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a b s t r a c t
Researchers of several areas have reported that there are still significant gender differences in their performances within different social systems, as in science and on-line
communities, for example. This paper focuses on the gender difference in politic
candidature processes, investigating the effect of the electorate size upon the candidate
numbers, by considering the electorate of each Brazilian city and the respective number
of candidates for Mayor and City Council Member (for women and men separately). We
detected a sharp gap between the number of male candidates and number of female
candidates, with the disadvantage occurring to greater intent in Mayoral elections. We
also found non-linear mean correspondences, allometries. The allometric exponents
display values very close to the City Council Member candidatures for women and
men. However, they have notable smaller values for women than for men in Mayoral
candidature. This shows a political hierarchy: the most influential position is related to
the greater female underrepresentation.
© 2019 Published by Elsevier B.V.

1. Introduction
Despite disparities in gender seem to be decreasing across a variety of societal fields, the underrepresentation of women
still persists in several of activities kinds. For example, researchers’ scientific production and especially in politics. In
particular, the gender discrepancy is prominent in the Brazilian politics. The insertion of women in Brazilian politics [1]
had the first woman in position as a Voter — 1928, as a Mayor — 1929, as a Federal Legislative — 1933, as a State Legislative
— 1935, as a Minister State — 1982, as a Govern State — 1986 and as a President — 2010. The women have been getting
permission to vote since 1932. It is possible to note a remarkable delay in the insertion of women in Brazilian politics.
In 2009, in attempt to narrow this gap was amended the law that establishes norms for the Brazilian elections [2] set
the requirement minimum percentage of 30% for women candidates per party. This delay in the female’s participation in
Brazilian politics directed our interest in conducting an investigation in this direction. In this paper we developed a study
about politics candidature of women and men in City Council Member and Mayor Brazilian elections.
Numerous researches have been investigating gender differences and their motivations within many social systems.
For instance, in the scientific research field, tools of complex systems have been used to comprehend the dynamics of
genders in science. A clear contrast in publication rate between men and women is observed in [3,4] in the areas of
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Table 1
Table of the annual total percentages for female voters, male voters, female candidates for city council
member, male candidates for city council member, female candidates for Mayor, male candidates for
Mayor. Ones labeled by FV, MV, FC-CCM, MC-CCM, FC-M, MC-M, respectively.
Year

