to pro
mote econo
m! c deve1op
ment.

2. The major
goal of edu
cation w!11
be to pre
serve the
culture of
the coun
try

3. Education will
be des igned to
attain and main
ta i n economi c
and social
equity.

4. The primary
objective of
education w111
be to foster
social adjust
ment of indi-- ... --v1(lUill~.... .
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5. Basic skills and
acquisition of
cognitive learn
ing will be
the main objec
tives of school s.

6. Ethical develop
ment will be the
first objective.

7. Intellectual
development
will be the only
important obj~c

tive of instruc
tion.

II. International
Exchange

1. I~ternational

assistance
agencies (UNESCO)
will aid non-for
mal education
only.

2. Agenci es wll1
provide assistance
for work re-
lated and voca
tiona l-profes
slonal educa-
tion only.

3. Agenci es wt 11
provide assist
ance for train
Ing only within
fi rms and pro
due t 1on con
text, i.e., no
assistance to
schools and
tra 1nl ng cen
ters.

4. Capital assist
ance (World
Bank lo~ns) for
school facili
ties and
equipment
wt 11 end.

5. Provision of
satellite sup
porting tech
nology and
software, will
domin~te educ~

tional assist
ance.

6. World Education
Centor wi 11 be
es tab11 shed.

No
-impor-
~

Can't
:rmL

Possibility
1'i6,s- Almost
s e c;;;:rarn
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S aumo!nt

No Can't
'iiillOrt- " Judg~_.
~

Possibllity
~ Alll'Ost
sible cartaln-lor ----m-

Year ~ent

Will occur
~-

III. Instructlonal
technology

l. School systems
wll1 hav~ only a
f~w teachers to
II'Onitor and rein-
force canput~r

aided instruction.. and provi de coun-
seling. For

- examp1~. a team
of three monitor-
discussants would
handle all six
grades of a 200

-, pupll ele~ntary• school.

2. Bound books wll1
be a rarity and
most instruc-
tional material
wll1 be in ~x-

pendable form
slmllar to com-
put~r print-
outs.

3. All ~lementary

schools. even ln
poor countri es t

- wl11 be 11nked
to lTV (I ns truc-
tlona1 TV) and
computers.

4. Satelll te and
transml ss 10n
facllities to
support lTV
wlll be under
Internatlonal
authori ty.

5. The major pro-
fessional role
ln education
will be two:
A. Des igners and
producers of com-
puter and lTV
software. '
B. Counsellors
and Discussion
leaders

6. The major para-
profess iona 1s wll1
be:
A. Technicians to
run and maintain
computer and lTV
equiJllllent.
B. Program librar-
ians and instruc-
tional resource
technicians.
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O~ wone
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OT W

IV. OrganizatIon of
Instruction

1. In most countrle.,
Instruction will be
completely flexIble
with no fhed hours
days or calendars 0123456 123456

2. Instruction will
be brought Into
homes rather
than dellver~d In
centers call ed
'!schools. 11

0123456 123456

3. Schoo11 ng, or
fonnal Instruc-
tion, will be
dellvered In
small, fleXible
Increments
throughout the
life times of
1earners. 0123456 123456

4. Work training,
either at voca-
tional or ~ro-
fesslonal evels,
will be taken
out of schools
and carrl ed out
In work,sftes. 0123456 123456

5. Many schools or
learnIng centers
wIll be coopera-
tives owned and
managed by par-

0123456 123456ents or students.

6. Pas t- secondary
schools will be
governed by boards
of trustees On
which students
form a majorl ty • 0123456 123456

V. Instructional
Toplcs

1. Conservation of
resources wIll be
a major Instruc
tional topic In
schools the
world over. 0123456

'.

1?3456
2. AVOiding can

surnptlon and
waste wIll be
a major topic.

3. Social coopera
tion and avoid
ance of competi
tion will be a
major toplc.
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Change Sta tl'll1cn t No Can't
·1iiipOrt~· . JUdg" .
~-

Posslbl1 Ity
tmpo~.- A1n.o~t~-.
m;r.- cFfmii
TOI --ror-

Year event
tiTIrcccur
~.

.fQ.!:...~
or wore.
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4. InternHlonal pMce
and cooperat Ion
,,111 be a major
topIc.

6. SocIalism ,,111 be
the major form of
politIcal and
economIc organIza-
tIon fostercd
through education.

1. Rei Iglon and
belief ln Divine
beIng "111 be
central In all
currlcula.

~ 8. EthIcal practIce
,,111 be a centra 1... toplc In schools
throughout the
world.

g. A composite of
theology and
ethIcs from all
major "or1d reo
lIg lens ,,111 be
synthesized and
become a central
teachlng-1 earn.
lng topIc.

10. Children ,,111 be
taught to access
and use computers
from early ages
(5-7) on.

11. Readlng skill
"111 not be re
quIred of all stu
dents ln schools

12. A world language
"111 be taught
and used by all
students from
early ages on.

13. Learners ,,111 be
requ Ired to 1113 s
ter at least be
languages bcfore
the age of 15.

14. Learners ,,111 be
requIred to mas
ter mathematIcs
through 1ntanned·
fate calculus be·
fore the age of
15.

15. InstructIonal
programs will
be developed and
made available
for trainlng
other intelligent
animals besIdes
tfWln.
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Change not'JJ!~!.l. No Can't
I~p'g!'s-.~ lud~o-
_'_C_

16. After the /,ge of
::i 10, ti.~ltfrl'~ .,111

regularly he re-. 1eased for work
periods of In-
creasing l,~ngth

~~
durl ng the
school day.

17. Childr'en will

~
learn at a rate
and level that Is

-; almost double the
present average.

--; VI. Education and
Societal Value
feange

-
1. A sIgnificant

decrease In
- traditIonalIsm.

• i:. A s Ignlf1cant
dec11ne In, authorl tarlanl sm.

3. A signifIcant
decline In
materIa115m.

4. A sIgnifIcant
dec11ne in ac"pt-
ance of bureaur.ratlc
corruptIon.

5. A sIgnifIcant In-
crease In parti-
c�pat�on in
societal decision
makIng.

6. A sIgnifIcant In-
crease In the
value of creatIvity
and sel f -expre">-
slon.

7. A signifIcant in-
crease In tho re-
spect and valu,?
placed on manu"l
work.

8, A signifIcant In-
crease In respect
and value placed
on agrIculture
and rural pursuits. __

9. SignifIcant rl"e
In status of wenen.

10. Significant in-
crease I n val ue
of time as re-
source.

11. Significant In-
crease in sense
or erf1cacy.
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Change stat81llnt No Can't PossIbility Year event For better
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m-~ (1) (6)..
12. Slgnlflc"nt de- d 45 6crease I~ fatalism. 0123456

13. SIgnificant In-
crease In respect
fer religious
autho-Ity. 0123456 123456
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C.·!'!I1SC: in cooper-
atIve work. 0123456 123456
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self . 0123456 123456
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ApPENDIX 15.2

Glossary ofSelected Heuristic Methodologies for
Issue Exploration, Problem. Analysis, Planning
and .Forecasting

Bnrclay Hudson and Russell Davis

Compass. A specialized tool of Compact Policy Assessment. A brief stmc
tured conference ofdiverl:le phrticipants, guideil. by a moderator, to elicit pros
and cons on a policy proPOf1al. Key points ofdebate are recorded on a graphic
display for an immediate t1ecision or investigative follow-up. Debate may be
oriented to formulate new policies, or alternatively to evaluate ongoing
programs, validate reseLrcl. findings, or design information systems for
future monitlring of uncertainties.

Con:pact Policy Assessment. Any of various procedures: for intensive,
short·term formative evaluation ot programs and proposals, stressing (a)
diversity of analyt.ical methods and data sources (ulling informed judgment
as well as quantitative information previously available); (b) early specifica
tion of concrete action pos,;ibilities (even ifhypothetical); (c) \lse ofC'Jmposite
(cross-disciplinary and cross-jurisdictional) task force inventigation teams
detached from their normal institutional setting; (d) succinct iterative reo
porting lor incoTtloration of critical reactions by diverse interested parties,
and (e) explicit recognition of irresolvable issues, to maintain focus on pro
ductive investigation.

Cross Impact Analysis. One common prflblem in Delphi is to get at the
underlying relationships among possible future events. Cross-impact nnaly
siR provides a framework to trace c1lange(s) through the system, and to probe
the efft!ct of int.1ractionsamong ~Iem(:ntsofa system. As a syntematic means
of studying interacticns among events or developments, and in specifying
how one event will influence the timing, likelihood. ::::.d mode of impact of
other events, a crosll.impact matrix is used. It lis~.s events lor nelds of de
velopment) on both horizontal and vertical axes, with cross-impacts esti
mated in the individual cells. The technique has multiple ulrea: to highlight
critirel linkages underlying problematic forecasts; to define "relevance
trees" helpful to contingency planning; to provide the theoretkal stl'Ucture of
relationships underlying computer games and simulations. Specification of
interrcillting consequences may be quite informal and intui.tive or highly
systematic, drawing on Delphi, or perhaps quasi-experimental research.

Delphi. A group process for pooling informed intuitivejudgment, typically
applied to predictions about the future, and designed to preserve indepen
dence ofjudgment among n panel ofexperts. Th!lphi technique is designed as
a sequence ofexchanges between a monitor team and il1dtvidua.rre8PondentB.
It is conducted by questionnaires, intenipersed with information and opinion ~

1
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feedback based on a computed COTlsensus. Questions inquire into the reellons
for expressed opinions, and a collecti,;n of such reasons is then pr.,~cnt<::~j to
each respondent in the group, together with a suggestion to recll(,~~ }":'.' nnd
posoibly revise earlier estimates, Helmer (1960). Responses are compiled
from several rounds of questionnaires, interspersed with feedback results
assembled numerically on a distribution scale. Successive iterations move
toward consensus, or at least a congealing of multiple positions defining
alternative futures. Delphi can also be carried out through computer con
fer~ncing, replacing paper-and-pencil responses ~ ili electronic rer"~"'~~3,

and tabulation of judgments.
Goals Achievement Matrix. A planning tool which lists diverse objectives

(aesthetic, environmental, political, as well as economic) on th~ horizontal
axis, with diversely affected interest groups (including suppliers as well a:;
consumers) on the vp.rtical axis. As originally formulated by Morris Hill, the
GAM assigns numeric{l.l weights to the various rOWil and columns, allowing
computation ofan alSgregated welfare function, and thus numerical compari
son among different plan proposals. In other versions (such as Nathaniel
Lichfield's Planning Balance Sheet), intangibles and incommensurables are
left in prose form, separated out from monetary and other quantifiable
aggregates. In all cases, GAM gives special attention to multiplicity of
outcomes and diversi ty of affected groups. Lichfield's version stresses design
modification of plans under evaluation. (See Lichfiel:i 1970, and Hill 1973)

Logical Framework, or Log Frame developed by t>ructical Concepts, Inc.
(Washington, D.C.) is a 4 x 4 matrix summarizing critical elements ofproject
design. The rows of the matrix cover the projectgoals, purposes, outputs, and
inputs. This establishes a hierarchy of means-ends relationships much in the
spirit of Management by Objectives (MBO) and Planning-Programming
Budgeting systems (PPBS). The column headings address each of these
means-ends relationships on four levels: narrative summary; objectively
verifiable indicators; means of verification; and important assumptions.

FiRure Al5.l

The Logical Fra1TU!work Matrix
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Since its initial development for the U.S. Agency for International De
velopment in 1970, the Log Frame has been more diversely applied to federal
and loenl government, corporate management, and oversens development
programs. The Log Frame applies to both project design as a statement of
expectations and to project evaluation, in specifying' criteria for success,
responsibilities for follow-up, and baseline data needs. In practice planners
often develop their own frameworks which may be similar, though not identi
enl to the Logienl Framework. The Logical Framework is useful, however, as
a point of departure for developing a framework which fits the situation. In
actual application ofthe Log Frame, planners in USAlD sometimes leave out
one of the row or ('olumn headings, for example in doing sub-projects which
may have (,'O;;:mon goals as part of an overall project.

Pattern Language. Developed by Christopher Alexander and others at the
Center for Environmental Structure, Berkeley, pattern language is a design
tool for social and physical planning. Several hundred "patterns" have been
explored. Each is expressed as a graphic symbol and defines a cultural need,
or stereotypical solution, to a recurrent problem. Examples of "patterns"
include a window, a road network, a cellular residential area, a small work
group, a university, trees, death rites. Each pattern hns an associated set of
normative design hypotheses, and specifies strong (supportive or destruc
tive) relations with subsets of other patterns. (cf. cross-impact analysis.)
Pattern language serves to formalize and simplify recurrent problems en
countered in social planning and establishes "relevance trees," or system
hierarchies, und side effects that need to be taken into account for each design
element. (See Alpxander 1964)

Predictwn, Forecast, and Projection. A prediction is a statement that an
event will occur, or a condition will prevail, at some future time. Predictions,
forecnsts and projections are often confused, but analysts and planners dis
tinguish them:

f
i

- A projection is a consistent set of alternative statements about
future events or conditions, and the alternative statements rest
on alternative assumptions which are stated but not evaluated
for their likelihood.

- A forecast is a consistent set ofalternative statements which rest
on assumptions that are assessed for their likelihood.

- A prediction is a single statement that an event will occur or a
condition will prevail.

;..

Projections are correct by definition, except for clerical or arithmetical
error in the statement, because projections indicate what will take place if
the underlyinq assumptions should turn out to be correct. A projection is
often confused with an extrapoll'tion which is the extension ofa trend lino on
the assumption of a continuing pattern of change.

SccTUJrio. A description ofn sequence ofrelntcd future eventll. A scenario
may begin with a future opportunity or threat, and then imagine the range
and sequence ofdevelopments that might follow. Highly formalized scenario
building can employ computer simulations (like the Club of Rome work on

i
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World Dynamics), Delphi, cross-impact analYRis, or rigorous algorithms Buch
as econometric models.•Alternatively, it may consist of imaginative sto,:,y
telling by gifted individuals. H.G. Wells, Arthur C. Clarke, and George
Orwell built scenarios into novels. A scenario is more than just a set of
forecasts about some future time. It is a picture of an internally consistent
situation, which, in turn, is the plausible outcome of a sequence of events.
There is no rigorous test for plausibility. "The scenario thus occupies a
position so.newhere between a collection of forecasts whvse interrelation
ships have not been examined, and a mathematical model whose internal
consistency is rigorously demonstrable." (Martin 1972).

Sensitiuity Analysis. Measurement of the rate of change of an outcome
resulting from manipulating changes in values assigned to variables and
parameters. The manipulation helps establish which assumptions are criti
cal and which can be left as rough estimates. Sensitivity analysis also sug
gests the level ofbenefits that might result from efforts to modj~'y a situation.
Sensitivity analysis helps planners recognize that there is no unique, no one
best set of assumptions. It also helps identify which assumptions have most
effE,;ct on results, deserving greatest attention for critical analysis and valida
tion. (As applied to mathematical modelling, sensitivity analysis can be
interpreted as a partial derivative, relating changes in the objective function
to changes in selected parameters.) Analytical variations on the "base case"
can take several forms: contingency analysis (referring to changes in en
vironmental conditions or chanee in the criteria for evaluating outcomes); a
fortiori analysis (where two or more policy alternatives are compared, and all
uncertainties are resolved in favor of the "weaker" options, to see whether
they can plausibly challenge the "dominant solution" by a combination of
favorable actions and circumstances); and trode-c'ffanalysis (where alterna
tives are compared by calculating the "switching values" where one strategy
becomes preferable to another.)

