Famous Female Statisticians
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1. Topic Selection and Introduction

| wanted to focus on another statistical application of mathematics but | was really inspired
by Camilla Harris’ talk about famous women in STEM and the discussion that followed so |
decided to focus my attention on highlighting statistical concepts and forms of analysis
specifically curated by famous women that were not traditionally taught in public school in my
own personal experience. This paper is the result of that curiosity, which is a blend of something
between a history, math, and women’s studies application of mathematics.

2. Hypatia of Alexandria

Hypatia of Alexandria lived from around 355 A.D. to 415 A.D. and is therefore the earliest
female mathematician of whose life and work reasonably detailed knowledge exists. In her time,
she was the world’s leading mathematician and astronomer, arguably the only known woman in
history for whom such a claim can be made. Hypatia is well known for her work as a philosopher
and teacher around 400 A.D. While historians have little to no evidence of her original
mathematical work, most of her known contributions came in the form of written commentary on
the works of others. Most significantly, Hypatia is credited with significant commentary on
Apollonius’ conics. The conics at this point mostly pertained to the words commonly associated
with sections of cones, namely parabolas, ellipses, and hyperbolas. Another significant
contribution Hypatia is credited with is preserving mathematical research documentation from
the earliest centuries to allow these works to be studied for many centuries since her time.
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3. Florence Nightingale

In 1820, Florence Nightingale was born as a wealthy woman in Victorian England at a time
when it was frowned upon for women to receive formal educations or pursue professional
careers outside of the home. Luckily, her father believed in equal education for women so he
personally taught her various subjects including languages, philosophy, history, writing, and
mathematics. When the Crimean war began, this allowed her to become a nurse and aid British
soldiers by giving care during night rounds in hospitals. Throughout these rounds, she became



known as the “Lady with the Lamp” and kept significant data records of sanitation and death
rates among soldiers.

Upon her return to mainland England, Nightingale established the first scientifically based,
secular nursing school and began a long career as a social reformer. She met with Queen Victoria
and Prince Albert in 1856 to discuss British military reform surrounding the efficacy of nursing
and medical staffs, as well as improved sanitation reform. Florence utilized new statistical
visuals known as Coxcomb Charts to present her analyses of the data she collected at the
Crimean War Barrack Hospital. For her work as a nurse, mathematician, and reformer,
Nightingale was the first woman ever awarded the Order of Merit, became the first female
member of the Royal Statistical Society, and became the namesake of the Nightingale Pledge.

Coxcomb Charts, also known as Polar Area Diagrams, Nightingale Rose Diagrams, or
Circular Histograms are visuals like pie charts in that they indicate frequency by relative area,
but different in use of fixed angles and variable radii. Each category in a Coxcomb Chart is
represented by a section of the disc and has the same angle while the area of the section
represents the value of the corresponding category. These are useful for demonstrating patterns
rather than exact numbers since Coxcomb Charts make subtle differences difficult to see. They
are also a useful form of data visualization for trend analysis that we utilize in many different
fields, such as healthcare, finance, and business analytics. Below | have attached the original
Nightingale Rose Diagrams, and for ease of understanding | have provided a transcription of the
text in the bottom left of the original as well as a later adaptation of her research that may be
easier to read:

“The Areas of the blue, red, & black wedges are each measured from the centre as the common
vertex. The blue wedges measured from the centre of the circle represent area for area the deaths
from Preventable or Mitigable Zymotic diseases, the red wedges measured from the centre the
deaths from wounds, & the black wedges measured from the centre the deaths from all other
causes. The black line across the red triangle in Nov. 1854 marks the boundary of the deaths
from all other causes during the month. In October 1854, & April 1855, the black area coincides
with the red, in January & February 1856, the blue coincides with the black. The entire areas
may be compared by following the blue, the red, & the black lines enclosing them.”
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4. Enid Charles

Enid Charles was a British socialist, feminist and statistician who lived from 1894 to 1972.
She pioneered the studies of demography and population statistics as we know them today.
Charles studied fertility rates and nuptiality in Canada, the United Kingdom, and Australia. She
specifically projected sharp declines in the UK population if the fertility rate trends of the time
continued, which was a reason she spoke out against the increasingly popular eugenics
movement. She spent much of her life working for the World Health Organization as a health
and population statistics consultant. Despite her well-informed statistical inferences, her working
projections failed to predict the baby and marriage booms that followed the Second World War
in the 1950’s. Despite these failed projections, her research still laid the groundwork for the
study of demography and population statistics we utilize today, such as the U.S. census that
occurs every ten years. Below are images of some of her original works, utilizing graphical
representations and plots that are still commonly utilized in the study of demography.
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5. Florence Nightingale David

Florence Nightingale David (or F.N. David) was an English statistician named after Florence
Nightingale who lived from 1909 to 1993. F.N. David studied mathematics with the intention of
becoming an actuary but was rejected because actuarial firms only accepted men at the time.
Instead, she began working for Karl Pearson; a renowned mathematician credited with
establishing the field of mathematical statistics. While working for Pearson, David computed
solutions to complex integrals and developed the distribution for Pearson’s Correlation
Coefficient, generally denoted as rho (p). The correlation coefficient between x and y is
computed as

cov(X,Y)

OxX0y

PXY =

where cov(X, Y) is the covariance between random variable X and random variable Y, and
sigma (o) represents their standard deviations. Since covariance and standard deviations can be
expanded into an expression of expected values, rho expands to



where the expected values expression is equal to

EX) = Z x;P(X = x;), When X is a discrete random variable

E(g(X)) = z g(x;)P(X = x;), (g is an arbitrary function)

PXyYy =
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xfx()dx (a

E[XY]-E[X]E[Y]

E[X?] - (E[X])*

E[Y?] - (E[Y])’

< X < b) ,When X is a continuous random variable

When solving this expression for x and y, the Pearson Correlation yields the distribution

of R values that are utilized in general studies of probability. This was an incredibly tedious

process at the time, which is what makes F.N. David’s work so valuable. I’ve included the
distributions below to highlight the extent of the work she contributed; each value is the outcome
of a series of complex integrals solved anew.
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Additional contributions by David include statistical models in 1939 to predict possible
consequences of bombs exploding in high density populations such as the city of London
including numbers of living and dead, reactions to fires and damages to buildings and utilities;
models which were updated as World War 1l progressed. She also pursued extending the
Markoff Theorem on Least Squares, a truncated version of the Poisson distribution, and
contagious distributions in plant populations, just to name a few. Her discoveries and
contributions are still utilized to this day in probability theory, modeling and regression, and
biology.

6. Conclusions

While there are many contributions in statistics by women, these are a few of the most iconic
female statisticians that | chose to focus on. It is remarkable to note that many of these
women became well known for their accomplishments despite the sexism and various
adversities they faced throughout their careers and general lives. What’s important to note is
that even though this list is by no means holistic or even comprehensive, women of color in
statistics have had an even more strenuous path to recognition for their contributions in the
field. The women I’ve focused on — except for Hypatia due to the early time period — are all
from western, European cultures that despite the struggles of women’s recognition, have still
received more pathways to professional success than their eastern and non-European
counterparts. While | personally did not choose to focus on any such intersectional
representation in this presentation (frankly because such women are much harder to
research), | find it important to note in the concluding portion of this paper that it is a
necessary disparity to analyze and learn from other such women as well.
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