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TECHNOLOGY AND HUMAN POPULATICNS*

by
Algird J. Valiunas

Most writings on population begin with Thoméstalthus and his thesis
on the relatlonshlp of population to food. However, this does not mean
that concern with human numbers had its beglnnlngs at that time. Theses

on populatlon have been traced to the beglnnlngs of wrltten hlstory

According to a reportldf the fbpulation Division of the United Nations
(}), the earliest writings on population were by'Confuciﬁs and his follcocwers.
These writings centered on the concept of optimum nmumbers. Excessive popu-
lation growth was equated with the possibility of reductions in worker out-
.put, a reduction in the standard of 1iviﬁg4 dnd an increase in the dangers

of strife amcng the masses,

These writers also attempted to relate population dynomics to various
operating checks. Cbserved were increasing'mortality with ingufficient
foodstuffs; increased infant mortality being related to premature marriage;

~and a decreased marrisge rate when the costs of ceremonies were high,

Early Western philosophers were also coﬁcernéd with similar guestions.
Plato and Aristotle considered questlons of populatlon optima in their dis-
cussions of the ideal 01ty—state which was visualized as a place to develcp
the highest in the potentials of mankind. Plato, in Laws, postulated the
ideal population to be one that -ensured economic self-suff1c1ency and capa-
bility for self-defense. He felt that SOhO c1tlzens was the 1dealw/ bhacause

# This paper was first submitted as a term paper for Agriéultural
Feonomics 560, "Food, Populstion snd Employment," Fall 1972.

;/ This ideal size was probably much higher since Flato did not con-
gider slaves, which were gquite numerous, in this estimate.
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this number has "fifty-nine divisors" and "will furnish numbers for war
and peace, and for. all contracts and dealings, including taxes and divi-
sions of the land." ‘ | o

Plato and Aristotle also contemplated methods of controlling population
size. Plato proposed restrictions on births among those "in whom generation
is affluent” as well as inducements to reproduce in times of need through
the use of rewards asnd rebuke. Aristotle, in Politica, mentions abortion

as & means of preventing excesslve numbers of children.

Such philosophizing on population optima has continued into the present.
The concern is similar but the argunents are mich more drametic. They range
from scenarios of cataclysm as the result of the "population bomb" to pseudo-
seientific compuber printouts linking a growing population to global catas-
trophe (ef. 2; 3).

Apart from a general concern with growing populations, these writings
have in common the notion of populaticn growth being independent of con-
straints. Visuelized is human populaticns continucusly increasing in

numbers unless direct measures are aprlied to check this growth.

Such an assumption appears extremely naive in the light of the ration-
~ality that is credited to humans. Tt would be more reascnable to view
population as being conditioned and constrained by forces within the social
system. After all, if an'optimum in human numbers is assumed, this optinmum
has to be based on certein conditions. Also, if sbortion or other birth
control measures are to be initiate&, they have to be forced upon the social

system by oceurrences or preconditions from within.-

Thomas Malthus can be credited with viewlng population as a dependent
variable that is affected by economic and soecial forces. It is in such a
context that changes in human numbers will be viewed in this paper. Al-

though rumerous forces condition population changes, this snalysis will



center on a changing techrnology end its affects on human numbers. Techno-
loglical change was one of the factors that Malthus was unable to forsee in

his analysis end as a result his treatise on population lost relevance.

A fewrstudies have been made investigating technological change as
affecting population dynamics. These will be examined. Also, some éttempt
will be made to overcome some of the difficulties inherent to these studies
through a systems approach which will be subseguently ocutlined. However,
before such an analysis is undertaken, it would be helpful to examine popu-

lation dynamics in historical perspective.

The Growth of Human Populations

-

Regionally, populeation growth is the result of fertility, mortaiity,
and migration. These three processes, or human experiences, govern changes
in pqpulation size. However, when analyzed by themselves, they are'of
limited value. Meaning is supplied to these components of population growth
through an analysis of population size, its characteristics, and its distri-
bution (E, P- 6). S0, in order to duly understand population dynamiés, all

six compoﬁents have to be considered.

Growth in numbers

The Population Reference Bureau estimated the world's population to
be sbout 3.5 billicn persons in 1969. This approximation rests on a shaky
foundation since only "educated" guesses exist as to the populetion of
China and many regions of Africa. Even less is known sbout the world's
population in the past. Nonetheless, numerous scholars have pieced together
many Ifragmentsary statistics and tied them together with guesses into a
somewhat consistent picture of the world's population since 1650 end extra-
polated these estimates into the past two thousand years. Figure 1 is a
presentation of the generalized picture of world population growth, in

nmumbers, during this time span.

This graph depicts, very dramatically, a phenomenal burst in world
population since the 18th century énd its postulated continusation of rapid
increase into the future. It alsc illustrates near stability or minima]
increase in world population prior to this periocd, which inciundes the major

part of man's record on earth.




*€96T “eumdTLd GOMPmHﬁQom SUTL “Aowmv zosnel "W "d UT ,, ‘U3noID uoTyeTndod PTIOM, ﬂdmnm ‘4 "H  8daneg
A..m..,ﬂ C gY¥YvVEX
0002 0SLT 006T - oot 006 T
. * - _ | w | ‘ I —— ©
......................................................................... 1.
—~ 07T
—0't
i o
— ~ 06
- W 09
A _l | | o0

*d°Y 0002 NOLLVINGOd CEIDTLOTT .
mm& QZﬂmﬁomeOPQ%HEOMMQ#MOB.M&E&O ZOHHaquom QMBﬂzHamm

"T HEODTA

q0 - SNOITIIE

SNOSHHI



Some insight into the dynamic nature of world population growth is
provided in Table 1. This table reflecis the affect of population size on
future growth--the larger the existing population bases'the larger will be
the future_populatién size. Dorn (2)-poiﬁts-oﬁt.that enough knowledge
exists to support the belief that many millenia pagsed before manking
reached a world population of ohe—quarter billicon persons abqut'E,OOO
yéarsfago..rSinée fhén chamges.have been more dramatic. The next gquarter-
billion persohs was added in sixteen céﬁ#uries° While two centuries elapsed
to réach the second‘half billicn pefsons, the most recent half billion

required & little more than ten years.

Watural increase

Although the cited examples provide insight into historical patterns
of population growth, they do not explain the near stability of population
1evelsithroughout most of man's history or the relatively receunt upsurge
in population growth, A descriptive framework called the demographic
transition, which relies on the pattern of natural incremse, the excess
of the crude birth rate relative to the crude death rate, can be utilized
to provide a partial explanation to these developmentg. The concept of
the demographic transition was formulated by Warren Thompson (6) and
refined by Frank Notestein (7) to characterize populstion changes, as
the result of the interplay of mortality and fertility, brought sbout

by economic changes in Western society largely through industrialization.

The demographic transition has been accepted as a valid description
of events as they occurred in the Western world but has been questioned as
a predictor of cvtcomes in Third World countries (4). Hewever, these
questions have been posiféd largely in regard to the effects of economic
development and industrialisation as causal iinks in porulation dynamics
rather than to the sequence of change in mortality and fertility through
time. It lis the latter aspect, the descriptive, that will be deszlt with

in the following discussion.



TABIE 1. ESTIMATED POPULATION OF THE WORLD AND
THE NUMBER OF YEARS REQUIRED FOR DOUBLING THE POFULATICN

: NUMBER OF YEARS
YEAR POPULATICH TO DOUBLE

@3D.] (biZiTons)

1 7 0.25 (2) 1650 (7)
1650 0.50 ’ | 200 |
1850 1.1 80
1930 2.0 | 45
1975 o ho 35

2010 8.0 7

Source: H. F. Dorn, "World Population Growth," in P. M. Hauser (Fd. )
The Population Dilemma, 1963.




