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Abstract

This thesis investigates whether there are individual constancies in
writing style, that is, whether there are any features in an individual's
writing which remain the same over a large number of samples of their
texts. This question is examined first by an analysis of the Cumulative
Sum technique; a method which has recently been developed for
purposes of authorship identification, and claims to be able to
distinguish with 100% accuracy, whether a piece of text has been
written by one, or more than one individual. This claim is explored
thoroughly, as well as other related claims which concern the
techniqueshapplication to different genres. The analysis of this specific
method, is followed by a systematic analysis of some surface variables
in the text, those measured by a stylechecker. The relationships
existing among these stylecheck variables are examined. In addition,
the relationship between the stylecheck variables and personality is
examined using Cattell's 16 P.F.. Finally, the relationships between
some more subjective or idiosyncratic features of the text are
investigated for any individual differences or constancies.

The results showed that there was no scientific basis to the
claims behind the cusum technique. The fundamental assumption of
the technique was proved to be wrong. No evidence for the unique
separation of individuals using either the stylecheck variables or the
subjective variables was found. However, some interesting
correlations were detected between the stylecheck variables and the
personality factors.

These results implicate certain constancies within individuals
but these constancies are not enough to distinguish individuals

uniquely.
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INTRODUCTION

Research on Individual Differences

The issue of individual differences is one which has been widely
accepted and studied in a variety of areas since close to the conception
of the study of psychology. Individuals vary in many psychological
characteristics such as their physical and mental ability, knowledge,
habits, personality and character traits. It is worth asking then, in what
ways are people different, how much they differ, why they differ, and
whether or not a scientific study of these differences could prove

useful.

There are two main areas into which the study of individual difference
has fallen: the study of personality and the study of intelligence. Tests
have been specifically designed to measure differing abilities in both of
these fields (e.g. the Minnesota Multiphasic Personality Inventory
(MMPI), the Stanford-Binet Intelligence Scale) and these are constantly
being revised and updated to improve designs and incorporate new
findings. Recent research has focused on the reason for these
individual differences, and the role that environmental and genetic

factors play in their formation.

Comparatively recently, a new study of individual difference has

emerged. This has been concerned with individual writing style and
the differences which exist between individuals, and the constancies
within individuals, in the way that they express themselves through

writing.



Individual differences and authorship studies

Once the connection had been made between individual differences
and writing style, the field of investigation was readily extrapolated to
the forensic context and to studies of authorship in unknown or
doubted contexts. Originally these investigations were consigned to
studies of literary works such as Shakespeare and Marlowe, or the
authors of the Bible, but gradually, the emphasis has moved to the
study of the typical individual and the words he or she chooses to use.
In particular, it is now being applied in the forensic contexts, where

there is a doubt as to the author of a piece of text.

Statistics were calculated on many different indices within writing, in
much the same way as they had been on intelligence and personality.
The choice of measurements to make were endless, but the emphasis
landed on counting words and phrases which were abundant in all
writing. The most recent method, the Cusum Technique, at which a
large part of this research is directed, also uses frequent words or
"habits" in the determination of authorship. Marker words, or words
which are used characteristically by one author, have also been used to

this end.

Graphology, Personality and Writing Style

The other topic which relates to the issue of writing style, but which is
not addressed in this thesis, is that of graphology. Graphology can be
defined as the study of handwriting, especially for the purpose of
character analysis. It is regarded by some as a signature of an

individual, in fact, Loewenthal (1982, p91) even went as far as to say

15
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that " regardless of the limb used to guide the pen .... (it) .... is not so
much handwriting but brainwriting". Presumably Loewenthal meant
what Michaels et al. state more succinctly; that handwriting is:

" a conditioned response directed by the subconscious part of the brain.
The brain creates a symbol before the act of writing is attempted, and
the writing is affected by the emotions through the Limbic System"
(Michaels, Maze & Hados, 1989, p79) . This is an extreme view
however, and there is considerable controversy as to the validity of
graphology as a tool for personality assessment. Nevertheless,
graphology is still being considered as having some scientific and

forensic basis.

It is not difficult to see the connection between graphology, writing
style, and the study of personality. Both graphology and the analysis of
writing style have been applied to the forensic context since they are
both thought to reflect differences across individuals and therefore, be
a means of identifying the individual. Graphology looks at how
something is written, by examining features of the script itself such as
height, width, slant, pressure or form of connection, whereas writing

style looks at what was written, in terms of word usage.

Personality has been much examined in relation to graphology. The
objective of graphology is to asses the personality of the writer.
However, studies which have addressed the question of the
correspondence between personality and handwriting, have generally
failed to find a consistent relationship between the two. For example .
Bayne et. al. (1988) concluded that the results of a study which
attempted to asses personality in terms of the Myers-Briggs Type

Indicator (MBTI) using graphological analysis, showed "that none of



the judges were able to judge MBTI preferences or psychological type
accurately though they were confident of being able to do so both

before and after making their judgements” (Bayne & Rowan, 1988).

