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Some un-noticed insights in Gini’s cyclical theory
of populations

1. INTRODUCTION

Corrado Gini was just 28 years old when he elaborates the first formu-
lation of his Cyclical Theory of Populations (CTP). Let us read the sentences
where he introduces his core ideas, starting from the analogy between popu-
lations and organisms, and the role of lower social classes in promoting
population renewal:

“The populations currently dominant in all countries do not constitute the direct
descendants of dominant populations in times past. The explanation is simple.
The individuals of a society, i.e. the cells of an organism, are endowed with a cer-
tain reproductive power. What is not commonly evaluated is its magnitude (..).
If differences depended merely on chance, there would follow variations without
rules from one generation to the next. Instead, the differences are continuous and
in evolution. This suggests a constant relationship between the different repro-
duction rates of individuals and a certain circumstance. This circumstance can-
not be pinpointed with certainty: it is wealth, it is the degree of culture, it is intel-
ligence, it is refinement. It is all these things together, but it does not coincide
with any of them. It is what we are accustomed to designating with the expression
“civilisation”: the greater or lesser dependence of our activity upon the primordi-
al and instinctive needs of the organism, rather than on centuries-old needs and
effects, which may be said to be more elevated than the psyche and the senses.
Those people belonging higher up in the social ladder, those forming the upper
classes, generally have a much weaker reproduction rate than the lower classes.
Each nation thus figures at a certain moment in world history almost exclusive-
ly for what their managing classes are and what they are worth, but its future
depends instead directly on what other classes, which currently wield negligible
influence, will be and what they are worth” (Gini, 1912, pp. 9, 12, our italics).

These sentences evidence that Gini - using Newton’s aphorism - was
building on ideas from the most influential scientists of his time, from
Arséne Dumont (1890) - who linked depopulation (i.e. both a lower fer-
tility and lower self-esteem) with social capillarity (synthesis of freedom
and well-being in democracies) - to Vilfredo Pareto, whose theory of “cir-
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culation of elites” (first appeared in Pareto, 1906!) Gini partly endorsed,
although he imputed the decline of the leisured classes to the drying up
of the reproductive power rather than to Paretian dégénérescence. Unlike
Pareto however, Gini was stressing the “organicist” analogy as the key for
organising and classifying the stages of population evolution:

“Many phenomena of the evolution of peoples are illuminated by the consideration of
demographic turnover between social classes: however, what is still to be explained is
the general pattern of this evolution. A certain regularity is discovered: like organisms,
peoples have a period of growth, maturity, senile decadence” (Gini, 1912, p. 36).

Let us supplement the 1912 text with two passages drawn from the 1929
Chicago conferences, where Gini was invited by to lecture on his CTP. In
the first one, Gini highlighted the key driving role of “internal” forces, which
today we would call “endogenous”, as opposed to “external” ones, as the key
determinants of reproductivity dynamics:

“(As with organic forms) human populations evolve independently of any outside
influence, according to modern biological viewpoints, by the drive of inner forces.
Not that outside circumstances remain uninfluential: yet they (..) appear secondary
compared with the constant causes represented by inner forces” (Gini, 1930, p. 11).

In the second one Gini contrasted his cyclical theory against Malthus
theory of geometric increase:

“(There are) two different population theories. The first, the theory of geometric prop-
agation (...) hypotheses that the reproductive power of populations remains constant
over the generations. The second theory holds, instead, that the reproductive power of
populations follows a cyclical pattern, more or less analogous to that of the power of
the growth of individuals (...). For the populations of bacteria and yeasts the existence
would be ascertained of a maximum density in which the reproduction of individuals
would be compensated by deaths (Pearl, Reed 1923) (...). Many experiments have
demonstrated that this limit is due to inner factors, dependent on the same living organ-
isms, and not to environmental factors (...). The key to the evolution of nations lies in
the different growth of their different population categories (...). The upper classes
are generally insufficient to maintain their numerical proportion by reproductive force
alone. To fill the voids, an upward current tends to occur from the middle classes to the
upper classes and from the lower to the middle (...). Is this turnover a purely econo-
mic or social phenomenon? Or do its roots lie in more intimate factors of a biological
nature? Undoubtedly, the economic differentiation of societies stems from the different
reproductive rate of the families. But it is equally certain that economic and social dif-
ferentiation together result in the different reproductive rate of individuals and accen-
tuate the consequent demographic turnover” (Gini, 1930, pp. 12, 15, 22, our italics).

! In Pareto the different types of societies can be characterised by what he terms “circulation of
the élites”, determined by the differences in the process of renewal between the classes currently
governing and those governed: “Whatever the underlying determinants might be, it is undisput-
able that after a certain period (the aristocracies) disappear. History is a cemetery of aristocracies”
(Pareto, 1916, p. 82).
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The reaction to Gini’s conferences in Chicago (published later in the volume
“Birth, Evolution and Death of Populations”, 1930) by the American scientific
community was amazingly negative. This criticism is summarised in the harsh,
sometimes mocking, review by Edward Reuter (1931), then president of the
American Sociological Society. Reuter qualified Gini’s approach in the CTP
as anecdotal, scientifically vulnerable due to the lack of direction from reality,
supported by a chaotic combination of information from different sources (his-
torical, biological, statistical), in most cases contradictory or irrelevant. Most of
all, he criticised Gini’s approach as tautological, or even “essentially magical”:

“A cause outside of the phenomena is posited to explain economic, social and
political reality; and the cause is outside of facts whether it is located in biology or
Providence. (...) If the position is a biological one, to cite historical occurrences in
proof of a force that is used to explain the historical occurrences is logical circuity”
(Reuter, 1931, p. 647).

