
❖ My hypothesis was correct.

❖ My data shows that the frequency of ten 

letters (a, d, g, k, m, n, o, r, s, and v) change 

through time.

❖ Although not all of the letters have a 

significant correlation with time, enough do 

that the probability of none of the letters 

having a correlation is very small - much less 

than 5%, the accepted statistics probablity to 

assume that there is a correlation. 

❖ Thus, both individually and all together, it is 

clear that there is a significant difference in 

letter frequencies in different centuries.

❖ One application of letter frequency analysis is 

breaking codes. For example, it can be used 

for codes such as substitution cipher (where 

each letter is replaced by another letter or 

character). 

❖ If there is a significant difference in the 

frequencies of any letters over time, then 

analyzing letter frequencies could also be 

used to identify the age of a text.

❖ Note that letter frequency analysis can be 

used with rather short texts as there are only 

twenty-six letters. On the other hand, word 

analysis can only be used with longer texts.

❖ Letter frequency is the ratio of the number of 
times a letter occurs in a text to the total 
number of letters in the text.

❖ For each letter, the correlation between the 
letter frequency and the year of the text can 
be measured using the Pearson coefficient 
and the p-value.

❖ The Pearson coefficient, or the correlation 
coefficient r, measures whether the 
correlation is strong or weak and positive or 
negative. It is positive when the slope of the 
"line" formed when the data is plotted on a 
graph is positive. It is negative when the slope 
of the line is negative.

❖ The stronger the correlation the more 
compact and neat of a line is formed. The 
correlation coefficient is always between -1 
and 1. Weaker correlations are closer to 0 and 
stronger correlations are closer to -1 or 1. 

❖ Using this correlation coefficient, the p-value 
can be calculated. The p-value is the 
probablitity that the results found, or more 
extreme results, would be obtained if there 
were no correlation.

❖ The p-value is always between 0 and 1. The 
closer to 0 it is, the less probable it is that 
there is actually no correlation and the more 
probable it is that there is a correlation. In 
statistics, a p-value less than 0.05 is usually 
considered "statistically significant."

Do Letter Frequencies Change Over Time?
APPLICATION DATA

     

❖ My hypothesis is that there are singnificant 
differences in letter frequencies in texts 
from different years. 

❖ I think this because the English language 
evolves over time, so it is likely that the 
letter frequencies do too.

INTRODUCTION HYPOTHESIS 

❖ One way to further this project is to analyze 

word frequencies. These will likely have 

greater differences over time than letter 

frequencies. The frequencies of different 

word lengths, sentence lengths, and 

punctuation can also be tested.

❖ Another idea is to analyze books that were 

translated from one language to another or 

books written in the same language but by 

authors with different primary languages.

❖ A third way is to analayze letter frequencies of 

different types of writting. Some examples 

are newspapers, scientific reports, and 

government documents.

PROCEDURE

CONCLUSION

FURTHER INVESTIGATION

❖ My question is, “Do letter frequencies change 
over time?”

❖ I tested whether, and how much, letter 
frequencies change over time by taking 
English texts from different centuries, running 
them through a code I wrote in Python, and 
analyzing how many times each letter 
appears in relation to the total number of 
letters. 

❖ I analyzed texts from the years 1600 AD to 
2000 AD, taking 10 pieces of text from each 
century.

BACKGROUND RESEARCH

❖ Independent variable: year of text

❖ Dependent variable: letter frequency

❖ Constants: language and type of text

1. I wrote a code in Python 
that could calculate letter 
frequencies. 

2.  I made a list of books 
and found txt files of 
them. I downloaded the 
txt files and cleaned them 
up.

3. I ran my code to get the 
data. I uploaded the csv 
file with the data to a 
spreadsheet to analyze it.

4. I analyzed the data I 
collected from my trials 
by calculating the 
Pearson Coefficients and 
p-values.

az = ['a', 'b', 'c', 'd', 'e', 'f', 'g', 'h', 'i', 'j', 'k', 'l', 'm', 'n', 'o', 'p', 'q', 'r', 's', 't', 'u', 'v', 'w', 'x', 'y', 'z']

def count(filename):

    with open(filename, 'r', encoding="utf-8") as f:

        charactercount = {}

        for line in f:

            for character in line.lower():

                 if character in charactercount:

                    charactercount[character] +=1

                 else:

                    charactercount[character] = 1

        x = 0

        for letter in az:

            if letter in charactercount:

                x += charactercount[letter]

        p = {}

        for letter in az:

            if letter in charactercount:

                p[letter] = charactercount[letter]/x * 100

            else:

                p[letter] = 0.0

        return p

import csv

fieldnames = ['Author', 'Title', 'Year'] + az

years = []

plots = { letter: [] for letter in az }

def myrow(Author, Title, Year, Filename):

    row = count(Filename)

    row['Author'] = Author

    row['Title'] = Title

    row['Year'] = Year

    years.append(Year)

    for letter in az:

        plots[letter].append(row[letter])

    writer.writerow(row)

with open('books.csv', 'w', encoding='UTF8', newline='') as f:

    writer = csv.DictWriter(f, fieldnames=fieldnames)

    writer.writeheader()

    myrow('Shakespeare', 'Hamlet', 1601, 'Books/Shakespeare/Hamlet.txt')

    myrow('Christopher Marlowe', 'Doctor Faustus', 1604, 'Books/ChristopherMarlowe/DoctorFaustus.txt')

    myrow('Shakespeare', 'Macbeth', 1606, 'Books/Shakespeare/Macbeth.txt')

    myrow('Beaumont and Fletcher', 'The Faithful Shepherdess', 1609, 'Books/BeaumontandFletcher/TheFaithfulShepherdess.txt')