Simulation and Pseudo-Experimentation. A model of a situation in the
real world is constructed which may be either mathematical or physical.
Each element from the real situation is simulated (represented) by a
mathematical symbol or physical object. The relevant properties and rela
tions of other elements are represented by corresponding simulated proper
ties and relations. Instead offormulatinl~hypotheses and predictions directly
about the real world, it is possible to do the same thing about the model. Any
results obtained from an analysis of the model, to the extcr.t that it truly
simulates the real world, can then later be translated back into the corre
sponding statements about the world. This has the advantage of pseudo
experimentation. A particular case of simulation is built on role-playing by
the intrinsic experts and is known as operational gaming. A special case of
this is war gaming. A simulation model may prol';;dy be said to be "gaming" a
real life situation ifthe latter concerns riccig~on makers in a context involving
conflicting interests.

Synectics. A theory and methodology of problem-solving, based on inte
gration of diverse individuals in a setting dusigned to draw out nonrational,
free-associative psychological mechanisms of creative thinkinjt. Developed
oymeTllmorlage S-ynecficsgroup- in t~h:-e~J~9~5;;O;s~,~By.'.:.n~e~c~t~ics~re~f1i-e:::c7-ts~ba~si~c-------------
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psychological theory combined with applied research on problem-solving
both in busineAs and academic settings. It relies on helping participants to
take "psychological chances" to abandon familiar ways of looking at prob
lems. Major use is made of analogies and metaphors to achieve a sense of
"making the familiar strange, and making the strange familiar." The
strength of the method derives from careful study of the psychological pro
cesses of creativity and the pragmatic testing of that theory in solving real
problems. The outcome is a sustained dialogue betwe~n highly concrete and
highly abstract references for problem-solving (Gordon 1956).

The Futures-Creating Paradigm of the Resource Center for Planned
Change. This paradigm is designed to assist planners in developing a sys
tematic perspective of future change, beginning with broad societal trends
and value shifts, followed by a translation of these changes to institutional
plans, policies and programs. The paradigm is structured into 10 stages:
1) Societal Trend Areas; 2) Societal Value Shifts; 3) A Matrj~ for Trend
Areas; 4) A Matrix for Values Shifts; 5) Institutional Objectives; 6) Testing
Compatability (of objectives and policies); 7) A Futures Sc'mario; 8) A His
tory ofAlternative Futures; 9) Foresight (systematic examination ofimpacts
and results); 10) Feasibility (assessment of constraints and evaluation). A
detailed handbook, with examples, explains the stages thoroughly. For
example, Phase I, Societal Trends, develops in twelve areas cover~;lgpopula
tion, environment, energy, science and technology, lifestyle, participa
tion ... The origi~alparadigm was developed for AASCU (American Associ
ation for Colleges 'clnd Universities) by John Osman. The manual, copyright
to AASCU, can be used to guide a participatory process of university plan
ning and compact policy assessment. American Association of Colleges and
Universities, Futures Creating Paradigm: A Guide to Long Range Planning
from the Future for the Future, AASCU Resource Center for Plann~d Change,
1978.
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Area Planning

CHAPTER 16

Area Planning and School Mapping
Background to the Metllodology
Russell G. Davis and Ernesto Schiefelbein

1.0 Introduction to Area Planning and School Mapping

The final part of this volume deals with the topic of educational planning
for regions and local areas within a country. The topic is covered in this and
the following chapter.

Chapter 16 presents a background to the methodology ofplanning for areas
below the national level. There is no attempt to develop a theoretical
framework or systematic rationale. In educational planning there is no
special theory ofarea planning. There is, however, a sound reason for dealing
with area planning as something apart from national planning. There are
situations where area planning is called for; and there are approaches and
methods commonly applied in area planning. Distinct types of information
are used for local as opposed to national planning. Also distinctive methods
are used in area planning and school mapping. Chapter 16 covers these
information sources and the methodology applied in area planning and
school mapping.

Chapter 17 applies the approaches, methods, information, and formula
tions of Chapter 16 to an actual case of educational planning. The case
exercise describes the application ofschool mapping approaches and methods
to educational planning for the Chilean school reform during the period
1964-1970. Other features of the reform are described in Volume I.

The objective ofChapter 16 is to provide instruction on the methodology of
area planning. The objective of Chapter 17 is to teach how these methods
apply in a real situation. The purpose of this segment, the two chapters
together, is to Leach planners how to plan (or areas below the lIationallcucl.
The weight of coverage in this book reflects the fact that there is more
concentration on national level planning in the developing countries than
there is on area planning within the country. This is changing slowly. School
systems in less developed countrip.s <LDC's) are highly centralized, and plan
ning reflects this fact. Analysis is performed on both national (aggregated)
an<llocal (disaggregated) data, but usually the wc~·1I: is done in a central
mbiatry or planning office. This may not be a desirable turIn oforganiultion
or planning, but it is a common pattern.

Although data for planning at the national level nre gathered at local
levels, they ~reusually processed and analyzed onlyat the national level; and
the analysis is often fitted into a national planning model or target structure.

-.J
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The national model does not preclude differentiated goals and services for the
sub-areas or regions of the country, but very often these goals are set in
accordance with national targets and norms. To plan for the various areas
requires local area information, including maps of the areas. The topics of
School Mapping, School Location Planning. and Educational Planning for
Areas address the problem of creating information bases S?1t} situational
maps for areas within a coumry.

1.1 The Purposes ofEducational Planning for Areas

The basic purposes of educational planning for areas are:

- To assess the outreach, or coverage, and distribution of educa
tional services to populations in areas within a nation state.

- To compare the coverage between and nmong the areas, usually
on the basis of the percentages of the relevant population receiv
ing services.

- To compare the coverage of the areas with national norms,
standards, or plan targets.

- To inventory facilities and resources allocated to programs in the
areas:

- To diagnose, on the basis of the assessment and comparison of
coverage and resources allocated, the cl;fferences among areas:

- To plan the provision of educational services so as to expand
coverage, to enhance equity in the coverage, and to improve the
efficiency and effectiveness of educational services in the areas.
This last is basic.

1.2 Brief Comment on Planning Terminology

In these notes, the terms school mapping, school location planning, and
education:!l planning for areas mean virtually the same thing. Each term has
its limitations: school mapping suggests that the objective of the planning is
to develop maps or graphical repreRentations of the sp~,tial distribution of
schools and school services. (The maps in a school-mnpping exercise may also
show a variety of demographic, economic. and social, as we]] as educationoll.
distribution characteristics for planning purposes.> Though maps may aid
educational planning for specific areas, the development of maps is not the
end purpose of educational planning. Nor is school location pla.nning the
main purpose of educational planning in spatial terms within a country. Its
main purpose is to expand and improve educational services and outcomes,
and to improve the distribution of these services and outcomes within nn
tional, regional, or local domains. The term educational planning for areas
expresses this general purpose better, and also is more suited to suggest the
steps to be taken in educational planning below the national level. The term
area is imprecise. but it is fairly widely used by demographers to refer to data
anti rniPri' a I. • - t' • 1 ·.x;amp e, a regIon, prov-
ince, state. district. or locality within a nation.

~-
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1.3 Requirements for Educational Planning in Areas

There are two requirements for carrying aut planning for areas within
countries: the first is to have a coherent approach and analysis methodology;
and the second is to apply this methodology to good data and information
dealing with education in the regions and localities within the nation. We
will begin with a brief discussion of data requirements.

2.0 Data and Information Requirements for Area Planning: Assessment of
Cf':lerage and Inputs.

School enrollments are the primary data for area planning of education.
Planning may also cover nonformal education programs, in which case the
enrollments in such programs are also relevant but, in general, educational
planning for areas deals with enrollments in the formal, graded schools of a
nation. Enrollments are first compilel1 by levels and grades in the system.
Enrollments within grades will also bt. classified by age and sex of the
students. Enrollments classifed by age and flex are important for asseosing or
compiling indices of coverage, e.g. percentage of age/sex group enrolled in
grades and levels of the system. Hence, demographic data, the population
classified by age and sex, are also basic for area planning.

Indicators, the percentage ofan age/sex group enrolled in schools ofa given
area, can be compared with national norms or targets to assess plan attain
ment for a given area. This assessment provides a basis for monitoring
equality in plan attainment and for planning increased coverage. Standard
forms for collecting and tabulating enrollment, and sometimes population
data, are used in the statistics anu planning offices ofalmost all ministries of
education. UNESCO missions over the years have succeeded in standardiz
ing formats used in data collection and reporting procedures in the develop
ing countries. The information requirements are I:limilar to those specified by
Brolin (UNESCO) and Chesswas (IlEP). McGinn <USAIDlHarvard Project
Paper 25, 1979) describes and evaluates these formats.

Area assessments also provide a basis for the comparison of one area with
another. This permits evaluating equality of coverage, at least in quantita
tive terms, among regions. It also provides one basis for planning the im
provement of equality in coverage.

Inventories of programs and educational inputs also yield basic data for
area planning, as the case in Chapter 17 will illustrate. School facilities, i.e.
the buildings, furnishings, and equipment, are inventoried, 'waluated for
used and unused capacity and maintenance condition, and the building
locations mapped. The formats for collecting information on school facilities
are standardized in most ministry statistics, planning or school construction
offices. A typical form is shown in Appendix 16.1 of this chapter.

In poor countries, the provision offacilities once had such real and s)'mbolic
Importance that the inventory and mapping of school facilities became a
dominant concern ofplanners at the national level. School mapping was born
out of this concern. Teachers and supporting staff are also surveyed and nrc

___________-'cldhJj8.l..lr...,Illl.'r.J.'bl:J'rJ.i7."',p"'d.L!.Jh~ytrnining nnt1 "'Tn"jnn".. n",ltllh, nre ""'rn"t"'* h" o,.hnnlo,
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locales, districts, or whatever the area unit being studied. Otht>:' educational
inputs, e.g., instructional materials and supporting services, administration,
supervision, and specialized education services, are also assessed.

The assessment ofeductional inputs allows comparison among regions on
the basis of national norms. This permits one morc step toward the assess
ment of equity, since the program activities and inputs can be taken as one
indicator of the provision of quality services among areas.

'.':'.'.-.'.)'.,."-".'

T·&i
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2.1 Data and Information Requirements for Area Planning: Assessment of
Outputs

In rudimentary form, an assessment ofeducational outputs is based on the
assessment ofenrollments and educational attainment by grades and levels.
First, there is the assessment of the structure ofenrollments by grades in any
given year. This yields a static picture of enrollments. Second, there is the
assessment of changes in enrollments over time. This shows the changes in
enrollment from grade to grade and year to year, nnd yields a picture of the
dynamics ofenrollments,or enrollment flows. Though the emphasis in school
mapping is on the spatial distribution of enrollments, the temporal charac
teristics, or changes in enrollments over time, are fundamental in any plan
ning exercise. It is import!lnt to assess the history ofsuch changes in the past,
and it is necessary in planning to estimate, or project, how enrollments will
change in the future. Trend analysis of past changes provices the basis f<ir
projections into the future.

The flow ofenrollments can be used as an indicator ofsystem performance.
Let us briefly r(;view Chapter 5. Enrollment flow is governed by three rates,
promotion p, repetition r, and dropout d. From the enrollment in any given
grad.tl in any given year, a certain number will be promoted to the following
grade for the following year (P); or repeat in the same grade in the following
year (r); or :l'Op out (d) of the school system. If the enrollment were 100, and
60 were promoted, 30 repeated, and 10 dropped out, p would equal .60; r
would equal .30; and d would equal.lO. As proportions thep, r, and d add to 1.
The rates p, r, and d are called flow rat:::;. The flow rates in the schools of a
given area can be used as a measure of efficiency in the system because the
rates are indicators of system performance. Promotion rates will determine
the number who ultimately complete a grade or level.

Assessment of flows may indicat.1 a problem in the functioning of the
system. (See Chapter 6 for analysis methods.) But an assessment must go
further and deeper ifit is to tell the program implementers how to intervene
to change the system to improve learning. The output men.surcs must be
related to specific input characteristics in the classroom situation and the
process ofinstruction. Teachingllearning activity must be analyzed in order
to guide intervention and remediation. Policy analY!.ls, when applied at the
highly aggregate level of the total system, may be inadcquate to guide
policies, pro.uam decjsinns....e"d actu~1 . 8~ruc lona

-- ~proces!l. Analysis at the local level is one step toward closing the gap between
nationallcvel policy planning and rescarch into teachingllearning.

':;"':;~;...;'..,......._~ ~_._._.~__••__ ---:-_ ••__ . __ •••• 0 __ ••••••• •
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(1)

On the basis of the flow coefficients (P, r, and d), various indicators of
output or efficiency can be computed and used to compare the schools in
different areas. 1\vo examples o~' these indicators are:

(i) Fraction of enrollees who eventually graduate:

PI P2 P3

(ii) Expected time in system of those who graduate:

(2)

Grades
Rates 1 2 3

p .72 .88 .95
r .18 .08 .02
d .10 .04 .03

1 1 1---+---+---
(l - rI) (l - r2) (l - r3)

We will give a brief numerical example of equations (1) and (2). Assume
that we have a three-grade system with these flow rates:

Applying equation (1), we would have:

(,72)(.88)(.95) =~= .81
(,82)(.92)(.98) .74

Eventually, in a system with these flow characteristics, about 81 percent of
those who entered would graduate. The reader who is interested in doing the
exercisl! can check this by entering a cohort of 100 into the first grade,
multiplying by the flow rates and checking it through a six-year cycle until
all of the cohort graduate. The fraction will be about .81.

Using the flow rates shown above, equation (2) would be:

111
:B2+ .92 +:98 = 3.33

Given the repetition in the system, the average time spent in the three·grnde
system would be about 3 113 years. Repetition adds 113 of a year.

Input/output ratio:
....

number of student years
number graduates x number years in level (3)

Example: In a rural six·grade elementary school, 400 pupil yenrs nre
required to produce 50 graduates. (The 400 pupil years include repeaters and
dropouts). Tho inputJoutput ratio would be:

;..
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(5)student years - legal years
student years

(Ifthe400 pupil years wcre divided by 50, the number ofgraduates, the result
would indicate that on the average it takcs 8 years of schooling to producc a
graduate of this 6.ycar program.)

Coefficient of efficiency: This is the reciprocal of the input/output ratio. In
the example above it would be3oo/4oo = .75 (4)

Percentage pupil
years' excess:i

In the example, this would be: 400 - 300/400 = .25

The excess measure can be further analyzed to determine whether the excess
places are caused by dropping out or repeating.

There are other quantitative indicators ofschool system performance that
can be used for comparing the schools in one area with those in another.
Durstine discusses these in a u!Jeful paper entitled "Performance of the
Indonesian School System: A Review of Some Quantitative Meill3ures"
(Jakarta: UNESCO Project INSn1l537, 1978).

