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Abstract— Visualization techniques help organize the vast amount of data generated in
computational studies of literary style. These techniques are demonstrated by showing
two-dimensional representations of the style of the authors of The Federalist Papers.
The techniques are used to determine the authorship of the 12 unatttibuted papers. The
authorship assigned to these papers is consistent with that found in other studies.

1. INTRODUCTION

Computers frequently have been used to characterize literary style by the values of param-
eters extracted from text. These characterizations have solved questions of disputed author-
ship, have indicted changes in an author’s style with time, and have shown the fluctuations
in style with changes in the mood of a work. Most models of style have used easily quan-
tifiable features. These features largely fall into three groups: word and sentence length fea-
tures, vocabulary features, and syntactic features, as seen in Hockey (1980) and Holmes
(1985).

Early studies of style assumed that works from different authors would exhibit dif-
ferent frequency distributions for word and sentence length. Mendenhall (1887) used word-
length distribution statistics to study the question of the authorship of the Shakespearean
plays. Mosteller and Wallace (1964) use sentence length and vocabulary to solve the prob-
lem of authorship in The Federalist Papers. Other researchers use the distribution of func-
tion words, such as articles and connectives (Kenny, 1986), or the distribution within
sentences of words used only once in the text. Often, a combination of several such fea-
tures is used (Stratil & Oakley, 1987).

Many of the early studies were done on mainframe computers using small, laboriously
keypunched samples of text. With modern text scanners and computing equipment, it is
now possible to obtain the complete text of works being studied and to use a rich set of
features. Along with these new capabilities comes the problem of organizing the potentially
vast amount of data and choosing the most incisive features for describing literary style.
Visualization techniques help in these problems.

2. LETTER-TUPLE FREQUENCY STATISTICS
Much of the style of an author is contained in the statistics of N-tuples of letters
extracted from a sample of the author’'s work (Bennett, 1976; Hayes, 1983; Kjell, 1985;

*Major Woods is an officer in the United Stales Army currentlg/ serving on active duty as a full-time stu-
dent. Since September 1992, he has been assigned ta the United States Army Student Detachment with duty at
George Mason University, School of Information Technology and Engineering. as a doctora! student,
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Tankard, 1986). This method will be illustrated using The Federalist Papers. These are 85
papers published anonymously in 1787-1788 by Alexander Hamilton, John Jay, and James
Madison, discussing aspects of the Constitution. As Rossiter (1961) explains

This mask of anonymity, put on by the authors for sound political purposes, made it
possible for Hamilton. in a note written just before his death and discovered just after,
to lay claim to a full 63 numbers of The Federalist, some of which very plainly belonged
to Madison.

Specifically, the authorship of 12 documents (numbers 49-58, 62, and 63) have historically
been debated, but is now generally attributed to Madison (Rossiter, 1961).

Various methods, such as those discussed earlier, have since been used to determine
Madison’s authorship of these documents. Here, the method of 2-tuple and 3-tuple fre-
quency will be applied to analyze these 12 historically disputed papers to compare the results
of this technique to those of previous methods. The ASClI text for this experiment was
obtained from Profect Gutenburg (Project Gutenburg Association, lllinois Benedictine Col-
lege: ftp mrenext.cso.uiuc.edu), The numbering of papers and the attribution of author-
ship, when known, follows that text,

Two prototype texts were prepared by concatenating all of Madison's papers into one
file (papers 10, 14, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, and 48), and concatenating
a selection of Hamilton's papers into another file (papers 1, 6, 7, 8, 9, | I, 12, 13, IS, 17,

3 27, 68, 70.71, 72, 73, 74, 75, 76, and 77}, such that the files were approximately the same
length (237,000 characters). Both early and late Hamilton papers were picked, so that any
change in style would be included in the prototype. A third prototype text was prepared
by concatenating all of the documents of unknown authorship (papers 49, 50, $1, 52, 53,
54, 55, 56, 57, 58, 62, and 63) into one file of approximately 135,000 bytes in length. This
third prototype represents the collection of text of disputed authorship, but believed to be
written as a collection by either Madison or Hamilton (Rossiter, 1961).

First, we will discuss the details and experimental results of two-letter tuples, followed
by three-letter tuple results, omitting the redundant computational details. Each prototype
was processed by counting all occurrences of two-letter tuples. Only characters in the range
a...Z were used, upper case was converted to lower case, and punctuation, including
spaces. was ignored. Tuples overlap, so each letter was a member of two tuples. Tuple th
is the most frequent, with a relative frequency of about 0.026, and many tuples such as
gq occur with a frequency of zero. The representation for each prototype text, or any of
the individual documents, is a vector of 26? features (where most values are zero). Let X
be the vector for Hamilton, and Y be the vector for Madison. The cosine of the angle
between two feature vectors is

X'Y

cos(f) = ———,
= X1

where XY is the inner product of the vectors and | X | is the Euclidean norm of the vec-
tor. This is the cosine similarity measure commonly used in information retrieval (Salton
&McGill, 1983). Co-linear vectors will have a cosine of L.000; dissimilar vectors will have
a smaller cosine. Each of the 85 papers may be compared with the two prototypes. A fea-
ture vector for each paper is created as above, and the cosine similarity measure is com-
puted between that vector and each of the prototype vectors.