Figure 2 presents a generalized plcture of the changes in death rates

2/

Tt should be noted that this sequence in natural events did not occur simul-

and birth rates in Western soc1ety~ that have occurred in recent history.
tanecusly throughout Western society nor did the sequence strictly follow
the pattern, through time, as outlined. Nevertheless, the differences are

minute and do no harm to the analysis.

The demographic transition that occurred in the West can best be dis-
cussed by;examining stages in the pattern of fertility and mortelity. Three

stages are generally recognized.

The first stage characterizes the condition of mankind through most
of history. It 1s one of stability or minimal growth in human numbers.
During this stage birth rates have traditionally and consistently been high,
approaching the maximum in terms of human reproductive capacity within
particulaf cultural normative patterns, and the death rates have alsc been
high but fluctuating. Characteristic of this stage of the demographic
transition were extremely high infant mortality rates. In addition, posi-
tive checks in the form of famine, war, and pestllence were operating to
keep deaths at a high level and population growth, through the course of
history, extremely low. In today's language, zero population growth or
its near equivalent was the historical situation, but the price of stability

was high, with low life expectancy and much hardship and misery.

This harsh cycle was dramatically disrupted by the Industrial Revo-
lution<which ushered in the second stage of the demographic transition.
Industriglization brought advances in agriculture, & rise in the standard
of living, and major advances in sanitation. In time there occurred ad-
vances in medical science and with it control of many infectious and con-
tagious diseasés through the use of drugs and innoculatiocns. The product
was & gradual‘but-éontinuous decrease in the death rate. The birth rate,
however, continued to remain high. Such a condition of a decreasing death
rate coupled with a high but slowly decreasing birth rate produced a situa-

tion of high population growth.

g/ As used in this peper and as generally accepted, Wegtern society
refers to North America, Burope, Australia, and New Zealard.
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Some writérs, nctably Krause (§), argue that high population growth
resulted hot only from a decreased death rate but also because of increased
férﬁility due to changes in family pstterns, such as more frequent marriages
and an earlier age at marriage. Such a situation is quite realistic but
" the im@act mest liholy waé minimal. The more plausible explanation of
increased populatlon growth, during the age of industrialization, seems to
be 8, decrea51ng death rate and 2 lagging birth rate. This sequence seems
more realistic since mortalltv decrease was affected largely through exter-
nal measures that made the soc1a1 environment healthler Changes in the
‘birth rate rest largely with the family and these are conditioned by culture

and are subsequently slow to change.

Anderson (2) illustrates the pattern of change in mortality and ferti-
lity initiated'hy tho Ihdustrial Revolution. . During a period of about 175
years, roughly from 1750 to 1925, the death rate in industrializing coun-
tries of Norbhern Europe declined from about LO per 100 population to about
10, Most 1nstrumental in this decrease were reductions in infant mortality.
But other age-groups of the populatlon also benefited through riging levels
in sanltatlon and through disease prevention and control.. Birth rates,
however, contlnued to remain at hlgh levels for some time. For example, in
.England the death rate fell to 21 per 1000 population in 1850 but the birth
rate did not reach this level until 1925, some 75 years later., In Sweden
this lag of birth rate behind the death rate was 130 years.

Tt is during the tran51tron phase that rapld populatlon growth occurs,
The Wlder the gap betwecn_death rates and. birth rates, the longer is the
'perlod of rapid populatlon growth, Newly 1ndustr1allzlng nations face
explosive populatlon growth becausé of the rapidity with which the transi-
tion phase has been initiated. Borrowed technoleogies of death control have
lowered the death rate significantly and with ease. The birth rate, how-
ever, is proving a difficult component to lower largely due to cultural

constraints.
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A notable exception has been the experience in Japan. The Japanese
experience is generally used as an example of the dramatic chain of events
that is possgible through the industrialization process. While a pericd of
more than 100 years elapsed in the West for the birth rate to reach the low
Qeath rate levels, in Japan this sequence occurred in less than 18 years
(10). However, the Japanese experience is being viewed by more and mow
writers as being the exceptional case. Historically, Japan has condoned
and practiced various forms of birth control and the cultural norms were
not antagonistic to abortion and other methods of rapid birth control and
therefbre enabled it to make an unprecedented advance through the transi-
ticn phase from high to low death and birth rates (;;), Such has not been
the case with other Third World nations, even with prodigious inputs of

money and effort in attempts to reduce the birth rate.

Pigure 3 is a generalized picture of the demographic process that.is
occurring in the Third World. Tt illustrates the rapid decrease in the
death rate, largely through "borrowed" technigues of sanitation and disease
control, and the continuing high birth rate. What took almost the full
pericd of industrialization to be realized in a low death rate in the Western
World tock only about 10 to 15 years to be realized in the Third World (12).
These same improvements have even raised the birth rate in some countries
from their already high levels. In Mexico the birth rate rose from 32 per
1000 population in 1911 to 46 in 1964, and in Ghana Trom 33 in the decade
of the 19%0's to 56 in 1960 (13).

The wide gap between death rates and birth rates in the Third World
coupled with the great potential Tor further increases because of the high
proportion of the populations being young represents a situation of explo-
sive future population growth. It is such a prospect that is spawning a

mass of fearful and pessimistic literature regarding the future of mankind.
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The final stage of the demographic transition is characterized by a
low and stable death rate aﬁd 8 iow but fluctuating birth rate. Only some
countries in Northern Europe appear to have reached this level and only
inferences exist about'its dynamicé, Wrong (E) postulates that the birth
rate in this stage of the demographic transition will vary because it will
be scubely responsive to social and economic changes and will therefore be

the key to future growth in the advanced industrial nations.

Migration and urbanization

The impact and interplay of population size and natural incresase can
provide meaningful insight into the growth of humen populations. However,
by themselves, they do little to provide answers to questions of optimum
population size or & meaningful asgessment of population pressures: Ques-
tions of population optima can only be answered when a multitude of other
factors are considered, such as resource base, social and economic organi-
zation, and cultural norms. Such is a very difficult undertaking. But
questions of populstion pressures, especially within a demographié context,
can be more easily approached. A partial aséessment of population pressures
can be made through an analysis of migration and its affects on population

distribution based largely on the changing character of urbanization.

,:Many typologies of migration can be found in the literature. The most
useful are those by William Petersen (14) and Bverett Iee (15). Petersen's
outline of migration types is largely descriptive and documents the patterns
that have occurred in history. The typology by Lee is an attempt to link

processes to the patterns and will be used in the following discussion.

The foundation of Lee's migration typology rests on factors that con-
dition people to move. These he summarizes as pﬁsh and pull factors. Push
factors are disruptive and promote movement from a certain region outward
while pull factors are attractive én&'promote movement into a certain region.
In theory these factors are analyzed separately but in reality they operate
simultanecusly. A generalized picture of this process in industrial-sclen-

tific society is movement from the hinterland into urban centers. For
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example, an industrial economy may force the marginal farmer to ba unable
to compete successfully in a changing market structure and forece him to

seek a livelihoecd in the industrial.urban sector. Buch a combination of
being "pushed" off the land and "pulled” to the city explains, to a large
degree, the pattern of rural to urban migration that has occurred in the

Western World and which is occurring in Third World nations.

Tt is this pattern of rural to urban migration thﬁt has resulted in
the growth of cities that is unprece&ented in the history of mankind and
which has resulted in population pressures that have mistakenly been equated
with population growth. The barrios of Latin America and ”Slum"'dévelop—
ments throughout the world are conditioned by high growth rates in popula-
tion but are in reality the result of a high influx of rural populations
into cities ss Barbara Ward (lé) vividiy describes. It 1s possible to have
population pressures within a country without any population growth largely
through an expanding urbsn population, 'Through rural to urban migration
it is possible to have urban growth, and consequently population pressures,

without natural increase until all the population is urban (;Z),

Table 2 shows the increasing urbanization of.fhé wofldié populafion
since 1800. While the world's population increased threefold from 1800 to
1960, the populstion in cities of 5,000 people and larger increased 3L times
during the same period. In the decade from 1950 to 1960, the population
in cities of 5,000 and above grew at 3.2 percent per year. This compares
to an annual growth rate of 2.5 percent in the world's populaticn during

the same period.