The quantitative indicators assume that the number of ycars spent in
school, and the attainment of graduation, reflect some significant output of
the education system. Because learning is presumed to be the output of
instruction, there is an assumption that the indicators mensure, or reprcsent,
learning. Learning is more directly, though not completely, meas'ucd, how
ever, by testing the achievement of students. Test results can be used to
assess the output of the system in a given area. Test results compiled in one
area can be compared to national test norms as standards. Or the results of
one area can bc compared with another.

2.2 The Assest;ment of Schoo~ Outcomes by Areas: Educational Effects

There is also one step beyon.:.••.,' measuring oflearningoutput, and that is
the assessment of the purpCirted outcomes of schooling. Schooling is pre
sumed to produce education, and education is presumed to contribute,
through learning, to enhanced worker productivity and better workforce
performance. This chain ofpresumptions is almost never directly meanured,
but it may be indirectly assessed by relating differences in educational
attainment to earnings. Chapter 2, Appendix 2.1, showed models for analyz
ing school effects.

A complete assessment of the effectiveness ofthe outcomes of schooling in
the various areas of a country would demonstrate that (1) resources were
provided, and enrollments and educational attainment levels reached; (2) the
schooling resulted in learning; (3) the learning resulted in improved ec0

nomic, social, and cultural outcomes. (See Chapter 2, Appendix 2.1, mode!),

2.3 Other Approaches to Area Planning: Needs Assessment by Areas

J'he aSSCRRIDpnt nf Q,.h"ol ~y"tQm jl€Ffai'ttliiUCe ::ma cOJ.lpnrisoil 01 mput.
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output, and outcome indicators for areas within a country represents one
basic set of analytic approachcs to school mapping and educational planning
for areas. Another major'activi ty ofarea planning is the asscssment ofnecds.
Area planning and school mapping are also concerned with the assessment of
the needs of populations for educational services of different kinds and
quantities.

3.0 Systematic Information Formats for Area Planning

The information requirements for area planning go beyond the data re
quirements specified in formats for school location planning and analysis of
internal efficiency of schooling. Area planning and school mapping often
cover broader planning purpos('s, which include assessment of the needs of
area populations for schools and other social services, and assessment of
external efficiency, effectiveness, or relevance of education, i.e. how educa
tion lind training fit economic and social goals. This work requires a consid
erable variety of demographic information, but the population structure by
sex and age groups still provides the base data for all planning.

Data on economic activity, income, prices, costs, and manpower require
ments for the area, may also be needed for area planning. Social and cultural
data on ethnic membership and the cultural and linguistic status of the area
populations might also be relevant. The bll'lic maps for area planning will
show \the spatial arrangements of populations, enrollments, and school
facilities; but other economic, geographic, social, and cultural data may also
be mapped. (Exhibit 16.1 shows a school district map of students charac
terized by race. Exhibits in the next chapter show highways and rivers.)

A great many data forms and schemes have been devised for collecting,
arraying, and analyzing the information for area planning and school map
ping. These schemes are reviewed by McGinn (USAIDfHarvard Project
Paper 25, 1979). McGinn discusses an information scheme for local area
planning. This scheme builds up information by beginning in the classroom
and going up to national level. The scheme specifics the data necessary for
needs assessment and for assessing the external efficiency, effectiveness, or
relevance of local area education programs.

3.1 The International Institute for Educational Planning Cases on School
Mapping

The International Institute for Educational Planning, in its school map
project, also provides extensive coverage of the information requirements,
analysis procedures, and planning techniques used in school mapping and
area planning. The UNESCOIIIEP series provides a set of 12 case studies for
different countries, a collection so complete and detailed that there is no need
to repeat much of that work in these chapters on area planning. (A selection
of these school mapping cases is listed in the bibliography at the end of this
paper.) The methodologies of school mapping are simple enough so that a
reasonably careful readinj;t of Hallak's book (1976) should acquaint readers
with the commonly used methods. Some ofthese methods will !Je examined in
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later sections of this chapter, where standard formulas for determining area
population densities, and the resulting population need for schools, are
examined.

3.2 The World Bunk Approach: School Location Planning

The World Bank has alse prepared staff papers on the topic of school
location planning, which is similar in approach to school mapping and area
planning. A recent World nank paper (1979) describes typical situations in
which school location planning is used: '

(a) A country with 50 percent of the total age group accommodated in
primary schools, and with 10 percent of the age group enrolled varying in
different regions of the country, plans to expand coverage to 75 percent of the
age group in a five-sear period and to 100 percent within ten years. The
question is how to allocate resources to reach targets and ninimize inter
regional differences through thl' rational location of school facilities. (See
Appendix 16.2 for simple schema of pmblemJ

Maldistribution ofenrollment by urea" is common in developing countries,
but rarely does the approach to attllinin~' targets and minimizing area dis
parities follow the rational apj:'roaches ldvocated by planners. Political,
geographic, economic, and culturai [fl.-CPo rna lip the implementation of area
programs follow a lumpy and uneven path. Still, the planner may attempt to
rationalize tbis, as shown in the example in Appendix 16.2. The example is
not typical, however.

(b) A country plans to alter the structure of its educational system from
6-2-4 to 4-4-4, and to expand enrollments in the basic cycle, which is grades
1-4. This will require changing some six-year schools to four, and the plan
ner's task is to organize this change in as orderly and efficient way as
possible. The objective would be to insure maximum access to the basic cycle
and maximal opportunity to continue on into the middle and upper cycles.

Again, reality would be considerably more complicated than this simple
example suggests. The shift in pattern from 6·2-4 to 4-4-1 represcntb a basic
change in system Iltructure and not just some changed numbers. In this case
the secondary-school level would stay about the same with grades 9-12, but
there would be a very big change at primary and middle-scho'Jllevels. This
would require an entire shift in educational philosophy. A middle-school
level is being created. In effect, the new four-year primary school would be a
basic school and probably a rural feeder school. Feeder schools would have to
be planned and located to provide continuation to the new middle £chool,
which would be a nuclear school receiving students from several four-,:;'ear
basic school!!. The new age groupings would aiso require attention, as would
articulation in the curriculum between gtades 4 and 5 and grades 8 and 9. A
middle-school curriculum would have to be created. Limited space does not
permit full treatment of the pedagogical and managerial problems that
would arise in this example. The number crunching is the easy part.

(c) The efficiency ofschools, as reflected in unit costs, can be influenced by
large disparities in teacher-pupil ratios because of thin populations in rural
anel isolated areas. The planner's problem is to raise ratios in low-ratio areas,

",.
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and to reduce variahility without reducing accellS. This may be accomplished
by restructuring schools, for example, adopting the 6-3-3 pattern (six grades
attended by three teachers in three classroomEI in doable session); or by
grouping schools into feeder and nuclear units. Other options are to furnish
transportation or til build boarding schools.

Area planning may also lead to more efficient utilization of school space.
Planners may redeiine catchment areas, those areas from which a school's
attendance is dra,-, 1, in order. to provide primary school graduates with a
better opportunity to continue on to middle schools. This would raise effi
ciency by reducing the numbers who are forced out of the system because
there is no school bllyoud primary level. The next chapter shows how catC~i

ment areas were mapped in a rural area of Chile.
Hallak (1976) sta:es that the two fundamental adivities ofschool mapping

are establishing catchment or attendance areas serv~d by school units and
setting norms (e.g. school size) for diagnosing local needs and assessing
service and coverage.

A World Bank paper (1978) lists the four major school planning activities
in centralized ministries:

- Setting national norms for the size and costs ofschools and classes
and setting eonstruction standards. Note that setting national
norms does not mean that one standard size, or number or ratio
would be imposed on schools in all areas of a country. The norms
might well provide different standards for different areas, de
pending on climatl!, transportation routes, population density,
anr! even local building materials.

- Ensuring the collection of reliable data for diagnosis of in
adequacies in the provision of school services.

- Establishin~ rlan targets based on projections of ~he population
and its socIa and economic characte:istics,and assessing the
extent to which these targets are reuch~d.

- Allocation of resources amon~ com:12ting u"<:us. (Anyone who
knows the reality of educatIon in develo'11ng wuntries (or
elsewhere) recognizes that strong political infl\"Jnce from outside
ministries of education usually determines how school resources
are allocated.

The national central authority commonly sets these kinds ofnorms for the
system:

- Norms that govern the structure of the system, i.e. the levels,
grades and program types.

- Norms related to school size or class size (measurea in enrollment
capacity).

- Norms that relate to the internal efficiency of the schools. These
norms are revea!~d by the enrollment flow indicators and effi
ciency ratios discussed.

- Space {ler student and tcacher-puDii rdios are also inportant
govermng norms that should b<;: I\.;lated to class size. Require-

.. _....._._ ..._._. ~m~e~n;t8r.;;f~0~r!;:;sp~ec~l:;;arl';;p:;;'ro;:;gr~a~m=9~ar.ls;;;0~ril;n.;te?cit:::a;:lrl1;;n;:;p;;u~t;:;n~o;;-;nn;;;;:s;;:,-=-:I-;;n:;;cr.lu;:;dr.l~n';;g:---

space, teachers, equipment, and books.
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- Construction ond facility specificntions and norms,
- Unit cost norms for capitol and recurrent costs.

The first two kinds of norms impose standards that apply for all arens of a
country. The structure of the system is uoually the same nationwide, but
there may be some differences in progJ'3ms for local areas. r....i.r.imnl internnl
efficiency standards mny be estabHshed as norms for the count:-y, but this
does not mean they cun be enforced. Differences ore usuolly tolerated. The
finnl three norm typm; .?pply to facility anrl input standards. Tht~semay vary
for different areas of tht: country.

4.,-j Additional Comment 011 Area Planning Approaches

In some! notions the standards and norms vary widely for differ,~nt areas.
ANa plUl\l1Crs may \'~ different norms for diOcrent areos. The object of
planning might be precisely the opposite ofiosuring un;form patterns across
different areas of the country.

Morc significantly, the entire approach tl) mapping and area plunning
might be different. Instead of dealing ftom the nc.tionnl area downward. thp
analysis might begin at local level and build up to the nationallev<!l through
aggregation rather than disaggregation (McGinn 1979; Hudson, Davis
1977).

4.1 Spctial and TemJXlrol Planning

Mn<lt area planning material also deals with static or cross,sl.'ctional anal·
ysis. and there is less stress on comJh1ri!lOos ovel' time. This is done deliber·
ately in order to emphasize the spatial compnrifions. but planning by nature
deals with inter· temporal analYllis and compllriwns. To map comparisons of
changes in different orcas ovr.r time is not simille, and the usual procedure is
to show a separate map fo.. each time period HUlt the nrea characteristics are
depicted. Ideally, temporal and spatial annlYllis must be combinr.d.

4.2 Additional Chart.q {or Planning Educational Expansion

In Chapter 6, data were displayed in wblcs lI1th( r than in maps. In many
situation!; tables are cosier t.> understn:-.~ th~m maps. Some plllnnerll may
work more efficiently with tables or e\'en gl'llphs rather thlln with maps. But
for certain types ofproblems. such as deciding where to Icalto future schools,
or for determining where JY.lpulation will tend to migrate in the future, map
represent on invaluable aid. Superimposing transparent map overlaYR 011

different demographic, economic. geographic. ar>d educDtionnl informadon
will reveal relationships among variables.

A simple system for classifying maps may be useful for deciding when to
work with maps. A simple way to start is to divide rnrips ootweeu tllose
describing the distant or near past (includ;r.g prt!sent> and thoAc depicting
the future, or showing potential use ofrcSOUrcC8. A second way 18 to sepllnlte
maps oosed on objective data from those built up on the opinions ofpcople

1
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reputed as expert in a given field. Expert opinion may be used to gueM about
flltUtc industries or activities to be started in the ncar future in 11 given orca.
Maps dealing with the current situation cover:

migration OOW3
uroanizaHon indexes
population density
rates of pO{lulation growth by micro-regions
division of land by politicol subdivisions
density of different types of herds
economic production of main croJils
density of tractors and other agncultural machinery
isochrons of access to urbun centers (points requiring same travel
time)
isochrons of access to highways
highways and trails
transmission of electric energy (primary syste·(,)
transportation systems
health and s1!.nitary conditions
'IV coverage

Maps dealing with potential de·.1elopment may include:

hidrographic basins
geological formation
potential usage of soil
mineral prospecting
climatologicfl) varic.hles
botanical and zoological data

When actual use of soil is clearly inefficient in comparison with potential
Ulmge, future development of the area may be planned. Future economic
development will have implications for future economic demands on the
educotionalsystem. Charts with the loention of probable projects (including
hydroelectric projectsl may help in planning educational proje.:ts. Maps
provide an easy way to keep track of data for making decisions when a
complex of economic, ct,J'tural, social, and physicol variables ore involved. In
this s:tuation, the newly emerging field of computer graphics provides in
valuable tools for dealing with multiple variables that differ according to
time and location.

4.3 Computer Gmphics as an Aid to School Mapping of Spatial and Tem
poral Charecieristics

To show several different arens, characterized on seveml different
variab: .'8, nnd over sever I difTere'lt time periods is a challenging task for
information processing, analysis, nnd displar. For this work the computer
nlis become an increasingly necessary cdjuntt and suppo.":"~ resource. Most
pl.mners are familiar with th~ ;Jse of the computer for analysis and dilJpla:,; of
n"mcrical information in ","f',lv:;ntional form. Volume IV in thip suries de
scribes the methods for prc:pnrin; drta for the computer, analyzing it. nnd
displayin" it. Lewis (1979) denl!! with thp t..h"l ..tjn" ,,",I ,J;"r1"r or:1:lh in
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conventional tables and graphs, and the applicntion ofstatistical measures of
centrl'l tendency and distribution. There are other methods for analyzing and
displaying data, and among such methot.!;; are those based on computer
graphiC3 programs. Computer graphics is a field that has developed because
it can handle the problem ofshowing several different areus, char':cterized on
several different voriables, over different time periods.

A center for developments in computer graphics is the Har~'srd University
Laboratory for Computer Graphics and Spat;inl Analysiu. ~=' ;,an Log, a
brochure and catalogue of the Labomtory (1977), the con'j'!ui.1: graphics
programs which have been developed to handle the problem _-f datn display
mops for area planning are described. One of these program Vltputs. the
AsuEX version 1.0, is illustrated in Appendix ~6.;f

5.0 Quasi-Objective Bases (or Satisfying Expressed Local Needs

Givena centrnli7ed system ofdecision-making and top-down p'~anning, a:ld
the popular demand for formal schooling delivered in conventional
classrooms and schools, planners have developed a few quasi-objective ap
proaches to satisfying :.:ducation needs across the areas ofa national domain.
One such method is used to determine the threshold population required for
the establishment of a school facility. This, and se·.eml other rough, rule-of
thumb normative measures attempt to provide some basis of objectivity in
planning fo!' 'l_~ provision of educational services to areas within a country.

5.1 Establishing the Threshold Population Density

There is R minimum total population m'cessary for establishing a school in
an area, given the grr'- :d struct.ure of the school system, a standard class size
(these yield a stamhlrd school size), the percentage of the population in the
enrollment-age co~,'ered by the school, and a target enrollment percentage.
G~ven a schoolstructt.::e of four grades, a standard clallG size of 45 pupils, 10
percent of the tolal population in the normal age group for the four grades.
and a target for coverage of 80 percent of this age group, then the simple
calculation is:

-_.