What were the reasons for such severe criticism, especially given that only
a few years later Gini’s “Prime linee di patologia economica” (Gini, 1935) was
to receive the highest accolade at Harvard from Robert Merton (1936a)?

A crucial role may have been played by the different scientific approach-
es between the Chicago school, where Reuter was a leading scientist, and the
Harvard school, where Gini was closely connected with Pitirim Sorokin, who in
turn was developing a “Social Cycle” Theory (1937), based on the alternation
of societies according to their ‘cultural mentality’. Indeed, while Chicago was
polarised on field research, Harvard, which boasted leaders like Merton and
Parsons, was the bastion of a theoretical approach to sociology.

But what mostly matters was probably the conflict around population
policies, between Gini on the one hand, and the supporters of the optimum
population theory and birth control, on the other, as well documented in Cassa-
ta’s reconstruction (2007). This conflict had already been incubating since the
1927 Geneva conference, where Gini’s nationalist and populationist positions
were overwhelmed by the prevailing neo-Malthusian approach. The dispute
was rekindled in Chicago in 1929 by Gini himself, who criticised the optimum
theory and proposed the alternative concept of an optimum region, where “a
nation can increase its population without reducing the well-being of its mem-
bers”. In the two subsequent years Gini both worked at improving his critique
to the foundations of the optimum theory (Gini, 1931) and played a key role in
the fall-out between the IUSSP and the Italian Council for Population Studies.
The background of the attack of American sociology upon Gini’s CTP may lie
in these hotly debated issues2.

? In this sense we believe that Reuter’s scientific critique actually represented a weapon thrown
against two politically important targets: the first one was that of population policies, and of the
underlying political choices - the Fascist regime - that Gini was representing. The second target
was Gini’s power as a “regime scientist”: attacking the prestige of his theories was thus a weapon
against his popularity.
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All this considered, we cannot but stress that the first formulation of
the CTP appeared long before the Twenties. Therefore, we aim to revisit
Gini’s way of reasoning by appropriately contextualising his CTP within
the scientific thought of the early 20t century, focusing primarily on Gini’s
early ideas, in order to highlight their richness in regards of both scientific
categories and epistemological approaches. These were already well present
before Gini’s political engagement. This will enable us to identify several
limitations of Gini’s thought, but also to better grasp his contributions to
different areas of social sciences, not yet adequately understood.

Overall, we see at least three major Gini’s contributions in the CTP
that add up to his anticipation of cybernetic ideas already noted elsewhere
(Dagum, 1987). The first one is the systematic use of what he named the
method of models, anticipating the later concept of abduction. The second is
the ubiquitous use of structural interdependences - between subpopulations
as well as between factors - as a concrete tool for investigating population
dynamics. The third, resulting as a non-trivial corollary of the second, is the
dual use of the concept of structure.

The following pages focus on these three innovations.

2. BEYOND “MATH AND STAT”: THE METHOD OF MODELS

In a later paper about the role of Mathematics for Statistical Sciences (Gini
1959), Gini revisited his well-known idea of a mathematics just of service (“the
simplest possible™) to statistics. This paper was widely cited in most subsequent
reviews of Gini’s work as the Manifesto of the Italian Statistical School - and,
possibly, of Gini himself (Giorgi, 2011) - in contrast with R.A. Fisher’s view of
statistics as a branch of applied mathematics. However, the paper proceeded far
beyond this. We believe that the section dealing with the “method of models”
is of utmost importance:

“Between the deductive method of Mathematics and the inductive of Statistics,
the method of ‘models’ largely used in Physics and which at present is being
accepted with favor by economic sciences, may be considered to offer a compro-
mise. It represents, indeed, an application of the hypothetical-deductive method,
which consists in the construction of hypothetical-theoretical schemes or models,
from which systems are deduced necessarily (...) in such fields of vanguard as
today that of Physics, often dealing with problems that are on the border-line
of our knowledge and cannot therefore take as their starting point a previously
acquired knowledge of facts. The method is crowned with success when the
deductions can be submitted to immediate control (..) In the case of demographic
and biometric enquiries, Statistics have had recourse to schemes and models but,
as they can avail themselves of a wide range of facts, they (are) ready to modify
them when that experience increased.” (Gini, 1959, p.5, our italics).

10
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A few lines later Gini stressed the importance of hypotheses in this method:

“In the hypothetical-deductive method, which is generally followed in Mathematics,
the process of deduction is always slow and laborious as compared to the moment of
the hypothesis itself, which is often forgotten (..). (As) Bertrand Russell (says): “in
Mathematics one never knows if what is said is true or false until one knows whether
the hypotheses on which they are based are true or false”” (Gini, 1959, p.7).

We feel that, already in the early formulation of his CTP, Gini resorted
implicitly to the “method of models” that he believed is appropriate for those
problems “that are on the border-line of our knowledge”. Gini stated that
the “method of models” is an instance of the hypothetical-deductive method.
However, with all caution that any epistemological classification requires, we
believe that the method is instead an instance of abduction.

Abduction is the third Aristotelian form of syllogism. It differs from the
other two forms, i.e. deduction and induction, by a permutation of its compo-
nents. All three syllogisms consist in drawing a conclusion from the welding
of two premises, combining a rule, a result and a property. Deduction draws a
particular result from a certain rule and a property; induction draws a general
rule from a particular result and a property. Abduction draws the property
from combining a hypothetical rule with the ascertainment of a result: [1]
(minor premise or hypothetical rule) if property X were true (antecedent),
then fact ¥ would occur (consequent); [II] (major premise or certain result)
the observed unit T satisfies the fact Y; [III] (conclusion) it is a reasonable
conjecture (until proved otherwise) that unit 7 possesses property X. In the
abductive syllogism the major premise relates two parts belonging to two
distinct domains of reality: the antecedent (“if property X were true”) and the
consequent of the rule, that is, what we want to explain.