A study by Bushnell (1993) related personality assessments via Cattell's
16 P.F., to assessment via handwriting. Using self-assessment and
assessment by another person (the social partner), it was found that
only the standardised psychometric questionnaire permitted personal

identification. The handwriting assessments did not.

The question still remains then, as to whether the relationship between
personality and writing style will follow the same pattern as the
studies on personality and handwriting. This relationship between
writing style and personality using the 16 P.F. is just one of the issues

addressed here in the present research.

Writing style as a fingerprint

One interpretation of individual writing style has been applied by
Morton! which makes it comparable with other studies of individual
difference. This is the comparison of writing style with a fingerprint.
Fingerprints were first used in the early 20th century when they were
discovered to be unique to the individual, and hence a means of
identification of that individual. Morton likens an individual's use of
words to a fingerprint. He maintains that the proportion of various
word types in a sentence is unique to the individual in the same way
that his fingerprint is unique, and that this proportion will not change

in different circumstances or over genres. It this were true, it would

1 e.g. First conference for Forensic Linguistics, in Birmingham, November, 1991



make writing a prime candidate for the study of individual differences
and would have far-reaching consequences when applied to a forensic
context. It is precisely this claim and its consequences, which are the

topic of this research.

Conclusion

In conclusion, there are some very complex issues associated with the
study of individual difference. How these issues are examined,
depends to a great extent on the discipline of the investigators. This
thesis examines writing style from a psycholinguistic point of view, in

the light of studies on individual difference and constancies.

An examination of writing style is possible using a wide variety of
measures. In part 1 of the thesis, the major studies on writing style,
and in particular authorship studies, are reviewed since the
conception of the field in the mid 1800's. An attempt is then made to
relate these studies of forensic stylistics in general, to psychological
issues. A brief examination is made on the status of forensic stylistics
in the legal field, as well as of law-related problems that have arisen

with use of specific stylistic methods.

Part 2 of the thesis examines in detail a method which has only
recently received any systematic scientific study. This method is the
Cusum Technique. The cusum technique is explained, and the claims
made about its power to discriminate authors set out in detail. The
basic assumptions behind the technique are then systematically tested
using both hypothetical data and real data from real texts. Following

this, in chapter 3, the cusum technique is examined in the forensic
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context as a tool for authorship discrimination. Again simulations are
carried out using hypothetical data and are followed up using data
from real text. The probability of correctly identifying when a piece of
writihg is made up of text from one or two authors is examined, as
well as some of the other factors which will affect the interpretation of
the cusum curve. Finally in this section, two further studies using
cusum analysis are undertaken, the first looking at a comparison of a
large number of texts from one and two authors, and the second
looking at the difference between spoken and written texts in relation

to cusum analysis.

Part 3 of the thesis moves to a different perspective on the study of
writing style. Perhaps the most obvious method of analysis is
undertaken, which involves the examination of individual differences
and constancies in writing using a group of easily counted surface
variables. The examination is made using incidences of variables
picked up by a computer stylechecker, such as word types and
sentence beginnings. Several clustering algorithms are applied to this
data in order to determine whether individuals can be separated by a
method such as this. This part of the thesis also addresses the
relationship between these stylecheck variables and certain personality
characteristics. Personality is measured using a well-known
personality test (Cattell's 16 P.F.), and scores on this are correlated with
scores on the variables measured by the stylechecker. An attempt is
then made to explain the correlations which are obtained, in terms of

individual differences.

The final section of the thesis uses more subjective measurement of

style in the same way as the stylecheck variables were used previously.



The subjective variables, such as use of different scripts for emphasis,
abbreviations or numbers, are again examined using several clustering

algorithms, to see whether texts can be separated by subject.

This thesis is thus an examination of individual differences and
constancies in written language using several techniques.

The basic questions are:

(1) Is the idea of discernible individual differences and constancies

tractable?

(2) Do individuals differ from each other sufficiently on measurable
dimensions to support the claims that writing style is like a "signature”

or fingerprint?

(3) Is the use of style- measurement justified as evidence in legal

(forensic) settings?

(4) Is there any evidence for a relation between personality and style

variables?

This thesis was begun in the anticipation of finding positive answers to
at least some of these questions. Before long, however, it became
evident that we are at the beginning of the study of individual
differences in writing style. The general optimism which surrounds the
area is evident in Part 1 of the thesis. The remainder scrutinises the

empirical support for the four issues listed above.

20
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CHAPTER 1: Forensic Linguistics - Review and
Background

A. Early Statistical Methods

1. Earliest known Authorship studies

The earliest recorded study of authorship is that of Augustus de
Morgan, in 1859, who was one of the first modern exponents of the
idea that the data about the content of writing might help identify the
author. Semantics were of no interest to him, but simply the physical
properties of the writing. De Morgan suggested that the average
length of word might vary from person to person, but remain constant
within each individuals writing. This did not prove to be the case
since word length tends to depend heavily on context and subject

matter.

