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Florence Nightingale - Statistical Links 
"To understand God's thoughts we must study statistics, for these are the measure of His purpose". Florence Nightingale 

Florence Nightingale's role in the history of statistics and statistical graphics is of interest for many reasons. Of greatest interest here, was her role as a social activist and view that statistical data, presented in charts and diagrams, could be used as powerful arguments for medical reform. 

Influenced perhaps by Quetelet in Belgium, she developed the idea that social phenomena could be objectively measured and subjected to mathematical analysis. She was an innovator in the collection, tabulation, interpretation, and graphical display of descriptive statistics. 
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Here are some links to further sources of information: 

· The coxcomb diagram 

· Florence Nightingale's mathematical education 

· The Collected Works of Florence Nightingale, by Lynn McDonald, University of Guelph. 

· Florence Nightingale Museum 
· Florence Nightingale - The Passionate Statistician 
· Florence Nightingale's Statistical Diagrams 
Other references: 

· Kopf, E. W. (1916), "Florence Nightingale as Statistician," Journal of the American Statistical Association, 15, 388-404. 

http://www.math.yorku.ca/SCS/Gallery/
	Florence Nightingale

	Florence Nightingale was a legend in her lifetime but the Crimean War years which made her famous were just two out of a life of ninety years.


Early Years 
Florence Nightingale was born in Italy on 12 May 1820 and was named Florence after the city where she was born. Her parents, William Edward and Frances Nightingale were a wealthy couple, who had toured Europe for two years on their honeymoon. During their travels their first daughter, Parthenope, was born in Naples (Parthenope being the Greek name for the ancient city), followed one year later by Florence. On returning to England the Nightingales divided their time between two homes. In the summer months they lived at Lea Hurst in Derbyshire, moving to Embley in Hampshire for the winter. Lea Hurst is now a retirement home and Embley is now a school.

Call From God 
Florence and Parthenope were taught at home by their Cambridge University educated father. Florence was an academic child, while her sister excelled at painting and needlework. Florence grew up to be a lively and attractive young woman, admired in the family's social circle and she was expected to make a good marriage, but Florence had other concerns. In 1837, whilst in the gardens at Embley, Florence had what she described as her 'calling'. Florence heard the voice of God calling her to do his work, but at this time she had no idea what that work would be. 
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The years of struggle and the visit to Kaiserswerth 
Florence developed an interest in the social questions of the day, made visits to the homes of the sick in the local villages and began to investigate hospitals and nursing. Her parents refused to allow her to become a nurse as in the mid-nineteenth century it was not considered a suitable profession for a well educated woman. While the family conflicts over Florence's future remained unresolved it was decided that Florence would tour Europe with some family friends, Charles and Selina Bracebridge. The three travelled to Italy, Egypt and Greece, returning in July 1850 through Germany where they visited Pastor Theodor Fliedner's hospital and school for deaconesses at Kaiserswerth, near Dusseldorf. The following year Florence Nightingale returned to Kaiserswerth and undertook three months nursing training, which enabled her to take a vacancy as Superintendent of the Establishment for Gentlewomen during illness at No. 1 Harley Street, London in 1853. 

The Crimean War 
In March 1854 Britain, France and Turkey declared war on Russia. The allies defeated the Russians at the battle of the Alma in September but reports in The Times criticised the British medical facilities for the wounded. In response, Sidney Herbert, the Minister at War, who knew Florence Nightingale socially and through her work at Harley Street, appointed her to oversee the introduction of female nurses into the military hospitals in Turkey. On 4 November 1854, Florence Nightingale arrived at the Barrack Hospital in Scutari, a suburb on the Asian side of Constantinople, with the party of 38 nurses. Initially the doctors did not want the nurses there and did not ask for their help, but within ten days fresh casualties arrived from the battle of Inkermann and the nurses were fully stretched. 
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The 'Lady-in-Chief', as Florence was called, wrote home on behalf of the soldiers. She acted as a banker, sending the men's wages home to their families, and introduced reading rooms to the hospital. In return she gained the undying respect of the British soldiers. The introduction of female nurses to the military hospitals was an outstanding success, and to show the nation's gratitude for Florence Nightingale's hard work a public subscription was organised in November 1855. The money collected was to enable Florence Nightingale to continue her reform of nursing in the civil hospitals of Britain.