The Aristotelian concept of abduction, originally recovered by James S.
Peirce and posthumously organized by his scholars in the monumental Col-
lected Papers, reappeared in the debate on scientific discovery thanks to the
work of Norwood R. Hanson just a year before Gini’s 1959 paper. In the “Pat-
terns of discovery” Hanson (1958) convincingly showed that abduction by
(mathematical) models represented the road-map to discovery in the physical
sciences, from classical mechanics to modern physics. The role of abduction
by models became exceedingly important with 20t century physics, when it
became critical to relax the link with intuition, which would have unavoida-
bly stopped scientific development at the stage of mechanics. An abductive
syllogism allows one to depart from a given interpretation of the empirical
world, taken as a whole - i.e. from a given Gestalt (Kdhler, 1929) - to switch
to a new, innovative, interpretation of reality. Such a ‘Gestalt-switch’ has
been described as “handling the same bundle of data as before, but placing
them in a new system of relations with one another by giving them a different

11
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framework” (Kuhn, 1962, p. 85). Theories work as tools to recognize Gestalt;
different theories stem from different perceptions. “Theories put phenomena
into systems. They are built up “in reverse”, retroductively. A theory is a
cluster of conclusions in search of a premise” (Hanson, 1958, p. 90).

In particular, the larger the distance in the semantic content between the
two statements of the major premise, the greater will be the discovery power
of the abductive syllogism. Let us clarify this crucial point. In 1908 C.S.
Peirce, reasoning on scientific creativity, coined the concept of musement, “a
kind of rational intuition” (Salas, 2009), meaning “the power to establish con-
nections between different objects in different Universes”. Paolucci (2012, p.
12) reminds us that the “play of musement” for Peirce meant connecting two
different realms of experience without a rule governing such a connection”.
However, we believe that a rule exists: it consists in maximizing the distance
between the two realms, through the counter-factuality of the hypothesized
rule. This is why the greater the semantic distance between the two domains,
the greater is the ability of a theory to apply a machinery working in a better
known reality domain to the subject domain (Micheli, 2012, p. 4). And this
power will become maximal - though highly falsifiable - when the logical
antecedent is contrary-to-facts, i.e. counterfactual.

Nevertheless, reasoning by models also requires a constant effort to rec-
oncile observations with the particular Gestalt underlying the adopted math-
ematical model, as summarised by the underlying hypotheses, what Garding
(1977) termed the (more or less consciously adopted) model’s influential
metaphysics (Micheli, 1993). This reconciliation requires a two-level con-
sistency check on the adopted model: its inner consistency, dealing with the
logical coherence of the model internal structure, and its external consistency,
against empirical evidence.

In the domain of social sciences, model-based abductive procedures have
a far different meaning from what happens in exact sciences. Kepler’s coun-
terfactual conjecture (“let us assume that the orbits of Mars are elliptical”)
proved to be a factual truth of the physical world. But this success cannot be
straightforwardly replayed in the so-called pre-paradigmatic disciplines that,
lacking a robust theoretical corpus, use abductive inference to explore ‘new’
interpretations of phenomena whose ‘“data-generating model” is lacking.
Nonetheless, even if in social and demographic sciences a shift in the influen-
tial metaphysics adopted cannot aim to “capture the truth”, it can however aid
to integrate the nuances of a reality which inevitably eludes an overall vision.
This is not at all a small matter3.

3 The 8t Charles Peirce’s lecture at the Lowell Institute in 1903 was entitled How to Theorize,
but Peirce himself wrote “Abduction” in bold letters on the first page of his manuscript (Swed-
berg, 2012), a clear-cut identification of innovation with the third form of syllogism.

12
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Table 1 — Abductive structures in some classical models in population
dynamics. [IM= (the underlying) influential metaphysics]

MODEL & GESTALT HYPOTHETICAL LOGICAL CONSE- RESULT & COUNTER-INTUITIVE
OR. UNDERLYING RULE (“COUNTER- | QUENT: POPULA- CONCLUSION PROPERTIES & PARA-
INFLUENTIAL FACTUAL ANTE- TION GROWTH METERS
METAPHYSICS (IM) CEDENT”) PATH

Malthusian growth Population  growth | Exponential ~evolu- | Population ~growth | Population growth is unlim-
IM: “sympatheya” | rate remains constant |tion  (growth or|in  absence  of |ited.

(constant “Newtonian” | over time. decay) of total popu- | “checks” is expo-

force due to the con- lation size. nential. Doubling time is invariant
stancy of  “passion Main confirmation: | during evolution.

between sexes”)

developing  coun-
tries  during  the
Demographic tran-
sition.

Logistic growth
(Verhulst 1845)

IM: “Newtonian” inter-
action between Malthu-
sian force and environ-
mental friction

Population  growth
rate is linearly de-
creasing in popula-
tion size (or density)

Logistic growth of
total population size

Population  growth
in the presence of
environmental
“checks” is
gistic”.

Main confirmation:
laboratory  popula-
tion.

“lo-

Population growth is con-
tinued but its asymptotic
limit is a steady state (“car-
rying capacity”)

Stable population
(Lotka & Sharpe 1911)
IM: Interaction between
constant forces (New-
ton/Malthus) in age-
structured framework.

Age-specific fertility
& mortality sched-
ules remain constant
over time.

Long-term evolution
is “Malthusian” at a
pace given by Lot-

ka’s “intrinsic”
growth rate.
Long-term age

distribution is invar-
iant (“stable”) and
ergodic.

(First) Main con-
firmation: the in-
trinsic rate correctly
predicts US demo-
graphic  stagnation
in the 1930s (Dub-
lin-Lotka 1925).