=

r..-

4 x 45
(.10) x (.80l = 2250 (6)

This suggests that the area to be served by the school should have a total
population of 2250. The formulation is simple enough and is useful for
providing a rule of thumb for assessing need for fadlities on a very crude
basis, i.e. the estimated population to be served. Here educational neecUl arc
those educational services that arc lacking, are pel'ceived Ill! Itteking and
desired by local populations, and within the norms and delivery capability of
the notion and local area.

The estimate is very rough, however, and could lead to poor results, unless
the area to be served is clearly defined and mapped and the population
cimmcteristi..:s nlr.,ndy known. Ihe denommator 01 the rotio hides a de-

l
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moeraphic crudity. If tho total population and ago structure in the area arc
not known, the applicatiGn nfR national age-group percentage (in this exam
ple, 10 percent), without some demogmphic warranty, would be fairly risky.
Census data might not be available and current for the area of interest. In
this situation, the analyst might run a rough count of populatio~ by age to
check the assumed age structure.

If local area censuses or surveys nre run, it is worth including ether items
beside head-counts in the survey to malte the need assessment more useful.
Other data might include the pattern ofschool attendance, reasons for nonat
tendance, and the kind of schoo!ing local people want, if that can be articu
lated. WithQut this, the application of a target percentage (\n the example, 80
percent) may DIlt mean much. Some children may be un&ble or unwilling to
attend unless supporting servicos are provided.

The pattern of attendance in any given area is influenced by a number of
demographic, social, cultural, geographic, climactic, and economic variables.
Those familiar with a given a"Oa in a country can visualize the kinds of
variables which affect attendance in that particular area. For each v.rea there
will be slightly different infh;.~nces on attendance at school, and no general
list will serve.

The numerator of the ratio in equation (6) does not present any data
problems because it is set wholly by conventional and administrative norms
in the first place. Research might be necessary to establish and validate this
conventional setting, but such resear'ch is rarely carried out. The graded
structure of the systenl may have tnl'.ny alternatives, and, for a given area,
different patterns ofgrades might be appropriate. The first or basic level ofan
education system could have any number ofgrades, but the common range is
between four and eight, with an average ofsix. Schoo! systems do \,xperiment
with different patterns, and planners sonletimes have to trace th~ possible
outcomes of changing these patterns. In the school map!ling case from .:
Chilean Educational Reform, the "Basic Education" level was changed from
six to eight. grades, and planners used school mapping to plan these changes
at the local level.

Whatever the norm for the system as a whole, schools in rural areas may
have several different grade groupings, and both complete and incom!llete
primary schools. There are t':. tary. r,.' single-class schools, with any number
ofgrades from one to six. T".Iere arrJ feeder schools of three, four, or five grades
which feed into a nuclea. school for the higher grades. Peru, many years ago,
and Honduras more recolltly, have used varied patterns offeeder and nuclear
schools; and similar trials have been quite widespread in developing coun
tries. The grade grouping and structure may depend on the number of
sessions. Chapter 7 in Volume I and Chapter 5 in this volume discuss the
advantages of the 6-3-3 pattern for serving rural areas with low population
densities. In this pattern, six grades arc served by three teachers opemtingin
three classrooms, perhaps covering grades 1,3, nnd 5 in the morning lIOMion
and 2, 4, o'ld 6 in the afternoon.

The l'ul;her of sessions in the school will affect the l:lnrollment threshold
formula, and this figure should be incorporated into the formula. Sessions
here means the number of times a fuB sl'hool program iQ offered in :. day.

<.
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(School years may also be shortened, and two complete years offered within
one calondaryear.) Ifthe school were operatingon double sessionD, this would
change the population threshold. (As an exercise, how would the number of
sessions enter into equation (6) to change the population threshold?). The
point to be made here is that there i..: a great deal more to area planning than
the manipulation of a few numbers in a simple formula. Still, the formula
may serve for very general assessments of the coverage of educational ser
vices and the need for basic coverage with formal schools.

5.2 Range, Distance, and Travel Time Measures

Area plunners also mU8t deal with range, distance, and travel time. The
formula for the area of a circle, 17 r2 , is used (where r is the average walking
distance for students of varying age and grade levels) to compute the area
covered by school services. If the norm for primary school children is a
maximum distance of 3 km, then the school can cover an area of 28.28 km
(3.142 x 9). Here, the norm of 3 km is purely set by convention, and in any
given area this will be affected by terrain, roads, weather, and other forces.
Any given area must be studied as a particular case, but the formula and the
notion ofrange might have some general use for rough-scale planning at the
national level.

The area served by the school, or the catchment area, may also be affected
by major policy decisions to provide boarding facilities or transport to the
students. School mapping studies in some countries have prepared tables of
distances for areas, or regions, ofthe country, and for children in different age
and grad,e levels. The IIEP research has established modal distances through
case studies for various countries. These tables have some rough normative
use, but in reality there is no substitute for a study of the local ground,
because telTain features-rivers, mountains, and gorges-may be more im
portant dett.~rminantsof accessibility to students than the shape and si2e of
an area shown on a map.

Range can be related to population threshold through population density
per area, ifthut datum is known in developing countries. Ha!lak (1976) uses
different combInations of the basic formula, 17r2d, to determine the size of
catchment area,~ that can be covered, given a spt travel radius r for students,
and the population density d. The threshold population of2,250 computed in
equation (6) would be found within an area of 3 km radius if the population
density d were 80 peoplelkm2:

threshold population = 17r2d
2250 = 28.28 x 80 (7)

Hallak states that a hexagonal shape, or cell, is better for school mapping
because it is easier to fit surfaces together and to avoid overlapping or
omission ofareas. Hence the formula is 2.598r2d, rather than 3.142r2d. In an
area with a density of 1 personikm2 and a radius of 3 km, about 24 people
wguld be fe.lila (2.G9S .~ 9~).

Hallak (1976) shows how school zones are covered, where the number of
schools is derived by dividing the area by the population density times the
radius of travel.
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Thble 16.1

Coverage ofEnrollments for Zones: Density, Radius and Size ofArea

5

2

3

No. of
schoolsa

(7)
200

75

PUlllls

(6)

41.6

10.4 150

16.2 120

~o

30

20

::r.o 41.6

4

2

2.5

1

1.5

5

6

PUpllS/km2

(2)

2

3

4

Zone.s

aTo derive number of schools, divide col. 4 by col. 5. Note that schools will vary some in size,
Le. number of pupils e!1rolled

....

Table 16.1 is crurie and u5'gregate planning analysi'l, but serves to give
some orders of magnitude for planning when there are any data on popula
tion densities.

=

5.3 Map Scale

Range or radius can in turn be related to map scale. It is useful to know
something about the size and detail of maps in area planning, and this
introduces consideration of scale. Area planners work with scales that vary
from 1:5,000 (a large-scale map) to 1:500,000 (a smalle;- scale map). The scale
of the map can be related to the range to give some idea of the size of maps
used for local area planning. To cover the same area shown in the lower map B
in Exhibit 16.3, but 'Ising a larger scale of 1:5,000, would require a map 50
times larger, and for a scale of 1:50,000 the map would be 5 times larger.
Either one would require a considerable wall space to display as a single area,
but sections of a large map would be quite manageable in such scale.

Using a 5 km radius (for foot travel for secondary school students), the area
could be mapped in considerable detail (1:10,000) with a map covering
about a square meter of wall space. A primary school area with a walking
radius of 3 km could be mapped in the same detail with either a Eca.le 60
percent as large or a map 60 percent as large. A country with an area about 5
times that of the secondary school area would more likely be mapped at a
scale of 1:50,000. (Note the widely different scales in the Chilearl case, next).

The problem is that geographic variations within the area make standard
walking distances and range measurements inapplicable in many areas. Two
schools mighthave to be located within a kilometer ofeach other ifseparated
by a river, mountain ridge, or other natural barrier. This seems obvious, but
other barriers might be equally formidable. Cultural, ethnic, and linguistic
barriers may be just as unbreakable as physical barriers. In Fiji, for example,
it is not just a matter of providing a "school" in an area. Indians want an
Indian school; but even within the Indian group, religious communities,
Hindu and Muslim, want their own scpamte schools. One can imngine this
problem translated back to India with its hundreds of ethnic and lanQunge
groups, and dozens of religious groups. The writer once serviced a school in n

--------~~---~-~~~---~--~-~-~-~ -~------ ------~-- --~~~--~~~~~~~~~------------------.......
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hovel in a Calcutta bustee in which three different language medium schools
fu nr.tioned in less than a 100 Mt2 of floorspace. For an hour of the day the
groups overlnpped, and it was babel. Traditionnl patterns of communication
and routes of trade, tra.rel, and communication mllY alter patterns, and
administrative divisions may separate areas, e.g. district, provincial, and
state government boundaries.

6.0 A Summary Comment

In summary, though disaggregated spatial planning can be conducted by
working from the center out, or the top down, it is the reality of the local area
that is the final determinant of educational, or :my other kind, of social
outcomes. Furtherr=lore, there is no set of fcrr,.•ulas, mapping techniques, or
analytic procedures which solve the probler'l of planning without thorough
knowledge of local conditions. For this reason the World Bank pl!.per and
lIE!' work on schoo1 mapping emphasize the importance of administrative
relations in the planning of school location programs as weH as the impor
tance of data from the local level.

It is not simply a matter of mapping physical, economic, educational and
demographic features of an area. Morphological mapping-the mapping of
the influence of systems structures and organizational patterns on the pro
cess of ;;uucational policy and decision making-is also necessnry for the
planning and implementation of educational programs. This mapping is pot
as straightforward as physical mapping because it requires :maIY!lii:l and
inferences about political, bureaucratic, and social structures and dynamics
that may operate quite differently from the way they arl? portrayed in
Ministry organization charts and school systems graphs. This topic is covered
by DeHasse (USAIDlHarvard Project Paper 22, 1979).

Here, we have attempted to offer a simple introduction to a rather
broad and somewhat technical field of area planning, or school mapping. We
have outlined the approach, discussed some of the data requirements, and
given a few examples of systematic indicators and rule-of·thumb guidelines
that are typically applied in aren planning from n national, centralized
education ministry. We have briefly introduced the topic of computer
graphics, which represents cne of the new technical ajds for mapping and
spatinl analysis for planning. Other chapters in these volumes deal with the
information formats for planning, morphological mapping, and systems and
m'ganizational analysis for planning.

The World Bank and the International Institute for Educational Pl::mning
have prepared methodological papers and case illustrations which provide
further reading and reference materials. School mapping and area planning
methods, in common with most planning methodologies, are best learned
throllgh experience in applyhg the methods to actual planning situations.
~tlVClYrolldercan go out l,) the held to work on school mapping. As a
partial alternative to experien,:e, we show some of the problems of field
applications of mapping in the case which follows in the next chapter. This
introductory paper on the approach, methodology and state of the art of
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1

school mapping, the case which follows in Chapter 17, and the additional
readings offered in Hallall (197i:: nnd the IIEP cases (1973 to 1977) will serve
to provide planners with sufficient background to begin work in area plan
ning and school mapping. Only actu~work experience, however, will provide
eventual mastery of methodology.

Exhibit 16.1

A Computer Map for Planning Racial Balance in an Urban School System

J
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Exhibit 16.2

Exampll' ofSocio-Economic Information Mapped for Planning Purposes

~9tror.'olltan

;.slanni",-,
P1c.;~Ct

Communh:les

Occupation
The C01IIlIUn1ti.. Shown in White are:

CommunIU•• where I... then 25% oIlhe em
ployed pert""" belono to the proInllonal cr
mlnlaerlal calegort.

...............:tlrou.... c..... Source of HAp: Metro Wayl to Underotanding,The Metropolitan

Planning Proj let,Winehelter.lIa.. :1974 ~..
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Exhibit 16.3

Computer Map ofEducational Distribution

363
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IBRD A13430·S
JANUARY 1978

MALAYSIA
PENINSULA

ENROLLMENT INDEX 1977

044. - 70.

ml4o. 44.
[336. 40.

m32. - 36.

1128. 32 .

• O. - 28.
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~ World Dink (based on CALFORM progru of Labontorl for COIIIputer
Gnphics and Spatial Analysts. Harvlrd University).
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Exhibit 16.4

Local Area School Maps

-=

A

B
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...............-

aAs r~rro~uc~d h~r~, th~s~ ar~ 1n small scal~ (1 :250,000:, but they could
be shown 1n much laro~r scale (l :50.000 or ~Vl!n I :10,0001 on largl!
assembled detalleu maps that would f1t on an off1ce wall.

~: World Bank Par~r on School Locat1on PlannIng.
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Maps Showing Catchment Areas for Students According to Travel Distances
(These are for six-year primary schools in Uganda)

• E<o," P,6

Cartes 19 et 20. Aires de reerutemenl deD cl~ve. des ecole. P.6, Kyeizooba el Rubindi. Ouganda.

~: tlallak (1976). p. 204.
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UNESCO CASES in School Mapping: A Selection

Sri Lanka
Gurugc, A. and K. D. Ariyadnsa. Planning the Location af Schools: Case

Studies in Sri Lanka, PariE: lIEP, 1976.

Uganda
Gould, W. T. Planning the Location of Schools: Ankole j)istri,.t, Uganda.

Paris: UNESCOIIIEP, 1973.

Costa Rica
Hallak J. e. al. Preparation de la Carte Scolaire dans la Region de San

RamOn, Costa Rica, 1975. Also version in Spanish. Metoda de Prepara
cion del Mapa escolar: La Region de San Ram6n, Costa Rica.

Ireland
He.llak H., and J. McCabe. Planning the Location ofSchools: County Sligo,

Ireland. Paris: UNSCOIIIEP, 1973.
World Bank, "Guidelines for School Location Planning," Washington, D.C.:

IBRD StaffPaper, 1978. There is also an earlier draft of the same paper
by W. T. Gould dated February, 1977.
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(bl are there an)' unl'elli:c.s m;lO'lllilde h;Iz;ll\h ;I\l;;lt:~nl'~ Ie 1:,

hiBh',\'a>") . _

J. S:lnil:llion-;lIe there health h;ll;mh allj.lccnl '! (s\\illllrS. ,1I'l11p'l __.

Lot
I. 'Orilin.lgc: "0. of school d;l~ s 111\1 lasl >car due \',1 l1ooJin.~ ._.
" h the lot rc:.:'\1nabl)' Ic\'cl?~ _

:to SilC--jJil.r SoQu.IIe mc:lt::r mC;I~UH:OlCnl _

-I, Olhcr--·arc there an) olher ul',-';I\I~faehll)'cmhli'hlOs'! _
(c'tll'.lin on rC\'CT!oC)

Outside Mea
I. Is thefe a I'J;lY ;III~"? __ If ,!I ~~i\'c ~uarc Illcler dill1en,ion, _

:!, Is th<:re u garden lIrc;l'.' ,r \0 Gi\C lotI.:...rc mder dimclhil\n _

----~---~--------------- - _. --- ------- ------------------'----------:'

L
I

l-·--·l'..