When Florence Nightingale returned from the Crimean War in August 1856, four months after the peace treaty was signed, she hid herself away from the public's attention. In November 1856 Miss Nightingale took a hotel room in London which became the centre for the campaign for a Royal Commission to investigate the health of the British Army. When Sidney Herbert was appointed chairman, she continued as a driving force behind the scenes. 

For her contribution to Army statistics and comparative hospital statistics in 1860 Florence Nightingale became the first woman to be elected a fellow of the Statistical Society. In 1865 she settled at 10 South Street, Mayfair, in the West End of London and apart from occasional visits to Embley, Lea Hurst and to her sister at Claydon House she lived there until her death. 

Nightingale Training School for Nurses 
Florence Nightingale's greatest achievement was to raise nursing to the level of a respectable profession for women. In 1860, with the public subscriptions of the Nightingale Fund, she established the Nightingale Training School for nurses at St Thomas' Hospital. Mrs Sarah Wardroper, Matron at St Thomas', became the head of the new school. The probationer nurses received a year's training which included some lectures but was mainly practical ward work under the supervision of the ward sister. "Miss Nightingale", as she was always called by the nurses, scrutinised the probationers' ward diaries and reports. 

From 1872 Florence Nightingale devoted closer attention to the organisation of the School and almost annually for the next thirty years she wrote an open letter to the nurses and probationers giving advice and encouragement. On completion of training Florence Nightingale gave the nurses books and invited them to tea. Once trained the nurses were sent to staff hospitals in Britain and abroad and to established nursing training schools on the Nightingale model. In 1860 her best known work, Notes on Nursing, was published. It laid down the principles of nursing: careful observation and sensitivity to the patient's needs. Notes on Nursing has been translated into eleven foreign languages and is still in print today. 

Public Health 
Florence Nightingale's writings on hospital planning and organisation had a profound effect in England and across the world. Miss Nightingale was the principal advocate of the 'pavilion' plan for hospitals in Britain. 

Like her friend, the public health reformer Edwin Chadwick, Florence Nightingale believed that infection arose spontaneously in dirty and poorly ventilated places. This mistaken belief nevertheless led to improvements in hygiene and healthier living and working environments. Florence Nightingale also advised and supported William Rathbone in the development of district nursing in Liverpool and many Nightingale trained nurses became pioneers in this field. 

Old Age 
Although Florence Nightingale was bedridden for many years, she campaigned tirelessly to improve health standards, publishing 200 books, reports and pamphlets. In recognition of her hard work Queen Victoria awarded Miss Nightingale the Royal Red Cross in 1883. In her old age she received many honours, including the Order of Merit (1907), becoming the first woman to receive it. Florence Nightingale died at home at the age of 90 on 13 August 1910 and, according to her wishes, she was buried at St Margaret's, East Wellow, near her parent's home, Embley Park in Hampshire. Florence Nightingale's farsighted reforms have influenced the nature of modern health care and her writings continue to be a resource for nurses, health managers and planners.



	The Passionate Statistician 

	Exhibition at the Florence Nightingale Museum at St. Thomas' Hospital, March 1998. 
 

Maths and Country Houses
As a child in her country home Florence Nightingale was, according to her sister, often to be found deep in the study of mathematics. When she was seventeen the registration of births, deaths and marriages was introduced and social statistics soon became a popular subject for educated conversation. The young Florence Nightingale expressed her interest by compiling the statistics of her travels, recording distances travelled and the times of arrival and departure (an example on display elsewhere in the Museum is her Egyptian itinerary in the back of her travel guide). 
In the early 1850s while Florence Nightingale was experiencing difficulties with her family over her choice of career as a nurse, she was eager to obtain all available statistical information on hospitals and public health. Her biographer, Woodham-Smith, remarked upon the positively reviving effect which reading statistics had on Florence Nightingale, they were at times the only point of contact with the world which interested her most, and even before the Crimean War she had trained her mind to envisage the harsh realities which lay behind the tables of hospital statistics. 
At the same time, when Florence Nightingale was in her early thirties, she was sketching out her religious ideas which were later privately printed as Suggestions for Thought. She interwove with her theology ideas taken from the Belgian statistician Adolphe Quetelet on probability and social behaviour. Florence Nightingale believed that the patterns of behaviour identified by Quetelet were expressions of the ‘Laws of God,’ left by the Creator in order to be discovered and acted upon. An understanding of society through statistics was just the start. The challenge that fell to Florence Nightingale was to use statistics to improve society. 

