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ABSTRACT: Since 1960 a debate has taken place between demographers and natural scivn-
tists over projections of world population into the future and the methods appropriate for
making projections, Underlying this debate is a disagreement aver the factors which influence
human papulation growth. To the usual factors of Tertility and monality the natural scientists
emphasize the human population’s ability to communicate and thereby to enlarge available
resources. Also at issue are different philosophies concerning the manipulation of data, The
dlebate between demograpbers and natural scientists bears many of the features of a scientific
revolution as described by Thomas Kuhn, The new theory also meets the criterion of scientilic
grovwth contained in the corespondence principle, The theories usedk by demographers and
natural scientists have political implications, since the demographers assume stability whereas
. the natural scientists observe instability.

A STRUGGLE BETWEEN TWO THEORIES

A scientific revolution is currently taking place in the field of demogra-
phy. The opening shot in the revolution was fired in 1960 when Science
published the article, “Doomsday: Friday, 13 November, A.D. 2026," by
Heinz Von Foerster, Patricia Mora and Lawrence Amiot (1960). Since these
three co-authors were at the time located in the Department of Electrical
Engineering at the University of lllinois, the event was somewhat more like
a scientific invasion than a scientific revolution. The new point of view
came from outside the field of demography rather than from inside.

Nevertheless, the debate between démographers and natural scientists
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about warld population growth bears a resemblance to Thomas 5. Kuhn's
well-known analysis of the structure of scientific revolutions (Kuhn, 1970),
Kuhn described the way that scientific theories usually change. Most scien-
tific work occurs during periods of what Kuhn called “normal science,”
when scientists are guided by a widely accepted set of concepts, models,
examples, and technigues. Mosl scientific work takes the form of puzzle
solving—existing theories suggest logical or experimental difficultics which
scientists try to solve. During a period of normal science, anomalies ac-
cumulate, Eventually a new theory is proposed which claims to resolve the
anomalies. The field then enters a revolutionary period in which the adher-
ents of the old and new theories compelte for dominance and for followers,
Those who adhere 1o the old position rarely change their minds, The issue
is resolved by the members of the younger generation, who must choose
which theory best facilitates puzzle formulation,

THE ORIGIN OF THE NEW THEORY

The new theory did not emerge from an effort to resolve anomalies in
the field of demography. Rather, it emerged from reflections about popula-
tions whose elements can form coalitions. Under a grant from the National
Institutes of Health to the Biological Computer Laboratory at the Universily
of llinois for a study on the kinetics of cellular proliferation, Heing von
Foerster and his collaborators developed some conceptual tools for dealing
with populations of dividing and differentiating cells, and the mathematics
for age-specific cohorts in a complex cellular environment {Von Foerster,
1959; Von Foerster, 1961; Trucco, 1965; Witten, 1983).

In these studies an intriguing side issue emerged, namely, how to per-
ceive a population whose elements not only act upon their environment
which in turn, affects the elements, but whose elements also interact with
each other through coalitions, cooperation, communication, etc.

Whereas Malthus, Lotka, Verhulst, and others saw in interactions of
elements essentially only mutually inhibitory functions (e.g., competition
for limited resources), Von Foerster et al. developed expressions that would
allow in addition for the formation of mutually supporting aclivities
through cooperative clusters “playing” a non-zero sum game with their
enviranment,

The general form of these expressions

N =K/t - t*

iwhere M is the number of elements, t is time, and K, k, t; are characteristic
constants) showed two unexpected features. One is the hyperbolic nature
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of the growth of these kinds of populations with an indication of instability
at time t = t, when N grows beyond all bounds. The other is the temporal
behavior of these populations’ “doubling times,” a notion borrowed from
studies of dividing cells and, with the doomsday article, introduced into
demography. For such populations, doubling time decreases linearly with
time:

doubling time = {, — 11 * {ln 2}/ k.

Since humans, communicating and cooperating through language, would
be a perfect case for testing these ideas, Von Foerster et al. collected all the
data they could on human population.