Mendenhall in 1887 published some research on the authorship of
some Shakespearean plays, using word length as identification
(Mendenhall, 1887). He recorded the number of words with 1 letter, 2
letters, 3 letters and so on, counting about 2 million words. He applied
these principles to authors such as Bacon, Jonson, Marlowe and others.
The study showed that for most of the authors the highest frequency
was of 3 letter words; only Shakespeare and Marlowe were high in
their use of 4 letter words. Mendenhall presented his results as a series
of frequency graphs showing how many words of each length were
found for each author. For comparative purposes, counts for two

authors could be placed on the one graph.

22



Mendenhall showed remarkable foresight in this method, as it
appeared again, in a slightly modified form, in the work of Yule in
1939. Yule used the same principles as Mendenhall, but he used them
on counts of sentence length instead of word length. Yule (1939)
suggested that sentence length distributions could be used as a test of
authorship. At the time, his work received little attention, probably
because it was not easy at that time to conduct a scientific study using
sentence length, as it was very difficult to collect a large amount of
data from works of known authorship. Also, there was a problem
with Yule's work because of his belief that the variability observed in
the known works of a single author was greater than the standard

errors of the statistics he employed. (Wake, 1957)

However, William Wake (1957) continued the work which Yule had
begun and looked more closely at sentence length distributions, in
particular, in classic Greek works. His interest lay in the problems
which arose concerning the definition of sentence length, punctuation
peculiar to Greek texts, sampling, and the constancy of sentence length
distribution for one author over a period of time. He concluded that
sentence length distributions could be used as an objective criterignof
authorship style as distributions only varied from sample to sample as
would be expected for a random sample from a fixed population of
sentence length (Wake, 1957). He thought that this was true for the
Greek language as well as English, and that provided certain textual
uncertainties were avoided, sentence length distributions were useful

in authorship studies and prevented the excessive subjectivity usually

present in more traditional methods, such as the use of peculiar marker

words.
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2. Studies of the 60's

By the 1960's, the development of statistical techniques and the
increasing availability of data for comparison was gradually beginning
to build the study of stylistics into a discipline in its own right, and the
measurement of so-called "stylistic variables" caught the attention of
many scholars of literature. The most notable investigations of this
time include Alvar Ellegard's (1962) study of The Junius Letters,
Frederick Mosteller and David Wallace (1964) who studied the
Federalist Papers and the work of Andrew Morton on the authorship

of the Pauline corpus in the New Testament.

The Junius Letters are a series of political pamphlets written in 1769-72
whose authorship was one of the mysteries of English literary history.
Forty people had been suggested as possible authors. In 1962, Ellegard
began to investigate the problem from a stylistic point of view by
taking 500 words and expressions which he found to be characteristic
of Junius and used it, plus an examination of the choices made by
Junius of 50 pairs or triplets of approximate synonyms, to calculate the
characteristics which Junius shared with each of the other candidates
for authorship. It turned out that there was a remarkable agreement
between the habits of Junius and a Sir Philip Francis. Through these
constancies within the two texts, Ellegard concluded that Sir Philip

Francis was most likely to be Junius.

Mosteller and Wallace (1964), used a more elaborate method than
Ellegard, to determine authorship of the Federalist papers. These were
documents written in 1787-8 to persuade the people of New York to

ratify the Constitution. There were two possible authors, Hamilton
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and Madison. As the two were using the same pen name, it was not
unlikely that they may have consciously tried to imitate each other.
Therefore, Mosteller and Wallace used features which could not easily
be copied, such as sentence length. It seemed more probable that the
writer would be unaware of small but consistent changes in his use of
words which have relatively high frequencies. Mosteller and Wallace
had access to works which were known to be written by each of the
two possible authors and from these, scored words depending on the
number of works in which they appeared. They located words such as
"enough"”, which appeared in nearly all of Hamilton's work but in none
of Madison's. Their technique involved the use of Bayes theorem
(which enables initially assessed odds on an outcome to be constantly
revised as more evidence is added) to calculate the final odds on the
authorship of each essay of the Federalist Papers. From such evidence,
it was concluded that Madison had written the disputed papers, with

high frequency function words being the best style markers.

3. Move to Study of Frequent words

It was at approximately this time that stylistic studies underwent a
shift in alignment. Scholars had concentrated more on what were
termed "marker" words, that is, words which made one author stand
out by his comparatively frequent use of them. It had been discovered
that such words were few and far between, thus stylistic analysis
began to look for frequent words which were used by most authors,
but at different rates. Words such as prepositions, conjunctions,
articles - 'function words' whose frequency is almost independent of
context - were deemed suitable. Mosteller and Wallace (1964) were

pioneers in this approach, which allowed far more sophisticated



statistical techniques than the simpler marker word method and
enabled conclusions which were "beyond reasonable doubt" on certain
authorships. The introduction of computers at this time also enabled

more complex quantitative procedures to be performed.