In summary, the world's population picture is one of grwoth and of
concentration in urban areas_thfough time. Throughout:ﬁhe discussi0n sone
attempt has been made to relate processes to this pattérh of growth and
concentration. Mentioned were the effects of industrialization, ecoromic
development, and medical advances on changing the pattern of natural increase

and subsequently population growth as well as the affects of migration on
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TABLE 2. WORLD POPULATION AND WORLD URBAN POPULATION, 1800-1960

Population in Percent in Cities
World Cities 5,000 5,000 and 100,000
Year i Population and larger Larger. and Larger
(millions} (millions)

1800 906 27.2 3.0 - 1.7
1850 1171 4.9 6.4 . 2.3
1900 1608 218.7 13.6 5.5
1950 2400 716.7 29.8 13.1
1960 2995 oh8.h 31.6 20.1

Sources: 1800-1850: Kingsley Devis and Hilda Hertz, "Patterns of
World Urbanization," 1957. ' -

1960: United Nations, Demographic Yearbook, 1962.
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the pattern of urbanization. These processes can be briefly summarized
as technological change and some writers have attempted to outline these

patterns within such a context.

Technology and Human Populations
The most profound wrifings reiating technological developments to
population procesgses in historical context are those of V. Gordon Childe
(18) and Edward Deevey, Jr. (19). Although their theses differ in point
of view, Childe's being aimed at the development of civilization and Deevey's
being an analysis of the growth of human populations, they are in agreement

about three "revolutions" having occurred in man's history.

The three "revolutions” outlined by V. Gordon Childe were the Neolithic
revolution, the Urban revolution, and the Industrial revolution. The revo-
lutions are used to account for profound changes in subsistence and social
patterns thaet produced the "birth of civilization" and to explain the

changing and progressive character of the growth of cities.

According to Childe and further developed by others (20), the Feolithic
revolution marked the beginnings of sedentary agriculture and saw the develop-
ment of the first permanent gettlements. . Technological achievements were the
domestication of plants and animals and development of sharpened stone tools,
pottery, and weaving. It ushered in the potential for supporting & growing
population.

Childe uses archeological evidence to support hls thesis. He estimates
that the beginning of the Neollthlc revolutlon was approx1mately 7000 B.C.
This 1s estimated to be the date of the formatlon of the oaS1s village of
Jericho in the Jordan valley It was a village of about elghﬁ acres and
shows evidence of support not only through huntlng and gatherlng but also
through the growth ang cultlvatlon of crcps, watered by a sprlng, ahd. the
domestication of sheep and goats (21).
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The Neolithic age, according to Gist and Fava (22) set the stage for
the emergence of cities.bécause it ﬁade'possible permanent settlement by
providing the means for a stable food supply. They point out, however,

' thet the Neolithic villages were not themselves cities but rather collec-
tions of farmers. The crucial element for thefémergénce of cities, in
addition to the development of Neolithic skills,'wés'aﬁsociél organization
"that could effectively distribute this-surplﬁs so that séﬁeliﬁdividuals
would not have to engage in food production, but would be free to perform

other tasks and to live apart from the Farms" (22).

The notion of an agricultural surplus has been widely accepted as a
precondition to the urban revolution. Jane Jzcobs (gi) specifically takes
issue with this popular notion and provides an interesting and thoughtful
thesis that the growth of cities precluded surplus production and enabled
this éurplus to be:produced. Both arguments are loglcal and the truth

prdbably lies somewhere in between.

Chijde himself does not emphasize a surplus agricultuféi production
as initiating the Urben revolution. Rather, he emphasizes ébcial organi-
zation and invention as being the key variables in initiating the develop-
ment of cities. Childe (24) lists ten criteria that characterized cities
during the Urban revolution. These define the city and show its dependence
on a complex and highly differentiated social structure. The ten criteria

are a8 Ffollows:

1. Bpecialization and social division of labor,

2. Tlarger and denser 90pulétions, |

3. Production of axt bx!speéialists,

L. TInvention of writing.and mumerical notation,

5 Devélopment 6f sciences such as arithmetic, geometry, and
astronomy, '

6. Payment of tribute and the collection of taxes,

7. BSociel organization based on residence rather than kinship,.
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8. Monumental public buildings, _
9. Growth of trade with other regions, and

10. A class~structured society based largely on specialized activities.

Childe documents Sumerian cities with the birth of civilization and
the beginnings of the Urban revolution. The time is placed at 3000 B.C,
These cities were over 100 scres in area and had populations of several
thousand compared to villages with areas of about 10 acres and populations
of about 100 during the Neolithic age.

The third revolution.in the process of civilization was the Industrial -
revolution. It began in the second half of the 18th century. Its main
aspect was the development of the factory system. The consequences were
an unprecedented growth of cities, especially where the factories were

located, and the beginnings of truly urban civilization.

While Childe only inferred population dynamics in his historical o
analysis of the birth and growth of civilization, Deevey daals specifi-
cally with the growth of humen populations. He views the course of his-
tory following a similar pattern of three technological revélutidms., Howm‘"l
ever, the three revclutions as visualized by Deevey are somewhat different
than those outlined by Childe. The rationale for this difference is dif¥i-
cult to comprehend since Deevey relied on informatipm that had its roots
with Childe..

The three revolutions as outlined by Deevey are the toolmaking or
cultural revolution with its beginnings about one million years ago; the
agricultural revolution with its beginnings abo@t_lOSOOO years ago; and
the scientific*industrial.revolution‘that began about 300 years ago. RBoth
Deevey and Childe are in- agreement about the date of the most recent revo- |
Iution. 0On the surface, they appear to widely disagree on the nature and
beginnings of the other revolutions. But, closer inspection reveals thet

their differences are not that great. What Childe views as the Neolithie
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and Urban revolutions, Deevey combines into the agricultural reveolution.
This difference is largely conditioned by the asnswers that are sought. To
Childe, having an Urban revolution was importaﬁt in his analysis since it
marked the "flowering" of civilization. To Deevey, the important element
was a revolution in egriculture and did not merit diséussidn-Within the

context of the growth of cities.

The major difference in the two theses lies in consideration of the
toolmaking or cultursl revolution that Deevey emphasizes and Childe ignores.
Again, the point of view conditions their arguments and delineation of
this revolution in the history of menkind. The toolmaking or cultural
revolution did not concern Childe since it marked é lack of eivilization
and he was interested in progression from this state. Such may be the
more proper reasoning. Deevey seems to view the slow development of man-

kind from the Psleolithic as a revolution in itseif.

Figure b4 is a logarithmic population curve revealing three population
surges as reflected by the three revolutions as outlined by Deevey. These
curves are the result of estimates of population densities, based on archeo-
Jlogical findings, that were necessary and capsble of supporting humans

within the economic systems existing during these periocds.

Whether one accepts the thesis of Childe or Deevey as to the sequence
or character of the three revolutions, one can readily see an obvious rela-
tionship of population growth to technclogical breakthroughs. Probably a
better way to view this relationship is in terms of stability in human
numbers as being the historically normal condition with spurts in growth
occurring with technological achievements. Deevey's graph (Figure 4) shows
this reletionship quite vividly. Through the course of man's history,
stability or near stability has been the common condition with spurts
cccurring with the inception of a new technologicel age only to stabilize

agaln at a new level.
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These bursts in population growth did not occur in a short time.
Deevey's figure clearly shows that these cycles of growth took consi-
derable time. Although Deevey shows population stabilizing during the
age of the industrial-scientific revolution, such a presentation seems
to be a bit premature, especially when looking at a graph (such as Figure
1) which is largely a presentation of the current situation with its con-
dition of rapid population growth. Even though the Industrial revolution
occurred about 300 years ago, it is still occurring, especially‘in the
Third World, and only inferences can be made about the time when stability
will be reached.

