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Abstract:

Mathematics has always been used in various disciplines to solve problems. A strong
tradition exists in the application of mathematics in physics. For the last 60 years,
sociologists have been trying to highlight the significance and application of Mathematics
in explaining Sociological theories. More and more, mathematical methods are applied in
other disciplines such as biology and the humanities. It is noticed that each field demands
its own type of mathematics. The question arises whether beside mathematical physics and
mathematical biology a mathematical sociology can also be discerned.

Keywords: mathematical models, rational choice, social mechanisms, social process,
social structure.

Introduction: The origin of Mathematical Sociology can be traced back in 1950s (Fararo2).
However, Mathematics is boon for all the quantitative empirical researches. Mathematics is
of great significance and use for Natural Sciences. However, it has been useful in the
branches of Social Sciences such as Economics, Psychology and for the past 60 years
Sociologists take advantage of Mathematical tools to develop theories. Now, we also hear
the terms such as Mathematical Biology and Mathematical Biophysics. Likewise,
Mathematical Sociology is treated as application of mathematics in explaining complex
social realities. This essay presents an overview of Mathematical Sociology and its main
approaches. There can be debate over the nature of Mathematical Sociology as to whether it
is a Science or an Art. Its evolution as a Discipline or a Subject is debatable. However, this
article will focus on the undeniable underlying truth of applying Mathematics in subject
matters of Sociology e.g. concepts of set theory, mapping, matrix etc. can be used in
representing social phenomena in human behaviour, migration, mobility etc. In this small
article, we have illustrated few fundamentals of Maths which can be applied in quantitative
social science research. The application may include from representing sociological
phenomena or sentences in simple mathematical forms to develop models and equations.

History of Mathematical Sociology: Interest in mathematical sociology took off in the
post-Second World War period. The pre-war work of Rashevsky (1939a, 1939b, 1940a,
1940b, 1941, and 1942) was emblematic of early efforts in mathematical sociology —
problems were approached in a ‘grand theory’ fashion with little attention to relevant data.
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The post-war period, the 1950s and 1960s, was a task; in the internal system, the three
variables characterize interpersonal relations such as friendships. The first contribution to
Mathematical Sociology can be dated back to 1785 by Condorcet when he studied
possibility of transitive outcomes of voting. Poison used probability for a jury to make
verdict in 1837, Watson applied stochastic process model for family line extinction study in
1874. Voltera, Lotka carried out important work in Mathematical Demography and
Diffusion modelling in 1930s. Dodd (1942) attempted to explain Society with mathematical
approach by using Mathematical symbols and formulas, however it was later recognized in
1955 in diffusion model as a significant contribution in the field. In 1940s Rashevesky, a
Biologist and his group in University of Chicago published many articles and in 1946
probably, Rashevesky first time used the term Mathematical sociology. Some significant
publications from the group are Landau’s work on hierarchy (Landau, 1951) and Rapoport’s
model of diffusion of networks (1953). Paul Lazars-field organized a group at Columbia
and his early efforts led to the publication in 1954 of a collection of papers entitled
‘Mathematical Thinking in the Social Sciences’ which have an everlasting impact on the
field. Simon, Homan and Feininger were some significant contributors of that period.

However, major contributions to the field came between late 1950s and middle 1960s.
Coleman’s ‘Introduction to Mathematical Sociology’ provides a significant way to
conceptualize social processes by using Mathematical languages. White’s study on kinship
using Algebra in 1963 was another major contribution.

All these works belonged to US. Outside US a pioneering effort was done in by
Richardson (1960) and Paris (1955) in Britain who developed differential equation model
for armed races and stochastic model on social mobility respectively. Similarly, Carlson in
1958 and Bourdon in 1960s were two other significant academicians from Scandinavia and
France respectively. Later, many thinkers began to join e.g. Bell, Blalock, Doreen, Farrago,
Eldritch, Anderson, Land, Spiderman, Krishnan, Hackathon, Sorensen etc. Since last few
decades, Social Network Analysis has gained popularity. This is also due to the fact of
easily available and reliable data to study networks on World Wide Web. The concept can
be traced to the seminal study conducted by Mark Granovetter (1974), who interviewed 282
professional and managerial men in Newton, Massachusetts but never concluded a causal
relationship between network ties and actors (Lin3). Later in 1978, the small world study
conducted in New York gives indirect linkage between ties and status attainment by actors.
This has become a discipline with Social Network Analysis becoming one of the major
focus areas of it.