These results are summarized in Table | and are listed in detail in Table 3, found in
the appendix. The row label #2/0 in Table 3 designates the tenth Federalist paper, which
was written by Madison. The label j02 designates a paper written by Jay; A40f designates
a paper written by Hamilton; b/8 designates joint authorship between Hamilton and Mad-
ison: and 49 designates uncertain authorship (either Hamilton or Madison). Additionally,
we compare the Madison and Hamilton prototypes to each other and observe that a pro-
totype document has a cosine similarity measure of 1.000 when compared to itself, which
indicates co-linear feature vectors, as mentioned above. Based on the magnitude of the
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Table 1, Confusion Matrix for cosine similarity measure (two-tuples), accuracy 89.2%

Aclually
Classified as Madison Hamilton
Madison 14 0
Hamilton 1 4

cosine similarity measures, authorship is correctly attributed to 58 of the 65 papers with
a known author (here we are concerned only with those papers known to be written by
either Madison or Hamilton). Of the 12 papers of disputed authorship, | { are more simi-
lar to the Madison prototype than the Hamilton prototype. Only document number 62 is
more similar to the Hamilton prototype.

In the case of three-tuples, the tuples again overlap, so each letter will be a member
of three tuples. Tuple the is the most frequent, with a relative frequency of about 0.0009,
and as before, many tuples occur with a frequency of zero. Cosine similarity results com-
puted in the same manner as before are summarized in Table 2 and listed in detail in
Table 4 in the appendix. In this case, authorship is correctly attributed to 57 of the 65
papers with a known author. Of the {2 disputed papers, all are more similar to the Madi-
son prototype than the Hamilton prototype.

In each case these results are close to those of the classic study by Mosteller and Wal-
lace, who found that all 12 of the disputed papers were written by Madison. At this point,
we feel obligated to comment on the cost/benefit of using tuples of greater length than
two. The experimental classification results of two-letter and three-letter tuples are com-
parable. Notice that there is little difference between the cosine similarity measures for
any particular document and the two author prototypes. For example, for document I,
using two-letter tuples, the cosine similarity measure with the Madison prototype is 0.987,
and with the Hamilton prototype is 0.991. Consider the delta between these values to
be the absolute value of the difference between these two measures, which is, of course
{0.987 = 0.991] = 0.004. In the case of three-letter tuples, again using document I, the
similarity measures are 0.943 and 0.950, yielding a delta of 0.007. Naturally, the larger the
delta value, the greater our confidence in any conclusions made based on these similarity
measures. It appears that the three-letter tuples do yield better values. A box-and-whisker
plot of the delta values for all pairs of similarity measures (see Fig. 1) tends to reinforce
this belief, which would indicate that longer tuples are better. Consider, however, the expo-
nential growth in the imposed computational and storage overhead. Using two-letter tuples
requires 26 = 676 dimensions, three-letter tuples require 26' = 17,576 dimensions, four-
letter tuples require 26 = 456,976 dimensions, etc. As our goal Was to create a powerful
yet simple feature for authorship identification, we feel that this overhead significantly
exceeds the benefit, and hence, we recommend the use of two-letter tuples.

3. TRANSFORMING TEXT TO IMAGES

We used the Karhunen-Logve transform to transform a feature vector into 2D coor-
dinates, which determine a point in an image. This technique 15 often used in pattern rec-

Table 2. Confusion Matrix for cosine similarity measure (1three-tuples); aveuracy 87.6%

Aciually

Classified as Madison Hamilion

Madisen 14 0
Hamilton 8 1

P. 05
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Fig. 1. Delta belween cosine similarity measures.

ognition, and is explained in greater detail in textbooks on that subject (Fukunaga, 1972).

The features used were the 10 two-tuples, with the greatest difference in frequency between
the Hamilton and Madison prototypes. These were (in order) er, to, ed, ou, of, ef, he, th,
ar, hi. Only [0 features were used to ensure numerical stability in processing. Thirty-four
feature vectors were computed, one for each prototype paper. The covariance matrix was
computed:

¥ = E((X = M)(X = M)'},

where E is the expectation, X is a feature vector, M is the mean vector. The K-L transform

was performed by finding the eigenvectors of the covariance matrix and expanding the fea-
ture vectors in terms of the eigenvectors corresponding to the largest eigenvalues. For fwo=

dimensional representations (used here), eigenvectors corresponding to the two largest
eigenvalues were used, so that for (x,) coordinates, x = X'$,and y = X'#®; for the two
largest eigenvectors, $;and ®,.

