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Centre for Forensic Linguistic Authorship Group

Staff and Students at the Centre for Forensic Linguistics have 

been conducting analyses of famous cases of disputed 

authorship for the past few years:

CFLAG 2014: Jack Grieve and UG LE3031 Students:       
The Bitcoin White Paper

CFLAG 2015: Andrea Nini and CFL MA students & staff:             
The Sony Hacker Case

CFLAG 2016: Jack Grieve, CFL MA/PhD students & staff:        
The Bixby Letter



The Bixby Letter

In November 1864, in the midst of the 

Civil War and only 5 months before he 

would be assassinated, Abraham 

Lincoln sent a short letter of condolence 

to Lydia Bixby of Boston, who was 

believed to have lost five sons fighting 

for the Union.  



The Bixby Letter

In fact, the Widow Bixby had only lost 

two sons and was also likely a brothel 

owner and a Confederate 

sympathiser, who had destroyed the 

letter in anger.

Fortunately, the Adjutant General of 

Massachusetts, William Shouler, who 

had requested the letter from Lincoln, 

sent a copy to the Boston Evening 

Transcript.





The Bixby Letter

The Bixby Letter is considered to be one of the greatest pieces 

of correspondence in the history of the United States and one of 

Lincoln’s most celebrated texts, only surpassed by the 

Gettysburg Address and the Emancipation Proclamation.

It has also become part of public culture, for example being 

featured in the movie Saving Private Ryan and being recited by 

President George W. Bush at the 10 year anniversary of the 

September 11th Attacks. 
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The Bixby Letter

I have been shown in the files of the War Department a statement of the 
Adjutant General of Massachusetts, that you are the mother of five sons 
who have died gloriously on the field of battle. 

I feel how weak and fruitless must be any words of mine which should 
attempt to beguile you from the grief of a loss so overwhelming. But I 
cannot refrain from tendering to you the consolation that may be found in 
the thanks of the Republic they died to save. 

I pray that our Heavenly Father may assuage the anguish of your 
bereavement, and leave you only the cherished memory of the loved and 
lost, and the solemn pride that must be yours, to have laid so costly a 
sacrifice upon the altar of Freedom.



The Authorship of the Bixby Letter

Despite its reputation, some historians 

have questioned whether John Hay, 

Lincoln’s young personal secretary who 

wrote much of Lincoln’s 

correspondence, was the real author.

Most notably, Burlingame (1995, 1999) 

argued that Hay was the author, based 

primarily on external evidence, as well 

as some linguistic evidence, most 

notably the use of the word beguile. 



John Hay

John Hay went on to become an 

important statesman, serving as 

Secretary of State under Presidents 

McKinley and Roosevelt, as well as 

ambassador to the UK. 

He was also the author of poetry and 

prose, including the anonymously 

published novel The Breadwinners 

(1883), as well as a Biography of 

Lincoln with John George Nicolay. 





Excerpt from Lincoln’s Gettysburg Address 

It is rather for us to be here dedicated to the great task 

remaining before us—that from these honored dead we take 

increased devotion to that cause for which they gave the last full 

measure of devotion—that we here highly resolve that these 

dead shall not have died in vain—that this nation, under God, 

shall have a new birth of freedom—and that government of the 

people, by the people, for the people, shall not perish from the 

earth.



 Excerpt from Hay’s Castilian Days 

He informed him, still in this wild, jerking scream, that he was a 

dog, that his mother's character was far from that of Caesar's 

wife, and that if more speed was not exhibited on this down 

grade, he would be forced to resort to extreme measures.



Research Outline

The goal of CFLAG 2016 is to determine if Lincoln or Hay is the 

main author of the Bixby Letter.

The case is especially challenging because the Bixby Letter is 

so short and because it has resisted solution for so long. 

We follow a basic two-step process (which is still underway):

1. Collect the known writings for Hay and Lincoln

2. Compare the Bixby Letter to these writing samples



Corpus Compilation

We obtained digital copies of the Collected Works of Abraham 

Lincoln and John Hay as well John Hay’s poems and novels 

online.

The texts were both hand checked and automatically cleaned 

and the date and genre of the texts were recorded. Much 

Lincoln data, of which there is considerably more, still needs to 

be cleaned, as well as a smaller amount of Hay data.