Lady with the Stats
In the Crimean War (1854-56), as in every war fought before this century, there were more deaths from disease than as a result of battle. While working at Scutari Hospital as the Superintendent of Nurses, Florence Nightingale could see plainly that disease was the main enemy, and she made some shocking observations. At Scutari the monthly rate of mortality in the first winter reached 40% and if it had continued at that rate the British army would have been wiped out by disease within a year. The fact that eighteen months later, by improving hygiene, she was able to reduce the rate of mortality to 2% proved to her that much of the suffering of the army was unnecessary. 
After the war, with the support of Queen Victoria, a group of doctors and soldiers, and backing from the public as a whole, Florence Nightingale pressed the government to accept the need for Army reform. She fought with Lord Panmure, the Minister for War, over the need for a Royal Commission to inquire into the mortality of the army in peace and in war. 
To a great extent the Royal Commission which the government introduced in 1858 was driven by Florence Nightingale’s own enthusiasm and hard work. The epitome of Florence Nightingale’s contribution was the polar area chart traditionally (but wrongly) referred to as her coxcombs. It should not be forgotten that Florence Nightingale was ably supported by Dr William Farr, the pre-eminent medical statistician of the day, who helped her to refine the series of charts on which her reputation as a statistician is mainly built. One of the many benefits of the Royal Commission was the reorganisation of Army statistics which were recognised as among the best in Europe. 
Over the next 20 years Florence Nightingale went on to apply statistical methods to civilian hospitals, midwifery, Indian public health and colonial schools. 


Legacy of the "Passionate Statistician"
In 1858 Florence Nightingale was elected the first female member of the Statistical Society and she also became an honorary member of the American Statistical Association. 
From as early as 1872 she had taken an interest in making a lasting contribution to education in statistics. She discussed the possibility with her friend Benjamin Jowett, Master of Balliol College, Oxford, of endowing a Professorship of Statistics which would be mainly concerned with the application of statistics to social problems. In 1891 she approached Francis Galton, the eminent mathematician for help with her scheme. The scheme foundered and Florence Nightingale revoked her bequest of £2000 towards the Professorship on the grounds (somewhat tongue in cheek) that she would only "end in endowing some bacillus or microbe, and I do not wish that". In the 1920s, the great statistician Karl Pearson reviewed Florence Nightingale’s correspondence on statistics and commented that a particular memorandum to Galton was still remarkably relevant and one of the finest Florence Nightingale ever wrote. 
Florence Nightingale is still relevant to statistics today. She is often quoted with regard to "healthcare auditing" and "quality management". She is regarded as a pioneer of epidemiological methods for her use of public health statistics. Although she was enthusiastic about the far reaching application of statistics she was well aware of how data could be manipulated. All this is a far cry from the romantic image of the "Lady with the Lamp" which people continue to associate with Florence Nightingale. 
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	Florence Nightingale's Statistical Diagrams

	By Hugh Small. Paper from Stats & Lamps Research Conference organised by the Florence Nightingale Museum at St. Thomas' Hospital, 18th March 1998. Hugh Small is the author of Florence Nightingale: Avenging Angel published by Constable 

It has been said that Florence Nightingale was the first to use diagrams for presenting statistical data. This is not true, of course, but she may have been the first to use them for persuading people of the need for change. 
Edward Tufte does not mention Nightingale in his book on the history of graphics(1), and he says that this famous 1869 chart by Minard of Napoleon's dwindling army as it marched to Moscow and back in 1812/13 may be the best statistical graphic ever drawn: 
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Minard's diagram includes a temperature chart which misleadingly suggests that Napoleon's army froze to death. It shows the falling temperature during the retreat from Moscow, but most of the army was lost during the advance (300,000 men, vs. 90,000 in the retreat). Nightingale herself studied this catastrophe, and concluded that Napoleon's army - like most others - had died of disease.(2) 
  


Like Minard's, Nightingale's most famous graphics illustrated what she called the "loss of an army" - the British army sent to the Crimea. She published them ten years before Minard's. Hers also were more topical and conveyed a call to action - they were prescriptive rather than descriptive. She used recent data to persuade the Government to improve army hygiene. 