Current growth rate (out-
come of interplay between
processes & structure) is
distinct from “intrinsic” rate
determined by process only.
Long-term age structure
determined by process only
(and independent of initial

structure).
Fisher’s Reproductive
value: effects of initial

structure on growth path.

Diffusion by social Social contacts | Cumulative epidem- | Social contact rules | Infection incidence per unit

contacts & contagion between susceptible | ic curve is logistic. | are sufficient to | of time (“epidemic curve”)

(McKendrick 1911). and infective indi- “explain” infection |is bell-shaped but not

IM: Mass-action prin- | viduals —are  like transmission. Gaussian.

ciple (statistical me- collisions  between “Full contagion” principle

chanics) particles of a perfect (everyone infected sooner
gas: C=pXY or later).

Diffusion by social | Social contacts | General  epidemics | The model correctly | Threshold theorem.

contacts & immunity | between susceptible | curve predicts  pandemic

acquisition (Kermack- | and infective indi- trends in the ab-|“Incomplete contagion”

McKendrick 1927).

viduals as particles

sence of interven-

principle: epidemic fades

IM: Mass-action prin- [ of a perfect gas: tions (e.g. Spanish [ out without infecting eve-
ciple (statistical me- | C=pXY in 1918). ryone.

chanics)

Prey-predator interac- | I.Contacts between | Lotka-Volterra-type | LV model explains | Cyclic “principle”: antag-
tion  (Lotka 1925, the two species obey: | (conservative) oscil-|a range of “cycli- |onistic  interactions  of
Volterra 1926). C=BXY. lations cal” datasets for | predatory type yield oscilla-
IM: Mass-action prin-|2. Forces determin- which only exoge- |tions in the abundance of
ciple (Lotka) vs “En-|ing the numerical nous explanations | the two species.

counters principle”
(Volterra) + interaction
between constant forc-
es.

responses of popula-
tion abundances to
“contacts” are con-
stant.

(e.g. meteorological
or  environmental
forcing) were avail-
able

13
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All the success stories in population mathematics have been the out-
come of counter-factual hypotheses drawn from other fields of reality, which
benefited from more robust scientific paradigms. The intuition that the social
contact patterns underlying infection transmission might be represented by
“borrowing” from statistical mechanics the mass-action law - which describes
the macroscopic behaviour of a perfect gas based on the disordered interactions
between its particles (Manfredi and Micheli, 1994) - allowed mathematical
epidemiology to take off. This is what science mainly asks of the otherwise
frail abductive procedure: to discover “useful”, that is non-trivial, results. As
George Box used to say: “All models are wrong [i.e. counter-factual, A/N], but
some are useful”.

The working principles of abduction and counter-factual hypotheses in
some of the key models of population dynamics are summarised in Table 1. All
these models start from a few counter-factual statements that are so far from
reality as to appear sometimes incomprehensible. However, the (mathematical)
elaboration of these hypotheses yields counter-intuitive, and useful, results. All
these discoveries took place between 1910 and 1925: the core period of Gini’s
scientific production. Despite lacking personal ties or elective affinities, the
method of models recalls the intuition of Vito Volterra in his inaugural academ-
ic year speech in 1901 in Rome (Volterra, 1906): “Experience teaches us that
models were useful and still serves to steer us in the newer, more obscure fields
of science, in which one gropes for a path”.

3. COUNTER-FACTUALS, RESULTS, “LATENT” EFFECTS

Currently, human as well as life sciences are definitely acknowledging
the key role played by the “method of models” in scientific discovery: “Good
science is abductive, not hypothetico-deductive” (Rozeboom, 1997). This lends
considerable value to the counter-factual hypotheses that Gini used as departure
points to draw some of his counter-intuitive results. His main counter-factual,
when, at the age of 28, he first sets up the CTP, was the analogy between pop-
ulation and organisms. But his (Gini was surely unaware of Pierce’s work) use
of this analogy was fairly innovative for his scientific time:

“In the field of political economy the mechanical analogy is not the only one to
have been used. Another is the organicist analogy. (...) For the analogy to be of a
heuristic nature it is necessary that (..) the object from which the image is taken is
better known than that to which it refers. It is the same principle which is applied
in mathematics: when one performs a generalisation of an operation or concept,
(...) one must begin by looking for the essential characteristics of the organism and
then verify whether they are found in society. (...) Modern biologists define it (the
organism, A/N) as a system in stationary equilibrium endowed with self-preserva-
tion. By system I mean a continuous and discrete set of bodies bonded by stresses
and constraints (Gini, 1952, p. 75-78).

14
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And once again (ibidem, pp. 86-88):

Strictly speaking, if one considers the whole organism, there is never perfect
self-preservation. Each action and reaction leaves behind it a change, albeit
slight. We are not dealing with self-preservation, but with adaptation. And the
succession of adaptations produces the evolution of the organic being (..) An
exclusive characteristic of organisms is the faculty of self-reequilibration. And
resettlements, caused by the imperfect power of self-reequilibration, overlap
with adaptations, caused by the imperfect power of self-preservation, in giving
concrete form to the evolutionary process of the organism”.

What gives scientific credit to the young Gini is his capacity to break
down the metaphor of the organism into its built-in functions. Interdepen-
dences between bodies or factors, self-preservation and self-reequilibration
are terms that, albeit generically originating with Spencer’s Principle of
Biology (1899), are used with a new articulation for the time, and anticipated
those of system, homoeostasis and morphogenesis that are systematically
investigated in Wiener cybernetics (1950), as Dagum (1987) first emphasiz-
es. Yet there was much more in Gini’s early thinking. In his review of the
First Lines of Pathology (published the year before), the 26-year-old Merton
(1936a), Gini’s assistant at Harvard on a course on “self-regulation phenomena
of social organisms”, praised Gini’s neo-organicist analogy as an instrument
to interpret society as a system, whose merits he underlines - sharply contrasting
with Reuters’ review - both in its inner consistence, namely its ability to pro-
duce non-evident results, and in its external consistence. All properties - it
may be noted - of argumentation “by models”:

“The significance of the contribution is primarily twofold. It presents a rounded,
logically consistent and above all fruitful analytical scheme (termed neo-organi-
cism). Second, this theoretical analysis when applied to empirical materials suc-
ceeds in performing the all-important function of science — of integrating into a
coherent structure apparently contradictory observations and theory.” (Merton,
1936a, p. 324).

