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There is a growing interest in the 
possibilities of lowering birth rates in 
order to raise per capita incomes in 
many of the less-developed countries. 
Described below is one economic- 
demographic method of assessing what 
reduced human fertility might contrib- 
ute to increased economic develop- 
ment. Justifications of government pro- 
grams to increase voluntary contracep- 
tion are also considered (1). 

In less-developed countries, one-half 
or more of annual increases in national 
output is being "swallowed" by annual 
increases in population, with income 
per head rising very slowly. Most of 
these countries have natural increases 
of from 2 percent to 3 percent 'a year. 
Hence they are doubling their popula- 
tions every 35 to 23 years. This results 
not from rising birthrates but from 

falling death rates during the past 25 
to 40 years-mostly attributable to im- 

proved health measures. 
Some of their governments have de- 

cided that they cannot afford to wait 
for a spontaneous decline in fertility, 
resulting perhaps from more education, 
greater urbanization, and improved 
living. Instead, a few governments are 
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encouraging voluntary use of contra- 
ceptives. The objective is economic 
development. 

Many questions remain. How effec- 
tive in raising incomes per head is re- 
ducing fertility as compared with other 
investments of resources? Could and 
should governments of less-developed 
countries encourage voluntary contra- 
ception? 

Income per Head 

One measure of successful economic 

development is a rising income (out- 
put) per head of population (2). It is 

ordinarily associated with ,other indi- 
cators of increasing welfare such as 

greater annual investment. Another 
measure is fewer people living in pov- 
erty. 

Income (output) per head is a ratio. 
Governments have sought to raise this 
ratio by increasing its numerator-in- 
vesting in factories, dams, and high- 
ways, and the like-in order to increase 
the annual national output of goods 
and services. However, where politi- 
cally feasible, governments can also 
raise the ratio 'of output per head by 
decreasing the denominator. A com- 

parison of economic effectiveness can 
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be made of changing the denominator 
as well as the numerator. 

In a very simple arithmetic calcula- 
tion, an imaginary less-developed 
country may be expected, in 1980, to 
have a national output (V) of $2500 
million and a population (P) of 12.5 
million for a yearly output per head 
(V/P) of $200. The government may 
decide to spend ian extra $2.5 million 
a year for 10 years starting in 1970 to 
raise V/P. It can use these funds to 
increase output (AV) or to decrease 
population (AP) from what they would 
otherwise be (3). If the significant rate 
of return on traditional investments 
is 10 percent annually, an investment of 
$25 million from 1970 to 1980 will 
yield a AV in 1980 of $2.5 million, so 
that AVIV is 0.1 percent, or 1 in 
1000. 

Alternatively, the $2.5 million per 
year might have been spent on birth 
control. If the annual cost of an adult 
practicing contraception is $5 (4) and 
the annual fertility of contraceptive 
users is otherwise typically 0.25 live 
births, then in 1980 the population 
(12.5 million) would be 1.25 million 
smaller than expected. Thus AP/P is 
10 percent or 1 in 10. 

Apparently the amount of money 
spent each year on birth control can 
be 100 times more effective in raising 
output per head than the amount of 

money spent each year on traditional 

productive investments-for VAP/ 
PAV here equals 100. Had the rate of 
return on investments been 20 percent 
annually instead of 10 percent, had 
the annual cost of birth control been 

$10 instead of $5, or had the other- 
wise fertility of "contraceptors" (5) 
been 0.125 instead of 0.25, this supe- 
rior effectiveness ratio would have been 
50 to 1 instead of 100 to 1. Had all 
three parameters been altered by a 
factor of two to weaken the argument, 
the expenditures on birth control would 

still appear 12.5 times more effective. 
The explanation is that it costs fewer 
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resources to prevent a birth than to 
produce a person's share as a con- 
sumer in national output. Calculations 
of this kind do not convince every- 
one, however, for they exclude so many 
of the economic and demographic in- 
teractions that could be expected from 
reduced fertility (6). 