C. Fa.ililie'l
I. st(lr:lllc square fcct lIdctjuatc: _

1. heating: typ" lIdequat'''''' _

3, IIrlitidal illumination: t)'pc adcql·.atc _

-I. p(llahlc watcr: 50urce _

5. IIl1'al fadlitie~: typo",,' . udequatc _

6. \;ll1ilary ladlitics: type loca:ion _
seraratc· _

'7. bl' ·..·:lIcr supply: sourcc adcquate _

'Il. I,Ih heat ~upply: source adcquale _

D. J:quilll1lcnl
I. blac\. hoard -square OIL
::. di'llby hoard -square 011. _

J. bf'ol..,hd\es--nllmber. 011. _

-I. lIumber student scats availahh: _

5. numllt:r s'udent writing space" _

h. leachers lIesk and chair _

·7. lah tables. number IIdequ:IIl: _

ll. other lab or shor fixtures (spccify)· _

5. willdows

·6. sound prooling

B. Sile
I. noor

1. ~1'11i1l1l heillht

3. wimloYos
AI',' th.:y alktjuate for illumination and
ventilatiGn . If not comment on
re\·cr~e.

Area Planning

square meter _

square llIeter _

369

••••
N

I)

II
II

I
II

{I) ~IO\Crnmentowned _

(~) government rentcrl _

(Jl loaned to go\'ernmcnt _
(.l) privatc school _

F. Boarding :-;(hool
I'ka~c 1I~ alljlroprh:te !-Cclhms Ie d::scribc dorms, Please supply thc
f"\Iowing as \\ell:

I. numhcr of beds .
~. number of meals provided per day per student _

telldosc last wl'Ck menu)
.\. locati,m of cooking area . _

.1. \', hen: do ~lUdcnt5 Clll

VIll. Sum,11at ~

I. Indica II' 1101 IurI' of school:

(dll'I·1.. apPl'l1l'rialel

,t

•
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370 PLANNING EDUCATION FOR DEVELOPMENT I ModolA and :.;cthodg

IV. Mainten:mce
J. Do you have regular maintenance repuirs'? _
2. Do you have re~ular janilOi ~ervke? _

V. Adll'inistrative facilities
J. Arc such facilities adequate? (if not, explain on reversl'l

VI. Instructional fucilities use
Name of school LocationL.-- _
No. of classrooms _

Note: Use one of these forms for each and every clas~rool1l or laboratory
in your school,

I Room &hedule

HourI Mllne/ay Tuesday Wee/fll'stllly ThursdllY Fritla.1" Se/lllrdll)" SlInday

(I)
S<lc.j. Allen.

7-8

8-9

9··\0

10-11

11-12

12-1

1-2

2-3

3-4

4-5

S-6

eve

(I) For altendance figures use students in attendance in each class on
each day last week.

VII. Structure
A. Materials

outside
I. walls made of. 'd

inS! e
2. floor made of
3, roof made of
4. ceiling

I
.,."

~-~~---~ .~-~------ ---------------;,~-----..
~
i
Jr
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, Agc or sl nU:llu,'
,1. /tank raclli:, ol'l:l'a'l:

Class I I'rinril): 1Il'Ih huildinl~ amI silC wholly madcquarc lIlusl
he rc:placcd in ditTerenl IOClllil1n _

Cl;ls~ :1 Building wholly inadcqullle. Replan: Iln samcsilc _

Class 3 Major n:modeling and cxpansion rcquired

Class 4 Major remodcling onl),' _
Cla~s 5 Expansion onl),;..· _

Class (, S0111l' repai,.s nl.'Ccssary _
Class 7 ClIrrt.'J1Ilyadequalc _

SOl.'l{l'E: ('hark'on. William. Dol\is. J{us,... 11 (j .. Jnl! Williams. Da\i.l. H:u v;lrd
l1nivcrsilY (','Illa for SII"li," in "'hl,'ali"n and DCh'!"r'llL'lIl

D
II•....;..""."...iE~::

I
.
I
Ii
M

II
h;
I
I

h

:.

,r
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ApPENDIX 16.2

AdjustingDiffere'fJces iJ~ Coverage amongRegiol?S

Region Actual rorcent ~tual Target Target
covered devlatfon dovlatlons coverago

(1) (~) (3) -.!~
A 80 0 0 80

B 40 -40 -6.68 73.33

C 50 -30 -5.00 75.00

0 30 -50 -8.33 71.67

Total s 50 -30 -5 75 (Tar~et rate
overa 1 coverage)

Objective of Plan:

(a) Move from 50 to 70 percent coverage in country over five-year
period.

(b) Do not reduce a 'y area's proportional coverage, i.e. maintain 80
percent on Area A.

(e) Reduce deviations from coverage proportionately. This means
that col. 3 is calculated by multiplymg the actual deviations (col.
2) by the mean deviation, Le. 1S/30• Hence, in col. 3, 80% coverage
is held constant, and the deviation is O. For the second value,
- 40 is multiplied by 1S/30 which, equals - 6.66.

(d) Cel. 4, which is the target rate among areas A to D, is obtained
by subtracting the deviations in col. 3 from the maximum cover
pge rate; in this case, 80.

Note: The mean deviation is as follows:

Target deviation from highest percct1t (80) to tar~"t average
(75). This equals 80% - 75% = 5%.

This must be apportioned to the nctual average deviation, which
is,

. - 120
4 = 30 (col. 3)

Hence tllC mean deviatio.1 is 51:10.

See Hallak (1976) for further details on this method.

\
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ApPENDIX 16.3

Selected Maps of U.S. Population Density
Produced by the ASPEX ProgranJ (Oblique
perspective views of three dimellsional surfaces)

Source: Harvard Center for Computer Graphics.
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CHAPTER 17

School Mapping in an Educational
Refornl: Applying the Methods
Principal author, Ernesto Schiefelbein; Maria Clara Grossi assisted

1.0 Introduction: National to Local Level Analysis

Educational problems must be described and solutions proposed for differ
ent areas of a nation, or levels within a school system. Nat.ional rates (If
repetition. for example, give a general idea of student flows, when compared
with historic figure£1 or international data. But the rates may be more mean
ingful when analyzed according to level of teacher training, or by student
background. More and more specific data are introduced until the individual
level of analysis is reached and a treatment is prescribed for a particular
student. Planners may work at any point on the continuum from the global to
the individual level of analysis. Here, we work from a national level, to a
subnational area, to a local district le'lei.

For any area, from national to local, to which planning is applied, the
analysis may be car ried out by the use of verbal statements, numerical
tables, mathematical analysis, graphs or school maps. A map is a smflll-scale
representation of the earth's surface on a plane. A chart is a special form of
map on which additional information has been incorporated. The informa
tion provided by maps is specially fitted to analysis carried Gut along thE'
geographical dimension. Information based on spatial distribution and geog
raphy can also be presented in tables. The geographical characteristics are
shown by the row or column headings of the tables. This in fact is the most
conventional way ofpI esenting such information. Ministry ofeducation data
on school buildings, classrooms, teachers, and enrollments are usually given
for the various states, provinces, or departments of a country. This informa
tion can be subjected ~o further statistical analysis to show significant differ
ences by regions. An ac':ompanyingvolume on data analysis will explain how
analysis of variance CU.I be applied to combinations of continuous and
categorical data, for example, achievement test results arranged according to
provinces of a country. Chi-square tests can be applied to data arranged in
categorical form in both the rows and columns of a table; for example,
enrollment in Complete versus Incomplete Schools can be tested for signifi
cant differences by province.

The exercise pfE'sented in this case works with tab.dated data and maps.
No further analysis is applied to the data. Data are arranged in tables, and
the tabulated data are then transferred to maps which show th~ location and
distributional features of the data more graphically than the tables can
disp!a:ytneifi.-A. map may nofSliowany more than a table shows; but the map
shows what it shows more graphically, It is the presentation device best fitted

.. I
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376 PLANNING EDUCATION FOR DEVELOPMENT I Modals nnd Mothodn

to display the spatial features of information. This exercise was designed to
show how to work back and forth between tables and maps. This is a common
task of ministry of education analysts and planners. The methods are illus
trated with a case exercise. There will be additional comments on the limita
tions of maps when used in educational planning.

1.1 Regional, National, Local, and School Levels

School characteristics may he represented at several levels ofgeographical
aggregation. In a UNESCO study of the feasibility of a regional educational
TV system the analysis wa~ carried out for the entire Latin American region;
and for each of the participant countries UNESC0(1975} maps were used to
diagnose the current situation and. to portray the future. The map sets
prepared for each country included population density in 1970 and 1990; a
political map; population by areas of 80 km2 for 1970 and 1990; and the
national population di3tribution.

At the opposite level Of disaggregatirn, in planning ci ty schools, the plant
layout ofa given school, a classroom, or even a student classroom space can be
shown in the most detailed and concrete types of maps for edu;:ational
planning. In the accompanying text of the previous r.hapter the map in
Exhibit 17.1 shows individual students (coded by ethnic characteristics)
located according to their place of residence in the school district. This
illustrates the point that maps as well as tables can display data from the
aggregate level (the population of the world) down to the individual level.

Maps have long been used for portraying spatial characteristics of data
used in physical, economic and social planning. As educational program
planning in developing countr;es has had to deal more with problems below
the national level, school map Jing for area planning has grown iii impor
tance. Mapping responds to increased pressures for analyzing problems at.
the local level. Varied and detailed maps are becoming more necessary as
school mapping adivity increases <Hallak 1976). Furthermore, analyses of
relations between antecedents and effects of schooling have detected signifi
cant relationships between educational outcomes and locational characteris
tics. Rural versus urban birthplace and/or residence, time or distance from
home to school, access to TV broadcasting, size of community, or distance
(time) from teachers' home to school, may all influence school achievem,~nt
Note the effects of rural birthplace and rural residence on school achievement
differences among school children in EI Salvador. This is shown in the path
model in the appendix ofChapter 2. In general, ru:-al deprivation has affected
the qt:ality of educational inputs adversely; but rural children have pe:
former. better than urban students on some achiEvement tests <Robinson
1977). Tn El 8alvador, preliminary analysis indicatr.d that rural students had
L!i~!ltly higher achievement than urban students. This does not mean that
there was not rural deprivation, because many rural students were forced out
of schools before the testing. Rural "survivors" did perform better than

----.--._------_._--



Table 17.1

Population of Urban Centers 1970 (Province of Talca)

2.0 Priorities for Building New Schools: A Case Exercise in Chile

Political and social pressures on school construction programs often intro
duce external and unplanned elements into the construction schedules ofnew
schools. Schiefelbein and McGinn (1973) report experience in Chile which is
common in developing countries. This chapter (based on Chilean experience)
will describe attempts to provide un objective index for defining priori ties for
construction of schools in all aren9 of the co~ntry. Talca, one of the 25
provinces of Chile, has been selected as an example of the exercise; and a
Taica country, the commlma of San Clemente, wiII be ~.t.udied in detailed
fashion in a school mapping exercise.

The exercise was carried out in 1966. The previ('us census of population
had been done in 1960 and published in 1965. There were population esti
mates available for 1970 by provinces. Table 17.1 presents the census data
and basic estimates.

ii

•;
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School Mapping

L'r~Jn centers Census CELME Increase =EUDE
F~ Dlstrlb (1) from 60-70 1970

(1) (2) (3) (4) (5)

~:':;;l Cl\lnc~ 1.~1t: 1.3 1,273 714 1,~17

Ccn~ral

Clpreses 1,515 1.6 1,566 378 2,44'.

CentrJl Isla 7'1 n.R 7n1 43~ 1.;,!22

CUMpeo 1,1)116 1.1 1,~77 eM l,n77

Curepto 1,699 1.0 1,762 93:: 1,762

r,ua11eco 572 0.6 507 32° 537

Lo Valdlvfa 462 (l.5 409 275 409

Lontue 1,115 1.2 1,175 65~ l,fl34

Hau1e 821 O.~ 081 4g4 001

'lol1na 7,621 S.2 8,n27 n 51)2 14,R90

Felarco l,O~3 1.1 1,077 604 1,681

Pencahue 51)0 0.6 5137 329 587
Saqrada 739 0.0 703 439 783Fami l1a
San Clemente 2,507 2.7 7,643 1 482 4,125

San Rafael 1,156 1.3 1,273 714 1,987

Talca 68,148 73.6 72,049 40 407 114,596

Vf11a Prat 1,731 1.9 1,860 I 043 I,ReO

Pop. Urban 02,618 97,892 152,792

Pop. Rural 113,637 120,008 120,OOn
-----

Total
Province 206,255 217,900 54.900 272,800

377

~--- ---------

Source: Population Centers by Province, Census of 1960, Dfr,!cci~n de
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2.1 The Population Base: Table Formats

Column 1 ofTable 17.1 presents Censub data for 1960 by urban population
centers. The percCI~tage distribution is computed in column 2. The Census
percentages are multiplied by the corrected population estimates ofthe Latin
American Demographic Center (CELADE) to obtain the figures in column 3.
On the assumption that rural population remains constant due to migration
from rural to urban areas, all the increment in population from 1960 to 1970
(5'i,900 inhabitants) is distributed in urban areas, using the population
percentages of 1960 to obtain the increases in column 4. Final estimates for
1970 arc shown in column 5.

Rural and total population by counties is estimated in Table 17.2. The
Census population by counties in 1960 is presented in column 1; the distribu
tion is computed in column 2, and multiplied by the total rural population
estimated by CELADE (120,008) for 1970. This distributes the rural popula
tion by counties in column 3. Estimates by towns from Table 17.1 arc added
for each county and presented in column 4 of Table 17.2. Column 5 presents
the addition of rural and urban estimations for 1970. San Clemente County is
estimated to grow to a population of 27,856 in 1970.

Table 17.2

Ru ~Ql and Urban Population of the Province of Talca for 1970

!
Counties Rural Urban Tot~l

cenm 6n Pemnt C[~~~E 70 CE~AOE 7~
( 5)

- - 4)

T, ;c,~ 11,230 9.88 11,057 114,596 "6,453

San Clemente 18,993 16.72 20,065 7,791 27,856

Po1arco 12,205 10.74 12,809 3,668 1~, 557,
Rio Claro 8,660 7.62 9, H5 l,nn 10,2n

Pencahue 7,559 6.6fo I 7,981 507 0,568

Maule 13,148 11.57 13,885 eJ1 14,766

Total TALCA Department 71,795 63.18 75,822 128,6nO 204 ,422

Molina 19,757 17.39 20,069 18,711 39,580

Valdivia de Lontu/i 10,124 8.91 10,693 3,112 13,1125
.

Total LONTUE Department 29,ll81 26.30 31,562 21,:;t~3 53,~O-=-

Curepto 11,9~1 10.52 12,624 2,3\9 1~. ~ ...~

Tota1 CUREPTO Department 11,961 1~.52 12,674 2,34~ 14, ~'73
,- -

Total Province of TALCA 113,637 InO.OO 120,'108 152,792 272 ,800

___________._~.--_._----_J
II' ::' .
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2.2 Working rro~ll Tables to Maps

The population figures may also be represented in maps. In order to do so
tho Census data must be further disaggregated. Table 17.3 presents data for
San Clemente County from the two previouF ;;ensuaos, by smt and district.