What can we say about the limits of Gini’s approach? For this, it is
sufficient to decompose (see Figures 1,2) Gini’s main abduction, and com-
pare it to a syllogistic representation of the stable population model pro-
posed about at the same time by Lotka (Sharpe and Lotka, 1911). If Gini’s
minor premise (“if populations behave as organisms”) of the organicist
abduction is worth of the highest consideration, we remain discouraged by
the commonplace, not evidence-based, formulation of his major premise,
mostly resting on the authority of ancient historians or on a few, erratically
collected, contemporary examples, as Reuter pointed out. Therefore it is
worthwhile to consider other syllogisms used by Gini in the CTP, which,
although less central in Gini’s scheme, are much more revealing of Gini’s
scientific awareness.

15
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Figure 1 — Abductive structure of Lotka’s stable population model
(Sharpe and Lotka, 1911) and its application to US demographic trend
in 1920-1930 (Dublin and Lotka, 1925)

MINOR PREMISE: HYPOTHETICAL FORMULATION OF A RULE

(ANTECEDENT/IF) THE MODEL > (CONSEQUENT/THEN): THE GROWTH PATH
If the age patterns of fertility and mor- then the population converges to a long term growth path
tality of remain constant for a sufficient- with an “intrinsic rate of natural development”, invariant
ly long period of time and ergodic (i.e. independent by the initial structure),
different from the current rate of natural increase.

MAIJOR PREMISE: RESULT
The U.S. intrinsic rate estimated in 1911 correctly predicts demographic stagnation in the 1930s
CONCLUSION

The intrinsic rate (unlike the rate of natural increase, which depends on both processes and structure), is a good predictor
of future dynamics

COUNTER-INTUITIVE PROPERTIES

a) Also the long-term age structure is ergodic, i.e. determined by process only and not by the initial structure.
b)The effect of initial structure on growth path reduces to a multiplicative momentum (Fisher’s repr.value)

Figure 2 — The structure of Gini’s main abduction in the CTP
(Gini, 1912, 1927)

MINOR PREMISE: HYPOTHETICAL FORMULATION OF A RULE

(ANTECEDENT/IF) THE MODEL > (CONSEQUENT/THEN): THE GROWTH PATH
If human populations follow the organismic rules i.e. then pppulations willlbe. characterised by
behave as a system of interdependent factors en- !yfe.-cwlel parabola§ similar to those observed
dowed with self-preservation. self-regulation. in biological organisms

MAIJOR PREMISE: RESULT

Populations (and their subgroups including lineages, social classes etc) observed by the ancient historians of the ancient
time exhibit life-cycles much alike those of organisms

CONCLUSION
Conjecturing a model of interdependencies (among species or factors*) is reasonable for human populations.
COUNTER-INTUITIVE PROPERTIES

a) In case of interdependence among factors, the model explains Dumont’s “dépopulation” theory;
b) ) In case of interdependence among species, the model explains Pareto’s “élites’ circulation” theory.

Note: * See the subsequent discussion in section 4.

Among these syllogisms we focus on the one where Gini (1929) pre-
dicted, by using the net reproduction rate, the long-term decline in the birth
rate of European population despite the current rate of natural increase was
still largely positive. This argument has brought Cassata (2007, p. 24) to
interpret the origin of the CTP as a combination of the Western Sunset syn-
drome (Spengler, 1918) with “the use of a coarse statistical tool”:
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“The nightmare of the Western Sunset seemed to be scientifically endorsed, and the
forecast served to increase concerns. What translated a slight, temporary decline in
births into an imminent, apocalyptic demographic crisis was a sort of optical defor-
mation, stemming from a mistaken underlying hypothesis: assuming that fertility
levels at the date in question remained constant throughout the fecund life span of
a cohort of women, Kuczynski’s index overlapped a fictitious cohort on an actual
cohort, (..). Fruit of a misunderstanding, amplified by the use of a coarse statistical
tool, the nightmare of ‘empty nests’ ended up legitimising the adoption throughout
Europe of pro-natalist policies.”.

Based on our previous arguments about the use of abduction in the
early CTP, we believe that an alternative interpretation to Cassata’s one is
possible. Surely the net reproduction rate (universally known as R,) was
crudely popularised by Kuczynski (1932), giving the impression of a “coarse
statistical tool”. Nonetheless, since 1930 Gini leant his developments not
on Kuczynski’s popularization but on the robust Dublin and Lotka (1925)
seminal work on “The true rate of natural increase” (notably, Dublin and
Lotka were jointly invited by Gini to publish in Metron an upgrade of their
work). Now, while R, responds to the “Ginian” need for mathematics to be
“as simple as possible”, is far from being a coarse tool. Instead it is the key
parameter of a well-developed mathematical theory (Diekmann et al., 1990).
In particular, in population mathematics it represents an explicitly calculable
(“extrinsic”’) measure of the long-term - i.e. “latent” - evolution of the popu-
lation, of which Lotka’s intrinsic rate » represents the “intrinsic” measure.
As such the use of R, requires caution, keeping in mind the intrinsic nature
of a mathematical model as an “if-then” logical argument, hinging upon a
counter-factual premise, i.e. the constancy of a frame (in the stable model this
is given by the time-constancy age-specific curves of fertility and survival).