Developa: A Less-Developed Country 

In order to assess the impacts of de- 
clining human fertility, a more com- 
plete economic-demographic model is 
needed as is applied here to a typi- 
cal less-developed country named 
Developa. Any computer model should 
include at least the demographic and 
economic interactions shown in Fig. 1. 

Specifically, the demographics in- 
volve projections of rates of mortality 
and fertility by age and sex, and data 
on the initial age and sex distribution 
of the less-developed country. Age and 
sex distributions can be calculated at 
5-year intervals. Given the labor force 
participation coefficients by age and 
sex, the available labor force (L) can 
be computed. 

The economics involve a national 
production function that relates num- 
ber of employed workers (N), capital 
stock (K), and improving technology 
(t) to national output (V). Annual sav- 
ings that increase K are related posi- 
tively to V and negatively to P. An 
increasing K not only raises output per 
worker but reduces the surplus labor 
ratio (L/N). 

A frequently used national produc- 
tion function is of the type 

log V =log z + n log N + 
k log K + y log (1 + t) 

where V, N, and K are defined as 
above, z converts for units, y is years, 
and n and k are so-called output elas- 
ticities of labor and capital respectively. 
Thus, if n is 0.5, a 10-percent increase 
in N will occasion a 5-percent increase 
in V. In this formulation t is an an- 
nually compounded shift factor that in- 
creases the productivity of labor and 
capital by the same multiplier. 

In such a model the demographics 
affect the economics through a chang- 
ing age distribution. Declining fertili- 
ties reduce the ratio of children (who 
consume but do not produce) to work- 
age adults (who do produce when em- 
ployed with enough capital). Also more 
is saved and invested from a given V 
when P is smaller (7). 

Let us consider a nonexistent nation 
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Fig. 1. Population and output per head. 

called Developa with the attributes 
typical of a less-developed country 
which has, in 1970, a population of 
10 million and an income per head of 
$150. The crude birthrate is 44 per 
1000 a year. When this model is used, 
what are the economic consequences 
of alternative fertility projections, 
given various parameters? Only two 
conditions are considered for fertility. 
When fertility is high the gross repro- 
duction rate is 3.025 throughout (8). 
When fertility is low the gross repro- 
duction rate falls from 3.025 in 1970 
to 1.95 in 1985 and 1.48 in A.D. 
2000. (The crude birthrate falls from 
44 to 31 and 26, respectively.) Life 
expectancy at birth increases slowly 
from 53.4 years in 1970 to 56.6 in 
1985 and 59.0 in A.D. 2000. 

The consequences of these contrast- 
ing projections for fertility over 30 

years are shown in Table 1, starting 
with 1970 as a common base, for 1985 
and A.D. 2000 (9). In both cases there 
is an improvement in output per head 
because of increasing capital per 
worker and contributions from improv- 
ing technology-the latter compound- 
ing to 1.56 over the 30 years. How- 
ever, when fertility is high, annual 
V/P increases only 1.63 times to $245, 
whereas when fertility is low it in- 
creases 2.36 times to $354 by A.D. 
2000. 

The number of persons living in 
"poverty"-defined arbitrarily as the 
state of being able to afford not more 
than $75 worth of goods and services 
a year-hardly changes when fertility 
is high. Saving-from-income increases 
nationally from 6.6 percent in 1970 to 
18.1 percent by A.D. 2000 when fer- 
tility is low. The capital per worker 

Table 1. Declining fertility for economic development. 

1985 2000 
Item 1970 High Low High Low 

fertility fertility fertility fertility 

P, population (106) 10.0 15.9 14.1 25.9 18.1 
V, output ($109) 1.50 2.92 2.99 6.33 6.43 
V/P, income per head ($) 150 183 212 245 354 
L, available labor (10?) 3.86 6.09 6.09 9.77 8.66 
N, employed labor (106) 3.28 5.41 5.49 9.01 8.26 
Unemployment rate (%) 15.0 11.2 9.8 7.8 4.6 
K, capital stock ($109) 3.50 6.08 6.39 14.2 16.7 
K/N, capital 