% FV

% MV

% FC-CCM

% MC-CCM

% FC-M

% MC-M

2000
2004
2008
2012
2016

50.9
51.3
51.8
51.9
52.3

49.4
48.7
48.2
48.1
47.7

19.2
22.0
22.0
32.7
33.1

80.8
78.0
78.0
67.3
66.9

7.6
9.5
11.1
13.2
13.0

92.4
90.5
88.9
86.8
87.0

the science, technology, engineering, and mathematics. In the same context, [5] reported that the smaller number of
distinct co-authors on the female faculty careers can be explained by their shorter career lengths and lower number of
publications. Looking still over on academic publications, specifically for publications in mathematics [6] informed female
disadvantage significant when she pursues an academic career in mathematics. An explanation for this disadvantage
can be seen in [7] which suggested that the sex difference in mathematics anxiety contributes to this disparity. The
gender gap in publications has also been found across the natural sciences, social sciences, and humanities [8]. Also in the
publication context, [9] presented evidence that women have fewer opportunities to take part in peer review. In addition
to publications, gender difference in patenting in the academic life sciences was also analyzed in [10] which showed that
there is a gender gap but has improved over time. In the scenery of the participation in on-line communities [11,12]
revealed that women are likewise in disadvantage in relation to men.
The electoral processes are also of interest to many researchers and very significant for the general society. In this
direction, by using empirical data, several works have been made. The papers [13,14] proposed power law distribution
to model voting system for Brazilian election. However, in an attempt to enhance the fit for these data, [15] suggested
a generalized Zipf’s law. By using an opinion dynamics model, [16–18] reproduced the power law behavior found in the
works cited above. Taking into account the size party, [19–21] analyzed the distribution of the number of votes received by
candidates. A model to study the effect tactical voting on plurality elections introduced by [22] explained the polarization
of votes between two candidates. The cost of electoral campaigns was analyzed in [23] showing that top candidates spend
more money per vote than the less successful. The paper [24] investigated plurality voting system on Mayor Brazilian
elections. In addition to the distribution of votes, [25,26] investigated the spatial correlation of the turnout rates with the
distance between towns. In [27] an entropy approach was associated with proportions of abstentionists, blank votes and
null votes. [28] investigated the relations between the numbers of members of political parties. Power law dependencies
between correlation measures and party size were obtained in [29]. The papers [30,31] presented statistical approaches
to identify fraud in elections. A study about parliamentary presence was developed in [32].
In [33,34] allometry concept was used to investigate candidature in City Council Member and Mayor elections and
party affiliation, which allowed to verify a clear hierarchy for the exponents, where the most influential politics position
corresponds to the smallest value. In a broad context, the use of allometries proved to be a powerful tool to identify
hierarchies. Allometries have been employed in several other contexts such as in the study of urban indicators [35–37].
This work aims to investigate performance of genders in politics, for this we employed the allometry concept for data of
candidatures in City Council Member and Mayor elections.
2. Data presentation and analysis
Our database consist of the numbers of male candidates and female candidates, numbers of male voters and female
voters, per each Brazilian city for Mayoral and City Council Member elections in the years 2000, 2004, 2008, 2012 and
2016. We chose these years because general elections in Brazil are held every four years, when each city votes for their
representatives in the executive (Mayor) and legislative (City Council Member). Besides, we focus on Mayoral and City
Council Member elections because they are municipal elections and provide us a large database. These data are available
by Brazilian Electoral Supreme Court [1]. For the executive only one Mayor wins and for the legislative the number of
the winners is related to size of the local populations. From 2000 to 2016 in Brazil, the number of cities approximately
remained constant (5561–5570), the total population varied of 169, 799, 170 to 206, 081, 432 and the electorate size
from 109, 826, 263 to 146, 470, 911. The electorate size has increased from 65% to 71% of the total Brazilian population
between 2000 and 2016. The annual total percentages of the voters, candidates for City Council Member, candidates for
Mayor, for women and men as displayed in Table 1.
2.1. Elections for City Council Member and gender
In order to account for the effect of electorate size upon the candidature processes of women and men for City Council
Member, we start examining whether a gender pattern appears when we analyze the number of candidates C versus
number of voters V for each Brazilian city investigated. We showed the scatter plot of the logarithm these variables in
Fig. 1. Observe that besides of notorious differences the gender data goes in the direction of overlapping over the years.
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Fig. 1. Scatter plot of the log10 V versus log10 C for the 2000, 2004, 2008, 2012 and 2016 Brazilian City Council Member elections, where V and C
represents the voters numbers and the candidate numbers in each city, respectively. The light green dots represent the men data and light blue
dots the women data. Notably, the gender data present a tendency to collapse over the years. The dark green dots represent the mean values of the
men scatter plot and dark blue dots represent the mean value of the woman scatter plots, which are the mean values of the variables log10 V and
log10 C in windows ω equally spaced in log10 V , presented with their respective linear fits, the black straight lines for men and the black dashed
lines for women. The error bars are standard deviations from the mean value in each ω windows. RM 2 and RF 2 are the determination coefficients
for the linear fits from the mean values for men and women candidates, respectively.

However, this partial overlap of data should be viewed with caution, since the scale of the graphs is logarithmic. Despite
the fluctuations, it is also possible to perceive an allometric tendency, that is an increasing of C with V following a power
law:
C ∼ V α.