Therefore, deducing the coarseness of the use Gini made of R, to forecast
the future birth rate, from the change of the fertility parameters evidenced
in the 1950s studies, based on the analysis by generations, would ignore the
correct “if-then” use made by Gini:

if births and deaths were to continue at the current rate (minor premise), 1000
women born in 1927 would give birth to only 910 daughters in France, only 830
in Germany... (1930, p. 53)”.

To our opinion this is a conscious implementation on Gini’s part of an
abductive argument, based on Lotka’s stable population model which in turn
has (Figure 1) all those properties (metaphoric translation, counter-factuality,
counter-intuitive properties) which Peirce attributed to abductive syllogism.

Once more, we cannot forget that good abductions need robust “models”:
internally and externally, comparing a set of alternative conjectures (i.c. a set
of alternative models), to select the one most ‘consistent’ with reality. What,
in Merton’s opinion, was a strength in Gini’s times, was absolutely unsatis-
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factory for Reuter (1931), who challenged both the lack of rigour (“internal
consistency”) and the underestimation of the empirical verification step of the
conjectural moment (“external consistency”).

As for “internal consistency”, it is a matter of fact that at Gini’s time, the
largest part of fine innovators in human sciences, i.e. those who attempted to
explore ‘mathematically’ (i.e. logically) “latent” structures, used loose argu-
ments. When Pareto (whose Manual of Political Economy was known to Gini
in 1912) stated (in 1946) that his purpose in the 1916 Sociology Treatise was
to “search for experimental reality by applying to the social sciences some
methods which carried out their proof in physics, chemistry and astronomy”,
he was in line with the “method of models” of Gini’s CTP. Yet neither text
contained a single equation!

But what about the “external consistency”, i.e. the comparison with the facts?
No doubt, in the CTP the model was verified or disproved not by statistical
means but by references to historic macro-periods or national macro-examples, at
times lost in early historiography, or by recourse to various statistical sources
which were not always pertinent. Yet it is also true that in 1912, when Gini
wrote “I fattori demografici”, only very few lucid scientific minds were able
to construct their empirical data and cross them in a search for ‘concomitant
variations’ with which, according to the fourth canon of J.S. Mill (1884), to
verify or reject their conjectures. These exceptions included Emile Durkheim
in Suicide (1897) (where he imported data from French and Italian psychia-
trists), or Francis Galton in Natural Inheritance (1894) (where he constructed
quasi-experimental data on the statures of fathers and sons) or even earlier
John Snow (who, to explain the different geographical incidence of cholera
in 1854, mapped London into hundreds of blocks and found a significant rela-
tion between the raging of the disease and the company supplying drinking
water). Many influential scientists, as Arséne Dumont (1890), purely relied
on historical sources, exactly like Gini.

The same cannot be said for Gini, perhaps due to the fact, mentioned
above, that he produced theories which were always and only universal,
or perhaps due to his failure to realise that in the social sciences “for some
problems there may exist an infinite number of conjuncts” (Wunsch, 1988).

4. TWO WAYS TO ENDOGENISE REPRODUCTIVITY IN A SET OF
INTERDEPENDENCES

The importance of Gini in 20t century science is not limited to the antici-
patory use of abductive syllogism. Perhaps more importantly, Gini formulated,
along the lines of the emerging Mathematical Ecology, models interconnecting
more than one factor (or force), or more than one species (or subpopulation),
of a single system which may reveal non-manifest dynamics to those analysing
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factors (or species) one at a time. Let us therefore revisit the relevant passages
of the CTP, by overlaying the Gini’s texts quoted in the Introduction, in order
to better understand how the young Gini worked. In his choice of working by
organicist analogy (the reference to Pearl and Reed’s experiment is revealing),
the heuristic nature of an organism wa not just evocative. It was a well-struc-
tured concept, identified by a bundle of interdependences between ‘forces’ or
‘bodies’ which together define a Gestalt, that of “organism”, understood as “the
set of mutually bound bodies, endowed with self-preservation” (Gini, 1924). It
was the intrinsic structure of the model of interdependences combined with the
(counter-factual) constancy of the coefficients of interdependence - systemat-
ically recalled in “the constant drive of inner forces” of which Gini spoke in
1915 - that led to non-evident or “latent” results. We note that this process was
to repeat itself ten years later, when Lotka (1925) and Volterra (1927), separate-
ly developing their prey-predator models, would not only launch Mathematical
Ecology, but would also endow the applied and social sciences with one of the
most extraordinary interpretative metaphors ever produced.

There is a novelty, therefore, in these passages of the young Gini: fertility
was not explained only by factors external to it, but it was analysed within a
fully endogenous framework given by an “organicist model” of interdepend-
ences. This scientific programme was implemented along a double track, both
consistent with the organicist analogy. In 1915 Gini worked on the interde-
pendences between several “species” (low and high classes, country-folk and
town-dwellers, populations or nations interacting through migratory flows). On
the other hand, in 1924 Gini worked on interdependences between opposing
and complementary forces, inner in a system (or species), whose interaction
triggers a cyclical dynamics of the system (or species) as a whole.

Gini’s point of reference for interdependence between species was Pare-
to’s theory of élites circulation, with whom he establisheed close scientific
relations. For interdependence between forces Gini’s main reference were
Spencer’s Principles of Biology (1899). Just as Individuation and Genesis are
in Spencer (1899) the two opposing, inversely correlated, forces which triggers
a cyclical moving equilibrium:

“(We’ll) prove the inverse variation between Genesis and Individuation (..). A
greater demand for Individuation, be it a demand caused by some spontanecous
variation or by an adaptive increase of structure and function, inevitably diminishes
the supply of Genesis (..), conversely, survival of the fittest, acting on a species that
has, by spontaneous variation or otherwise, become more prolific, cannot again
raise its lowered Individuation, so long as everything else continues constant”
(Spencer, 1899, pp. 461-463).