Although she was before Minard, there were others before her. The best-known pioneer of statistical graphics was William Playfair, who published what must be the first "pie chart" in 1801.(3) It was in a graphic showing that, by comparison with other countries, the British paid more tax. The vertical line to the left of each circle is the population (left scale) and the vertical line to the right is the tax revenue (right scale). In this selection of four of Playfair's countries, Britain is the only one in which the tax line is higher than the population line: 

Playfair used this graphic to argue for lower taxes. So you could say that, unlike Minard, his graphics are prescriptive. But Playfair's graphics are merely comparisons. They do not demonstrate what would happen if you reduced taxes. They look good but make you ask "so what?" They do not illustrate cause-and-effect - what Nightingale called a "law". 

Before going into Nightingale's graphics, let's look at the state of statistical science in her day. There was a great revolution in this area in Nightingale's time. In 1837 the General Registry Office at Somerset House, led by William Farr who later helped Nightingale with her Crimean statistics, began to systematically record births, deaths, and marriages in the UK. This gave people the opportunity to examine new cause and effect relationships using registration statistics. 
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The years of struggle and the visit to Kaiserswerth
For example, Florence Nightingale and her sister Parthenope attended the 1847 meeting of the British Association for the Advancement of Science in Oxford. There, they may have seen a report from a Government Actuary, F. G. P. Neison, which showed that counties in which people were better educated had a lower crime rate. This was an argument in favour of higher taxes to finance public education, countering the propaganda of Playfair against high taxes. Neison knew that opponents of his theory would claim that it was prosperity, not education, that reduced the crime rate. So he found counties that had both a relatively high income and a relatively low education, and showed that at least a part of the variation in crime rates was due to education:
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Neison estimated the level of education in each county by counting the proportion of people getting married there who were able to write their name on the marriage certificate. Statistics relied much more on ingenuity and less on complicated formulae in 1847! 
Social improvers like Florence Nightingale eagerly seized on results like Neison's which showed how mankind could combat social evils. Part of her interest in statistics was related to her Unitarian faith. Unitarians believed that mankind has the power to continuously improve itself by observation and the use of reason. 
After the Crimean War (1854-56), Nightingale created a number of spectacular graphics designed to show how improvements in building hygiene could save many lives. These appear in five different documents: 

1. Appendix 72 of the report of the Royal Commission that Nightingale organised after the war, published in 1858.

2. Mortality of the British Army (1858), a private edition by Nightingale of the above Appendix, with exactly the same content but with better layout than that used by Government printers. She produced 2000 copies of this book.

3. A Contribution to the Sanitary History of the British Army (1859). Nightingale published this anonymously to answer a pamphlet(4) that claimed that she had exaggerated the number of deaths in the war. She showed that the Army's own figures, released in late 1858, showed that on the contrary she had underestimated. The graphics in the Contribution used the same statistics as in No. 2 but with different graphic presentation, as we shall see. 

4. Notes on Matters Affecting the Health of the British Army (1858). This was a confidential report to the Government, that Nightingale printed privately and sent to a number of people. This contains two of the three graphics from No. 3.

5. England and Her Soldiers (1859) by Harriet Martineau. Nightingale encouraged Martineau to write this book about the war and gave her copies of the graphics used in No. 3.
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Most of the graphics used in Nos. 1 and 2 are similar to those previously used by her adviser William Farr in his Registrar-General's Annual Reports. They are mostly what we might call "100% area" or "100% stacked bar". 
There is also one "honeycomb" graphic showing how densely soldiers are packed in camp (a device which Farr had already used for illustrating urban density), and two other graphics that are highly original. The first is what Nightingale called the "bat's wing" which is very gloomy to look at and also misleading. 

The circle on the right has 12 sectors going clockwise representing the first 12 months of the war. The circle on the left is the second 12 months. The superimposed dark shapes show the monthly death rates. The diagram illustrates how the Sanitary Commission, sent out in the middle of the war, dramatically reduced the death rate. 
The length of the radial line in each month is proportional to the death rate, but both the text and the appearance imply that it is the shaded area that is proportional to the death rate, rather than the length of the radial lines. Florence recognised this error and inserted an erratum slip, but then replaced this diagram in later documents (nos. 3, 4, and 5 listed above) with what I will call the "wedges" diagram. 
[image: image8.jpg]