(1)

A way to rightly interpret these results, overcoming the fluctuations, is to construct logarithmically spaced equally
windows in the variable V , ω, and to calculate the mean values of log10 V and log10 C for the inside points. By using
this procedure, in contrast to directly employ all date, we showed the mean values and their linear fits in Fig. 1. The
linear fit of the mean values confirms the power law tendencies suggested from the scatter plots. It allows us to write

⟨log10 C ⟩ = A + α⟨log10 V ⟩,

(2)

with the brackets representing the averages and A and α parameters to be adjusted. These parameters are shown in Fig. 2.
The proximity of the intercepts, A, shown that the mean number of women candidates tend to closer of the mean number
of men candidates. We also examined the fluctuations of the data relative to the mean values at each window ω. We found
that the variances σw2 remain approximately constant, mainly for male candidates as illustrated in Fig. 3. This fact suggests
the model
C = a ζ V α,

(3)

where ζ is a stochastic noise, a and α parameters according with (2). Indeed, the model (3) encompasses the mean power
law and the fluctuations when the variance is constant.
Note that equal allometric exponents α imply the mean relations CM = aM V α for men and CF = aF V α for women,
where V is the number of male and female voters added (in contrast to the previous analysis employing V as the number
of voters of the gender considered). In this case, one has CF /CM = aF /aM , that is, CF /CM does not depend on V . Fig. 4 shows
⟨CF /CM ⟩ versus ⟨log10 V ⟩, for all City Council Member elections in our database. Note that an approximate agreement with
CF /CM not depending on V is verified. This agreement occurs because the male or female voter numbers are close to V /2
for each Brazilian city, there are fluctuations in the data (Fig. 1), and there are small differences between the allometric
exponents for male and female cases (Fig. 2). It should also be noted that Fig. 4 shows a significant increase in the women
candidate numbers after the enactment of a 2009 Brazilian law that sets a minimum of 30% of the numbers of women
candidates [2].
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Fig. 2. The evolution of the intercepts A and the exponents α of the power laws presented in Fig. 1 (for all City Council Member election in database).
The dark green dots represent the men data and the dark blue dots refer to the women data. The error bars are the standard errors for the linear
fits.

Fig. 3. The variances σw2 versus the mean values µ = ⟨log10 C ⟩ in each ω window equally spaced in log10 V and for all City Council Member election
in database.

Fig. 4. The mean values of the ratio between the female candidate number CF and male candidate number CM versus ⟨log10 V ⟩, in ω windows equally
spaced in log10 V for City Council Member elections, where V represents the total number of voters. The error bars are the standard deviations from
the mean value of the ratios in the ω windows.

2.2. Elections for Mayor and gender
To investigate the candidature process for Mayor elections, we employed the same procedure used previously for the
City Council Member elections. We also find mean power law behaviors as can be seen in Fig. 5. However, in contrast to
City Council Member elections, the data present significant differences in the exponents along the years analyzed here.
In addition, we verified that the mean number of women candidates for Mayor is much less than mean value for men
candidates. As consequence the discrepancy is enhanced in big cities. Note that the above results are essentially tendencies,
because they report mean behaviors of the data. Thus, for instance, if we select particular cities at random we can identify
some deviations from the tendencies reported above. As a further concern, we mention that the mean behaviors present
in Fig. 5 are less precise than one displayed in Fig. 1.

M. Cardoso, R.S. Mendes, J.T.G. Souza et al. / Physica A 537 (2020) 122525

5

Fig. 5. Scatter plot of the variables log10 V versus log10 C for the 2000, 2004, 2008, 2012 and 2016 Brazilian Mayor elections, where V and C
represents the voters numbers and the candidate numbers, respectively, in each city. The light green dots represent the men data and light blue
dots the women data. The dark green (for men) and dark blue (for women) dots represent the mean values of the variables log10 V and log10 C in
windows ω equally spaced in log10 V , the black straight lines (with determination coefficients RM 2 ) and the black dashed lines (with determination
coefficients RF 2 ) are their respective linear fits. The error bars are standard deviations from the mean value in each ω window.