The style of a text is represented as a nebula of points in a two-dimensional image,
To visualize the text as a 2D image, many feature vectors for each text are created. This
is done by sliding a window through a text and computing a point for each window posi-
tion. Three files of nearly equal length were created out of The Federafist Papers: the Mad-
ison and Hamilton prototypes mentioned earlier, and all disputed papers. Each file was
a large stream of text with no breaks between papers. To produce the images in Figs. 2
through 7, a 2048-character window was positioned at the beginning of a stream, then
stepped through the stream in 32 character jumps. At each window position, a feature vec-
tor was calculated (the relative frequencies of the 10 tuples), the feature vector was trans-
formed into (x,y) coordinates (using the eigenvectors), and the image point at these
coordinates was incremented. There were many of these points, which accumulated in the
image to form a nebula. In evaluating these images for authorship determination, we use
the following criteria: center of mass of the points (nebula), position of the image within
the grid, and finally, shape of the image.

Figure 2 shows the image for Madison’s papers; Fig. 3 shows the image for Hamil-
ton’s papers; and Fig. 4 shows the image for the unknown papers. The nebula for Madi-
son (Fig. 2) differs from the nebula for Hamilton (Fig. 3). The Madison nebula is lower
and to the right of the Hamilton nebula, and nearly the entire Madison image is located
in the lower half of the grid, as compared to the Hamilton image, which is visibly shifted
into the upper half of the grid. Less evident in the graphic images is that the internal struc-
ture differs: Hamilton has a central core with some diffuse outer parts: Madison has a more
diffuse core and has some wispy streamers in the periphery.
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Fig. 2. Image created from Madison’s papers.

Fig. 3, Image created from Hamilton's papers

Fig. 4. Image created from the disputed pPapérs
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Fig. 5. Image created from Madison’'s papers.

Fig. &, Image created from Hamillon's papers.

Fig. 7. Image created [rom the disputed papers
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The third image, Fig. 4, was produced from the disputed papers. It resembles the Mad-
ison nebula more than the Hamilton nebula; the center of the nebula is at about the same
location as the Madison nebula, and the core is similarly diffuse. Based on these observa-
tions, the pictures provide visual evidence that Madison wrote the unattributed papers. The
same conclusion was reached with the cosine similarity measure, but the pictures provide
more intuitive conclusions. In addition to the images just described, we provide three more
images (Figs. 5, 6, and 7) produced from the same data, but presented as bar charts as
opposed to scatter plots (scatter plots highlight the unique values, whereas bar charts pro-
vide histograms of interval values). Based on the same judgment criteria, these images tend
to confirm our earlier conclusions. Additional insights into an author’s style may be gained
with the images. The central core of the Hamilton nebula shows an unvaried writing style;
the more diffuse Madison nebula shows greater variety. It would be interesting to see if
these characteristics correspond to human readers’ perceptions of the authors’ styles.

In the case of three-letter tuples, the 10 tuples with the greatest frequency difference
between the Madison and Hamilton prototypes were (in order) the, ver, wouw, uld, oul, and,
arl, ede, his, and nce. Images of the points generated in the same manner discussed ear-

lier are shown in Figs. 8 through 13,

Fig. 8. Image created from Madison's papers
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Fig. 9. Image created from Hamilton's papers

P. 09
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Fig. 10 Image created from the disputed papers

Fig. | |.Image created from Madison’s papers,

Fig. 12. Image created from Hamilton’s papers.
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Fig. 13, Image created from the disputed papers

4. FUTURE WORK

Visualization may be used to produce images of works that are visually distinct for
different authors. The method presented here uses a vast amount of information, making
it unlikely that the distinction between authors is the result of a fortunate choice of fea-
tures or the result of random variation. The tuple frequency method was chosen, since it
provides the rich set of data necessary for generating interesting images. Other character-
izations of style could be investigated and visualization techniques extended to them also.
In further studies, we intend to focus on different metrics, such as tuples of greater length
and different disputed document sets.
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APPENDIX

Table 3. Cosine similarilv measure {two-tuples) hetween 85 papers and
Madison and Hamilton protolypes