They chose to study world population in order to eliminate the effects
of local fluctuations and migration. If the human population had been
growing at a constant rate of growth, then, when plotted on linear-log-
arithmic paper, the data would fall on a straight line [(Von Foerster, 1966).
Instead, the data curve upward, indicating that the rate of growth is in-
creasing (see Figure 1), By drawing lines tangent to the curve and deter-
mining the slopes of these lines, it is possible to estimate the rates of
growth at different points in time. From the observed rates of growth and
the identity

70

= lime 1 .t
percent rate of growth damling time

one can calculate the corresponding doubling times. The doubling times
can be graphed as a function of time. Figure 2 indicates that the time
required for the human population to double declined from about 390
years in 1500 to about 50 years in 1950. The most interesting point is the
date at which the line connecting doubling times goes to zero, or the rate
of growth becomes infinite. Von Foerster called this date “doomsday” and,
~as seen from Figure 2, it occurs about the year 2027,

The fact that the doubling time decreases linearly indicates that the
actual population dynamics are appropriately represented by the proposed
formalism. A determination of the three constants by the method of least
squares produced k = 990 = .01, K = 179 = 14 billions, and the year
of “doomsday” t; = 2026.9 = 5 years. With these numbers Von Foerster

1700 15 an approsimation o 100+ [n 2 = 69315,
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FIGURE 1. Linear-logarithmic representation of estimates of the human
population N by various authors and interpolated (solid curve) over the
last 25 centuries. Straight lines tangent to the curve at various inslances
in historical time represent exponential growth as apparent only in the
vicinity of these instances. (Von Foerster, 1966)
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HISTORICAL TIME, 1t

and his team could present the following numerical relationship between
the world population and histarical time, 1, there rounded off):

N in billions = 180 / (2027 — 1).
The previous assumption had been that the rate of population growth

would decrease as population density increased due to factors such as
competition for resources, However, the doomsday equation is based on
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FIGURE 2, Apparent doubling lime in years of the human population as a

function of historical time. The values were calculated from the data
given in Figure 1. (Von Foerster, 1966)
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the assumption that the rate of growth increases as population increases, A
communicating population can form a coalition and engage in a game
with its environment. *An increase in elements may produce a more ver-
satile and effective coalition and thus not anly may render environmental
hazards less effective but also may improve the living conditions beyond
those found in a ‘natural setting’” (Von Foerster el al., 1960, p. 1292).
Richard Fowler, also a physicist, independently came to the same con-
clusion. *. . . for many years, perhaps as many as a million, the _Erowlh rale
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has been enhanced by the social support of the surrounding populace, and
has never followed simple exponential behavior” (Fowler, 1982, p. B4},

THE CORRESPONDENCE PRINCIPLE

Philosophers of science maintain that a theoretical _advance should
meet the condition set forth in the correspondence principle. The corre-
spondence principle states that any new theory must reduce to the old
theory to which it corresponds for those cases in which the ald theory is
known to hold. Hence, a new theory should incorporate an additional di-
mension which previously had not been considered or had been assumed
1o be zero (Krajewski, 1977).

In the case of the scientific revolution in demography the dimension
which has been added by the natural scientists is the amount of communi-
cation and coalition formation among the elements of the population. The
old theory in demography assumed that the human population was af-
fected only by the same factors which affect non-communicating popula-
tions.

CRITICISM AND REPLY

Kuhn notes that during a scientific revolution the debate between the
- two camps is usually quite emotional. This has certainly been the case with
the revolution in demography. Soon after the Doomsday article appeared,
Robertson, Bond, and Cronkite {1961, p. 936} expressed concern that it
"may be taken too seriously.” and claimed that it is "obvious that such a
theory has no relation to reality and is of no value whatever in predicting
* future populations.” Shinbrot (1961, p. 940) wrote that the article “would
be too ridiculous to comment on if it were not such an outstanding exam-
ple of the inadmissible use of mathematics to prop up a manifestly absurd
conclusion.” )

Von Foerster, Mora and Amiot (1961, March, p. 943) replied by re-
minding their readers that in the scientific community “support of a hy-
pothesis is gained through compatibility with experimental observation
rather than by arguments about what should be the case or what should
not be the case.”