Before leaving this discussion on the interplay of population and
technology in history, we should take & look at Malthusian theory in this
" context. Malthus was pessimistic about the future of menkind. This pessi-
mism was based largely on the thesls of population growth outstripping its

subglstence base.

Writing in 1798, and elaborating his ideas in many subsequent revi-
sions, Malthus (25) postulated the following:

Pirst, That food is necessary to the existence of man.

Seéond, That the passion between the sexes in necessary,
and will remain nearly in its present state . .

These postulates have been fairly well accepted with little questioning.
However, the following extension of these postulates came under heavy

attack and continues to suffer much criticism into the present:

Assuming then, my postulata as granted, I say, that the
power of population is indefinitely greater than the power
in the earth to produce subsistence for man.

Population, when unchecked, increases in a geometrical
ratio. BSubsistence increases only in an arithmeticsl ratio.
A slight acquaintance with numbers will shew the immensity of
the first power as compared with the second.

By that law of our nature which makes focd necessary to
the life of man, the effects of these two unequal powers must
e kept equal.
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This implies a strong and constantly operating check on
populstion from the difficulty of subsistence . . . The race
of plants, and the race of animals shrink under this great
restrictive law. And the rsce of man cannct, by any efforts
of reason, escape from it. Among plants and animals its
effects are waste of seed, sickness, and premature death.
Among mankind, misery and vice. The former, misery, is an
absolutely necessary consequence of it. Vice is a highly
brobable consequence . . . I see ho way by which man can
escape from the weight of this lsw Whlch pervades all ani-

" meated hature .

Almost any géneral. popu¢at10n teXu takes issue with the Malthusian
the31s and provides an overview of the criticisms aimed at these theoreti-

cel formulations. Generally, these criticisms are aimed at the empirical
invalidity of the framework (26; 27).

This empirical invalidity has been shoﬁn to be largely a product of
the times that Malthus was writing about. Malthus was writing at the
crossroads of the third revolution, the ihdustrial-scientific revolution.
Great technological advances and fhe opening of new frontiers, such as
the colonielization of the Americas, released man from the tightening grip
of subsistence and therefore weakened the dire prognostications of Mal-
thus (27).

" A Bociletal PerSpectivé

Many'difficult;es are.inherent in analyses on the grandiose scale
of Childe and Deevey. They chronicled évenﬁs‘that shaped Western society
and population dynamics that occurred within 1ts changing character and
extrapolated these into a picture encompéssing the world. But morecver, _'
they suggest that a uniform pattern of change occurred through history.
These typologies do little to explain the diversity of human types and
gocial éystems-that can. be found in thé-world today.  Some . parts of Furope
may have witnessed the technologlcal revolutlons ag were outlined by Chllde
and Deevey within the chronology they describe, . But ‘it is naive to say

that such has been the course of the world.
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Childe seems closer to reality for he deals with "cradles” of change
that had profound effects on the course of civilization. He attempts to
document shifts in the patterns of civilization through fevolutionary
changes in patterns of éubsistence and social Organization. Deevey, how-
ever, seems to cvergeneralize these evenls across the gpectrum of human

types and sccial systems.

T+ would be more meaningful to view the interplay of technology and
human population, or the progress of civilization, in a societal context.
Scciety is a broad unit that is difficult to accurately define. Farsons
(gﬁ, p._9) defines society as "d.type of social system, in any universe of
social systems, which attains the highest level of gelf-gufficiency as a
system in relation to its environment."” ILenski (29, p. 9) defines society
in more diffuse terms as "a territorially distinct organization and that
it is made up of animsls of a distinct species.” Whatever definition one
adheres to, soclety has the readily identifiable properties of self-suffi-
ciency, commonly united populations, & disbinct environment, and physical

bounds or boundaries.

Although the above definitions provide some insight into society'as
an entity they are not operational, especially toward an understanding of
the intérplay of technology and population. The "ecological complex" vari-
ables of population, organization,. environment and technology as cutlined
by Duncan (;9) provide this operational link.. As originally formilated and
generally accepted, the ecological complex variables centered on the analy-
sis of social organization. In this context, social organization is viewed

as the dependent veriable influenced by the other three variables (g;),

. Such a distinction of variables appears quite valid for analyses of
amall-scale socisl systems, such as those groupings of social units within
‘a societal framework. However, in the analysis of society, ail the.ecologi-
cal complex variables should be viewed as independent variabies for it is
the interplay of all these variables that determines, to a iarge degree, the

character of a societal system.
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The evolution of society can be wholely explained through £he inter-
play of the ecological complex.Variables. The eipression'of these vari-
ables, in‘the‘éontext of evolution of society, is culture and the pattern
is the socistal unit. However, in studies of complex, modern systems,
culture becomes an additional variable to the ecological complex variables.
It, however, tends to operate as a constraint to socletal change. An
example would be birth control practices. Birth contfol is often cited
aé a prerequisite to modernization.br economic development (ig) that is
difficult to realize largely through cultural norms defining many children
as being necessary to personal status within the society or as being an

economic necessity (33).

Therefore, sceciety can be defined as the prcduct of the interplay of
population, organization, environment, and technology within the matrix
of culture that operate within a territorially distinct or boundary-defined

unit thet attains self-sufficiency.

Before proceeding any further-in the discussion it is necessary to
define these variables for their dynaﬁicsﬁcan only be understood when one

understands the framework of'analysis.

~ Population _

Within denmography, populaticn refers to the number of people, their
age and sex composition, their distribution in sp&ée, ard their dynamic
characteristics of fertility, mortality, and migration. In this paper,
only population size will be dealt with. This is rot to deny that the
other factors are of less importance but rather because, within the limits
6f the diécussion, it would be extremely difficult to:quanfify fhese other

components.

Organization

According to Brocks and Associetes (34, p. 233) orgenization is "the

social patterning that takes place in the population as individuals com@ete

¥

_for limited resources to sustain life.” Although they specify organization
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as being "social patterning’ it would be more meaningful to include economic
patterning as well. Such a distinction is especially valid in the analysis
of "modern' societal units because economic structures, to a large degree,

define social structures.

Envmronment _

The env1ronment, as defined by Hawley (35, . 12), "is a‘géneric con-
cept under whlch are subsumed all external forces and factors to which an
organlsm 1s actually or potentlally re3pon51ve.' Although accurate, this

deflnltlon is qulte vague for it includes everythlng that 1mp1nges on the
| individual. For the purposas of this paper, envircnment can be viewed as
the compiex of climate, natural resources, biota,.topograﬁhy, and‘geelogy.
Environment largely conditions the way of life and livelihood tha£ a popu-

ietion can sustain,

Technology

 TFumeyrous definltlons of technology can ‘be found in the literature.
However, most are vague and tend to reflect the character of the times or
the situation that is being written about. OCne of these is Anderson's (2)
definition which reflects the nature of technology in the sense of :scien-
tific-industrial society. To him téchﬁology involves planning, the use of
engineers and technicians to design and operate the computers used in
decision-making processes. On the other end of the spectrum technology is
defined npt as a process in itself but rather as a comyoneht of the cultural
system (34, p. 234). | '

Nelther of the above deflnltlons is Wrong. waever, they are déficient
in that they deflne technology onlj in the context of the system belng
evaluated Technology ‘took various forms throughout the course of man's
histéfy. In the Neolithic age technology meant the domestlcatlon of plants
and animals while in the Industrial-scientific age it means machineg and
fossil fuels. Restricting the definition to a specific era in the hlstory
of menkind does not permit an. analysis of. technology and its affects through
time.
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One of the best definitions of technology and one which will be used
in subsequent analysis is prdvided by Galbfaith.(ié). He dafines technology
as scientific and other organized Knowledge and its systematic apﬁlication
to practical tasks. An important characteristic of technology, within this
definition, is the application of this orgénized-knowledge to performance

within a system of division of labor.