per worker ($) 1066 1126 1165 1572 2023 
SV, savings 

from income (%) 6.60 10.3 12.3 14.5 18.1 
Earnings per worker ($) 228 270 273 352 389 
Return on capital (%) 15.0 16.8 16.4 15.7 13.5 
Children/population (%) 40.4 44.5 37.4 51.9 30.6 
Dependency rate* (%) 88.8 90.8 68.9 92.8 54.4 
Living in "poverty"t (10?) 2.50 2.53 1.45 2.20 1.18 
* Young and aged divided by work-age population. t Personal income of less than $75 per year. 
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increases from $1066 to $2023. Hence 
in A.D. 2000 a worker earns $389 a 
year with low fertility as against $228 
in 1970. 

These various estimates are only 
suggestive. Their exact magnitudes are 
unimportant. What is significant is that 
combinations of alternative param- 
eters indicate that declining fertility 
rates do contribute to economic wel- 
fare (10). The absolute population size 
does not matter as much as the popu- 
lation growth rate. If a population 
doubles in 25 years, it does not mean 
that output will also double in that 
period. The labor force may double, 
but not all may be employed as pro- 
ductively if there is not a doubling of 
capital. Twice as much labor and 
capital will not double output if there 
is a scarcity of equally useful land. 
Were it not for a slow improvement in 
technology, most rapidly growing pop- 
ulations would be hard put to raise 
their per capita incomes (11). 

Conversely, la slowing rate of popu- 
lation growth accords more economic 
benefits than a slow growth rate, and 
hence part of the former's gains can- 
not last beyond a few decades. As fer- 
tility rates decline, the ratio of unpro- 
ductive children to work-age popula- 
tion declines substantially. With low 
fertility in Developa, this ratio de- 
creases from 0.83 in 1970 to 0.49 in 
A.D. 2000. With high fertility the ratio 
rises from 0.83 to 0.87. Fewer chil- 
dren per family give each family mem- 
ber more potential consumption from 
the same family income. But actual 
consumption should rise less than the 

potential consumption. The difference 
is "released" for investment. 

With low fertility Developa can have 
a population of 18.1 million by A.D. 
2000. Table 2 indicates what would 
happen if its leaders for some reason 
wanted this same population sooner, 
by 1989 instead, and so encouraged a 
continuation of the high-fertility rates 
of 1970. In 1989 V/P is $197 instead 
of $354 in A.D. 2000 and S/V is 11.5 
percent instead of 18.1 percent. A 
worker's average annual earnings are 
$287 instead of $389. The ratio of 
the sum of the young and old depend- 
ents to the number in the work-age 
population is 0.914 instead of 0.554. 
Technology has had only 19 years in- 
stead of 30 years to make its contri- 
bution. This comparison at the same 

population size indicates that a slower 

population growth favors economic 
welfare. 
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Costs and Benefits 

The stipulated decline in fertility 
might be due entirely to increased use 
of contraceptives. It should then be 
possible to estimate very approxi- 
mately, from the reduction in births, 
the number of women using contracep- 
tives and the cost in resources of their 
doing so. How do these costs compare 
with the economic benefits? 

It is hazardous to estimate the num- 
ber of adults who must be using con- 
traceptives in order to achieve a given 
birth decrement. And the cost per 
"contraceptor" a year is sensitive to 
the mix of methods used-a coil being 
cheaper than pills after several years, 
for example. Nevertheless very crude 
estimates of the cost for contraceptors 
in Developa, assuming conditions of 
low fertility, are that in A.D. 2000, for 
instance, there will be 2.8 million 
"contraceptors" whose use of contra- 
ceptives will cost $14 million (12). 

Estimating benefits is simpler if there 
is agreement on how to define them. 
Contraception results in a smaller pop- 
ulation commanding more income per 
head because national output is little 
affected. It seems reasonable to ignore 
persons who would otherwise have 
been born, had it not been for con- 
traception, and to consider only the 
living population. Thus Developa in 
A.D. 2000, with low fertility, has a 
population of 18.1 million and an in- 
come per head $109 higher than it 
would have been without contracep- 
tion. The economic "benefit," defined 

Table 2. Unfavorable economic results of fast 
population growth (at same population). 