* Gini’s long-term “structure” is produced only by the classes which are now ‘low’. Similarly,
Lotka’s ergodic structure depends solely upon the fertile age classes.
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Similarly to Spencer, Gini identifies two basic inner factors for the vol-
untary limitation of births. In 1945 Gini will define them as follows:

“a higher propensity to reflect and to act logically, deriving from the increasing
importance of rationality in social life (and) a weakening of the instincts which
determines a growing inadaptability to circumstances unfavourable to reproduction”
(Gini, 1945, p.92-94).

One cannot but see an anticipatory role played by Gini in the strand
of models of interdependences between forces, in which in the following
decades there would be a number of contributions. These include, just to
list some, the generalisation of the logistics curve as the outcome of interac-
tion between Malthusian and Smithian forcesS (Amoroso, 1929); Goodwin
growth-cycle model (1967) based on the metaphorical transposition of Lot-
ka-Volterra prey-predator interaction to explain in Marxian terms the capi-
talist cycle through the conflict between profit and labour; Wrigley (1969)
endogenous explanation of Ancien Régime fertility as the outcome of the
homeostatic interplay among demo-economic and social forces; the expla-
nation of post-transitional changes in fertility choices as the outcome of the
interaction between opposing logics of identity and interest (Micheli 1985;
1987); and the Lotka-Volterra representation of Malthus’ principle of popu-
lation (von Tunzelmann, 1986).

As illustrated by the previous examples, the idea of explaining waves
in fertility and reproduction /ato sensu by the interaction between two com-
plementary and opposing interdependent principles, has become a locus clas-
sicus of the history of population theory, continually adapted to respond to
new scientific questions. According to the thinking of the social sciences in
the 1960s, bridging “the systems of factors or forces” (Gini, 1912) and “the
networks of sub-populations” (Gini, 1915) corresponds with a key category,
that of structure: “the whole set of interdependent elements” (Boudon, 1969),
which may be expressed as a “system structure” in the case of interdependences
between forces, or as a “network structure”, in the case of interdependences
between species or actors. The same model — that is, the same structure - can
be arrived at from distinct influential metaphysics. In such cases, there may
surface, abductively, identical latent properties— intrinsic and non-evident - of
the structure itself. We believe that this is not just a trivial corollary of the
Gini’s use of a set of interdependencies to explain the dynamics of population.
Therefore, on this point as well, Gini’s intuition was well ahead of its time, in
spite of his glaring indifference toward empirical evidence. After all, as Burch
(2012, p. 4) firmly highlights:

* Luigi Amoroso derived a simple extension of the logistic equation from a set of interdependent
relations describing the interplay between two forces, namely the Malthusian force (that he also
calls “Orthesian”) and the “Smithian” force, where the latter expresses the relationship between
“subsistences” and population.
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“logical positivism and behaviorist psychology have confined scientific work to
‘ob-servables,’ forgetting the fact that many of the most important scientific theories
deal with things that have never been seen, but are ‘known’ only through their effects”.

5. LIMITS AND LEGACIES OF THE CTP: REVERSING THE SIGN OF THE BALANCE

We have revisited Gini’s CTP starting from its early versions, in order
to focus on those parts of Gini’s scientific thinking that were developed prior
to his political and ideological engagement. This might be considered still
insufficient by all those who instead stress the continuity between early Gini’s
thought and his subsequent ideological involvement. Indeed, Gini’s involve-
ment with Fascism was rather consequent than subsequent to his early ideas.
As Anna Treves (2001, p. 228) wittily highlights, “it was Gini’s conviction
of the absolute supremacy of his scientific thought that made him definitely
“fascist”, because in this way he could interpret the fascist movement as
“Ginian”. From this standpoint it is not at all our aim to conceal, by a mere-
ly rhetorical use of techniques for evaluating the empirical consistency of a
model, the ideological role of Gini - in the Twenties - as a strategic scientist
for fascism (Cassata, 2007, p. 15).

Given this necessary premise, much has been said about the limitations
of the CTP, from the inadequate role attached to empirical verification of
conjectures to the drive to construct universal theories, both consistent with
the spirit of the time and consonant with the personality of the scientist.
Gini’s claim to construct universal theories - the Comtian legacy of a “total
science of society” sociology - caused him to shelve his theoretical heritage
only a few years later, when the universalist approach reached its terminus
(Cassata, 2007). And his dominant character prevented him from taking on
board the suggestion of his young admirer Merton (who in 1936b, p. 894)
places Gini firmly among the “giants” of the social sciences) and shifting
with scientific humility from ‘grand theories’ to ‘middle-range theories’ that

“involve abstractions, of course, but they are close enough to observed data to be
incorporated in propositions that permit empirical testing” (Merton 1949, p. 39).

Despite these limitations, some aspects of Gini’s contribution are worth
being adequately appreciated. In revisiting the CTP we discerned at least two
anticipatory hubs of the subsequent scientific thinking of the social sciences.