This "bat's wing" and its successor are so different from any diagrams that Farr did before that they may be Nightingale's own invention. The other highly original chart is what I will call the "Lines" - a bar chart showing how soldiers in peacetime, living in their barracks in England, were dying at a faster rate than civilians in the cities around them. 
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There is a black bar in each of four age ranges, and a longer red bar. The black bar is the number of civilians who die each year, and the red is the number of soldiers. There are a number of curious overtones to this graphic, which may just be a coincidence. 
First, the title "Lines" (in ornate script in the original) makes it sound like a poem, as in Lines on the Death of Bismarck. There are four pairs of bars, when actually the message is clear from one pair alone. There seems to be a kind of repetition, as in a chorus. This effect is increased by the words, repeated at the end of each line, English Men, English Soldiers ... It sounds like a funeral march. 
Second, the red bar for the soldiers would certainly make some people think of the "Thin Red Line" which had become famous in the Crimean War when a two-deep row of red-jacketed British infantrymen stopped a Russian heavy cavalry charge, something that was thought to be impossible. The thin red lines on Nightingale's chart represented these same heroic soldiers who were now dying unnecessarily because of bad hygiene in their barracks. 
Perhaps this graphic is a visual poem by Arthur Hugh Clough, who was Nightingale's secretary at the time that she produced it.(5) 
The variation of death rates due to differences in hygiene was very important to reformers like Nightingale because it showed that even the civilian death rate could probably also be improved by better hygiene. One of Farr's rules of thumb was that if something varied widely from place to place, it could probably be reduced to zero. This is an example of the army being used as a controlled environment for testing social theories, which was very common in Victorian times. 
This "Lines" graphic is probably the most influential of Nightingale's diagrams because it dealt with a situation that was still going on. The "bat's wing", on the other hand, described a wartime catastrophe which was now history so that the army could claim that it wouldn't happen next time. It was probably the "Lines" diagram that Nightingale particularly wanted to frame and send for hanging in the offices of the Army High Command, as a rebuke.(6) 

However, it is the last graphic - the successor to the "bat's wing" which I will call the "wedges" - that Nightingale is most famous for. Strangely enough, the name that many people give it is wrong. This graphic is not what Nightingale referred to as the "coxcomb"! 
In this diagram, Nightingale resolved the problem of the "bat's wing" by using areas to represent the variation in the death rate, instead of the length of radial lines. The blue wedges, representing death by sickness, are far bigger than those representing wounds. The message of this graphic is twofold: first, most of the fatalities during the war were from sickness and second, improvements in hygiene dramatically reduced the death rate. 
Nightingale used this diagram instead of the "bat's wing" in documents 3, 4, and 5. But why do I say that this is not the "coxcomb"? What did Nightingale mean by the word "coxcomb"? 
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A coxcomb is the ostentatious red crest on the top of a cockerel's head. Nightingale used the word to describe the 2000 copies she had printed of No. 2 - her Mortality of the British Army. This booklet, a reprint of an annex containing diagrams, text, and tables, was the "coxcomb" of the enormous Royal Commission report, the colourful and ostentatious part that people would actually take notice of. In her letter of Christmas Day 1857 to Sidney Herbert (the President of her Royal Commission) Nightingale used the word "coxcomb" in this more thoughtful sense, referring to a book consisting of text, tables, and graphics: 
"Dear Mr. Herbert,

I send you one of the "coxcombs" There are 
 
300 of these
1700 of the vulgar sort 
2000 
I have also the proof of the Appendix copy of it for your report. In this form, printed Tables & all in double columns I do not think anyone will read it. None but scientific men ever look into the Appendix of a Report. And this is for the vulgar public. The only good of having it in the Appendix at all is for the sake of the last line on the cover of the coxcomb: "Reprinted from the ... [sic]"(7) 

She never used the word to refer to a diagram. The "coxcomb" booklet that she was referring to in December 1857 did not even include the colourful "wedges" diagram, because that didn't appear until late in 1858. The booklet to which she was referring, published at the beginning of 1858, included the old bat's wing diagram which was erroneous and which she replaced by the wedges later that year. 
Sir E. T. Cook's biography of Nightingale in 1914 first used the word "coxcomb" for the late 1858 "wedges" diagram: 
"England and her Soldiers, by Harriet Martineau, 1859. Miss Nightingale's "coxcomb" diagrams were reproduced in this volume..."(8) 
It is easy to see why the error has persisted: the diagram resembles the crest of a helmet. 
In briefly surveying Nightingale's statistical diagrams this paper is guilty of the superficiality which Nightingale predicted, because it has focused on the coxcomb of her report and ignored the real issues of substance. For example: was her conclusion justified? Did sanitary improvements reduce the mortality, or was it the reduction of trench duty as some army doctors claimed? And the most important question of all: did she achieve real success with these arguments, in terms of reducing the mortality of the population as a whole? 
These questions will eventually be answered by a more thorough evaluation of material in Nightingale's archives and elsewhere. 