Corpus Dimensions

The Hay corpus contains 471 texts totaling approximately 

250,000 words, and includes substantial numbers of Letters, 

Prose, Poems, and Diary entries. 

The Lincoln contains corpus 2,088 texts totaling approximately 

350,000 words, including substantial numbers of Letters, 

Speeches, Bills, Resolutions, as well as texts from many other 

registers. 

For now we have not looked at detail at the effect of variation of 

register variation. 



The Problem with the Bixby Letter

The main problem we face when analyzing the Bixby Letter is 

that it contains only 139 words.

This precludes the use of standard quantitative methods for 

authorship attribution, which require longer texts so that reliable 

estimates of the relative frequencies of words (or other features) 

in the anonymous text can be made

Short texts are a very common problem in authorship analysis, 

including in forensic case work, where we usually work with 

short texts and consequently often adopt a qualitative approach. 



For example, consider the following relative clause construction 

in the Bixby Letter, which permits relative pronoun variation:

But I cannot refrain from tendering to you the consolation 

that may be found in the thanks of the Republic (ZERO/

THAT/WHICH/WHO/WHOM) they died to save

There are two features here whose relative frequency we can 

measure in the possible author writing samples:

Relative frequency of relative clauses

Proportion of relative pronouns used 

Limitations of Relative Frequency with Short Texts



Limitations of Relative Frequency with Short Texts

Relative 
Pronoun

Hay 
Per Million

Words

Hay 
Percent

Lincoln
Per Million 

Words

Lincoln
Percent

ZERO 106 43% 66 84%

That 34 14% 3 4%

Which 4 2% 2 3%

Who 72 29% 6 8%

Whom 30 12% 2 3%

Total 246 79



We also considered religious imagery in the two possible author 

writing samples, given its prevalence in the Bixby letter, for 

example in the following passage: 

I pray that our Heavenly Father may assuage the anguish of 

your bereavement, and leave you only the cherished 

memory of the loved and lost, and the solemn pride that 

must be yours, to have laid so costly a sacrifice upon the 

altar of Freedom. 

Limitations of Relative Frequency with Short Texts



Search string Hay Lincoln
Pray 18 80
I pray 9 9
I pray that 1 1
Heavenly Father 0 1
Sacrifice 13 21
A sacrifice 0 2
Altar 17 0
The altar of 1 0

Limitations of Relative Frequency with Short Texts



Short Texts: Rare forms

The usual approach to analysing short texts is therefore to look 

at whether or not rare forms in the questioned text occur in the 

possible author writing samples (e.g. beguile, altar), ideally 

showing that the vast majority of rare linguistic features in the 

questioned text are only used by one of the possible authors. 

There are two major issues with this approach: 

1. How to select an unbiased feature set?

2. How to control for variation in sample size?



N-gram Tracing

Based on this general approach, and keeping these two 

limitations in mind, we have developed a new quantitative 

method for attributing short texts, which we refer to as n-gram 

Tracing. 

The basic idea behind the method is to calculate the percentage 

of all n-grams in a questioned document that occur in each of 

the possible authors writing samples. 



Introducing N-grams

An n-gram is a sequence of one or more (e.g. 1-grams, 2-

grams, 3-grams, etc.) linguistic forms in a text. 

The linguistic forms can be measured at any level (e.g. 

character-level n-grams, word-level n-grams, part-of-speech 

level n-grams). 

The relative frequencies of n-gram is a commonly used 

feature in quantitative authorship attribution. 



N-grams: Example

The dog went to the store with his owner.

Character-level 1-grams: t, h, e, _, d, o, g, ...

Character-level 2-grams: th, he, e_, _d, do, og, ...

Word-level 2-grams: the dog, dog went, went to, to the, ...

Word-level 3-grams: the dog went, dog went to, ...

POS-level 1-grams: Determiner, Noun, Verb, Infinitive, ...

POS-level 2-grams: Determiner Noun, Noun Verb, ...



N-gram Tracing

To conduct n-gram tracing, first all the n-grams of a particular 

length and level (e.g. word-level 2-grams) are extracted from the 

questioned document.

The percentage of those n-grams that occur in each of the 

possible author writing samples is then calculated.

To help interpret these results and to control for variation in 

sample size, these percentages are calculated over a series of 

increasing random samples of texts. 

The author with a clear stronger trend is then selected.