4. Quantitative analyses of text

Following the invention of the computer, more elaborate quantitative
techniques could be employed than the early statistical methods which
though relatively simple, required laborious counts of variables within
a text. These techniques involved the same basic ideas as previously
employed; frequency distributions of words of different lengths,
sentence length and combinations of various mathematical analyses
with content analysis, but manipulations could be extended further
and be made to envelope for instance, more complicated patterns of
word positions and more intricate word relations due to the increase in

speed and efficiency gained by the use of the computer.

A study which shows a wide range of methods of this sort was
undertaken by Stratil and Oakley (1987). In this study 16 different
computer analyses and 8 clustering methods were applied to three
plays attributed to the Spanish playwright Tirso de Molina.
Attribution of authorship to Tirso was only certain in one of the plays.
The methods they used are grouped into 6 streams of investigation
which serve to illustrate some of the methods used under this heading.
These are: a) sentence length and form analysis, b) word length and
distribution analysis, c) total word count analyses, d) word frequency
analyses, e) word content and contextual analyses, and f) cluster

analyses.
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Their first step was to calculate the average sentence length for each of
the three plays. When these averages were compared with plays by
another author (Calderon), they were consistently lower. Also, theTo
disputed plays of Tirso were closer in average to the undisputed play
than to the other author. When the sentence length tables were plotted
in graph form their trajectories were very similar in two of the
suspected Tirso plays apart from differing levels at one point, which
the authors claim may support a the theory that Tirso originally wrote
the third play, but that it had been doctored. The same path was taken
by all three plays with the same pattern of peaking but at a different
level. This, according to the authors, would indicate the same author

but a different period.

The second method used word length as a distinguishing variable.
The authors were interested in the positioning of words of a certain
length. A computer program noted for each word, its length, its
position in the sentence and the length of the sentence. When a
position analysis was done on all words of the same length, no regular
pattern emerged, but when this was recalculated for the total number
of running words (Average length of word appearing in a particular
position over the text examined) and not the total number of words of a
particular length, a strong pattern emerged. A graph of word length in
a particular position in the sentence was plotted and this proved to be
very similar for all three plays. The authors felt that the slope of this
graph for a particular position may indicate the structure of the
author's vocabulary, and the syntactic properties of his stock of words.
This result, they say, would seem to indicate that the same person had

written all three texts.
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The total word count analysis would seem to back this up. It produced
a very standard pool of vocabulary and showed stability in the range
of word length over the three plays and also in the proportion
established between the length of the text and the size of vocabulary.
A word frequency analysis revealed that the top thirty positions were
taken up with only 44 words over the three plays. When these were
compared with the frequencies of words in 55 different Spanish plays
(taken from a dictionary of this), only just over half of these 44 words
were in the top 30 most frequent dictionary words. Thirty percent of
these high frequency words were not included in the high frequency
band in the dictionary. The authors concluded that there was a very

individual use of words within the three plays.

A programme devised to examine word content calculated the
difference between the word use in the three plays, taking the
undisputed play as a basis for calculation. The authors found
significant differences between the plays for two words in particular.
These could be partially explained in terms of tense of the plays, and
also by the supposed doctoring of one of them, but the authors admit

that these explanations are not entirely satisfactory.

The final analysis was a series of 8 cluster analyses which were
applied to 8 different Spanish plays, including the disputed texts. The
attributes tested pertained to variables such as sentence length, word
position and repetition ratio. Results were varied but evidenced
similarities between one of the disputed plays and another of the 8
tested. This study despite having statistical drawbacks, does however

throw up a variety of methods for text analysis.



Burrows (1986) makes use of a similar method. He took six novels of
Jane Austen and counted the 30 most common word-types listing them
in descending order of frequency. The text was divided into pure
narrative, character narrative and dialogue, giving 3 groups with 3
respective frequencies. Any words which were associated with the
differences in speech associated with the three forms were removed.
Eighteen words remained, which made up more than a quarter of the
words used in Jane Austen's novels. The corrélation between the
number of words for each book in each class with the classes in every
other book. It was found that pure narrative correlated best with pure
narrative, dialogue with dialogue and so on. These results were
represented as a graph of eigen vectors whose respective eigen values
indicated their relative contribution to the shape of the whole matrix.
The 3 groups differed sharply on this graph suggesting that Jane
Austen usually makes it possible to distinguish her two main types of

narrative.

Burrows then compared the frequency values for pure narrative alone
for Jane Austen with some other authors. The narrative was divided
into .sections of 2000 words and frequencies were compared within
books and between corresponding segments of different books. Eigen
vectors were again drawn for these results and also for "rolling"
(overlapping) values, which override the arbitrariness of the
boundaries. The eigen graphs varied in their degree of clustering,
suggesting that the separation of the clusters in graphs like these is an
expression of authorial differences in narrative style. Finally, he also
found statistically significant differences between the frequency
patterns of modal auxiliary verbs among Jane Austen's characters,

dialogue and narrative and between differing modes of narrative,
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within a single literary work and between similar constituents of a
different literary work. This evidence was supported when
comparisons were made with another author, Virginia Woolf, and also

with Another Lady who completed Jane Austen's novel "Sandition”.