    myrow('Beaumont and Fletcher', 'The Mad Lover', 1647, 'Books/BeaumontandFletcher/TheMadLover.txt')

    myrow('King Charles I', 'Eikon Basilike', 1649, 'Books/KingCharlesI/EikonBasilike.txt')

    myrow('Samuel Pepys', 'The Diary of Samuel Pepys', 1669, 'Books/SamuelPepys/TheDiaryofSamuelPepys.txt')

    myrow('John Milton', 'Paradise Lost', 1647, 'Books/JohnMilton/ParadiseLost.txt')

    myrow('John Bunyan', 'The Pilgrims Progress', 1684, 'Books/JohnBunyan/ThePilgrimsProgress.txt')

    myrow('Aphra Behn', 'Oroonoko', 1688, 'Books/AphraBehn/Oroonoko.txt')

    myrow('Jonathan Swift', 'The Battle of the Books', 1704, 'Books/JonathanSwift/TheBattleoftheBooks.txt')

    myrow('Daniel Defoe', 'Robinson Crusoe', 1719, 'Books/DanielDefoe/RobinsonCrusoe.txt')

    myrow('Jonathan Swift', 'Gullivers Travels', 1726, 'Books/JonathanSwift/GulliversTravels.txt')

    myrow('Samuel Richardson', 'Pamela', 1740, 'Books/SamuelRichardson/Pamela.txt')

    myrow('Samuel Richardson', 'Clarissa', 1747, 'Books/SamuelRichardson/Clarissa.txt')

    myrow('Henry Fielding', 'The History of Tom Jones', 1749, 'Books/HenryFielding/TheHistoryofTomJones.txt')

    myrow('Laurence Sterne', 'Tristam Shandy', 1759, 'Books/LaurenceSterne/TristamShandy.txt')

    myrow('Thomas Paine', 'Common Sense', 1776, 'Books/ThomasPaine/CommonSense.txt')

    myrow('Benjamin Franklin', 'The Autobiography of Benjamin Franklin', 1791, 'Books/BenjaminFranklin/TheAutobiographyofBenjaminFranklin.txt')

    myrow('William Godmin', 'Caleb Williams or Things Are as They Are', 1794, 'Books/WilliamGodmin/CalebWilliamsorThingsAreasTheyAre.txt')

    myrow('Jane Austen', 'Pride and Prejudice', 1813, 'Books/JaneAusten/PrideandPrejudice.txt')

    myrow('Washington Irving', 'The Legend of Sleepy Hollow', 1820, 'Books/WashingtonIrving/TheLegendofSleepyHollow.txt')

    myrow('James Feminore Cooper', 'Home As Found', 1838, 'Books/JamesFeminoreCooper/HomeAsFound.txt')

    myrow('CharlotteBronte', 'JaneEyre', 1847, 'Books/CharlotteBronte/JaneEyre.txt')

    myrow('Herman Melville','Moby Dick', 1851, 'Books/HermanMelville/MobyDick.txt')

    myrow('Charles Dickens', 'Great Expectations', 1861, 'Books/CharlesDickens/GreatExpectations.txt')

    myrow('Washington Irving', 'Old Christmas', 1876, 'Books/WashingtonIrving/OldChristmas.txt')

    myrow('Robert Louis Stevenson', 'Treasure Island', 1883, 'Books/RobertLouisStevenson/TreasureIsland.txt')

    myrow('Mark Twain', 'The Adventures of Huckleberry Finn', 1884, 'Books/MarkTwain/TheAdventuresofHuckleberryFinn.txt')

    myrow('Stephen Crane', 'The Red Badge of Courage', 1895, 'Books/StephenCrane/TheRedBadgeofCourage.txt')

    myrow('Theodore Dreiser', 'Sister Carrie', 1900, 'Books/TheodoreDreiser/SisterCarrie.txt')

    myrow('JamesMBarrie', 'PeterPan', 1906, 'Books/JamesMBarrie/PeterPan.txt')

    myrow('Frances Hodgson Burnett', 'The Secret Garden', 1911, 'Books/FrancesHodgsonBurnett/TheSecretGarden.txt')

    myrow('F. Scott Fitzgerald', 'The Great Gatsby', 1925, 'Books/FScottFitzgerald/TheGreatGatsby.txt')

    myrow('Boyd Cable', 'The Grapes of Wrath', 1939, 'Books/BoydCable/TheGrapesofWrath.txt')

    myrow('H. G. Wells', 'The Invisible Man', 1952, 'Books/HGWells/TheInvisibleMan.txt')

    myrow('Frank Herbert', 'Children of Dune', 1976, 'Books/FrankHerbert/ChildrenofDune.txt')

    myrow('Montague Rhodes James', 'The Haunted Dolls House', 1982, 'Books/MontagueRhodesJames/TheHauntedDollsHouse.txt')

    myrow('Tom Clancy', 'Patriot Games', 1987, 'Books/TomClancy/PatriotGames.txt')

    myrow('Robert Jordan', 'The Shadow Rising', 1992, 'Books/RobertJordan/TheShadowRising.txt')

VARIABLES

Letter Correlation P-value

a 0.525 0.0005

b -0.029 0.86

c 0.126 0.438

d 0.545 0.0003

e 0.195 0.228

f -0.267 0.95

g 0.546 0.0003

h -0.048 0.678

i 0.051 0.754

j 0.242 0.133

k 0.375 0.017

l -0.034 0.834

m -0.519 0.0006

Letter Correlation P-value

n 0.325 0.041

o -0.449 0.004

p 0.011 0.946

q 0.065 0.688

r 0.39 0.013

s -0.33 0.038

t -0.043 0.79

u -0.269 0.093

v -0.524 0.0005

w 0.118 0.467

x 0.267 0.096

y -0.263 0.101

z 0.206 0.202
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