Some Developing Theories in Mathematical Sociology: A Markov chain or Markov
process is a stochastic model describing a sequence of possible events in which the
probability of each event depends only on the state attained in the previous event.2! It is a
stochastic process with a series of states that alternate between one another. Probabilities
based on the current state of the Markov chain determine these transitions.
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Markov chains have many applications as statistical Model of real-world
processes, such as studying cruise control systems in major vehicles, queues or lines of
customers arriving at an airport, currency exchange rates and animal population dynamics.
The maximum probability decision rule can also be used by a Markov chain-based approach
to determine the language. Empirical experiments demonstrated that, when compared to the
N-gram approach, market chains could recognize languages faster and with a reduced
mistake rate.

Harrison Collyer White (born March 21, 1930) is the emeritus Giddings Professor of
Sociology at Columbia University. White played an influential role in the “Harvard
Revolution” in social networks. He is credited with the development of a number of
mathematical models of social structure including vacancy chains. He has been a leader of a
revolution in sociology that is still in process, using models of social structure that are based
on pattern of relations instead of the attributes and attitudes of individuals.

Mathematics in Social Relations: Sets and relation are interconnected with each other.
The relation defines the relation between two given sets.

If there are two sets available, then to check if there is any connection between the two sets,
we use relations. For example, an empty relation denotes none of the elements in the two
sets is same.

Sets and relation are interconnected with each other. The relation defines the relation
between two given sets.

If there are two sets available, then to check if there is any connection between the two sets,
we use relations. For example, an empty relation denotes none of the elements in the two
sets is same.

In Maths, the relation is the relationship between two or more set of values.
Suppose, X and Y are two sets of ordered pairs. And set a has relation X with set Y, and
then the values of set X are called domain whereas the values of set Y are called range.
Mathematically,:f: X - Y, where X is domain and Y is co-domain or range.
Example: For ordered pairs = {(2, 3), (-3, 5), (6, 8), (-7, 8), (9, 8)}

The domain is = {9,-7, 6,-3, 2}

And range is = {3, 5, 6, 8}.
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R={(5, 2), (10, 3), (13, 4)}
In the above diagram: The domain is = {5, 10, 13}
Range is = {2, 3, 4}.

Example: Let X be set of Agricultural workers (elements) with a variable A (individuals
under study) and Y be the set of Non-agricultural workers (elements) with variable B. If the
relation between the individuals and their choices is to be shown as f, we may represent it
f:X-Y.

Year 1860 | 1870 | 1880 | 1890 | 1900 | 1910 | 1920 | 1930 | 1940 | 1950

Agricultural
Workers: A | 6.2 6.9 8.6 99 | 109 | 116 | 125 | 105 | 9.8 7.8
(in millions)

Non-
Agricultural
Workers: B

(millions)

43 | 61 | 88 | 134|182 | 244 | 30.2 | 36.8 | 439 | 52.2

Conclusion: Of course, it is not necessary that all social theories are set up as systems of
equations. But we do claim that it should be required from every quantitatively oriented
sociological theory that it can be translated into the language of mathematics, as this is what
we actually do when we apply a statistical model. In this respect, we view mathematics as a
general tool for testing the inner logic of theories. Needless to say, mathematical modeling
must never become an end in itself. No mathematics in the world will make a poor theory
rich. The sociological imagination must always be privileged in the process of theory
construction. Mathematical model building of course has its own problems, something we
have not even touched upon. For instance, the interpretation of the b-parameter in
Serensen’s Vacancy Competition Model is not undisputed (see discussions in Nielsen &
Rosenfeld 1981a, b; Wilson 1981; Rosenfeld & Nielsen 1984). Nevertheless, there are areas
of sociology that we think would benet a great deal from explicit mathematical model
specications. We consider that this is of uttermost importance for the branch of sociology
that dwells within sophisticated statistical analyses of large-scale quantitative data. We rmly
believe that an instance of reection on the implicit mathematics of the theory before model
testing would produce sociology of higher standards.