Mad Ham Mad Ham Mad Ham Mad Han,
Mad 1.000 0.99% h24  0.980 0.985 u49 0.985  0.984 h74 0.980 0.984
Ham 0.995 [.000 h25 0.988  0.991 uS0  0.984  0.980 h75 0.984 0.989
hO1  0.987  0.991 h26  0.987  0.992 usl 0.984  0.979 h76 0.983 0.990
02 0979 0.978 h27  0.985  0.988 Uiz 0.984  0.797 h77  0.981 0.990
103 0.975  0.976 h28  0.985  0.987 uS3 0.9 0982 h78  0.987 0.986
B4 o970 0.974 h29  0.981  0.986 us4  0.983  0.977 h79 0.980 0.983
05 0.961  0.966 h30 0.985  0.989 uss 0.981 0.978 h80 0.985 0.984
hdé  0.984  0.988 h31  0.987  0.9% ud6 0.976  0.973 h8% 0.985 0.986
ho7  0.987  0.990 h32  0.973  0.971 us7 0,93 0.982 h82 0.970 0.969
hG8 0985  0.990 h33  0.979 0.977 usg 0.986  0.984 h83 0.985 0,987
hog 0,990 0.991 h34  0.985  0.991 h39 0.986  0.988 hg84 0,990 0.989
ml0  0.98  0.983 h35  0.988  0.99, h60 0.987  0.989 h85 0.987 (1.99]
hil  0.978  0.986 h36  0.990  0.991 h&é1 0.983  0.984
h12  0.987  0.992 m37 0.991 0.9% u62 0.988 0.990
hi13  0.978 0.980 m38 0.994 0.992 ub3 0.989  0.987
ml4  0.9% 0.989 m39 0.988  0.983 j64 0.9 0.982
bl 0.990  0.994 m40 0.989 0.985 h65 0.983  0.988
hlé 0.98 0.989 mdl 0.9 0990 h66  0.978  0.985
hi7  0.989  .990 m42  0.991  0.988 h67 0.977  0.980
bI§ 0979 0.975 m43  0.992  0.988 h68 0.978  0.984
bl$ 0.98 0.983 ma44  0.99  0.988 h69 0.988  0.989
b20  0.980 0.978 m45 0.984 0.976 h70  0.989  (.992
h3l  0.98 0,990 m46  0.983  0.979 h7l  0.984 0.988
h22  0.991  0.994 m47  0.967  0.955 h72 0.982 0.989
h23  0.989 0.988 m48 0.987 0.979 h73 0.984 0.987

Table 4. Cosine similarity measure ({three-tuples) betweeni 85 papers and
Madison and Hamilton proiotypes

Mad Ham Mad Ham Mad Ham Mad Ham
Mad 1.000 0.98 h24  0.939 0.950 ud9 0.950 0.942 h74 0.926 0.936
Ham 0.986 1.000 h25  0.951  0.959 ud® 0.934 0.927 h75 0.945 0.962
hOl 0,943  0.950 h26  0.952 0.961 usl  0.947  0.933 h76  0.937 0,957
j02 0.920 0.919 h27  0.941  0.947 us2 0.948 0.738 h77  0.940 0.960
03 00912 0.913 h28  0.949 0.95, usd 0.948 0.939 h78 0.958 0.956
04 0.9 0.012 h29  0.938  0.946 usd 0.939 0.932 h79  0.919 0.930
05 0813 0,890 h30  0.946  0.956 uss 0.942 0.937 h80 0.939 0.934
hO6  0.945  0.957 h31  0.950 0.955 uié 0911 0.908 h81 0.953 0,952
h07  0.944 0.961 h32  0.919 0.921 us7 0.941 0.936 hg2 0.%02 0.898
h0§  0.946 0,960 h33 0.9  0.927 usg 0.946 0.941 h83 0.946 0.952
h(%  0.957  {.960 h34  0.953  0.962 h59  0.949  0.950 h84 0.966 0.964
mld  0.948  0.943 h35 0.946 0.956 hé0 0.954 0.964 h8% 0.957 0,93
hil 0921 0.949 h36  0.961  0.965 h6l 0.940 0.946
h12  0.949 0.964 m37 (0,961 0.960 ub2  0.95§ 0952
h13 0915 0.920 m38 0.975 0,965 ugd 0.954 0.950
ml4  0.956 0.952 ml9  0.960 0.945 j64  0.939  0.943
hl5  0.9%61 0.973 m40 (.968 0.952 hé5  0.949  0.959
hi6  0.949 0.960 md]l  0.973  0.963 h66 0.945 0.955
k17  0.95  0.960 m42  0.958  0.948 h67 0.932  0.936
b18  0.929 0.920 m43  0.973  0.959 h68 0.931  0.942
bl19  0.937 0,934 md4  0.970 0.953 h69 0.950  0.954
b20 0930 0.923 m45  0.959  0.938 h70  0.957  0.967
h2l  0.953  0.959 m46  0.951  0.939 h7l 0.948  0.957
h22  0.967 0.976 m47  0.877  0.848 h72  0.938  0.959
h23  0.952 0.950 m48 0.945 0.925 h73 0.942 0.955