1989 2000 
Item (High (Low 

fertility) fertility) 

P, population (106) 18.1 18.1 
V, output ($10?) 3.57 6.43 
V/P, income per 

head ($) 197 354 
L, available labor (106) 6.89 8.66 
N, employed labor (106) 6.22 8.26 
L-N/L, unemploy- 

ment rate (%) 9.8 4.6 
K, capital stock ($109) 7.44 16.7 
K/N, capital per 

worker ($) 1196 2023 
S/V, savings from 

income (%) 11.5 18.1 
Earnings per 

worker ($) 287 389 
Return on capital (%) 16.8 13.5 
Children/population (%) 44.7 30.6 
Dependency rate* (%) 91.4 54.4 
Living in "poverty"t (106) 2.37 1.18 

* Young and aged divided by work-age popula- 
tion. t Personal income of less than $75 
per year. 

as population times positive difference 
in income per head, in that year is 
$1.97 billion. 

How can benefits and costs be com- 
pared? The ratio of benefit to cost in 
a particular year has little meaning. 
In A.D. 2000 it happens to be 146, but 
the benefits enjoyed in that year were 
due to previous expenditures, whereas 
the costs of that same year will only 
bring benefits afterward. If benefits 
and costs are accumulated over the 
30-year period, which makes a com- 
parison more meaningful, the ratio is 
82 to 1. This understates the case, for 
with no subsequent costs there will be 
benefits after A.D. 2000. Possibly sig- 
nificant to policy-makers with short 
time horizons is that the benefit-cost 
ratio is already 22 to 1 in the 5th year 
(1975). 

Extent of Program 

Still in Developa, the low-fertility 
policy requires widespread use of con- 
traceptives, so much so that the prac- 
ticality of such a birth control pro- 
gram must be questioned (13). 

The resource costs of the program 
are comparatively insignificant. From 
1970 to A.D. 2000, the costs that yield 
$16.6 billion of benefits are $202 mil- 
lion, a figure about 0.2 percent of the 
accumulated national income of the 
30 years. These costs per head of pop- 
ulation range from under 20 cents in 
the 5th year to slightly over 75 cents 
in the 30th year and average about 
50 cents annually. 

Hence, birth-control programs are 
not a serious rival for funds. Most less- 
developed countries annually use for 
economic development resources worth 

approximately $10 per capita. Even an 
extensive contraceptive program would 
leave about 95 percent of development 
budgets available for traditional spend- 
ing (14). 

The real question is not adequacy of 
funds, or even of specific resources 
such as paramedics and clinics even- 
tually, but whether enough women and 
men will voluntarily practice effective 
contraception. Under a policy of low 
fertility the gross reproduction rate 
should decline steadily from 3.025 and 
is halved by A.D. 2000. In 1985 22 per- 
cent of the population between 15 and 
49 years of age would have to be prac- 
ticing birth control. In A.D. 2000 this 
group would be about 30 percent of 
the men and women of these ages. 
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These percentages are considerably be- 
low comparable estimates for devel- 
oped countries. But they are far above 
anything yet achieved in any less- 
developed country. 

A less extreme and more attainable 
program would reduce the gross re- 
production rate from 3.025 in 1970 to 
2.60 in 1985 and 2.25 in A.D. 2000. 
With medium fertility V/P by 
A.D. 2000 is $285, compared to 
$245 with high fertility and $354 with 
low fertility. Assuming medium fertility, 
among women and men 15 through 49 
years old, necessary contraceptive users 
would be approximately 8 percent in 
1985 and 16 percent in A.D. 2000. 

How large a percentage of the rele- 
vant population will ever practice con- 
traception voluntarily is unpredictable. 
Fortunately, no minimum participation 
is necessary to attain some benefits, 
with even 5 percent practicing being bet- 
ter than none. And clearly this percent- 
age can be influenced by government. 