First of all, the pattern of argumentation recurrent in the CTP, which Gini
will call (1959) the “method of models”, seems to anticipate the rediscovery of
the abductive syllogism (from Peirce to Hanson). Obviously, Gini’s construction
(and the related application) of abductive reasoning was still frail. His failure to
realize that the same real data can be described by more than one conjectural
model challenges the rigor and effectiveness of his use of abduction. Nonethe-
less we believe that Gini’s intuition about abduction is firmly established.
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Reasoning “by models” then led Gini - linking him with scientists of the
Golden Age of Theoretical Ecology - to interconnect reciprocally “external”
factors or species (two distinct Gestalt therefore) in order to predict at least
potentially cyclical results. On the one hand, through a “scheme” of vital
interdependences among “sub-populations” or “species”, able to reproduce,
albeit in its narrative statements, Lotka and Volterra’s patterns of biological
interactions, the meta-populations of demographics, and also models for the
dynamics of social structures. On the other, through a “scheme” of inter-
dependences among factors or forces, which was to find its more complete
expression in the wage-profit model of Goodwin (1967). Gini’s ability to read
the dynamics of fertility along both distinct lines (forces and species) made
him the - unacknowledged - forerunner of the bridging role of the fundamen-
tal concept of “structure”, which was to become in the 1950s a key focus of
scientific debate in the human sciences.
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Appendix
The population-dynamic model of the CTP in a nutshell

As pointed out in the main text, readers of the Cyclical Theory of Popu-
lation (CTP) will hardly find any mathematical equation in Gini’s exposition.
However, although exposed in fully qualitative terms and sometimes confusing
outputs with the underlying dynamic mechanisms, the CTP represents a first
attempt to explain population reproduction dynamics as an endogenous outcome
of'a complex interdependent system. In this appendix we support our thoughts of
section 4 by concisely summarising the features of Gini’s «grand scheme» in an
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attempt to highlight its structure of interdependent model. In doing so we mainly
follow Gini’s Chicago 1929 conference.

Briefly, Gini’s scheme is a multi-scale formulation endogenously linking
the top scale (population) with the bottom scale (the individual) by an appropri-
ate meso-scale, represented by the social structure. The corresponding building
blocks are (a) a generalised density-dependent (DD) scheme for the growth of
single populations (including also its social groups, family lines, etc.), reflecting
the organicist life-cycle “parabola”, as described by the sequence youth-ma-
turity-senescence; (b) a scheme for social mobility between different social
groups under heterogeneous fertility, taken as the ultimate determinant of those
density-dependent factors that shape the organicist lifecycle; (c) a nonlinear
multiregional scheme aimed to capture the interactive dynamics between the
lifecycles of different populations, where the non-physiological migration flows,
i.e. those leading to the collapse of a population and to the “cyclical switches
between civilizations”, depend on the activation of suitable thresholds. These
blocks are pictorially represented in Figs. A1-A2.

The generalised DD scheme for the organicist population life-cycle “para-
bola” in Gini’s words - is illustrated in the top panel in Fig. Al, respectively
reporting the hypothesised temporal trend in the population growth rate, n(t),
and the total population size, P(t). The two graphs sharply differ from the idea
of DD dynamics prevailing at the time, mostly based on Pearl’s work on logistic
curves (Pearl and Reed 1920) and postulating, along Verhulst’s original form,
an ever decreasing rate of growth. In particular the accelerated growth (n’(t) >
0) initially observed in the youth phase (denoted as “Youth 1” in Fig. Al) is
motivated by the hereditary nature of prolificiness as an individual characteristic.
Here Gini’s scheme anticipates all attempts to capture the capability of human
populations to grow faster than exponential. In this particular phase the
hereditary mechanism increases the proportion or “more prolific” individuals,
and therefore the chance, under random encounters, of meeting them, thereby
raising the average population prolificiness. During this phase international
out-migration allows to attenuate population pressure. However this effect
will eventually come to an end, and the population will first switch to a growth
phase at declining rate (denoted as “Youth 2” in Fig. Al), as a prelude to the
achievement of a quasi-equilibrium phase, representing population maturity.
This phase, possibly characterised by oscillations about a roughly constant trend
eventually comes to an end, and the senescent phase, characterised by decreasing
growth rates, emerges as a consequence of the “slow exhaustion of reproductive
power’’®.

This interplay between various DD effects is however not just postulated
but it is instead endogenously linked to an intermediate scale, namely the inter-
active social mobility dynamics between the population “social classes” (Fig.

6 The first attempt to supply a simple mathematical formulation for a mechanism similar to Gini’s
population parabola was done by Vito Volterra in 1934.
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A1, bottom panel; this is a main Gini’s example of what we termed “inter-
dependence between sub-populations’). The engine is represented by the
heterogeneous fertility of the different social groups, whereby lower classes
have higher fertility and higher classes are possibly below-replacement. It
is the higher fertility of lower classes, jointly with the mechanism of social
mobility, that allows to counterweight the insufficient fertility of the elites,
thereby ensuring the population to keep its equilibrium size. Gini terms this
phase, where the renewal ensured by the lower classes allows to constantly
sustain the population size, the “normal phase” of the population parabola.
This phase ends when the renewal allowed by higher fertility lower classes
collapses, pushing the population into its “critical”, or senescent phase.

Figure Al — Gini’s “organismic” life-cycle «parabolay of “single” populations
and its determinants. Top panel: temporal trend of the population growth rate
n(t), and of the corresponding total population size P(t), acknowledging the
three phases of youth, maturity, and senescence. Bottom panel: flow-chart of
the underlying social mobility model. Quantities fi(x,P) represent the density
dependent age and social class-specific fertility rates, Pi(x,t) the population
aged x in social class i (i=1,2,3), and B(t) the total births at time t
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The critical phase, where the traditional incapability of the elites to
sustain the population is accelerated by the intervened crisis of high fertility
groups, would lead to population extinction in a closed system. In an open
system this might however activate (provided some conditions hold) the
“pull-type” in-migration threshold. Immigration flows have the potential to
stop population decline, and therefore to generate a new wave of population
growth (Fig. A2). Obviously the resulting population might then have experi-
enced ethnic changes, and in general a “switch between civilisations”.

Figure A2 — The (multistate) migration link between the organicist
life-cycles of two different populations A, B
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