Ellul (37) tekes the meaning of technology cne step further. He con-
ceives of technology as being of two forms: 1) as a means of servihg'man,
and 2) as an end in itself. Tn the former sense, technology is seen as
increasing leisure and comfort and allowing for contemplation and esthetics.
In the latter sense, technology is order, predictability and control, with
all elae secondary, operating within a matrix of efficiency and yleld maxi-

mization.

Culture _

As-was mentioned earlier, culture con be viewed asthe product of popu-
lation, organization, environment, ahd technology in the evolution of society. .
Subsequent study of society involves using culture as a variable that condi-
tions aﬁd sometimes constrains the dynamics of societal change. The gener-
ally accepted textbook definition of culture refers to the "totality of what
is learned by individuels as members of society." Tt is the "complex whole
which includes knowledge, belief, =rt, morals, law, custom,'and any other
capabilities acquired by man as a member of society." (38)}. The conditions
are a system of patterns of behavior which are transmitted by symbols and

the constraints are the traditional ideas and attached values.

Culture is & difficult variable to quantify. It does exist and does
exert much influence. However, it does change, largely through chenges

within the ecological complex variables.
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Interplay of Technology and Population Within Society

Although the primary concern of this paper is the relationship and
the influence of technology, and its chenging character on human popu-
lations, such understanding can only be realized through an examination
of 211 the previously outlined-yafiables. In this sense, a case could
be made on centering on ali the Qamiables in a discussion of societal
dynamics and societal chenge. However, as will become evident subse-
quently, technology appears to be the key "independent" variable initi-
ating changes in society and population appears to be the key "dependent"
variable in that the greatest influence and change has occurred with this
component when viewing societal dynamics through the course of man's his-

tory.

" The key to an analysis of societal dynamics is understanding the.
nature of soccieties themselves. Menbioned were some definitions of society
which were amended for the purposes of this paper. However, these defini-
tions do 1little to explain the nature or character of societies in histori-

cal perspective.

It was previously suggested that society is not a static entity. It
is ever-changing. At times these changes are quite dramatic, especially
in the case of civil strife or revolution, but the normal condition is one

of gradual, oftentimes hardly noticeable, change.

A void exists in sociological literature in terms of ‘a valid'exﬁiana—"
tion of societal change. The dcminent paradigm being used to document
societal change 1s social evolutionary theory (41), which emphasizes pro-
gressive and linear development of societies from the "primitive” condition
to the climax situation that is construed to be Western society. Again, as
was the case with the demographic transition model, the Western experience

is being used as the framework to pettern societal change.
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Although social evolutionary theofy-has failed to provide many mean-
ingful answers to an urnderstanding of societal dynamics (413 42), it is a
valuable typological construct that characterizes stages of societal
development. The typologies of societal development will be used.in this
paper to document differences among societies. However, I feel that‘the
key to understandihg:societal differences lies in ECologicallsystems theory

rather than in evolutionary theory.

The ecological system, or as more popularly called, the ecosystemn,
refers to a community and its habitat (;2, p. 2). The funbtional dynanics
of the écological‘system centers on matter, energy, and the interaction of .
population units in the quest for matter-energy. In biological systenms,
this interactive Process begins on a matbter-energy base with microbial life
forms and proceeds through time, in a succession of plant and animal
development toward a dynamic equilibrium of life forms to one another and
to the envirommental limits and conmstraints. Odum (40, pp. 82-86) cherac-
terizes this pattern of progressive change toward a state of equilibrium
by the ratic of production to respiration. DIguilibrium is approached when

the production-respiration ratio approaches zero.

Bociety can be likenad to an ecosystem. Differences in societies can
be equated to differences in the ecclogical system moving from a state of
relative "disequilibrium" to a state of equilibrium. Cottralll(gg) ‘
approaches the ecological model of éocietal dynamics in an aralysis of
societal development from the point of view of energy consumption and
utilization. He divides societieé into polar types: low-energy societies
and high-energy societies. Within this framework Cottrell examines socie-
tal change through differences in energy utilization, largely through 4if-
ferences in technological inputs--low-energy society is equated with low

levels of technology; high-energy scciety with high-levels of technology.

Other typologies of societies can also be viewed within the framework
of the ecological systems model. The changing character of the ecological

system represents a continuum of events and structural changes through time.
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To get a meaningful reasure of change thig contintum can be characterized
at a partlcular point in time and would produce a picture expressing its
‘composition at that time. ;15ure-5 is an sttempt to represent the character
‘_of cocieties through the polar types of "pfimitive"ﬂagriCulﬁural society
and "modern" indus*rlal society. These pblar types are uged in order to
relate the changlng character of societies and the changing relative domi-
nance of the system components of population, organization, environment ,

and technology. In the historical sequence outlined by Childe (;é) and
Deevey (19), these types would conform to sccieties in the Neolithic and

the latter part of the Indus%rial-écientific stages of man's development.

‘ Figure 5 merits eleboration on fWo points: 1) the changing character
of the societal system in terms of culture area; and 2) +the changing char-
acter of the societal system in respect to the relative dominance of com-

- ponents within the system.

The culture ares of a’societai system can be viewed as that area where
subsistence and interactive activities of the indigenous population occur,
Duncan (b4, p. 57) suggests that ecological expansion of the culture area
is the key to societal transition from one type to another within the
range of societies along the continuum from primitive to moderan. Childe
(g;) cites evidence from the archeological record that during the Neolithic
age the communities were extremely small, about ten acres in size, and the

“gubsequent culture area being rather constricted. A% the other extreme,
modern industrial society, the culture area has been sipnificahtly enlarged.,
For example, 1n the United States, the range of’ economic activity not only
encempasses all parts of the country itself but extends tec all corners of
the world.

Ecologlcal expan31on of the culture ares has not cececurred uniformly
across and within socletal systems. According to Goldschmidt (45}, the
trigzering mechanlsm for ecologiesl expanqlon and societel change and
development has ‘been techno]oglcal change " Each advance in technology is

seen as an expan31on of the pos51billtles for further advance in socletal
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FIGURE 5. THE RETATIVE DOMINANCE oF SYSTEM CCMPONENTS:

POPULATION (P); GRGANIZATION (0); ENVIRONMENT (E);-

ANY TECHNOLOGY (T) WITHIN "PRIMITIVE" - AGRICULTURAL
SOCIETY AND WITHIN "MODERN" - INDUSTRIAL SOCIETY

"MODERN" - INDUSTRIAL SOCIETY
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development. Goldschmidt. sees technology as initiating dramatic changes
in the soclal system because of its affects on group structuie, values,
status systems, role differentiation, and ideology, by altering the size

and life conditions of a population.

Tt thevefore appears that the primary change in societal systems that
has occurred in the history of mankind is their ecological expansion largely
through a changing technology. This is a most important point for it shows
that gains in societal defelopmeﬂt have been largely in terms of boundary
expansion and not, as guite cbmmonly and somewhat unquestionably accepted,
through gains as the result of technological revolution (19) or cultural
evolution (46). This is not to say that technological change or cultural
accepbance of such change were not important. In reality, they were instru-
mental to societal change end development. The point that is being made,
however, is that technological change initiated a process of ecological
expansion in culturé area. HAlthough thefé are always some gains in effi-
ciency through applying scientific prineiples to practical tesgks, the
greatest gaing through a developing technoloéy on a societal level appesar
to have been the opening of new frontiers for further settlement and there-
fore increasing the potential for population expansion. To paraphrase the
above, socletal change came about through changes in technology resulting
in ecological expansion of the culture area which increased the potential

for population growth.