Damerau (1975) used function word frequency as a measure of writing
style, on the basis that these would be a comparatively context-
independent set. He assumed a word to be independent of context by
using a modified mean test (Lewis, 1965) which transforms data which
will be normally distributed if it followed a Poisson distribution. For a
sample of 60,000 words and 5 samples from different authors,
Damerau made several observations. Firstly, he found considerable
diversity between authors on whether a particular word followed a
Poisson Distribution. Some authors had many words which
corresponded to the Poisson distribution whilst others had very few.
However, he did not show that these were characteristic of a particular
author. Very few of the words used were randomly distributed in all
the samples. ‘On the highest criterion, (Poisson distribution greater
than 0.01) only 4 words qualified as random, (make, other, the and with)
whereas on the lowest criterion (probability of gLe;Ier_ than 0.001 in
three out of four authors) this could only be increased by 19 words
(ever, first, still, though, went, all, an, any away, been, before, but, into, much,
now, another, came, off, and these.. Damerau concluded that many of
these words will not be useful for authorship studies and since no
within author comparisons have been made " the search for minor
encoding habits as indicators of style and authorship should

apparently be pursued in other places" (Damerau, 1975).
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5. Collocational and Positional Methods

The drawbacks encountered in the quantitative methods thus far,
meant that authorship research took another turn. This time in the
direction of methods which involved word position. The bulk of
research on collocational and positional stylometry has been carried
out by Andrew Morton and Sydney Michaelson. Their interest in these
methods originated in an interest in Greek prose, when much of their
work was focused on books of the New Testament. Based on Greek,
they put forward several ideas for authorship tests such as the class of
the last word in a sentence (Michaelson and Morton 1972) and simple

binomial classification of key words (Morton 1986).

In the early 70's, Morton and Michaelson began to examine "positional
stylometry" (Michaelson and Morton 1973). The authors began to look
at the advantages of using word position as opposed to vocabulary as
a criterion for authorship discrimination. Also, the additional feature
of word mobility was examined, mobility being the whole set of
positions in a sentence that a word can take. Word Position in this
study was defined by "counting the ordinal position of a word as the
first, second and third word, and so on, measuring from the start and
end of a sentence, and to measure mobility in terms of 1sotroghy

nyords
(Michaelson and Morton 1973). They stated that sentence length

distributions were isotrophic - it does not matter whether they are
counted from the first word or the last word in the sentence, since if a
word is completely mobile, it will occupy each of the positions in a
sentence and have a mean position at the mid-point of the sentence.

The mid-point is thus isotrophic. Conversely, if a word seems to occur

in a preferred position it is termed anisotrophic.
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The authors point out that once words are classed into these two
groups, isotrophic and anisotrophic, and these two categories within
positional stylometry can be used to demonstrate certain features
about the text. Isotrophic distributions, according to the authors, are
useful to display the periodicity of a number of occurrences and the
heterogeneity of the text. Also, positional distributions will have a
comparatively constant variance, due to the fact that it will have a
mean of approximately half that of the selected sentence-length
distribution, but a variance close to the parent sentence-length

distribution.

Anisotrophic distributions are further divided into mildly anisotrophic
or acutely anisotrophic. Mildly anisotrophic words show "relatively
few occurrences in the preferred position compared to the number of
sentences in which these are recorded" (Michaelson and Morton, 1973,
p 3), whereas acutely anisotrophic obviously show much more. If the
frequency of acutely anisotrophic words is high enough, the authors
advocate-the use of a cumulative sum chart for the complete inspection
of the text. (This is an early use of a technique which Morton takes
much further in later studies.) Isotrophic distributions will reveal
special features of the writer, while anisotrophic ones, by comparison
of their cumulative sum charts will allow the text to be examined for

authorship.

In 1972 Michaelson and Morton published "Last Words: A Test of
Authorship for Greek Writers". In this they examined different classes
of words being used in the last position in the sentence in the writings
of Paul on the supposition that word classes rather than word tokens

would not be affected by subject or context. The chi-squared test is



used to distinguish observed and expected frequencies of last words in
the Pauline Epistles and this procedure is explained in detail.
However, there was much criticism on the use of this method and also
of the conclusions reached about authorship (see Johnson, 1973).