(1) The Visual Display of Quantitative Information. Graphics Press UK, P.O. Box 8, Godalming, Surrey, GU7 3HB

(2) BL Add. MSS 43394, f116 

(3) Playfair, William, The Statistical Breviary, London, 1801

(4) [Hall, Sir John, and others] Observations of a Non-Commissioner, n.p., n.d. [1858]

(5) Mulhauser, Frederick L., The Correspondence of Arthur Hugh Clough. Oxford: Clarendon, 1957

(6) Bishop, W. J., and Sue Goldie, A Bio-Bibliography of Florence Nightingale. London, 1962

(7) BL Add. MSS 43394, f210. 25/12/1857. ff 215 and 219 also refer to the "coxcombs" as books. Appendix 72 of the Royal Commission report was printed in double columns, but her Mortality of the British Army is single column. From her letter, it appears that there were 300 deluxe copies.

(8) Cook, Life of Florence Nightingale, vol. 1, p. 386. Possibly the only book which more correctly associates the word "coxcomb" with the "bat's wing" diagram is Sue Goldie's Florence Nightingale in the Crimean War (1987), p. 94. 
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Polar-Area Diagram
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Example of a polar-area diagram invented by Florence Nightingale. The original was in color with the outer area in blue, the central darker areas in black, and the central lighter areas in red. The text in the lower left corner reads:

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 1855, the blue coincides with the black.

The entire areas may be compared byh following the blue, the red, & the black lines enclosing them.

Source: Nightingale, Florence. Notes on Matters Affecting the Health, Efficiency and Hospital Administration of the British Army, 1858.

Florence Nightingale
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May 12, 1820 - August 13, 1910 



Written by Cynthia Audain, Class of 1998 (Agnes Scott College)

Florence Nightingale is most remembered as a pioneer of nursing and a reformer of hospital sanitation methods. For most of her ninety years, Nightingale pushed for reform of the British military health-care system and with that the profession of nursing started to gain the respect it deserved. Unknown to many, however, was her use of new techniques of statistical analysis, such as during the Crimean War when she plotted the incidence of preventable deaths in the military. She developed the "polar-area diagram" to dramatize the needless deaths caused by unsanitary conditions and the need for reform. With her analysis, Florence Nightingale revolutionized the idea that social phenomena could be objectively measured and subjected to mathematical analysis. She was an innovator in the collection, tabulation, interpretation, and graphical display of descriptive statistics.

Florence Nightingale's two greatest life achievements--pioneering of nursing and the reform of hospitals--were amazing considering that most Victorian women of her age group did not attend universities or pursue professional careers. It was her father, William Nightingale, who believed women, especially his children, should get an education. So Nightingale and her sister learned Italian, Latin, Greek, history, and mathematics. She in particular received excellent early preparation in mathematics from her father and aunt, and was also tutored in mathematics by James Sylvester. In 1854, after a year as a unpaid superintendent of a London "establishment for gentlewomen during illness," the Secretary of War, Sidney Herbert, recruited Nightingale and 38 nurses for service in Scutari during the Crimean War. 

During Nightingale's time at Scutari, she collected data and systematized record-keeping practices. Nightingale was able to use the data as a tool for improving city and military hospitals. Nightingale's calculations of the mortality rate showed that with an improvement of sanitary methods, deaths would decrease. In February, 1855, the mortality rate at the hospital was 42.7 percent of the cases treated (Cohen 131). When Nightingale's sanitary reform was implemented, the mortality rate declined. Nightingale took her statistical data and represented them graphically. She invented polar-area charts, where the statistic being represented is proportional to the area of a wedge in a circular diagram (Cohen 133). 

As Nightingale demonstrated, statistics provided an organized way of learning and lead to improvements in medical and surgical practices. She also developed a Model Hospital Statistical Form for hospitals to collect and generate consistent data and statistics. She became a Fellow of the Royal Statistical Society in 1858 and an honorary member of the American Statistical Association in 1874. Karl Pearson acknowledged Nighingale as a "prophetess" in the development of applied statistics. 