Other Ways To Hasten Development 

The economic-demographic model 
described above demonstrates that 
there are other ways of raising individ- 
uals' incomes than that of reducing 
human fertility. If families saved and 
invested slightly over twice the per- 
centage of their incomes than was as- 
sumed, the same increases in income 
per head would be approximated with 
unchanged fertility. Or, if families 
would innovate technological improve- 
ments a little less than twice as rapidly 
as supposed, about the same economic 
gains could be realized without birth 
control (15). 

However, calculations of the propor- 
tionate increases in saving and tech- 
nology that would give the same in- 
come increases per head as fertility 
reduction have no practical signifi- 
cance. Arithmetical equivalents are not 
real alternatives in this case. Families 
will not save and innovate more be- 
cause they do not have fewer children. 

If there is any association at all 
among progeny, savings, and innova- 
tion, it is more probably one that fa- 
vors birth control. One could argue 
that the sort of family that chooses 
among alternatives, can discipline it- 
self, and manages its affairs is likely to 
have fewer children, invest more sav- 
ings, and innovate more improvements. 
The doing of one may indirectly even 
induce the others. 
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Governmental Encouragement of 

Contraception 

Could and should the government 
of a less-developed country encourage 
contraceptive use? Any such govern- 
ment could do many things to increase 
contraceptive practice. A government 
can at least have information and de- 
vices available at clinics. But it can 
also subsidize the retail sale of con- 
traceptives and pay doctors to insert 
coils and perform vasectomies. It can 
pay bonuses to married women who 
remain nonpregnant, 'to "finders" who 
bring women to clinics for a coil in- 
sertion, and to fertile men or women 
who volunteer for sterilization. It can 
also educate and exhort through vari- 
ous advertising media. 

A given expenditure that reduces 
fertility contributes so many times 
more to raising personal incomes than 
conventional development investments 
that a government can afford many 
activities if it increases the number 
of "contraceptors." If the percentage 
of adults using contraceptives re- 
mains small, despite government en- 
couragement, at least something will 
have been gained. Government must 
then resort more exclusively to tradi- 
tional investments for dams, and the 
like. 

Many people raise the objection that 
promoting birth control is not a proper 
activity of government, arguing that 
whether adults do or do not have 
more children is their affair alone. Yet 
many governments encourage larger 
families. Some almost seem to have a 
policy of compulsory pregnancy and 
birth, with laws not only against abor- 
tion but also against furnishing con- 
traceptive information or devices. Gov- 
ernments also have many programs 
that incidentally favor larger families 
-programs such as free schooling, 
public housing, and military conscrip- 
tion (which takes away the labor of 
sons). 

A government that really wished to 
be neutral with regard to family size 
would often have not only to legalize 
contraceptive distribution but also to 
offset the incidental encouragement of 
fertility by social welfare programs 
through subsidizing birth control to 
some extent. Finally, if governments 
wish to give people more control over 
their lives, public health programs 
should not only reduce the risks of 
premature death but also the risks of 
unwanted progeny (16). 

Summary 

Most less-developed countries have 
population increases approaching 3 
percent a year. Death rates have fallen 
dramatically in the past several dec- 
ades, but annual birthrates remain at 
around 4 percent of population. In- 
come per head is rising slowly. 

Enough is known about the main 
parameters that a demographic-eco- 
nomic computer model can be used to 
assess the effects of declining fertility 
rates on various indices of economic 
welfare in a typical less-developed 
country. Thus halving in 30 years a 
3.025 gross rate of reproduction re- 
sults in income per head increasing 
3.0 percent a year instead of 1.7 per- 
cent a year with no fertility change. 
Halving fertility also results in a third 
more capital per worker after 30 years. 