Ogburn (47, p. 10), reknowned for his studies on technology and social
change, provides some insight into the effects of technological change on

societal development. He writes:

Groups, habits, and institutions are all being altered
by technological developments. The technology of early agri-
culture increased the size of groups from small wandering bands
of hunters to larger stabilized vlllages. -‘Domesticated animals
and plows brought about communities with larger populations,
making possible many kinds of small organizations not possible
in a hunting culture. The steam engine changed the large
family which was an economic institution prcducing a variety
of goods into a small one producing little or nothing, with
the members of the family becoming producers in other eco-
nomic institutions .
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Although Ogburn stresses technology as the key to change, he oublinss
this change as occurring thrdugh an expansion of the:culture area. From
. wandering hunters the progression is to larger villages and subsequently
to @conoﬁic.society_-each encompaésihg a larger area Qf activivy in physi-

cal space.

Régarding'éystem coﬁponents, these have also.changed in terms of
relative dominance within societal systems from the "primitive" condition
to the "modern.” Figure 5 is an attempt to outline the relative dominance

of system components within polar types of societal gystems. "Primitive'-
.agricultural gociety was'dominated by environméntal constraints. It wes
characterized by a somewhat mgtualistié relationship.of man-in-nature (&§)u
~Such a relationship was a necessity for survivel largely because of a
‘limiﬁed technology making man unabie to successfﬁlly exploit the environ-
ment. Subsistence activity depended on heavy inputs of human effort and
therefore large group size, relative to culture area, wés a key to group
survival. In order to coordinate the activities of the group it was nec-
essary to have a well-defined organizationel network. In summary, primi-
tive"-agricultural society was dominated by the environment; had a poorly
developed te;hnology; had a large population size relative to the size of

the eulture area; and had a limited organirzation.

At the other end of the continuum, "modern"-industrial society is
characterized by considerable ecological expansion bf the culture area
and, as a result, a reorientation of the relative dominance of system come
ponents. As emphasized by many writers, technology was the prime force
initiating these changes\(&&;'gzg 48). Therefore, technology is shown to
have had the greatest increase in relative dominance, through time, in the
societal system. But technological changes by themselves sre of limited
value unless there are concomitant changes that occur in socilal organiza-

tion.

Toennies (52) outlines the changing organizational character of soci-
eties from the primitive to the mcdern condition. He sees this change as

movement from an artistic-religious to a scientific-rational orientation.
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He classifies the primitive cbndition,as beling dominated by the femily
and a rural life-style with énweconomic organization centering on agri-
culture and limited coﬁtage.industryj The moﬁern condition is seen as
being dominated by legislation and conventlon in a city~life style with

an economic orgsnization that centers on commerce and industry.

Some measure of process changes, in moving from the primitive to the
modern condition, is provided by Levy (59). He ocutlines movement from
traditional to rational society as change from non-specialized to highly
specialized economic_crgénization; as change from high levels of self-
sulfficiency to high interdependence and low levels of self-sufficiency;
and as change from limited trade and use of markets to extensive trade

and a well-developed market system.

Tumerous other typologies of societal change and development empha-
size vast organization changes occurring COncomiténﬁiy with technologicel
change. Therefore, both the technologleal and the organizational compo-
nents are outlined in the diagram of "modern"-industrial society as in-
creasing in relative domlnance within the zmyetem simultanecusly. Also,
because of their powerful effect in initiating and promcting changs, they

are seen as the dominant components within "modern"-industrial society.

While the technclegy and organization components have increased in
relative dominance within "modern”-industrial society, the other components
nanely population and environment have to be visualized as decreasing in

relative dominance.

The rationale for this’argument lies with the concept of ecological
balance which has been overshadowed in ecologlecal literature by the con-
petition based frameworks that so easily explain dynamics within narrowly-
defined systems and fail to provide meaningful answers to dynamics within
complex systems. Although it is a relatively obscure concept within ecology,
the concept of ecologlcal balance 1s an extremely loglcal one, espec1ally
in the light of the laws of conservation of energy and entropy (51) Costing

(gg) provides the following ewample of the concept of ecclogical balance:
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Natural communities are mede up of groups of species

adapted to living together within a pavticular complex of

~envircnmental factors. The regquirements of the organisms

are in balance with, and an expression of, the potential

productivity. of the enviromment. If the eccsystem is dis-

rupted by the elimination of a species, for any reason,

obhers of the community may increase in size or numbers

to take its place, or this may provide the opportunity

for an incidental specles to become a part of the commu-

- nity . . . Then adjustments must be made within the

community, and a new balance among its members must be

egtablished. Buch a species might even become a domi-

nant, and then the adjustments would result in an en-

tirely new community . . .

The societal system ig an ecological system on a grand scale. When
the societal system expands in area, broadens its physical boundaries,
there is room for expansion of all the system components;' Such expansion
rests on technological advances which increases the environmental compo-
nent, through the opening of new frontiers, and triggers organizational
changes and provides opportunity for settlement and subsequent population
growth., However, in a constricted syestem, one that has its bourdaries
well -defined and further expansion is not possible, such as is the case
with highly industrialized societies, any increase in dominance in one
component must result in decreased dominance in another. This is the
reagon Tor showing the subgtantial decrease in relative dominance of the
environment components and a slight decrease in relative dominance of the

population component.

The dynamics involved in the above cutlined interactive socletal
system have been lucidly ocutlined by Cowgill (éi). In order to do justice
to the formulation, its tenets will be guoted verbatim. They are as
follows: | |

1. Any population has the capacity to increase at a geocmetric rate.

2. Unless inhibited by environmental factors, any population will
tend to increase at a geometric rate approaching maximum capacity.

3. At a geometric rate of increase, any population will quickly fill
up any finite envirormment, taxing its space and resources,
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k., As a po?ulation begins to press upon the limits of its environ-
ment, irhibiting factors will come into play to slow down the
growth.

5. If the limits of the environment cannct be expanded or the resources
used more efficiently, population will cease to grovw.

6. At any given time, most speciles have long since passed their maxi-
mum rate of growbh and have achieved & condition of equilibrium
characterized by a relatively stationary population

7. Iike other species, the most common, if not the normal, condition
of man is stablility of population.

8. Howaver, the human species has a unique cepacity for expanding
the limits of his envirvomment and of improving the efficiency
of utilization of the resources of his environment.

9. Thus, man has from time to time achieved technological break-
throughs which have made it possible for him to utilize the
resources of an enlarged envivonment and to make more efficient
ugse of the resocurces of any specific area.

10. Any such technological advance incresses the potential carrying
capacity of the environment and, given the persistent tendency
of population to increase, tends to increase the size of the
population. '

11, When such an advance occurs, it ténds to be followed by a cycle
of populstion growbth. '

The above outlined cyclical sequence can be used to explain the dy-
namics of the thres technological revolutions as pictured by Deevey (;2)
if one accepts his framework of analysis. As was mentioned earlier, Deevey
uses the archeclogical record to place the three technological revolutions
in a chronological sequence and then proceeds to extrapclate a picture of
population growth. There is much agreement in the literature as to the
historical occurrence of great technological breakthroughs, so this aspect
of Deevey's argument cannot be questioned (cf. ;ﬁ; 20; EZ). I do, however,
question the validity of Deevey's three concomitant surges in population

growth.

Deevey obtains & measure of population densities as they have been
documented by others in the course of man's settlement patterns through
time. He then uses these densities to obtain a picture of population size

for large land masses which had settlements within their confines. In the
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TLower Paleolithic cultﬁral stage he documents Africa as being thé.popu—
lated area; in theé Paleolithic it was Africa end Eurasié; and about 6,000
yvears ago it ihcluded the wholz world. Deevey then proceeds to calculate
an "assumed density per-square kilometer" for the pdpulated'areas, that is
the continental land masses that hed settlements, and obtains a measure '
.of the tobtal population during the different culbtural stages in man's pro-

gressive development'fhrough time.