Read about the mathematical education in the life of Florence Nightingale in an article by Sally Lipsey that appeared in the Newsletter of the Association for Women in Mathematics. 
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Mathematical Education in the Life of Florence Nightingale

By Sally Lipsey

Reprinted with permission of the author from the Newsletter of the Association for Women in Mathematics, Vol. 23, No.4 (July/August 1993), 11-12.
In 1840, Florence Nightingale begged her parents "to let her study mathematics instead of doing worsted work and practicing quadrilles." Her mother "did not approve, home duties were not to be neglected for mathematics." She assumed that her daughter's destiny was marriage, "and what use were mathematics to a married woman?" Her father, who loved math and had communicated that love to his daughter, nevertheless urged her to study more appropriate subjects (for a woman), "history or philosophy, natural or moral. Florence expressed her preference for mathematics by saying, "I don't think I shall succeed so well in anything that requires quickness as in what requires only work." [1] Her parents finally granted permission. Years later, her mathematical approach saved the British army at Scutari during the Crimean war and provided the data that led to hospital reforms. [2] 

Only after long emotional battles was Florence permitted to have tutors in mathematics. (One of her tutors was J.J. Sylvester.) She learned arithmetic, geometry, algebra, and before her involvement with nursing, spent her time tutoring children in these subjects. In the British Museum, one can read lesson plans in her handwriting (including story problems based on the lives of the children she was tutoring) for teaching arithmetic and geometry. She includes reminders to tell pupil teachers "to write notes of all the lessons they will give through the next week--the must never give them unprepared--of what they will say..tell them you prepare yourself." [3]

Her lesson plans show concern about the education of girls. "Girls' arithmetic has been neglected--their geography should be made arithmetical." She made notes to ask such questions as:

How high is the reindeer? Are you as high? How high are you? 3 feet--how much is that? a yard-- are you a quadruped? How far is the topmost point of Europe from the Equator? How far do you come to school? Two miles-- now, if you were to walk two geographical miles a day, how long should you be walking to the equator? [4] 

Clearly, she espoused teaching by questioning. In later years, when she wrote on nursing, she expressed the hope that the memory of Socrates would help her with the art of questioning, so that "those who read may learn not of me but of themselves."

Florence Nightingale's interest in mathematics extended beyond the subject matter itself, as shown in letters to her sweetheart during 1846. For example, in May she wrote, "There is a most lovely character given of D'Alembert's the great mathematician's lightheartedness..It says that it is the exclusive privilege of the exact science, to enjoy everyday some new truth which comes to reward one's work." Again, in August: "The loss of power of the high priest...the inconsiderate 'following of the leader' of the people, are everyday feelings in our hearts, just as is the jealousy, which brought under a different system of police, Abel to the grave." Her letters how her sense of humor. In September after attending a political speech, she wrote: "I have invented a new system of Logarithms (finding the capacities of arithmetic not sufficiently extensive) to count the number of times 'Imperial Majesty' occurs in the speech...." [6]

Nightingale helped to promote what was then a revolutionary idea (and a religious one for her) that social phenomena could be objectively measured and subjected to mathematical analysis. Her work with medical statistics was so impressive that she was elected (in 1858) to membership in the Statistical Society of England. One of the pioneers in the graphic method of presentation of data, she invented colorful polar-area diagrams to dramatize medical data. [7] Although other methods of persuasion had failed, her statistical approach convinced military authorities, Parliament, and Queen Victoria to carry out her proposed hospital reforms.

During the American Civil War, Nightingale was a consultant on army health to the United States government. She also responded to a British war office request for advice on army medical care in Canada. Her mathematical activities included ascertaining "the average speed of transport by sledge" and calculating "the time required to transport the sick over the immense distances of Canada." 

Florence Nightingale was a feminist, of course. It is amusing to see that she dedicated Introductory Notes on Lying in Institutions to the shade of Socrates' mother. She fought for the privilege of studying math, for the right to be a nurse, and for every woman's right "to bring the best that she has, whatever that is to the work of God's world... to do the thing that is good, whether it is 'suitable for a woman' or not." She cautioned against extremism, "which urges women to do all that men do...merely because men do it, and without regard to whether this is the best that women can do." [5] She was a true mathematician in her love for reasoning, always questioning assumptions and taking great care in the process of reaching conclusions. 
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