Example N-gram Tracing: Word bi-grams

Questioned Text: The dog went to the store with his owner.



Example N-gram Tracing: Word bi-grams

Questioned Text: The dog went to the store with his owner.

Word bi-grams (8): The dog, dog went, went to, to the, the store, 

store with, with his, his owner



N-gram Tracing Example: Possible Author 1 

bi-gram Text 1 Text 2 Text 3 Text 4
The dog
dog went
went to
to the
the store
store with
with his
his owner
Bi-grams Seen
Percent Seen
Words
Words Seen



N-gram Tracing Example: Possible Author 1 

bi-gram Text 1 Text 2 Text 3 Text 4
The dog
dog went
went to ✓

to the ✓

the store
store with
with his ✓

his owner
Bi-grams Seen 3/8
Percent Seen 38%
Words 540
Words Seen 540



N-gram Tracing Example: Possible Author 1 

bi-gram Text 1 Text 2 Text 3 Text 4
The dog
dog went
went to ✓

to the ✓

the store ✓

store with ✓

with his ✓

his owner
Bi-grams Seen 3/8 5/8
Percent Seen 38% 63%
Words 540 700
Words Seen 540 1,240



N-gram Tracing Example: Possible Author 1 

bi-gram Text 1 Text 2 Text 3 Text 4
The dog ✓

dog went
went to ✓

to the ✓

the store ✓

store with ✓

with his ✓ ✓

his owner
Bi-grams Seen 3/8 5/8 6/8
Percent Seen 38% 63% 75%
Words 540 700 650
Words Seen 540 1,240 1,890



N-gram Tracing Example: Possible Author 1 

bi-gram Text 1 Text 2 Text 3 Text 4
The dog ✓

dog went
went to ✓

to the ✓ ✓

the store ✓

store with ✓

with his ✓ ✓

his owner
Bi-grams Seen 3/8 5/8 6/8 6/8
Percent Seen 38% 63% 75% 75%
Words 540 700 650 320
Words Seen 540 1,240 1,890 2,210



N-gram Tracing Example: Possible Author 1 

bi-gram Text 1 Text 2 Text 3 Text 4
The dog ✓

dog went
went to ✓

to the ✓ ✓

the store ✓

store with ✓

with his ✓ ✓

his owner
Bi-grams Seen 3/8 5/8 6/8 6/8
Percent Seen 38% 63% 75% 75%
Words 540 700 650 320
Words Seen 540 1,240 1,890 2,210



N-gram Tracing Example: Possible Author 1 



N-gram Tracing Example: Possible Author 2 

bi-gram Text 1 Text 2 Text 3 Text 4
The dog
dog went
went to
to the
the store
store with
with his
his owner
Bi-grams Seen
Percent Seen
Words
Words Seen



N-gram Tracing Example: Possible Author 2 

bi-gram Text 1 Text 2 Text 3 Text 4
The dog
dog went
went to
to the ✓

the store
store with
with his ✓

his owner
Bi-grams Seen 2/8
Percent Seen 25%
Words 660
Words Seen 660



N-gram Tracing Example: Possible Author 2 

bi-gram Text 1 Text 2 Text 3 Text 4
The dog
dog went
went to ✓

to the ✓ ✓

the store
store with
with his ✓

his owner
Bi-grams Seen 2/8 3/8
Percent Seen 25% 38%
Words 660 510
Words Seen 660 1,170



N-gram Tracing Example: Possible Author 2 

bi-gram Text 1 Text 2 Text 3 Text 4
The dog
dog went
went to ✓

to the ✓ ✓ ✓

the store
store with ✓

with his ✓

his owner
Bi-grams Seen 2/8 3/8 4/8
Percent Seen 25% 38% 50%
Words 660 510 370
Words Seen 660 1,170 1,540



N-gram Tracing Example: Possible Author 2 

bi-gram Text 1 Text 2 Text 3 Text 4
The dog
dog went
went to ✓

to the ✓ ✓ ✓ ✓

the store
store with ✓

with his ✓ ✓

his owner
Bi-grams Seen 2/8 3/8 4/8 4/8
Percent Seen 25% 38% 50% 50%
Words 660 510 370 500
Words Seen 660 1,170 1,540 2,040



N-gram Tracing Example: Possible Author 2 

bi-gram Text 1 Text 2 Text 3 Text 4
The dog
dog went
went to ✓

to the ✓ ✓ ✓ ✓

the store
store with ✓

with his ✓

his owner ✓ ✓

Bi-grams Seen 2/8 3/8 4/8 4/8
Percent Seen 25% 38% 50% 50%
Words 660 510 370 500
Words Seen 660 1,170 1,540 2,040



N-gram Tracing Example: Possible Author 1 vs. 2 



N-gram Tracing: Repeated Random Walks

Finally, to get a more robust measure for each possible 

author, we repeat the analysis on different random sequences 

of texts from each possible author.