Table 17.3

San Clemente County by Districts

Oon, it! of
Census 1952 Ccns us 1%0 populatfon

Ol,trlcts flon Women Total lion Uancn Total 195~ 1%0

San Clomont. 1,170 1,750 3,536 ~.J5t) ~.J4" 4.703 01.94 Ion .99

Ramadllla, " .051 950 2.0n~ 1,475 1.]10 2.79] 00.00 111 .23

Santa Elona 1.248 889 2.137 1.208 949 2,157 48.77 49.23

Pcuno Negro 472 3S7 059 575 439 1.014 If, .51 \9.4<

naja, de L{rc:y 719 614 1.33] 056 703 1,559 74.17 21.26

Vflcho, 2,M4 1.951 4.597 7'9 676 1.175 7.20 o .F5

ICurfl1fnnur 701 .79 9]0 ~,706 2,20] "'.~3~ 0.81 1.90

Cerro Co1orado 975 705 1,580 1,205 000 2.105 5.48 (. .87

Harfpusas 1.5~9 1,232 2.741 1,659 1,·100 3,Ot'1 22.55 25.:3

-
Total 11,097 0.725 19,822 17,792 10.970 23.762 5.11 6.13

'--_.
2P..!!!:£.£.: Lfgta lI.rrora. "Tendonda< del Pob1amlento on Chfl. de,d. 1948 a 19(.0"

0Ir.cc16n d. Estadf5tlcas y Con,os, Junia 1969.

"'Jonslty • fnhabftanlv'km'

Note: In estimating local populations, enrollments, and school needs, the
planner must be constantly moving back and forth between tables,
maps and overlays. He must also be moving back and forth between
levels ofsystem, using national data to guide and to check and control
local data, and using local data to enrich and deepen national data.
Mistakes arc made when there is too much reliance on data tables at
the expense of maps or graphics which give a clearer notion ofspatial
arrangements. It is, of course, equally i.\angerous to rely too much on
graphics at the expense of data. The necessity of working back and
forth between local and national level should be obvious.
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1ft
I Table 17.4 presenta a further disaggregation. The first district, Sar.

Clemente, is broken down by villages, farms, and other population centers for
1960 and 1970.

~
'lIJ,.

1II

i!I>~
.~~

'l'abl~ 17.4

Subdistricts of San Clemente (District No.1)

_.-
UfA Centers Syr.>bols Type lIous[!s Il"n flomen Total Total

19£' 1970--
Rural Alamo, El (-) 35 140 121 261 276

A. Alha, El ( -) 44 93 94 187 19~

A. .~!ha. E1 ( -) n lG 25 b1 64

R. Orfus, las (-) 7 31 31 f2 66

R. Estrella. La ( -) 30 03 67 150 150
R. Granj.l, La ( -) 21 no 74 16Z 171
R. 1I0",19a, La ( -) 17 37 27 64 68
R. Pell Izeo (.) 4 15 14 29 31
R. Pell Izeo (-) 5 12 12 24 25

R. Peralll10 (-) 2 7 4 11 12,. San ~ndr~s (_J 0 20 15 35 37

" San Clemente (3) white 51 155 156 311 328
Urban San Clemente (Z5)blaek 40J l,18n 1,318 2,507 4,125

R. San Diego. (2) white 39 127 111 230 251
A. San Luis de Al I~o (3) white 45 lG5 120 293 310
R. San Haurfela 1-) [I 24 25 49 "2
R. Santa EII'.I,14 (.) 7 27 3D 57 60
R. Sl1nta P.osa (-) 19 53 54 107 113
R. Tlerrue~. La ( -) ~ 20 26 G4 68
R. Tllos. Los 1-) :

5 19 12 31 33

I 1-
850 2,359 ;: .344 4,703 6.445

I

Symbols:

(-) • Centers not located.

White means disoersed population, shown as s",.l1 elrel. on map n.
Alack meons coneentrat~d populatfon, shown J$ laroe black dot on map n.
(.) • Centers considered concentrated, but with a poculatlon le!S than 45 p.oplc.

(_) • Centel's considered as dispersed, but with a population less than 45 people.

i
I

Jl__._~ ~ ---1

2.3 Population and Area Maps

Table 17.4 information was used along with Ille information on Map 17.1 to
build a map showing the geographical distribution of the population in 1960.
Map 17.1, prepared by the Bureau of the Census, includes the names of towns,
hiLnways, and railways. It is small in bcale (1:250.000). butit is m:~ful in the
early part of 0 mapping exercise to hove a small·seale map that sots the
context for more rletailed analysis later. San Clemente is in the centt.!r ofMap
17.1, and various districts of San Clemente (Santa Elena, Ramadillas, etc.)
are shown.

•

....
"
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Map 17.1

The Area Around San Clemente

___ • • __0'_~ ----.

~"

Data from Table 17.'1 and information fron, Map 17.1 are now put together
to make Maps 17.2 and 17.3.

Map 17.2 shows the population of San Clemente in 1960, and is coded to
show the size ofthe population (coded for size by number and type ofJot). It is
also coded to show how the population is dispersed. An empty dot ~hows a
dispersed population living in small farms or Indian !l~tdementsscattered
around a center. The information about San Clerr.nnte which is ahown in
Table 17.4 will be shown inside the line segment ofMnp ~.·1.2. Note th.'l'I;l'Or ,e
of the line segment cuts across certain groupings ofpopulation. This sugg";;.s
some of the problems which will appear when the population is plotted onto
the map. (For the whole county ofSan Clemente, 1600 inhubitant.l:l were not
located, and this represents 5 percent of the population of the county.)

Map 17.3 presents similar information for the year 1970. No attempt was
made to identify new towns or villages, but proportional increments were
plotted, including an allowance for those (1600) not located in Map 17.2.

It would have been possible to plot dispersed p'lpulation with ot.l]er symbols
(squares, for example) in the middle ofeach district, but only an appTOximate
distribution of the population was considered necessary for the pbmning
process illustrated in this cuse.

".1'", _, .. )--\
--'o4j r:
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Map 17.2

San Clemente: Population 1960....

o

...
::s

Popuhtton l.o.nd:

·'00 fnhltHu,ts. concWlt'lb,d PDpulitfon
·'eo inhlbitants. dho.n~tt DOouhtin"

,'.
Map 17.3:

San Clemente: Population 1970....
/

•
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!

i
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Jrll
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3.0 Area Demand for Educational Facilities

Once the population was depicted on Map 17.3, the next step was te.
compute the projected demand for education in 1970, based or. th'" national
distribution by ages (see column 2, Tnble 17.5). National eD.':oU"'lent rau,s
appear in the next column. The product of columns 2 and 3, is presented ;jn
column4. Each figure represents the number ofchildren ofcorrespcnding age
who would be attending cchaol in the ThIen Province in 1970.

Table 17.5

Projection of Enrollment for 1970
Talca ProvInce

Aoes Schoo1 Ige poP.
~~'i~~~oroynm~~) Population of school

(000) (area) ane enro11ed(OOO)
(1) (2) (3) (4)

5 7. 0 15.f4 1.216
6 7.0 43.67 3.'06
7 7.7 97.55 7.511

7.6 99.75 7.591
9 7.5 ry9.07 7.49S

le 7.0 0°.49 ).769
11 7.6 91.f5 6. 9~5
12 7.a 75. Jp. 5.57"
1) 7.2 66.5.1 ·.7n?
l' 7.0 51.50 1.751
15 £..2 • 3.)f ~ .6~~ I1( 5.2 41.32 ~ .4E7
17 5.7 m.l(

'Td1~ 5.4 :9.f( 1.602
19 5.1 16 .0J 15~

20 5.1 7.99 let
21 4.0 1.59 71

I-Total-r~l~l---'- -~(-)-- -'-~',~~)
l.-. __________.___"____ _

\
!
j"

I
__________________~l-.....:.--.....:.-~\\~
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Tnlen enrollment is broken down by grades according to nntio~~l UK\l1i!s.
The total number of students by grades is pn.>sented in Table!7.6. A tot..: cf
21.3 percent of the provincial population is projecwd to be enrolled ir.llaqic
Education level in 1970, and 2.5 percent in middle (sc!;ondary) cducation.

Table 17.6

Distribution by Grades of School Enrolled Population in 197,r)

Talca Province

r---------~---------------- _

Suh-

1- -+_-=1_'-+_.0.2_' -+--,-'·_f_...;.4'-1--2.: _ -i.::.._+--,7_'-i__+._t_o_ta_l_

School-age populatlon

enrolled

Distribution in school lJ.,9~ 17.0£ 12.4.1 13.°1 1J.o~

by grades (S)

PercenUge of total pop
ulat10n in ~9a~fc"

level

lJ.11

~l.l·

f--------.. -'----- - L 1...- __ '--__L....- L_. __ . _

aAS part of th(! Chilean Education Refom, the schools chanoe-d to Il·t"rad(l "~a~1c" lev~l.

____1--- _

f------------- -
~iddle school and pre

university

l
SChool-age population

enrolled.

Distribution ln school

by grades (',)

Percentage of total popula
ti on enro 11 ed.

--_. ---_._----- -- ----

~. 77

.
_____. _.. __L _

10.45
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The enrollment proportions nnd estimates previously carried out in Table
17.6are distributed as a proportion of the 1970 population esti!1lUte in each of
the counties of Thlen Province in Tnble 17.7. This would give an estimate of
5,933 students attending at Basic Level by 1970 in San Clemente. (Map 17.4
shows the geographical distribution of this 1970 demand for Basic
EducationJ

Table 17.7

Population ofSchool Age En.rnllcd in 19700

--
Countle. Urban Rur 11 Totol

B..1c M1ddle Basic ~1ddle B..ic MIddle Pr!-Un

Tolco 24,401 2,946 2,526 246 26,015 3.242 578

Son Cl_nte 1,649 195 4,2B4 502 I 5,033 6"7 127

Pelarc.1 781 92 2,745 322 1,526 41' f7

Rio Cloro 229 27 1.Q"~ 720 2,177 756 47

Pencahuf! I 125 15 1,7r11J
I

20~ 1,025 211 J"

""aule 188 22 l,91n la7 3,1 46 1fO fn

Depto. TALCA 27,191 J,297 16,151 l,R96 41,547 1,1 01 9J5

Moltno 3,981 4B8 4,452 5~2 0,437 I, 010 180

Valdivia ~e

Lontu~ 667 7B 2,2a3 Z~7 Z, Q~O 141 63

Ocpto. LONTU[ 4,652 166 f,731 7C~ ll,3n7 1,351 i44

Curepto 500 E5 2,702 316 1,202 Dl F~

Dcpt". CUREPrO ~OO 65 7,702 )16 J,707 1:1 63
.

Total 32,543 3,92B 21,5BR 1,001 5B,131 6,929 1,247

°Dhtrfbut.s the enroll"",nt by schnol le'l.l proportfoos (pro,lect.d for 1970 fn Table 17.6

by the Total population project.d 'or countte. and .utdhtrfcts pre.'ously project.d

(Tabl. 2), e.9. 27,B56 x .211 • 5993; 27,B56 ••025.697

'.
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Map 17.4 shows the geographical distribution of the demand for Hasic

Education in 1970 in San Clemente.

Map 17.4

EstiTIWted Demand for Basic Education in 19iO
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3.1 School Facilities Inventory

The organization in chlb'ge ofschool construction (SCEE) surveyed school
buildings and inventoried available space in each llchool. The forms, filled out
by the school principals and chec:ked by the architects of SCEE, yieldc<l the
data of Thble 17.8.

Trible 17.8

Schools in San Clemente Survey

•

Provo Ta1ca Opt. Talca County: Sin C1l'mlntf (11-1·2)

..

N' Clufflc. Add..... Grades Sectfon Enroll . Teachers

-
01 - Prfmary Pub1 fc Corrmon

-8 oM. 2a.R .• ·Parc. SU. G1Idys~"~rt:lu'n 1'/6' 6 217 5

-10 -H. 2a.R .• -Fda. 8rolfnld~ro 1"/6" G 91 2

-20 ·M. 2a.R .• -Fda. E1 Ourezna 1'/3" 3 100 2

-16 ·M. 2a.R.- -Los Cipnses 1"/6- 15 71? 14

-21 -M. ".R.- -CTodomtro Sth" s/n 1'-1"/6" Z" 1061 JJ

-12 oM. 2a.R.- -Cam. Int. P~hl,er:.:he-

PerQu'" 1-/4· 0 42 1

-42 -M. 'a.R.- -Bajo L1 reay 1"/0" 0 5P 2

-60 -M. 'a.R.- -Fdo. E1 Col"rado 1"/4" 5 111 2

-63 -H. 2a.R.- -Uda. Martposa 1"/6' 0 156 ?

·66 -M. 'a.R. (.) -Fda. La HOI'miQI 1"/0' 4 113 J

014 - Primary Private
C,,","on

-2 -"'x. G.R. (-)

"1lun1cl nal Sta. c"",n."
Santi Camtla 1"/3' J 77 1

-18 -M•• 5.R. - -Los Montes ~fidl. MartpMI l"/ZO 2 76 1

-Z1 -M•. 5.R. - -fdo. La EsllPl"'lnlil - L.

Elper.nu. 1"/0" 4 116 2

-28 -Mil. R. - -5ti. Elena. Fdo. St•.

Elena 1"/3" 3 77 1

-16 -M•• C.R. (-l -Ogo. Escalonl-Vnches

!!!J.!'. 1'/3' J 130 1

...._._ ..__...-- ...._._-~

i

I
0" .: -'~ : 0',

"'0

.~;5!:~
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=
3.:'. Computing Facilities Deficits

In Map 17.5 the inforIIUltion of Table 17.8 is coded and mapped.

Map 17.5

Schools Available in San Clemente, 1966

.. !,
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~
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• ~".', , L~". ,..... =-
~

5<Iloo1 for Grodos 1-&.

School for Grades 1-4.

• ~.verd sChooh in
the .... town.llpper
trhnal. h loc.tlon

It is now possible to compare Map 17.4 to Map 17.5, in order to see how
many teachers and classrooms the schools should have in 1970, or the
number ofnew classrooms to be builtin order to match demand. (Note thatan
additional map might alRO be useful to show cnpacities under the alternative
of scheduling more than one shift.)
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Table 17.9

Demand arid Deficit ofClassroorns for 1970a ,b.

389

1

Urb,n Rural Total Instlll.d Oeflc 1 to
Counttl$

ule Hlddl. en. HId. Bu. HId. CPU eu. flfd. Bu. "Id. CPU

TaTca 509 74 53 7 562 81 15 271 146 -29~ -65 -:.
Sin Clemente 35 5 09 13 124 13 3 60 - '3 -10 -
PeToreo i6 2 57 8 7J 10 2 42 - - 31 -10 -
RIo Cloro 5 1 41 6 46 7 1 17 - - 29 - 7

Pencahue 3 - 35 5 30 5 1 15 - - 22 - 5 -
Mll'1e 4 1 62 9 66 10 2 41 - ~ ~5 ..~O -
f--.

Oepto. TAlO Totol 572 03 337 .8 909 131 2. 447 146 --'62 +15 -24

fl.11n, 83 12 93 13 176 25 5 6' .4 -112 +19 - 7
V,ldlYI, de 1.0ntuE 1. 2 47 7 61 9 2 26 - - 35 • <; .
-" -j-

Depto. lOfITUE Tot,1 97 14 140 ,n 2~' 34 7 90 44 -147 +10 - 7

Curepta 10 2 57 B 67 10 2 16 1 - .1 • 9 - 2

I --
Op~to. CIJREPm 1" 2 57

1
8 67 10 2 26 1 - 41 • Q - 2

Tot,l

TOTAL 679 99 53. 76 1.2D 175 33 563 191 ·650 +16 ·33

"rhe number 0' required el.ssrooms we.. estl... tod by dlYldlng the n_er 0' students
by 40. e.g. 5933 (Tab1. 7) divIded by 48 • 124,

ltapac1ty has been computed uclud1ng spices for administrative purposes. Ahles. tuders'
houses. boarding areas, library or other spices not for' ttlchtnC] purposes.