This initial examination of positional stylometry was taken a step
further by Morton in 1977 when he began to look at collocational
information within a text (Morton, Michaelson and Hamilton-Smith,
1977). Morton et al. assert that measurements of word mobility are not
as useful in English as in Greek because of the phrase structure of
English making words further apart. He therefore advocates the use of
collocational tests so that a word can be placed in its immediate
context. Collocations such as the occurrence of AND with THE should
vary much more between writers than within a writer. In addition to
this, resulting from a study of Greek adjectives, came the notion of
proportional pairs of words "in which the occurrences of one word is
measured by recording the occurrences of the other" (Morton,
Michaelson and Hamilton-Smith 1977), without any linking of any
literary quality such as function or meaning. The proportional pairs
were therefore purely observational. The pair could consist of two
particular words or of one word and a class of word. These word pairs

and collocations were termed by the authors as 'habits'.

The collocational and proportional pair method was demonstrated
using examples from three authors; Sir Walter Scott, Henry James and
John Fowles, who have experienced different changes over their
lifetimes, thus providing a basis for examination. Using statistical
comparisons neither Scott nor James showed any significant difference
- over these changes in any of the collocations or proportional pairs

used, while Fowles seemed to have some success in changing his style
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on one habit. This would imply that comparisons within the same
forms are straightforward, but comparison across different ones
should be used only with habits shown to be unaffected by changes in

form.

Morton et al. explain why the method used here is advocated as
opposed to the original positional theory; it allows a very large number
of combinations of words and thus habits to be available, and
secondly, by the nature of the English language, the positioning of
words is restricted and thus it makes more sense to look at the
immediate context of a word rather than its absolute position.

A final test of this method is to see how it fares with samples of text
which are of doubtful authorship, and for this, the authors look at
some Shakespeare, Austen, Conan Doyle, and the case of an
apparently fabricated police statement. The investigations drew
conclusions using this method which were similar to those drawn

before. This they say, statistically upholds their theory.

Morton (1986) returned again to the notion that the position of words
can be useful in authorship studies. This time it was the position of
words that occur only once in the sample of text which supply the
information. The argument is that "the number of once occurring
words varies in a complex manner, the number placed in different
positions is characteristic of the author" (Morton 1986 p 1). Morton
carried out comparisons of once occurring words in the first position in
the sentence with those in either the first or last position. He also used
the method which abandons punctuation and uses marker words
instead as references for position. His samples are Greek prose,

namely the Epistles of the Pauline corpus from the New Testament of
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the Bible. Morton claims that these samples cover a wide range of
subject matter, and have a large variety of literary form. He also held
that this method offers a reliable testing method for authorship. This
opinion is much disputed, however, and criticisms of this method

primarily by Wilfred Smith (1985), will appear in the next section.

Smith himself (1982; 1987; 1988) was one of the scholars who has
studied the play "Pericles” on the assumption that it was not entirely
written by Shakespeare. Smith (1988) comes to the conclusion that the
first two acts were written by somebody else, the most likely contender
being Wilkins. He developed a method in which he used the selection
of a pool of words, based on the first word of every speech to
discriminate suspected authors. His method involved an analysis of
first words of speeches, all other words of dialogue, and pairs of
consecutive words such as "all the" and "like a". Smith, using a series
of pre-determined rules, employed a series of paired comparisons to
select, by means of chi-squared tests, those words or collocations that
through their contrasting frequencies, discriminated one dramatisfs
work from another. He validated his method by applying it to known
authors and then applied it to Pericles. He showed that acts ITI-V are
more akin to Shakespeare than to Chapman, Middleton, Jonson,
Webster, Tourneur or Wilkins. Acts I and II on the other hand, proved
to be more akin to each of the other dramatists except Webster on the
First words of speeches, while all three analyses established a greater
affinity of Pericles I and II with Wilkins. Smith concludes that Wilkins
is more likely to be the original author of the first two acts of Pericles
than Shakespeare, but that Shakespeare may well have added to them

some parts of his own, as well as writing the last three acts.
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Further evidence that the first two acts of Pericles were written by
Wilkins comes from Jackson (1991). He used counts of 16 function
words which were found in dialogue passages of 20 known dramatists.
He firstly showed that the variation between authors, in the rates for
the selected function words, was greater than the variation within
author. His next analysis was based on the rank ordering of function
word rates of Pericles as compared by chi-square to rates of other plays.
Samples were ranked according to their likeness in use of function
words to either section of Pericles. Simply, his evidence pointed to the
fact that Wilkins was more likely to have written the first two acts of
Pericles than Shakespeare according to the chi-squared values.