- This i=s extremély fallacious. He altogether ighores ﬁhe concept of
cultural ‘area. During the course of man's history the world 4id not include
the continental land mass where he has his settlementsrbut rather it was
the subsistence aréa, the area where he conducted his survival and economic
functions., In this context, if it is assumed that man had hig origins in
Africa, his "world" was not all of Africa but rather the restricted area

of his activities,.

As a result, Deevey's "assumed densities™ are rather nebulous figures.
The bursts in human population that hé documents can be as much a statis-
tical -accident as the real situation,  Since he attempts to‘document the
human condition, in terms of population through the span of his assumed
existénce_bn earth, Deevey has ﬁothing buk cbnjecture or "educated guesses"
aé to'the gituation of msn through 99 percent of his assumed existence.
It seems father convenient for the first "real" burst in population growth
to have occurred some 10,000 years ago, the earliest documentation of vil-

lage life, and the first real measure of the earliest condition of man.

It is therefore felt that Deevey's study is_an intelléctual exercise,
a game of humbers. He uses the conceptuzlization of three dramatic tech-
nological revolutions and manipulétes his data to show three concomitant

burets in population. It is -all too convenient and extremely misleading.

Ag was mentioned eailier,‘these technological revolutions did not
occur simultaneously throughout but rather within distinct systems across
the span of recorded history. Although the Industrial Revolution had its
roots in the second half of the 18th century, it is occurring to this day
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in the Third.World nations. Therefore, the only meaningful assesspent of
technelogical effects on human populations can be made only within a
gocietal context. Although not documented, it would probably be discovered
. that ecological expansion of the culture area would have been the major
impetus to further pdpulation expansion. Also, within this context of
gocietal changs, the picture that wéuld evolve would be one of continuous
growth of population, approximating the pattern as diagramed in Figure 1,
rather than a picture of three dramatic surges. This picture of continuous
growth in the world's population would be a mosaic of the population dynam-
ics within the many societal systems in the world and their cycles of tech-
nological development, ecological expansion, and pepulation growth and sub-
sequent stabilization at various stages along a continuum of economic

development.

The gdynamics in "modern”-industrial soeciety, where further ecological
expansion is nc longer possible except through conquest, has been outlined
by Cowgill (53) and is paraphrased as follows by Satin (5k, p. 191):

1. Prior to industrialization, populatiocn is stabilized at a level
commensurate with the carrying capacity of the environment and
is characterized by high birth and death rabes.

2. As a country industrializes, the techniques of death control
are increasingly applied causing a decrease in the death rate.
Because technigues of birth control are applied at a later time
and less rapidly, during thls period, population grows at an
accelerating rate.

3. During the process of industriéliéation, the nuclear family
replaces the larger, extended forms.

4. The size of the family is further decreased during industriali-
zation due to falling birth rates.

5. The techniques of death control will, predlctably, be applied
first in the upper socioeconomic classes. Thus in an era of
generally falling death rates, there will be significant dif.
ferentlals in mortality.

6. The same is true for the technigques of birth control when they
are finally applied. Therefore, births will show the greatest
attenuation in the upper classes prior to a comparable decrease
in the general population.
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7. During the decline of birth rates, they will decline first in
the urban areas. :

8. A preindustrial society will be characterized by a young, domi-
nantly male populatlion mostly engaged in agrarian occupations
and rural in residence. '

9. Industrialized socleties will manifest a.marked:agihg trend due
to their declining vital rates.

10. This aging population tends to be‘predominantly female,

11. During'industrialization, there is'a shift from the extractive
to the manufacturing and commercial occupations.

12. With increased industrializatioh, populetion tends towards more
urban residence.

It is the above pattern of events that was used as the basis for
postulating the decreased relative dominance of the pepulation component
within "modern”-industrial society (see Figure 5). Within a constricted
system,-one'in which further ecological expansion is not possible, any
'change precipitated by technology will bé.felt within the population com-
ponent. |

Almost all arguments on mcdernization and economie development, via
the Western model, stress the necessity for,policies'éimed at birth con-
trol and low ratesg of natural increésé (22} 2@). This.position has its
roots with the trends that have occurféd in the Western world through the
course of industrialigzation and which_has been dramatically emphasized by
the Jepanese experience (10). MeClelland (55) shows a strong relationship
_of economic development, in terms of'per éapita Grosgs Nationel Product,
and low rates of population growth. Such is the 'bagis for the reasoning
behind the preconditicns of lcﬁ population growth rates to industriel and
economic development. However, this argument could easily be inverted to
say that low population growth rates ére the result of econcmic-industrial
development. This reformulation plaéeé the argument within the societal
systems model that was previously outlined and strengthens my contention -
: that the populaticn comporent has to decrease in relative.dominance within

a constricted system through inqreased technoiogical“inputs.
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It is in the light of arguments for birth control as a precondition
to industrial-economié development that Deevey's treatise further'falls
apart. A technological revolution is ocecurring within the Third World
and & decrease in poﬁulation gfowth is deemed 2 necessity. It cannot be
denied that a "burst" in population growth is occurring in the Third
World. Tt is, however, the result of mortality decreases that have little
parallel to the Western experience and which have been brought sbout with
no induétrial-economic development in many instances, Algo, these lncreases
in population that are ogcurrimg-in the Third World are nowhere near the

"assumed"” increases that have, supposedly, occurred in history.

The situation in the Third World nations, prior to a push toward
industrial-economic development, can be viewed as one of stability of
populétion to subsistence. waéver, unlike the Western experience, there
is no more room for Turther expansion because of tightly drawn boundaries.
Therefore, any technological'inputs preclude a decreasgse in popﬁlation-

growil,

Some Examples of Ongoing Prqcesses

Two examples will be used to illustrate the impéct‘of technology on
population. These are the Green Revolution as it is occurring ia the

developing world and_ﬁhe tovacco-growing industry in the United States.

‘ The Green Revolution is a major segment_of the industrial-scientific
revdlution that is occurring in the Third World. The popular conception
of the Green Revolution is "miracle" grains, the products of genetic tech-
nology, that mean higher grain yields per unit of land (57). And indeed,
yields per wnit of land have increased dramatica@iy’in‘many countries as
the result of the Green Revolution. They have tripled in Mexico and

dovbled in parts of India, Pakistan, Turkey, and other countries (2§).

However, in reality, these "mifacle"'grains-are only a small part of
the increased yields. According to Reitz (58) these "miracle" grains are
a catalyst to a host of other inputs that provide the basis for cbtaining

higher yields. These inputs are presented as follows:
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. Increased fertilization or plant food management,
. Irrigation or better moisture msnagement,
Control of pests,

. Economice ircentives, and

A W

. Selectlon of responsive genotypes o e e

Staub and Blase (59) show the inputs, in terms of cost, of "miracle"
grains asg opposed to local varieties for rice and wheat in India for the
period 1967-68. They obtained their data from the Planning Commission,
Government of India. Table 3 shows these inputs, in rupees per hectare,
and the'magnituderof change in cost for the varicus inputs in moving from

local to high-yield varieties..

Although the authors fail to provide a measure of yield differences
with the two varieties of rice and wheat, the data in Table 3:is, none-
theless, valuable in illustrating the changing character of agriculture
as the result of these high-yield varieties. Whereas the agriculture
utilizing local varieties is highly labor intensive,the agriculture
utilizing high-yield varieties is highly capital intensive. For rice,
agriculture involving local varieties had a labor input of épﬁroximateiy
60 percent of the total cost input. Where high-yield varieties are planted,
the labor input is approximetely 46 percent of the total cost input. For
wheat, the change in labor input in moving'from,local to high-yiéld varie-

ties was from L8 percent to 32 percent of the total cost input.

If no data were provided on the changing character of other inputs
it might be construed that labor costs have gone down. However, it is

quite evident that other costs and inputs have significantly increased.