Fig. 6. The evolution of the intercepts A and the exponents α of the mean tendencies of the power laws for Brazilian city Mayor elections, displayed
in Fig. 5. Dark green symbols refer to men and the dark blue symbols refer to women. The error bars are the standard errors for these linear fits.

Also about the mean behaviors, Fig. 6 resumes the dynamics of the men and women in Mayor elections. The exponents,
in particular, are nearly constant from 2000 to 2016. In turn, the intercepts are also approximately constant for women.
And, for men, the intercepts present oscillations. In addition, we investigate data fluctuations around the mean values
in each ω window. In this direction, Fig. 7 displays the corresponding variances, showing that they are approximately
constant. This result indicates that the model (3), for City Council Member elections, can be also employed for Mayor
elections.
3. Discussions and conclusions
In our study the use of the allometry concept enabled us to detect a substantial gap between genders in candidature
processes for City Council Member and Mayor Brazilian elections. We provided a robust result, a general rule based on the
average behavior (allometries), which allows us to relate electorate size and candidate numbers by gender. The success
of this allometric approach is in consonance with several other studies of social systems, for example, in the investigation
of scaling in cities [38,39]. The procedures and results of our analysis are considerably summarized in Figs. 1 and 5.

6

M. Cardoso, R.S. Mendes, J.T.G. Souza et al. / Physica A 537 (2020) 122525

Fig. 7. For Mayor elections, variances σw2 versus the mean values µ = ⟨log10 C ⟩ in each ω windows equally spaced in log10 V .

For the City Council Member elections case, the exponents for male and female are very close along our database.
This indicates that the mean relative difficulty to be a Council City Member Candidate, measured as the ratio between
the number of male candidates and the number of female candidates, does not heavily depend of the number of electors
of each city. Furthermore, there is a tendency of the gender data to be closer over the years as can be viewed in Fig. 1
and Table 1. This reveals that the female behavior is increasingly similar the male one. In particular, it is remarkable that
since 2012 this approximation has been occurring more rapidly, due the amended of the law that establishes norms for
the Brazilian elections [2] that in 2009 established the minimum requirement percentage of 30% of women candidates
per party. This sharp approximation from 2012 is quantitatively manifested in the values of the allometric intercepts and
exponents shown in Fig. 2. Consistently with this law, note that practically there are no more cities with few female
candidates since 2012, Fig. 1. These aspects related to the 2009 law are also put in evidence by the analysis of the ratio
between the number of women and men candidates, Fig. 4.
In turn, in the Mayor elections case, the allometric exponents became significantly higher for men than for women.
This result shows, in contrast to the Council City Member case, the mean relative difficulty to be Mayoral candidate for
women increases a lot, with the electorate size, in comparison with men. Despite this discrepancy, it is noteworthy that
the number of female candidates, compared to male, has been increasing for both types of elections along the years,
Table 1.
Concerning the fluctuations around of the average allometric behavior, it was verified, when the data are divided into
windows equally spaced in logarithm, that the standard deviations are approximately constant along our database. Thus,
if some data deviate a lot from the average behavior it may point to an exceptional aspect, such as an extraordinary
disadvantage for women. In this situation, a more careful analysis could be carried in order to try to identify if there are
specific reasons for this result. Before the 2009 law, there was a clear contrast between the variances for male and female
candidates for City Council Member elections. This disparity essentially disappeared in subsequent elections. On the other
hand, for 2000, 2004 and 2008 Mayor elections, the variance discrepancy between men and women is essentially removed
disregarding the few outlier cases. For other actions in general (as laws), an analysis of variance as a function of mean
values may also help to indicate causalities underlying social phenomena [40].
The above results seem to indicate the presence of allometry in female underrepresentation in elections in general,
although the verification of this hypothesis for other countries requires more investigative efforts. In addition to this
disadvantage for women, our results point out in the direction to another political hierarchy: the most influential position
is related to greater female underrepresentation.
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