Recognizing the difficulty that the demographers were having in inter-
preting equations of the form
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Limit ¥ = infinily
X — Xo

Von Foerster et al. noted that such “singularities” occur quite commonly in
nature:

For instance, let X and Y represent, respectively, velocity and
pressure at Mach 1; or voltage and current at breakdown volt-
age in gaseous conduction; or wavelength and index of refrac-  #
tion in optical absorption bands; or temperature and magnetic
susceptibility at Curie point in the theory of ferromagnetism;
and so on. Physical theory behind these expressions is termed
neither absurd nor ridiculous, nor is it customary to deny that
such theories have predictive value because of these singu-
larities. On the contrary, since the gererally accepted inter-
pretation of expressions such as these, in which a paramaoter
increases rapidly beyond all bounds, is that the system as a
whole becomes highly unstable in the vicinity of the critical
value Xo of the corresponding parameter, these singularities
serve as welcome warning signals that some breakdown of the
system’s structure is o be expected (Von Foerster et al., 1961,
March, p. 943).

Coale, apparently not persuaded, continued the debate with another
exlensive critique. He stated, the

. . . whole argument will not stand critical scrutiny . . . It is nat
true that population growth rates are positively associated with
density, nor even that population growth rates are positively as-
sociated with man’s control over nature | . . Von Foerster and
his co-authors neglect the causes of accelerated population
growth in the world. Growth has accelerated wholly because of
a reduction in mortality, because of a lower world death. rate
iCoale, 1961, p. 1931).

Coale concluded, “These questions are among the most serious facing
the world today, and to give wide currency to such clearly nonsensical
ideas as an infinite birth rate and Doomsday in A.D. 2027 contributes
nothing to their solution.”

Von Foerster, Mora and Amiot (1961, June) in their reply further ex-
plained that in the vicinity of a singularity a system may undergo drastic
changes—for example, evaporation, rupture, or disintegration. They sug-
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gesled consulting o physicist if conceptual confusion persisted. On the re-
latinnship between technolagy and population growth they wrole,

. if we apply “Coale’s law” of the inverse relationship of
population density with growth rate and technological know-
how-—as suggested in his letter—to the development of the hu-
man population as a whole over the last couple of millennia,
we arrive at the peculiar conclusion that either Stone Age man
was a technological wizard who carefully removed his techno-
logical achievements so as not to upset his inferior progeny, or
that—if he was at the level at which most of us believe he
was—our population dwindled from a once astronomical size
tor the mere three billions of today (Von Foerster et al., 1961,
fune, p. 1932),

They concluded,

The tragic error . . _ is 1o insist that mankind has to be treated—
like fruit flics—as a set of independent elements whose only
properties are their fertility and their mortality schedules which
are established ad hoc by looking into census figures. Very little
indeed can be expected from such an appreach, which not only
fails to describe the past of the human population beyond a
dozen generations but also is invalid for projecting population
trends over such short an interval as only one generation.
Therefore, it does not come as a surprise that recognition of an
obvious Irait in man—namely, his capacity to form coalilions,
thee ability of two men jointly to do things which the two inde-
pendently are never able to achieve—immediately leads to ex-
pressions which adequately describe human population growth
over several hundred generations, from the prehistoric past up
to today, As we pointed out, the process which governed the
growth rate for a couple of thousand of years and which is still
acting today, exhibits a most dangerous intrinsic instability,
which is now—so to say—around the corner (Von Foerster et
al, 1961, lune, p. 1935},

Darn {1962, p. 285) cited the Von Foerster article as probably setting
"a record, for the entire class of forecasts prepared by the use of mathe-
matical functions, for the short length of time required 1o demonstrate its
unreliability.” He pointed to the projections made by the United Nations as
being “the most authoritative.”
R - N A W T R N . =] A G A g W 7 X



Low, Medium, and High World Population Projections (in Billions)

Derived from the Doomsday Equation (Von Foerster, et al., 1962)
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Vo Foorster and his colleaguds (1962) examined the population pross
jections made by the U N, an different points in time and noted that esti-
mates of future world population increased as the date of the estimate pro-
gressed. They then compared the U.N. estimates with the results from the
doomsday equation (see Table 1), They concluded that the values pro-
duced by the equation are

... the asymplotes, al the moment of truth, to the "most author-
itative projections”; we might mention in passing that the “most
authoritative” projectors changed their minds in the last decade
by roughly a factor of 2, while the “most unreliable” values
ifrom the equation) are almost independent of the time of their
derivation (Von Foerster et al., 1962, p. 173)

WVon Foerster, Mora, and Amiot then explained their view of how their
method differs from the one used by demographers.