We then calculate and plot the average percent of n-grams 

seen over regular intervals of words seen (e.g. up to 2,000 

words, up to 4,000 words, up to 6,000 words, etc.). 

This is helps to control for the effect of outlier document and 

variation in document length.



Example: Possible Author 1 (2 random walks) 

bi-gram Text 1 Text 2 Text 3 Text 4

Bi-grams Seen 3/8 5/8 6/8 6/8

Percent Seen 38% 63% 75% 75%

Words Seen 540 1,240 1,890 2,210

bi-gram Text 3 Text 2 Text 4 Text 1

Bi-grams Seen 2/8 4/8 5/8 6/8

Percent Seen 25% 50% 63% 75%

Words Seen 650 1,350 1,770 2,210



Example: Possible Author 1 (2 random walks) 



Evaluating N-gram Tracing

To evaluate the method, we have tested it on numerous 

letters of known Lincoln and Hay authorship.

Specifically, we take one known letter, extract all the n-grams 

from that text, and then trace those n-grams across the other 

Hay and Lincoln texts to attribute the text. 

The results present here are all based on word-level n-grams.



















Evaluating N-gram Tracing

We have now tested the method on around half-a-dozen 

Lincoln and Hay tests a piece, and the accuracy is at 100%

We still, however, need to do much more thorough and 

systematic testing.

We also need to test the method across other levels of 

linguistic analysis, i.e. using character-level n-grams and 

POS-level n-grams, although initial traces with POS-level n-

grams have also given perfect results. 

We also need to test sensitivity to register variation. 



Attributing the Bixby Letter using N-gram Tracing

We applied word-level n-gram tracing to attribute the Bixby 

Letter. 

We extracted all word-level 1-grams to 4-grams from the 

Bixby Letter and then traced each set of n-grams across the 

Hay and Lincoln corpora over 25 random walks and then took 

averages in increments 2,000 words.

We also extracted the word n-grams of each length that 

occurred only in one of the two possible authors. 





Unique Hay 1-grams (5/83)

altar
anguish
beguile
costly
heavenly



Unique Lincoln 1-grams (2/83)

bereavement
tendering





Unique Hay 2-grams (21/129)

a loss
altar of
and lost
anguish of
any words
be yours
consolation that
feel how
grief of
have laid
loved and

of battle
pray that
pride that
the altar
the anguish
the cherished
the consolation
the solemn
they died
weak and



Unique Lincoln 2-grams (9/129)

a sacrifice
adjutant general
cannot refrain
department a
father may
files of
general of
the adjutant
war department





Unique Hay 3-grams (17/131)

and the solemn
be yours,
from the grief
gloriously on the
I pray that
memory of the
on the field
thanks of the
that may be
that must be
the altar of

the anguish of
the consolation that
the field of
the grief of
the mother of
you from the



Unique Lincoln 3-grams (12/131)

a statement of
and leave you
cannot refrain from
files of the
I cannot refrain
of freedom .
of the adjutant
of the republic
statement of the
the adjutant general
the files of

the war department





Unique Hay 4-grams (5/127)

may be found in
on the field of
that you are the
the thanks of the
, and the solemn



Unique Lincoln 4-grams (5/127)

a statement of the
be found in the
I cannot refrain from
of the adjutant general
of the war department



Conclusion

Based on these results, we tentatively conclude that John 

Hay, not Abraham Lincoln, was the main author of the Bixby 

Letter, in agreement with Burlingame and others.

We still need to incorporate the remaining Hay and Lincoln 

data into the analysis, and to systematically test the method, 

including character- and POS-level n-grams and across 

different registers.  

More generally, we need to test the general applicability of n-

gram tracing, including on larger sets of authors. 
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