Despite this accumulating amount of evidence which supports the
theory that Wilkins did write this section of Pericles (see also Taylor,
1987), there are still studies which appear to show that Pericles in its

entirety is by Shakespeare (Morton, 1978; Merriam, 1982).
6. Criticisms of Collocational and Positional Methods

Much criticism has been aimed over the years at the methods put
forward by Andrew Morton. Johnson (1973) takes a critical look at the
method used by Michaelson and Morton (1972) when they consider the
last words in the sentence of Greeks text. ‘His criticisms lie mainly in
the authors application of the Chi squared test; their lack of
specification of a hypothesis, misuse of the Yule correction factor, over
consideration of quotations and inconsistent calculations of the
expected values for the "Pauline expectation” (Michaelson and Morton,
1972). Johnson finds that if the figures are recalculated without these
fundamental misconceptions, then the conclusion with this method

should be "that II Corinthians was homogeneous (against Michaelson
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and Morton) and that Romans was not homogeneous" (Johnson, 1973,
p99). Johnson points out the this latter conclusion would have been as
evident from their figures as from his own and therefore it is
mysterious that the authors failed to draw it. However, Michaelson
and Morton, unable to accept the conclusion that Romans was not
written by Paul, make a special plea that 'the epistle is not a free
composition of the authors', implying that Paul had perhaps
incorporated someone elseif work. Finally, Johnson suggests that there
may be four things to learn from these findings: that the sentence may
not be a good unit of measurement, that context may be affecting the
words that appear at the end of Paul's sentences, that it is invalid to
treat the passages of writing as samples from an infinite population,

and that word categories have not been sufficiently well defined.

One of Morton's primary critics, Wilfred Smith, (1985) provides a fair
criticism of some of the methods employed by Morton in his book
"Literary Detection" (Morton 1978). Smith examines in great detail the
three sections of the book, looking at the samples chosen by Morton
and the conclusions he has come to using particularly, the chi-squared
test. Smith mainly concerns himself with the type of tests used by
Morton, his lack of adequate documentation of the samples he has
used and the variation in the size of samples he uses. In short he
summarises by saying that " scientific standards have not been
adopted either by stating with precision the aims and objectives for
each section of his work or by analysing criticallvy the success or

otherwise of their fulfilment" (Smith, 1985, p355).

Smith (1987) investigated Morton's claims about the discriminatory

powers of words that appear once in a sample. (Morton, 1986).



Morton looked at once occurring words at both the beginning and the
end of a sentence. He also investigated once occurring words
preceding or following selected high frequency words. Smith's first
criticism is one which has been consistently pointed out not only about
Morton's work, but about many authorship studies and that is the
problem with the use of the Chi-squared test as a test of homogeneity
between two samples. He points out that from the data available, a
Type Il error is not calculable (not rejecting the null hypothesis when it
should be rejected) therefore there is no evidence for the identity of

authorship.

Secondly, Morton tries to establish the minimum actual and/or
expected number of occurrences of a particular word for testing. He
says that the minimum number expected is accepted to be not less than
5 for the size of contingency table that he uses (2x2), but Smith points
out that there is some confusion in the testing as to whether the value 5
is being used as the actual or the expected value. Morton does in fact
appear to'use this value for both. Such small values for the actual
values, he points out, are not really reliable to reveal authors'

tendencies.

Thirdly, Morton appears to have a problem in that he has only
examined works by one author. There should therefore, be no reason
to believe that for any sized sample, the numbers of once occurring
words in a particular position can distinguish between authors.
Finally, Morton receives criticism for his choice of positions in which to
examine words. Smith points out that only a: small number of

-sentences include a once occurring word which can occur in the first
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and the last position. Sentences which do have them are usually quite

far apart and therefore cannot be very good candidates for comparison.

On the whole, Smith claims that Morton makes some very far-reaching
conclusions based on very little data and that Morton "did not develop
his proposals from a statistical foundation but instead relied on

practical verification" (Smith 1987, p145 ).

Research by Totty, Hardcastle and Pearson (1987) also examines
another aspect of Morton's use of his methods - in the testing of
validity of claims made by convicted persons. These methods have
been used by Morton on written transcripts of confession statements to
compare disputed utterances with accepted ones. The authors express
some concern over Morton's choices of collocations when examining

material of this type, and warn about the effects of context.

In particular, the authors examine a case tested by Morton in 1978 : the
"St. Germain Case". Certain utterances supposedly made by Germain
were denied. Morton therefore examined the questioned statement
along with 2 personal letters of the accused. He found consistent habits
within the accepted samples and compared these with the disputed
parts of the statement. Forty habits were examined and 25 of these
were found to be different in the disputed statement, giving a

significant result.

Totty, Hardcastle and Pearson questioned whether these results were
meaningful and examined further written utterances produced by St.

Germain. They examined the habits determined by Morton for the

- accepted utterances and compared them with a later document. Only

2 habits differed significantly - not enough to conclude any more than
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a chance difference between the documents. There was the additional
benefit in that there was no way that St. Germain could have known
that the documents would be compared, and therefore it was not

possible that he could have attempted to write with the same habits.

Totty et al. say that this supports Morton's methods to some extent, as
St. Germain seemed to use the same habit three . years later when
the second document was written. They do point out however that
other habits which were not examined may have changed. On the basis
of this case, it is recommend that stylometry of this sort is useful only

for the comparison of texts which are approximately the same size.