The question remains as to what causes the "analytical” (demao-
graphic) method to be so poor in making even short-range pro-
jections. The answer is suggested by Dorn, who stresses the
point that this method of dealing with a growth process lakes
into consideration instantaneous first derivatives only—fertility,
mortality, and migration. However, it is well known in predic-
tion theory that consideration of higher derivatives will diminish
the variance in the expectation values. For instance, we could
not catch a ball in flight if we were unable to compute at least
its trajectory’s second derivative, which happens, in this case,
to be a constant. On the other hand, computation of higher and

TABLE 1

for A.D. 2000, Made by the U.N. in Four Different Years and -

Estimate Estimate  Estimate Estimate  Doomsday
Projection in 1950 in 1957 in 1958 in 1959 Equation

Low 4.88 : 6.44
Medium 3.20 5.00 5.70 6.20 6.91
High 6.90 7.00 7.40
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higher derivatives requires*more and more data regarding the
process under consideration, which can, by the blind ones
whose vision of the future is blocked, be obtained only by
studying the past! This simple procedure is, alas, unacceptable
to the “analyticist,” to whom the past is, for unexplainable rea-
sons, tabu (Von Foerster el al, 1962 p. 173).

In addition to the sharply worded debate over the article by Von
Foerster, Mora and Amiot, other natural scientists who have expressed sim-
ilar views have taced condescension and have encountered difficulty in
publishing their articles (Lambert and Fowler, 1988}

THE TEST OF TIME

By the end of 1962 the positions in the scientific debate were well
defined. Public awareness of world population growth was rekindled with
the publication of Paul Ehrlich’s book The Population Bomb (1968). In the
early 19705 issues related to population and the environment were widely
discussed.

Serrin (19750 look a look at the doomsday equation after fifteen years.
For 1975 the equation gives a value of 3.65 billion people while the Popu-
lation Reference Bureau in mid 1975 estimated a world population of 3.97
billion. Although the equation underestimated the actual value, Serrin
noted, “other predictions of the 1975 world population, made at essentially
the same lime as von Foerster et al.’s, ranged from 3 billion to 3.5 billion
and thus were considerably less accurate.” '

In the late 1970s demographers began to report that population
growth rates were dropping and that world population was coming under
control (Tsui & Bogue, 1978). By the early 1980s some journalists had
become convinced that world population growth was no longer an impor-
tant issue (Wattenberg, 1981). Whereas the late 1960s and early 1970s
were a period of concern, the early 1980s became an “era of good feeling”
ahout our progress on world population growth, -

In the late 1980s Umpleby (1987} pointed out that the world popula-
tion trend was still ahead of the doomsday projection, Deevey (1987) in
reply critiqued the use of humar and irony in the doomsday articles and
gave a vote of no confidence to the wit of government officials. As articles
in the popular press expressed the return of public interest in world popu-
lation, some demographers (e.g. Haub, 1987) attempted to offer an expla-
nation for population figures higher than those forecasted.
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POST HOC POPULATION GROWTH

In the mid 1980s while studying data on population estimates, this
author made a startling discovery. Estimates of human population continue
lo rise after the fact, Whereas Von Foerster et al. had shown in 1962 that
demographic estimates for world population rise as the date in question
approaches (see Table 1), an examination of population estimates made
between 1951 and 1984 indicates that human population continues to in-
crease after the date in question has passed. For example, as indicated in
Table 2 the cstimate for the 1970 world population made in 1982 is larger
than the estimate made in 1973, and the estimate for 1970 made in 1984 iy
larger than the estimate made in 1982, Usually in the scientific commu-
nity, once a particular date has passed, variables associated with that date
do not change. Apparently, estimates of human population as compiled by
demographers are regarded somewhat like the subject matter of histo-
rians—they are subject to reassessment after the fact,