The ramifications of changes from the lsbor-intensive to the capital-
technological-intensive systems of agriculture as a consequence of the
Green Revolution are numerous. However, our interests in this paper are
the changes wrought by the Green Revolution on the population component
within the societal system. The picture that evolves is a dismsl and

fearful one. It is dismel in the sense that "the food population problem
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TABLE 3. CASH INPUT: COST OF HIGH-YIELD VARTETTES AS OPFOSED TO LOCAL
VARIETIES OF RICE AND WHEAT, FOR 1967-68, AND THE DIFFERENCE IN COST OF
HIGH-YIELD VARIETIES AS OPPOSED TO LOCAI, VARIETIES

Input in Rupees per Hectare

_ . Ferti- 7 - Irri-
Crop Seeds  lizer  Iabor gation Other Total
‘Wheat : o
High-yield 69.9  232.8 191..5 58.6 52.6 - 605.4
Local b7 22.0 4i.0 12.4 4.9 85.0
Difference ' ' : E ’ :
(High-yield/local) 14X 10X 4 5% 5% 10X 7X
Rice '
High-yield 30.1 332.8  367.4  27.7 Lo.5  798.h
Local 8.2 104.3  190.5 13.8 16.8  333.6
Difference | | 7 '
(High~-yield/local) =~ WX 3X - 1.5% 2% 2,58 - 2%

Source: W. J. Staub and M. G. Blase, "Genetic Technology and Agricul-
tursl Development,” Science, 9 July 1972, p. 121.
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of the sixties is becoming the employment population probiem of the geven-
ties" (57). Poleman (60) shows that in Ceylon the Green Revolution has
resulted in about 83 percent of the youth in the 15-2k age bracket having
no Jtob. Tt is the high rates of unemployment being generated by the Green
Revolufion that are creating many fears and have spawned speculation on

the Green Revolution becoming = "Eed Revolution" (61).

Agricultural displacement as well as a high growth in manpower has
- placed heavy stress on the urban sector of developing nations for it is
in the urban sector that the jobless seek employment opportunity. How-
'ever,‘as agricultural development has become more capital intensive, so
has manufacturing (62). In Latin America, between 1925 and 1960, only
5 million out of 25 million people added to the urban labor force were

able to be absorbed in manufacturing (63)..

Once a technological breakthrocugh occurs, it seems tc be a spring-
board for further technoibgical developments. Such change has become a
rart of everyday life in the United Btates and is very much taken for

granted,

However, each new technological change not only results in a new
gedget, a new machine, cr added efficiency but also results in ﬁhe dis-
placement of people from jobs and their replacement with these méchines.
Stevens (€4) documents such technological effects on the working man that
have'recently oceurred in the tobacco belt of Carolina-Virginia. According
to Stevens, the tobacco belt was the last big stronghold‘of the small
- farmer in this country. But the inventicn of an automatic harvester is
expected to change this by decreasing the need for his services and making
him unable to compete dgainst the bigger operators who can afford this - .
hervester. The future is visualized in terms of another wave of farm-to-

eity and south-to-north migration.
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The impact of these autcmatic harvesters will be substantial. It is
estimated that oﬁe harvestér, operated by one man, will do the amount of
work customarily performed by eight workefsn In the state of North Caro-
1ina alone, this amounts to abéut 50.000 workers being displaced from their

jobs as.the result of the hervester.

However, the sutomatic harvester is only s pert of the picture of
worker displacement in tcbacco farming. Preceding the asutomatic harvester,
and in some cases being necessary prerequisites to its use, were the tractor
and automatic planting devices; automatic oil end gas burners that replaced
hand-tended wood fires in the curing barns; then chemicals for weed control
and "suckering" of plants, tasks that formerly required much hand labor;
and finally bulk curing of tobacco lzaves. :Al£ogether, it is estimated
that these developments will have reduced the human labor reguirement by

85 percent.

Some Thoughus on the Future }

It is hoped that this paper provided some insight into the interplay
of technology and population within soclety. An attempt was made to discern
the dynamics of technological change in history. But moreso, these dynamics
were presented utilizing an ecologicsl system model of the interplay of the
ecological complex variables of population, organization, environment, and
technology within a societal system that is always in a state of flux toward
an‘eQuilibrium'condition of these components to-one another and to the total
system, Ptilizetion of such a multi-varisble model is unique in the analysis

-of technology and population.

Before an attem@t is made to ﬁrovide a personal view of possible future
developments in the course of mankind, let us review some of the'major
points that were brought out in the discussion. Technology was seen to
be the major catalyst for change within the societal system. Technological
develcpments not only affect changes within other system components but

also initiate a process of further continual developments in technology.
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However, the most crucial elements to understanding changes among
variables are the physical concept of society and the process concepts of
balance and. ecological expansion. These elements not’only determine the
amount of change possible but also indicate the directions this change
can take. Society can be broadly visuvalized as the culture areca of a
population--that sometimes well.delineated eand most often diffusely defined
unit where the subsistence, economic, and social activities of a population
cccur. When the societal system has room to expand,'technological change
initiates the .expansion of the societal system and expansion-of all compo-
nent varisbles within the system. But, when the societal system boundaries
cannot expand, any technological changes that increase the reletive domi.
nance cf the technology component within the system will initiate changes
that result in the decreased relative dominance of scme of the other system
components. Historicaily, technological expansion has resulted in & decrease
in dominance of the population and environment components. Any change that
occurs within the system places the system in a state of flux and initistes

processes toward a new balance of system components.

Since the model ocutlined is largely conceptual very little datas or
research exigt to substantiate the dynamics outlined. The lack of scien- .
tific regearch in this direction is not a,reflectién of the inadequacy of
the presented model. Rather 1t is a reflection of the diréction research
has taken in the past. In terms of populaticn reseérch, studies were
largely problem oriented and the framework of analysis wasg in the direction
of cause-affect relationships; Within such a éontext, analysis is of
one problem efler ancther. First food was thé.problem, now population
growth is the problem, and in the future it is visualized as being unem-
ployment. However, attempts fQ minimize one problem area have maximized
problems .in anpther ares through such a caﬁseféffect appreach. It is felt
that a societal system approach would eliminate many of such difficulties
through the operationalization of many variablés énd thereby enable more

meaningful examination into all phases of action, interaction, and reaction.
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As to future prospects, it all depends on the direction of technolo-
gical change. The historical trend of increased technological development
is expected to continue and is even expected to magnifly in scope by both
the technocrats (65; 66) and the humanists (67). If such is to be the case
then it can be expected that a significantly greater emphasis will be
rlaced on population control in the future because an increased technology
will mean decreased emphasis on the human element. The emphasis on popu-
lation control will be made by governmental agencies in order to avert

,Gisaster in the future due to ever-increasing amounts of unemployment that

- will be genereted by technological change.

The above generalizations need Ffurther elaborstion. Although a de-
creased valﬁé.of‘human effort and an increased value of technological
effort is seen fbr the world as a whole, it will take different forms in
 the Western world than in the Third World. The difference will stem
largely from the form the technological effort will take in each of these
large scale socio-economic systems. Eliul (§Z) distinguishes tﬁo forms
of technological effort., One is efficiency-oriented, technology used to
ease the human effort; the other is awntomation-oriented, technology being
uged to replace the human. Although the product of both forms of tech-
nology is the same, job displacement, the distinction isg mede to show that
all societies, pre-industrial and industrial, because of the closed nature
of their systems ahd the concomitant stresses on the population component,
will face substantial problems of unemployment. The different forms of.
technology maylprecipitate different changes in the different sccietal
systems. The trends in the Western world may go in the direction of a
welfare state because the changes will not be as stressful duve to a2 smaller
populatioﬁ base. However, in the Third World, if trends continue as they

sre, violent upheaval appears imminent.

- But then again, a wave of humanism could change the whole picture.
Instead of dealing with questions of yield maximirzation and capital-inten-
gity of effort, a change would be in attempting to maximize human effort

and the human condition. However, such developments appear unlikely.
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