The demand for additional school facilities is shown in the figures com
puted in Table 17.9. San Clemente County must build 64 additional
classrooms at Basic Educational level ifschools are to be operated in only cne
shift (this was then the current pOlicy). If schools are operated in double
shifts, only two additional classrooms would be needed. Note the assumption
behind this arithmetic. It is one often made by planners. Without further
analysis they assume that 60 existing installed classrooms can be multiplied
by 2 to yield 120: 124 - 120/2 = 412 = 2. This in turn assumes:

- That the 1965 installed capacity of60 classrooms will still remain
adequate space in 1970. Though the survey might inventory itas
adequate space in the base year, it might not still be adequate
(without extensive repair) in the target year 1970.

".- That population is distributed in such a wax that all students
could attend double sessions in the 60 rooms. The map analysis of
San Clemente shows that this miqht be possible given existing
residence patterns, I::ut planners cannot be certain that this will
prevail in the plan year. It also assumes that schools would
require an exact doubling of classrooms. This must be checked
school-by-school. In the Talca situation it was checked and ad
justments were made.

Also note that there are no precise data on the cfTcct& of migration. Past
patterns were analyzed, and it was shown that there had been no effect on

I
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San Clemente. This docs not mean, however, that these patterns will not
change. The planner can never be sure of this. At best he is a sage-never a
seer.

At the national level enrollments ofseven-year-tllds had increased rapidly
in the period prior to the TALCA study. TIIiI< increase, as Thble 17.9A will
indicate can be attributed to both T:l•• id ir;.:rr:lse in the scven-yenr-old popu
ht j"l1 h,,;.;p. "nrll'l Il'lr~~:'r !,..n,·~·"~ "f f h:, ~ I>:lse enrolled in school mainlyat first
""': >-:',,,,,,,,'.: ~,'a..J~, Th~ T:\LC;\ .,,-; ll'!Y, though an example ofschool mapping at
the Juc" Ii.,....·!, "';",) us."': n" tional trends as rough guidelines for estimation of
local changes.

Thble 17.9A

Population Enrollment Changes

::

Year

1954
1962

Seven Years
Population

166,(iOO
218,000

(Table 2)
Maximum %
Enrollments

80.60%
95.84

Estimated
Newcomers of

Seven Years
Cohort

134,000
209,000

_....JI
0.1 Af>signing New Tea.:hers

The assignment of new teachers requires the definition ofcatchment areas
for each secondary school. The area covered will depend on the time and cost
of transportation required for students to reach the school. The maximum
time is around 45 minutes: (a) 3 km for a 7-year-old child who is walking;
(b) 12 to 15 km for someone ridinga bicycle; (c) 30 to 40 km for someone riding
a bus.

.....

..--------
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Table 17.10

Index ofPriority of the National Plan for School Construction, 1966·1970
(Claesroom Units)

Sufcl Mld.1 ToUll Sulci Mfd.1 Total I Sulc I MId. I Total

tauntfe~ and

Oep,lrments

Capac! ty • C

SUfc IMld. I Total BIS~

Oenand • 0

Mid. I Pro•. Total

Oeffcit • O-l:

Sulc I Mid. I ToUl

Capacity
(}emand

• fo
Genand \ Index of P~iortt.Y

DeITch • 1 • ~ (O.C) (l • C/O)

hlc. 271 1146 417 562 81 15 658
S.n Cl_nt. 6U. ED 124 18 3 145

p.llreo 42 I . 42 73 10 2 85

Rfo C!lro 17 I' 17 46 7 1 54
P.nq""h"" 16 • 16 38 5 1 44

110"'. 41 • 41 I 66 10 2 78

291 -50 241

64 21 85

31 12 43
29 8 37

22 6 28

25 12 37

0.48

0.48

0.57
0.36

0.42

0.62

1.52 0.63

0.41

0.49
0.31

0.36

0.52

0.52

0.52

0.43
0.64

0.58

0.38

• 0.37

1.00 0.59

1.00 0.51

1.00 0.69

1.00 0.64

1.00 0.4B

151,.32

:...' ;;..
13.33

18.56

12.76

9.50

21.00

12.00

8.00

6.00

12.00

89.17

50.15

21.93

25.53

17.97

17.76

211.95

47.04

23.04
74.118

9.02 I 36.96

0.54

I!.lX)

235.62

71.68

~
92.61

25.42

0.06 10.45

0.64 • 0.48

0.58 1.00 0.64

0.63 • 0.52

0.62 0.82 0.66

0.510.55'0.940.49462 I +9 I 471Copto. TAlCA 447 146 593 909 131 24 1.064

11<01 In. 64 44 108 176 25 5 206 112-14 98 0.36 11.46 0.52

V.ldlvl. de lent", 26 • 26 61 9 2 72 l5 11 36 0.42 I • 0.36

Depta. lOllT\J£ 90 C4 134 237 34 7 27B 147 .3 144 0.l7 11.07 0.48

C"f'eIlto 26 1 21 61 10 2 79 41 11 56 0.38 ~.OB 0.34

H
\ ~

Depto. CUIl£PTO I 26 I 1 I 27 I 61 /10 I 2 I 79 I 41 /11 I 56 I0.38 p.OS 10.34

I'llOV/folClA DE TALCA 563 191 754 1.211 175 33 1.421 650 +17 667 0.46 p.91 I0.53

0.6210.82 10 .66

0.54 0.09 0.47

25.42

351.00

9.02136.96

1.5J 313.49
~
lr
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5.0 Estimating Needs Baspd on Enrollment Flow

Pressure for expansion of the school system is heavy in developing coun
tries, given the high rates of population growth. In Chile, each year the
country was studied by a task force charged with reporting on student flows.
Each task group was provided with school maps, including lists ofunlocnted
villages or schools, such as in Map 17.6. Local authori ties could then provide
additional information to update standard maps like 17.4 and 17.5.

Local rates of repetition and dropout were compared with national or
regional averages in search of atypical cases and their cnuses.

As part of the Chilean School Reform an B-year Basic School level was
established. Grades 7 and Bhad to be shifted frol!' middle schools as part of
the San Clemente mapping.

Map 17.6

San Clemente, Unidentified Population and Schools

,-"'-- ...... ,
, "-: ...
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Table 17.11 shows the school needs analysis by the local tllRk force in San
Clemente: (a) 4 seventh grades will disappear in secondary schools and will
be created in Basic schools, (b> 3 eighth grades will be added in secondary
schools (in addition to the eighth grades created in basic education); and (c) 17
new first sections in secondary are to l>e created. On-site discussions with the
principals is always required before reaching a final decision.

In planning, the social dynamics of the process, and not mere techniques
are always important. Before thp ~"ocedurewas carried out for the first time,
a national seminar for all principals was sponsored by the Ministry. In
addition to the information about the purpose and mcthod, 11 c.'U:(l study was
worked out, and this was uscd to explain the procedure to the principals in a
participatory discussion format. See Schiefelbein (1974).

The actual working out of the provisional results was a simple thing:
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Table 17.11

Provisional Results

7° s· g. 10· 11° 12°

School 1 -2 -2 -1

School 2 +1 -3 -2 -1 +1

COl!lllcrcial -4 -2 - to create

Industrial
+ to abol Ish

-2

Fern. Technical
Total to create

-- 25
"lddle (secondary) +3 -3 -7

rlonnal Schools +5

Annex
r-'

Total +4 -3 -17 -5 +1

Estimation of the local results was also guided by the national pattern
which showed a strong and steady increase in the Basic and Secondary levels
of school.

Table 17.12

Growth in School Enrollment by Levels {rom 1964-1970

InCI"eaSe or
Decrease %

1964 1970 1964-70
Bas;c (1) Pub 1.088.8 1.610.7 47.9

Pr;v 464.5 512.7 10.4
Tot 1.553.3 2.123.4 36.7

Secondary (2) Pub 62.1 154.4 148.5
Pr;v 37.1 61.1 64.6
Tot 99.2 215.5 117.1

4.0 Priority Indices {or Showing Area Need

Table 17.10 shows different ways to compute priority indexes, A quotient
between capacity available and demand would give preferential attention to
those counties or provinces with lower indexes. A quotient between deficit
and demand will give preference to those places with a higher coefficient, but
it is equivalent to the previous index. The third index will give relatively
more weight to absolute deficits. The specific index to use will depend on
general educational policies of the country; but no all-purpose, all·area
norms are ever completely objective or acceptable. Norms vary with
circumstances.

I
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Map 17.7 shews walking distance catchment arens for the primary schools
in San Clemente.

Mep 17.7

Catchment Areas, San Clemente

Seal., lem. 2.5 km • radius
of smaller circle

2cm • 5 km of radtus
of luger circle

In Map 17.7, which shows the catchm'Jnt areas of San Clemente, the
smaller circle corresponds to a 2.5 km radius, which would give an area of
about 20 km 2• The outer circles have a 5.0 km radius, which would yield an
area of about 80 km 2• Most of the areas in the map depict a whole circle with
the standard radius but, in some cases, rivers or mountains reduce the area
that can be served from a given school location. Note that area A is broken by
a mountain and gorge.

Other maps may help to identify the area features which limit attendance
for students in areas where access is affected by natural barriers or lack of
roads. (Exhibit 17.1 is a highway map of tIle San Clemente area, and it was
usedin the location analysis. Exhibit 17.2 shows the river system in the area.
Other maps might also serve the planner.

In the case of populations which are distributed in relatively flat lands,
more simple methods based on dcmity of population may be \IF.ed. The ~ea-.

may be covered by hexagons (Hallak 1976). Thesc formulas an! discu88erlin ..
Chapter 16 under Area Planning. (Thc formula is 2.598 r 2d,wherer is the
radius, d is the school age population density, and 2.598 is the factor to

\:
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C:'lmpute the area (If a hexagon with distance r from center to side). Local
information 0:1 be !; rr utes and schedules, roads, bicycle usage, bridges over
rivers and creeks, mr :ntains; and other geographical features, arc of key
import&nce for a realistic appraisal ofpossible alternative ways ofdetermin
ing locations and assigning teachers or other resources to the area. The
additiom'! information should be recorded in maps and tables.

6.0 Final Comments: Limitations rJn Mapping

Maps are far from beingprecise, and it not easy to put togetherinformation
from two sets of maps. (As an exercise the reader should try to compare Maps
17.1 and 17.9.) However, people with training in geography or urban plan
ning are often avail,1ble to help. In the Chilean exercise, Ministry of Educa
tion planners were assisted with technical help from the Military Mapping
Institute and from the Directorate ofCensus and Statistics. A professor in the
School of Architecture at the University of Chile assigned students from his
urban planning course to help educational planners inventory space needs.
The task of a planner is to find expert help from specialists.

An entire country of the size, ifnot the shape, of Chile, can be shown in 15
large maps (2- to 2-meters each); but for certain occasions it is necessary to
work with larger-scale maps of smaII area, for example. in meeting with
principals or district inspectors. These meetings also offer an opportunity to
update local information. There may be no need to prepare a new map;
suitable symbols may be added to show new information.

Working on problems at the local level may lead to increasing the esti
mates of resources required for program implementation, because catchment
areas tend to be reduced by geographical features. Resources cannot be fully
utili2.ed because of indivisibilities in schools, rooms, or teachers. In many
isolated areas it may be necessary to return to one'room, one-teacher multi
grade schools, at least until the developrilent of the country permits busing
students for longer distances.

Successful work in planniDg depends on the accuracy of data. Sound local
information is critical for planning, and local educators should be trained in
the use of maps and in the handling of basic data. The experience from this
case suggests that local school official3 will take the initiative and do a great
deal of work in planning. The planner must stimulate this local initiative.
Mter two or three visits to a region, the school priilcipals in Talca organized
themselves to get information and present their own solutions to confront
planners. In many cases the local proposal was the best.

Training for local people in mapping and data analysis is a basic require
ment, and also an important by-product of local planning. Central plannera
cannot handle all areas; c::mtinuing locally bast'd research is neceosary.
Distances from different cities, villages or farms, means of tmnspOltation,
schedules, fares, and other relevant information should be collected at the
local level. Use of bicycles deserves special attention in all casCli'Where roads
are usable all year round. Large cities prescnt some special problems, but
more information is avaiJ,able, and more experiences from developed coun-
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triell may be applied in the urban areas of less developed conntries. Each
rurd aren is unique.

The catchment area for larg<t dties and population centers must be deter
mined, arid often it includes a broad area ofthe surTounding countryside. The
te('hniques arc besically the same as presented above.

The available information always forces the planner to create new ways to
insure consistency in marshaling the fragmented data with which planners
must UJork when anal,y"ling local situations.

,
•

Exhibit 17.1

Map 17.8 Highways
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Exhibit 17.2

Map 17.9 Hidrographic Sj'Stem
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Exhibit 17.3

Map 17.10

-.

ExhIbIt 17.3, Hlp 17.10
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Stllected Methods Glossary 340-344 Annunl cost 24·32, 41-55, 301-318

Compllrntivo AnnlV9is 67, 205, 224- Cnpitnl cost 24·31, 48-55, 297,303·
230 312

Manpower Planning 170, 186-190, Cost norms 353-354
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340 302-312,314-318
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Moderator Role 325, 327-329, 340 354
Products/outcomes 328-329 Cost-effectiveness (annlysis) 299-300
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Priority issues 326-328 352-356, 359, 372
Resenrch ngendn 326-330 Attendance nnalysis 347-350, 0357,
Workshop 325-326 379-386, 389-395
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li9-70, 156, 162 EnrollmentlPopulntion Rntio Mnp

Formuin 69·70 363, 382
Growth Fnctor 213 Cnmputation tables 359, 372, 384,
Rnte 69·70, 165, '.06-207 385
Tables 70, 89, 15,1, 225-226 Equity in 346-348

Computer codes 39, 41, 45-46, 52-53, Maldistribution by regions 345-348,
55-58,94,103, 105, 120 353,356-357,363,372
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Documentation 55·56 356·357,372
Enrollment Projection Codes 103, Populntion in Enrollment Age 356-

105, 120 359, 378-379, 383-386
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Con9traints (gee Linear Programming) Arithmetical rates 69, 226-228,
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Gompertz 90, 156-159
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227-228
Linear fit 152-155, 109, 227-228
Logarithmic transformation 157

159
Manpower trends 18D-181, 213,

223-232, 253-257, 262-276
Modified Exponential 156-159
Normal Curve 156
Normal equations 154-155, 157-160
Parameters, 90, 152-160
Pearl-Reed (logistic) 90, 156-159
Polynomial 90-91, 156-160

Cubic 91, 158
Quadratic, second degree curve

form 70, 90, 158-160
Population 69-70, 90-91, 151, 158,

180-181
Yule curve 90, 156-159

Data Analysis (statistical) 375
Delphi (see Heuristic Methods) 319-

325, 329-330, 340-341
Defined 321, 340
Compared to Compass, 329-330
Conference or Real time Delphi

320-322
Consensus/Convergence Process

321,323-325
Group Average and Outliers 323-4

Conventional or Delphi Exercise
320-325, 329-330, 333-339

Example of Delphi Exercise Ques-
tionnaire 333-339

Monitor (control) team 321-325, 340
Policy Delphi 320-323, 325, 329-330
Questionnaire Form 322, 333·334

Rounds of questionnaire 321-322
Stages of a Delphi Exercise 321-325
Statistical Measure of Convergence

323-324
Central Tendency, Median 323

324
Dispersion, inter-quartile range

323-324
Outlier values 323-324

Demand (Educational)
Economic demand (see also man

power requirements) 13-17,
162-278,377-390

Facilities (demand) 383-390
Social demand 13-15, 129

Demography, Demographic Analysis,
13-14, 63-102. 104, 112, 128-130,
134-140, 347, 351, 355-361, 377
390

Births 13
Cohorts 13. 66-69, 71-83, 94-101.