This peculiar post hoc rise in 'population estimates may shed light an
an inconsistency in the interpretation of population data. Since the mid
19605 demographers have been saying that world population growth rates
are declining. “The growth rate of the world peaked at about 2 percent in

TABLE 2

Estimates of Human Population in Billions, as a Function of Time
(United Nations, 1951, 1966, 1982, 1985, 1986, 1989)

Year in 1951 1963 1973 1982 1984 1988 Doomsday

Question  Est. Est. Est. Est. Est. Est. Equation
1950 2.406* 2.517 2.501 2.504 2.516 2.515, 2.432
1955 2.731 2.722 2.746 2.751 2.751 2.599
1950 2.73 2.988* 1986 ERIE 3.019 1.9 2.792
1965 3281 3.248 1314 3,334 1.336 . 1015
1970 1.592 36100 1683 1.0693 1.698 3.277
1975 3.944 3964 4.076 4,076 4,080 3650
1980 3.277 4.330 4.374 4.453* 4,450 4,450 3.969
1985 4.746 4.816 4.642 4,837 4.B54 4,438
1990 5.188 5.280 5.248 5.246 5.292 53.033
1995 5.648 5.763 5.679 5.678 5.7660 53.614
2000 6.130 6,254 6.127 £.122 6.23] f. {4

*The underdined numbers are the estimates made closest 1o the date in guestion,
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1965 and then began a slow decline . © " (Murphy, 1981, p. 1) Howewer,
demographic estimates of world population have moved ahead of values
predicted by the doomsday equation, which 15 based on an assumplion of
increasing growth rates (Serrin, 1975:; Lmpletyy, 1987). Hence, there is o
discrepancy between population totals and reported growth rates,

If demographers are adjusting upward their estimates of population in

previous years, then it would be possible for them to report both a rise in
population above that anticipated and a decline in the rate of growth. The
logic employed might be as follows: We expected that population in the
current year would be P. However, we now estimate it to be P + p. Nev-
ertheless, we know that the growth rate is declining and is now only R.
Hence, we must have underestimated the population in the prior year, So
let us adjust it upward. That way our estimates for all years will be as
accurate as possible.
_ If this is a fair representation of the way that demographers are think-
ing about their estimates, then the inconsistency of population totals rising
faster than the doomsday equation while growth rates are said to be declin-
ing can be resalved. Apparently, the statcments made by demographers
regarding growth rates should be disregarded. The remaining question is
which estimate to use for the population in any particular year. A simple
salution is to use the estimate made in the year in question.

One implication of this finding is that since the estimates published by
demographers change not only before the fact but also afterwards, palicy
analysts must look elsewhere for a stable reference frame for judging what
progress we are making toward reducing population growth. Luckily, an
allernative is available in the doomsday equatmn which has not changed
since 1960,

THE TWO POSITIONS

The views of demographers and natural scientists can now be summa-
rized [see Table 3).

Demographers believe that world population is a function of hirths
and deaths. They focus their attention on estimates of fertility and mortal-
ity. The natural scientists claim that human population is also inlluenced
by the human ahility to communicate, to form a cnalltmn and to engage in
a game with the environment.

To the demographers population increases when the death rate de-
clines faster than the birth rate. A period of population growth comes Lo an
end either when the birth rate declines to match the death rate (the demo-
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TABLE 3

A Comparison of the Two Positions

Demographers

Matural Scientists

Changes in world population are a
function of fertility and mortality

Population has increased because the
death rate has declined faster than the
birth rate

Development in particular countries is
associated with a declining population
growth rate

Human beings, like other species are
limited by their environment

The facts of reproductive biology limit
the rate of human population growth

An infinite population and infinite
growih rates are absurd and impaossible

Estimates of world population for fulure
dates should be based on estimates of
future fertility and mortality rates

Estimates of populatian in previous
vears are subject to alteration

Fertility and maortalily rates are
influenced by communication

The rale ol growth has increased
because the size of the coalition has
incroased

World population has increased as
development has increased

Human beings are unigue in their
ability to enlarge their envirgnmen

Technaology has overcome and will
likely continue lo overcome limits

Singularities in the relationships
between variables are common in
science and warn of instability