Volume-XI, Special Issue June 2023 284



Some Applications of Mathematical Sociology in Social Perspective Uttam Barman

References:

1.

2.

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.
20.

J.M. ANTHONISSE (1984). Proportional representation in a regional council. CW!
Newsletter 5, 22-29.

R. AR.Is (1975). The Mathematica/ Theory of Diffusion and Reaction m Permeable
Catalysts, Clarendon Press, Oxford.

E. BASAR, H. FLOHR, H. HA.KEN, A.J. MANDELL (eds.) (1983). Synergetlcs
of the Brain, Springer-Verilog, Berlin.

B. BERELSON, P.F. LAZARSFELD (1968). The People's Choice: How the Voter
Makes up his Mind in Presidential Campaign, Colombia Univ. Press, New York,
second edition.

H. BLUMER (1969). Symbolic interactionism: Perspective and Method, Prentice
Hall, Englewood Cliffs, N.J.

R. Bouoon (1973). Mathematica/ Structures of Social Mobility, Elsevier,
Amsterdam.

R. BouooN (1979). La Logique du Social, Hachette, Paris.

J.S. COLEMAN (1964). Introduction to Mathematica/ Sociology, Free Press, New
York.

w. COLLINS, A.F. KLEINER JR. (1985). The dynamics of electoral change in two
party systems. J. of Math. Sociology J J, 77-94.

0. DIEKMANN (1978). 1bresholds and travelling waves for the geographical spread
of infection. J. of Math. Biology 6, 109-130.

R.A. FISHER (1930). The Genetic/ Theory of Natural Selection, Oxford Univ.
Press, Oxford.

J. Fox (1984). Linear Statistical Models and Related Methods with Application to
Social Research, Wiley, New York.

D.A. FREEDMAN (1985). Statistics and the scientific method. W.M. MASON, S.E.
FIENBERG (Eds.). Cohort Analysis in Social Research, Springer Verilog, New
York, 367-390.

E. FREHLAND (ed.) (1984). Synergetic-From Microscopic to Macroscopic Order,
Springer-Verilog, Berlin.

J. GRASMAN, P.I.M. JOHANNESMA (1983). Plasticity in neural and social
processes. Tijdschrifi van de Systeemgroep Nederland 6, 419-436, Dutch.

S. GROSSBERG (1983). Neural substrates of binocular form perception: filtering,
matching, diffusion and resonance. BASAR ET AL. Synergetic of the Brain, (1983),
274-298.

T. HAGERSTRAND (1965). Monte Carlo approach to diffusion. Arch. Eur. de
Sociologies 6, 43-57.

H. HAKEN (ed.) (1977). Synergetic- A Workshop, Springer-Verilog, Berlin.

D.O. HEBB (1949). The Organisation of Behaviour, Wiley, New York.

W. HEILIGENBERG (1977). Principles of electro location and jamming avoidance
in electric fish. Studies of Brain Function J, Springer-Verilog, Berlin.

Volume-XI, Special Issue June 2023 285



Some Applications of Mathematical Sociology in Social Perspective Uttam Barman

21. A.L. HODGKIN, A.F. HUXLEY (1952). A quantitative description of membrane
current and its application to conduction and excitation in nerve. J. of Physiology J J
7, 500-544.

22. C. Edling, Interviews with Mathematical Sociologists, University of Stockholm,
2007.

23. J. T. Farrago, Mathematical Sociology, Wily & Sons Publication, 1973.

24. Nan Lin, Social Networks and Status Attainment, Annual Review of Sociology, 25
(1999) 467-487.

25.J. T. Farrago and J. Skvoretz, Unification Research Programs: Integrating Two
Structural Theories, American Journal of Sociology, (1987).

26. John Skvoretz, Looking Backwards into the Future: Mathematical Sociology Then
and Now, Sociological Theory, American Sociological Association, 18(3) (2000)
510-517.

27. B. A. Sorensen, Mathematical Models in Sociology, Annual Review of Sociology, 4
(1978) 345-371.

28.S. Spilerman, The causes of racial dis-turbine: a comparison of alternative
explanations, American Sociological Review, 35 (1970) 627-49.

Volume-XI, Special Issue June 2023 286