128·130, 1::4·140

Component Method 13, 63-102
Data Ulled in Flow Estimates 14·15,

66·67,82-83, 121·125, 128·133
Fertility Component 13, 68·69,

71-73,75·79,81·82,84,99-101
MigrAtion Compcnent 13, 68·69, 71,

76, 83-86, 92, 99·101, 104, 254,
355, 377-378

Mortality Component 13, 68-69,
71·74,76-81,84,97-98,99-101

Natural Rate of Increase 69-71, 81
Simulak!d Cohort 129·131
Socia Economic Effects on De

mography 78-79, 83-86
Structure (Population) 64-66, 71
Vital Statistics 63, 68-69, 78-79, 81,

83
Diagonal Analysis 121, 123, 127, 132

133, 138, 141-142
Model for 123, 132, 138, 141

Dialectical Process (in Planning) 319
320, 322, 329-330

Ideological Domain 319-320, 325
Discount (interest) Rate 299-312,

314-318
Discounting 299-312,314-318
Interest 300-312, 314-318
Market Rate 305-306
Social Rate 305-309, 314-318

Disjointed Incrementalism 2
Distributional Equity and Class Ef

fects 14
Dominican Republic 166

Census :<:44·245, 253-254, 262
Manpower Caso 166, 186, 190, 213,

223, 226, 228-232, 243·278
Drop Out (desertion, wastage) 14,

103-104, 107-111, 114, 121-146
Policy 107, 113, 128
Rates 14, 103-104, 107-111, 114,

121·146
Economic Growth Forecasts 65·66,

164, 170·171, 176·178, 183-184,
200-202, 207·213, 323

Econometric Models 66, 176.178,
183·184,225

Foreign Exchan&cl Effects 205
GNP as Rate 183-184,187,197,237
Gross Domestic Product (GDP) Fore-

casts 233-235, 237
Inter-industry, Inter-sectoral Anal

ysis 171. 177-178, 183·184
InvestmenUsavings 177, 183, 205

206
Manpower Requirementll Basis

183·184, 186, 204-209
Product Forecast 164. 17J, 2\14-209.

213·214, 224·i42, 253-254,
255-261. 262·278
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Capital/output 171, 183-184,225
Input/output 171, 183-184, 225·

226
Population as basis 66, 183-184,

225
Value Added Forecasts 253-256,

262-278
Economic Indicators for Areas 65-66,

323,347,353-355,360
Education Attainment of Work Force

(see manpower) 188,190,209-219,
223,231-232,245-247,258·261

Setting educational distributions
188-190,209·219,231,277-278

Setting education by occupation dis
tributions 188-190, 209-219,
297-298

Effects (outputs and outcomes) ofEdu
cation 9, 11-12, 34-38, 299, 308,
310-312,347-348,350-351,376

Achievement 34-35, 299, 310
Attainment 9, 11-12, 347-348,35(1

351
Drop-out, Repeater Rates 299, 310
Earnings 299-300,310

Foregone 303, 314-315
Location Effects on Educ .lOn 355,

376
Communications ::155
Distance 355, 376
Rural vs. Urban 36-37, 376

Outcomes 9, 11-12, 35-38
Path Model of Effects 12, 34-38, 376
Productivity as Outcome 298-299

Effectiveness 299, 303, 309-312, 350·
351,352-353

Efficiency (school system) 111-114,
128, 247, 297, 299-300, 350-351,
352-353

Cost-efficiency 130, 353-354
Effects of Repetition 128
External 303·304
Internal 299
Output 128, 350-351, 353-354
Space Utilization 354, 383-389
Unit Costs (per student) 299-300,

353-354
EI Salvador 3,376

Organization 20
Planning 3, 20

Employment
Projection of 163-186, 197-202,

205-207,220,224,228,233-237,
244-245, 248, 256, 259·261,
263-278

Enrollment Policies 103·104, 107,
110-111, 113-116, 128,376,.. ~

o ell "
346,348,350,352,357·360,390

Enrollment Projection (flow models) 5,
13,14-15,29,48,51,68,103-120,
121-150, 163·164, 194-196, 213
220, 231-231, 246-248

Age-grade Matrix 121,128-131,347,
383-3811

Attendance 121-122, 126-131, 134
142, 1<4, 146-149, 346-350,
358-391

Enrollment Flow as Indicator 348
349

Entrants (Newcomers, New En
trants) 123, 126-127, 129-132,
135-136, 138-144, 146,231-232,
348

Flow Rates 14,68,103-120,121-146,
231-232,348

Dron-out 14, 103-104, 107-111,
-114, 117-120, 121-146, 231
232,348-349

Promotion 14, 103-104, 107-114,
117, 120, 121-146, 231-232,
348-349

Repetition 14, 103-104, 107-112,
114, 117, 120, 121-1 ~6, 231
232, 348-349

Force-outs 131, 348,352
Institutional Projections 104-105
Model Form 106-110, 123, 127, 132,

136-141
Closed System (nationall 104

Model of System Flow 5, 13, 14-15,
29,48,51,68, 103-121

Neutral Projection 213-214, 219
220,231-232

Statistics 107, 345, 347-350, 355,
375-396

Structure of Enrollments 29, 340
350

Pyramid 249-250
Subnational (area) Projections 104

105, 383-:188
Catchment (sending) area 105,

353-354, 375-376, 383-386,
392-396

Supply Projections 194-196
Transition Proportions 107-109,

117.120,348-349
Diagonal analysis 121, 123, 127,

132-133, 138, 141-142
Estimation 107-109, 123-150,

348-349
Vector of Existing Enrollments

108-109,111-114,117-120
Equality 312, 346, 350-351
Equity 14, 346
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number of births per woman)
100

Crude Birth Rate 81, 100
General Fertility Rate 100
Total Fertility Rate 100

Forecnsting (see projections) 25-26,
63-64, 66-67, 151, 161-166, 319
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176·179,183-184, 185, 187-188,
200-202, 205-208, 213-214,
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262-272

Estimation 164-165, 170-171,
176-179, 183·184, 200·202
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Supply 15-17,23,25,104·106,110- 15-17,23-34,39-41,47-57,110-
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190-196, 219-221, 231·232, Cost Models 6-7, 24-31,41-57
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117-120 146
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105,352-353, 384-385 30,32,34-38,39-47
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72, 73, 76, 84, 104 Exogenous 25·26
Internal 72, 84-86, 92-93, 104, 355, Independent 11·12, 34-38
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80 Mortality <Death, Death Rates) 13,
Sub national (area) 72, 84-86, 92-53 68-69, 71, 76, 83-86, 87-89, 92,

Mobility (Work Force) 244-245 99-101
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Defined 4 97-98
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Administration/organization 6-8, Infant Mortality (death rate) 79

18-20 Life Expectancy 0 (sec Life Table)
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105-109,115·118,123,132,141. Life Tables 64, 71-81. 88-89. 97·98
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Multiple Loop Feedback (DynlUIlic)
Model 10·11

Natural Experiment 34·35
Needs Assessment 347, 350·351, 356

360, 388-396
Building Needs From 368·371, 388

396
Enrollment Flow Indicators 349-350
Prio::ity Indices 390-391

Nonformal Education 248·250. 310
318,347

Norms 345-348, 351, 353·359
Enrollment Flow National Norms

348·351
Standard Class Size 356·359

Objective (sec Goals) 1
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gramMing) 24-27, 27-33, 41·47,
49-53

Linear 24·27, 42, 49
Quadratic 29, 31, 57

Occupational Distributions Work
Force (See Manpower) 165, 167,
173-175, 177·179, 185·190, 197·
199, 200·202, 208·219, 255-278

Setting Distribution 185-190, 197
199, 200-202

Occupational Mobility 164
Occupational Outlook Handbook 173·

175, 176·179
Optimization 24·3"

MlIximization 24, 25, 32, 33
Minimization 27·32,42,45·46,48-57
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6·8, 18-20, 357
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tion anr! DevelopmAnt (OECD) 188

Outputs (Education \see Effectsl
Outcomes) 8-12, 23, 34·38, 298·
299,310,348,350·3~1

Achievement 12, 34-35, 298·299,
310,350·351

System Performance 12, 350·351
Test Results 350·351

Paraguay 123·152, 192, 232-235
Educational Statistics 121·149
Manpower Planning Methods 174,

192, 232·235
Participatory Planning 2
Path Mode! (Analysis) 11'1, 23, 35·38

Path Coefficients (Standardized Re
gression) 35·38

Pattern Language (sec Heuristic
Methods) 342

PERT (Project Evaluation and Review
Techniques) 12, 279-296

Activities, Defined 280·281
Critical Path 281-287

Events Defined 280-281
Loops 281·282
Network Chart Described 280·283
Time Estimates 21>2·287

Average time 283
Distribution 283
Formula 283

Contractual Time 282·283
Earliest Possible Time 282·285

Calcubtion 284·285
LuleJt Allowable Time 282-287

Calculation 285·287
Slack Time 285

Calculated 285·287
Defined 285·286

Time Sequ!lnce 280·296
Illustrated 280-282, 284-286,288,

291, 294
Peru Rural FeederlNuclear Schools

357
Planning (Approaches) 1·31,356·357,

360
Advocacy 2·3, 329-330
Bottom-Up 2, 329, 360
Heuristic 319-344
Incremental 329·330
Participatory 2·3, 33, 319·322

Issues Definition 322
Problem Definition 319-321

Rational Planning 1·4,23, 311·312
Criticized 1-2, 312, 330
Defined 1
Straight Rational vs. Street Ra·

tional3
Synoptic 17
Transactional 2
Transactive 2

Population Projection (see also De·
mographic Analysis) 5, 13,23,34,
57, 63-102, 104·105, 129·131,
134·142, 153, 160, 164, 169-172,
180·181, 197·199, 253, 346·357,
353·359

Baoe Year Population 13, 63·66,
68-73,76-78,83·85,99·100

Cohort Survival Method 13, 66·67,
71·83, 94·101

Components Ml'del 13, 63. 65. 68.
70·73, 76-7'7, 9~·101

Demographic Targets 5, 13, 24·27,
31,48,50,51

Distribution (areufl) 65. 356-359, 373
Population Density 65-66, 356-359,

375·376, 382. 386
Registry Data 63, 69, 80·81
Smoothing, Correcting 68·69, 80·81
Sprague Multipliers 73,;8-79, 94·96
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34'1,357-359
Sub-national (area) Projections 72,

84·86, 92-93, 345-348, 351-352,
356-359, 375-383

Survival Rates 72-75, 77, 79-81,
97·98

Symptomatic Data 83·85, 100·101
Threshold Population 356-359

PREALC (Latin American) 147
Prediction (see also Population Projec·

tion) 64, 342
Contrasted to Forecast and Projec

tion 342
Defined 66-67, 342

Present Value 300·302
CosUReturns Compared 303-318
Net Present Value 300-318
NPV compared to IROR 308-311
NPV Tables 315·317

Primary (Elementary) educl'tion (see
also Basiclevel) 112-116, 247-250,
352·353, 356-359

Chile 213·218, 221, 345, 357-359,
375-396

Production Function (Education)
11-12, 34, 35

Productivity, Economic (see Man
power) 157, 164-165, 170-171,
176·179, 183·184, 187-188, 200
202, 205-208, 213-214, 224-232,
237-242, 253-278,298·300

Project Analysis (Appraisal) (See Ben·
efit Cost Analysis) 279-318

Project Life 300·302, 313-318
Projection (See Curve Fitting, Enroll

ment Projection, Population Pro
jection) 63.102, 151-160, 162·278

Defined 64, 66·67, 342
Enrollment Projection 103-120,

121·146
Manpower Economic Projection 157,

162-278
Manpower Requirements 25·26,

162-278
Methodology (Gen.) 151·160
Population Projection 63-102, 151,

158
Project Planning 279·318

Capital Projects 279-280, 297, 318
Objectives 300, 310
Project Defined 280

Promotion 14, 110·111, 114, 117-120,
121-146, 231·232

Policy 14, 103·104, 110-111, 113,
116, 126-131, 142, 146

Rates 14, 102·1Q4, 107-111, 114,
117-120, 121-146
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Social (automatic) Promotion
126-131, 219·220, 245-248,
258·261

Quality (educational) 27-29, 31, 48, 51,
52

Improving Quality 31, 51, 52
Technology 48, 51, 52

Rate-of-Return 12, 297-318
Cross-sectional measure 299·300
Education and Earnings 298-300,

302-304
Internal Rate (lROR) 304-312
Productivity 299-300

Reform (Education, School) 203, 221,
345·346, 352

Chilean 203, 345, 375·396
RegressionlLeast Squares 10-12,

34-38, 155-162,224,227-228
Relevance (education) 351
Repetition 110-111, 121·146

Policy 14, 103-104, 110·Il1, 113·
116, 126-131, 142,146, 149-150

Rates 14,103-104,110·111,113-116,
117-120,121·149,231-232

Rural Schools Ill, 113, 114-115, 133,
358-359, 375·396

Completellncomplete 133, 358-359.
376,387

Grade Structure 6-3·3 Pattern
358-359, 376

Planning Rural Education 350·351,
375-396

Rural Effects on Education 131,
350-352, 375·376

Satisficing 32·33
Goal Models 32-33

Scenario (sec Heuristic Methods) 343
Scheduling (Models/Methods) 12,

279·296
Critical Paths 12, 280·288, 296
PERT 12, 280-289

School Location Planning (sec also
School Mapping) 345-346, 352·
353, 375-395

Building Inventory 368-371
Census and Surveys 357
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Deficit Estimates 388·393
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Migration Effects 355-357
Priority Indexes of Need 390·391
Threshold Population Density 356-

357
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358·359
School Mapping (sec Area Planning)

83-84, 85, 345·396
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Catchment Area 354-359, 361, 364
365,379-386,389,392,394

Charts Defined 375
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361
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388, 392, 394·396
Administrative Divisions 355,

376·378
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375·376,397,398
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380-395
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376
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357
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School Map 347, 358, 376
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Map Overlays 354
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395
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Methods) 28, 29, 343
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56·60
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343
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94·96
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Excess Years 350
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US Dept. of Labor, Bureau of Labor
Statistics 172-179, J 33-184,237

US Office of Manager.lent & Budget
174

Venezuela 35, 112, 192
Vocational Training 30, 42-47, 246-
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Planning Example 310, 313·318
Project Analysis Example 313-318

Workforce
Entry Rates 115-116
Participation Rates 110

World B~nk 121, 309, 352-354, 360
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