Estimates of world population for future
dates should be based on rates of
change computed from dala oblained
in the past

Stability in estimates is essential in
calculating rates of change

graphic transition) or when the death rate increases to match the birth rate
(the demographic trap). Von Foerster and his colleagues noticed thal the
rate of human population growth has increased as population has in-
creased. If this pattern persists, they suggested that a singularity (a point of
instability) would occur about the year 2027,

Demographers believe that development (in particular countries) is as-
sociated with a falling population growth rate. The natural scientists ob-
serve that world population has increased as development has increased.

Demographers believe that the population of human beings, like the
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populations of ather animals, is limited by the environment. The natural
scientists claim that human beings are unigue among terrestrial species in
their ability to enlarge their environment.

Demographers believe that the rate at which the human population
can grow is limited by the facts of reproductive biology. The natural scien-
lists suggest that research on in vitro fertilization is likely to remove repro-
ductive limitations just as other technologies have increased food supplies,
life-spans, and habitat.

Demagraphers estimate world population for future dates by estimat-
ing future fertility and mortality rates. The estimated fertility and mortality
rates are applied to the previously estimated population and the process
continues for dates farther into the future. The natural scientists limit them-
selves to data already in hand. They look for rates of change revealed by
existing data and project these into the future.

Demaographers are concerned with the accuracy of their estimates and
adjust previous estimates to correct for “undercounting.” Rates of change
are estimated, based in part on field reports on the success of fertility con-
trol programs. They compute totals partly on the basis of estimated rates.
Matural scientists compute rates based on recorded totals. Natural scientists
believe that if previous data is altered, relational parameters such as rates
of change should be recomputed.

THE POLITICAL IMPLICATIONS OF DEMOGRAPHIC THEORIES

The issues being debated by demographers and natural scientists are
of more than merely academic interest. The debate traced above reveals a
fundamental difference in underlying assumptions. The demographic focus
on fertility and mortality rates almost seems to imply that “overpopulation”
is not possible. In a sense it is unthinkable. If the population in a particular
area becomes too large, mortality rates will rise and fertility rates will fall
until balance is restored. Through the lens of their world view, demogra-
phers gaze at an essentially stable world, The political implication is that
although public policy action may be desirable, it is not really required.
Stability will be maintained automatically—if not by one means, then an-
other,

The doomsday equation embodies quite a different world view. Al-
though based on the data collected by demographers, the doomsday equa-
tion leads natural scientists to see a highly unstable system. In the midst of
the erudite debate on the merits of their work Von Foerster et al. never lost
sight of what for them was the key issue,
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We hope that in this exchange of arguments about a few side
issues the reader has not lost track of the real issue at stake—
namely, whether or not the time has come when man must take
control over his fate in this matter and attempt to launch per-
haps the most ambitious, most difficult and most grandiose en-
terprise in his entire history: the establishment of a global con-
trol mechanism, a population servo, which would keep the
world's population at a desired level (Von Foerster el al., 1961,
june, p, 19311

In each Of their articles Von Foerster el al. stressed the need for urgent
human action. In the world view of the natural scientists the human popu-
lation, unlike the populations of other animals, is not inherently stable. On
the contrary, their analysis indicates an essentially unstable system which
will avoid catastrophe only through deliberate human action,

Reports based on a diagnosis.of instability led to concern about a
“population explosion.” Reports based on an assumption of stability led to
complacency about population growth. Journalists and policy analysts
would benelit by understanding the assumptions implicit in the world
views of the various authors,

Perhaps the dispute between demographers and natural scientists can
be resolved if the two groups work more closely together. Natural scientists
have never challenged demographers in collecting population data. Every-
one works from the numbers produced by demographers. But natural sci-
entists and demographers have evolved fundamentally different traditions
of data analysis. Natural scientists have demonstrated a better grasp of the
role of theory in scientific research. 5o far, the natural scientists have a
better record in making forecasts. Cooperation rather than competition be-
tween the two groups will no doubt produce superior results.
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