A large birth-control program might 
directly cost about $5 a year per "ac- 
ceptor." About 25 percent of the pop- 
ulation aged 15 through 49 would have 
to practice contraception on an aver- 
age to halve the gross reproduction 
rate in 30 years. During this period the 
total cost might be roughly $200 mil- 
lion for a less-developed country that 
started with a population of 10 mil- 
lion. Accumulated benefits could be 
$16 billion. The benefit to cost ratio 
is roughly 80 to 1. 
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condoms or pills and the other half take 
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6. The above numerical example was the basis 
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Francisco that $5 spent on birth control was 
worth $100 used for economic development. 
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tric-TEMPO, Santa Barbara, Calif., 1968)]. 

8. The gross rate of reproduction is the number 
of female live births a representative woman 
would be expected to have if she survived to 
age 50. 

9. In these calculations t is 0.015, n is 0.5, 
and k is 0.35. That n and k sum to less than 
unity implies diminishing returns to workers 
and capital because of land-resource scarcity. 
Annual savings for investment equal 0.25 V 
minus $35 P approximately. 
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every three women of fertile age, only two 
may be at risk of pregnancy, with the other 
one being either not exposed to intercourse, 
sterile, or already pregnant at the time. Given 
these ratios, these two effects cancel, leaving 
the X/y relation. Few contraceptive methods 
are perfectly reliable in practice, and this may 
raise X/y by 1.1 times. Thus, if y is 0.2, 
for every one birth less there must be 5.5 
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The process of change is a central 
feature of the individual and organiza- 
tional environments of modern man. 
The creating of new attitudes, new 

ways of doing things, new forms of 
social relationships, new products, new 
industrial practices-in short, innova- 
tion in the broad sense of the word- 
demands our attention, not only be- 
cause of the results of change but also 
because of the extent to which the 
process of change is becoming a way 
of life. 

Understanding the innovative process 
is therefore of paramount importance. 
The part played by technology-and 
we use this term to include product- or 

process-directed applied science-is 

generally understood and accepted, but 
what about basic research which has 
as its principal goal the discovery and 

organization of knowledge? Does sci- 
entific research play a central role in 
the innovative process, and, if so, how? 

The conventional views based on the 
idea that innovation usually starts from 
new understanding give the answer 
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"yes." We also believe that the answer 
is certainly "yes." It has become in- 

creasingly clear, however, especially 
through several recent studies, that the 
demonstration of the role of science 
in innovation requires focus on the 
nature and intensity of the dialogue 
between the scientific and technological 
communities, rather than on a pre- 
occupation with the role of new scien- 
tific knowledge as the fountainhead 
from which innovation springs. 

Innovation, Invention, and Research 

The innovative process includes in- 
vention. Invention is the creation of an 
idea and its reduction to practice; in- 
novation is the bringing of the inven- 
tion into widespread use. 

Scientific research is characterized by 
the continuous accumulation and or- 

dering of new knowledge. Each re- 
search contribution generally builds on 
what has gone before. Concurrently, 
ordering takes place through laws and 
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theories evolving within the scientific 
disciplines. 

The process of sophisticated inven- 
tion is related to orderly arrangement 
in the continuum of knowledge, be- 
cause such invention requires the exist- 
ence of a body of relevant information 
before ideas can come to, fruition. Since 
the process of invention requires, how- 
ever, a simultaneous connection of the 
knowledge with an external situation 
for potential utilization of the inven- 
tion, it is a special case of ordering. 
Nevertheless, the dependence of inven- 
tion on the relevant body of science 
means that innovation can be related 
to the search for new understanding, 
particularly in radically new technolo- 
gies, such as the transistor and nuclear- 
energy technologies. 

World War II undoubtedly had a 

profound influence on conventional 
views concerning the relationship of 
science and technology. Many persons 
who were engaged in scientific research 
when the war broke out helped exploit 
scientific knowledge, thus bringing 
about many important innovations in 
a short time. Unfortunately, from the 

standpoint of understanding the role of 
science in innovation, the fact is often 
overlooked that, during the war emer- 
gency, the vast majority of the scientists 
involved were working not as basic re- 
searchers but as technologists. 

It is not surprising, therefore, that 
innovation is often viewed as an orderly 
process, starting with the discovery of 
new knowledge, moving through vari- 
ous stages of development, and eventu- 
ally emerging in final, viable form. 
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