Using these constraints, the next test which Totty et al applied was to
compare St. Germain with the writer of another statement using 16
common habits. They found 3 of these to be significantly different.
Finally, they compared common habits of St. Germain and Smith and a
third writer "Brown". Taking part of Smith'’s statement to be disputed,
they found differences between St. Germain and Smith which were not
picked up before. When comparing all three authors they again found
only two or three differences which could have occurred by chance.

The three authors were therefore not distinguishable.

7. The Cusum Technique

The Cusum technique was first used as a method to determine
authorship by Morton and Michaelson in their paper "The Q-sum
Plot" (1990). The technique was revised in "Proper words in Proper
Places (1991). The technique was originally used as a method of

industrial quality control in o0il production (Woodward & Goldsmith,



1964). It involves plotting "the cumulative sum of the differences
between a series of observations and the average of all the
observations” (Morton and Michaelson, 1990). When applied to oil
production, it enabled a check to be kept on the oil output to see
whether the fluctuations were maintaining an output around the

average, or whether there was any overall fall or rise.

When applied to text, these observations can be almost any set of
countable and frequent variables within the text. The basic
measurement which Morton uses, to which all other observations are
compared, is the number of words in each sentence, or sentence length.
Other variables Morton uses include number of 2 or 3 letter words in a
sentence, number of 3 or 4 letter words in a sentence, numbers of initial
vowel words (or words beginning with a vowel) numbers of nouns,
verbs or prepositions. In fact he maintains that practically any variable
within a sentence can be used, as long as it occurs frequently within

the text.

Once these variables have been chosen, the cumulative sum process is
as follows:

(a) Choose a block of sentences of a set length, say 25 ser;'tences.
(Morton maintains that 15 sentences is about the minimum usable for
the technique, but he himself tends to use blocks of 50).

(b) Record the sentence length or number of words in each sentence.
(c) Find the averége length of sentence for the block by dividing the
total number of words . by the number of sentences.

(d) Subtract this average, in turn, from the number of words in each
Sentence.

(e) Add these differences in succession to obtain cusum values.

41
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The same procedure would be carried out on a second variable chosen
from the text, for example 2 or 3 letter words. Once the cusum plot has
been obtained for the second variable, the y-axis of one of the two
graphs is adjusted so that they are comparable. This is done by simply
dividing the range of the sentence length graph by the range of the
other variable and multiplying the second variable by this number.
The two graphs produced can then be superimposed. Morton (1991)
also advocates that the incidences of two of the chosen habits can be
added together and compared with sentence length in order to
enhance the use of the habit. The cusum technique as a whole is
therefore a comparison of two cusum plots of sentence length and one

or more habit variables.

The claim made by Morton is that if the two variables are chosen from
one piece of text, the two graphs will superimpose exactly. If however,
the cusum values of two variables of one author are inserted into the
cusum plot from an extract of another author.then the graph obtained
will diverge, for a certain number of observations, at, or close to, the

point of insertion.

The cusum technique is the most recent method put forward for use in
authorship studies. It is to this technique that a large part of this
research is directed, and thus it will be explained more thoroughly

later.
8. Miscellaneous Authorship Studies

An interesting and original method which at first looks like it may

have implications for authorship studies was tested by Baker (1988).



He examined the frequency with which an author generates new
words. This frequency is based on vocabulary richness as a measure
of authorship 'pace'. A sorting program was devised which allowed
the text to be counted and new words set apart giving a count of the
total number of words in the text plus a count of the rate of new words
and their vocabulary types. The "PACE" index was then calculated as
actual vocabulary/total word number or in numerical expression:

Pace = 1/Type-token ratio

It was pos’éible then to calculate this ratio for many texts and arrange
them in order from highest to lowest pace value. Baker maintains at
first that pace value is extremely characteristic of an authors style, and
that the same author will have the same pace value. Some authors in
his study did however turn out to have very variable pace values (e.g.
Marlowe), thus implying that this is not as characteristic as first
asserted. Baker says then that the pace value would perhaps be more
useful in measuring the maturity within an author, than making

distinctions across authors.

43



B. Psychology and Writing Style

How should the psychologist address the problem of writing style and
how does it help the study of the human mind? If it is possible to
identify an individual by means of his writing style, in the same way in
which a fingerprint identifies him, then the psychologist may have an

external handle in the workings of the mind.

The value of the many statistical techniques quoted can be seen from
two angles. On the one hand, it is undeniably useful to be able to tell
the difference between two pieces of text merely by looking at a
selection of variables. By measuring and counting the so-called
stylistic traits such as frequency of words or vocabulary items, it may
be possible, it seems, to discover some regularities and general
characteristics. A statistical theory will also allow a more compact
description of the quantifiable features of style, and will give some
idea of how much confidence we can place in these generalisations,
when presented with only a small portion of text. A statistical theory
will also assist in making systematic comparisons between the stylistic
habits of two authors, and may contribute to the solution of traditional

problems concerning authenticity and integrity.

Despite the above, there is only so much information available through
these variables. Many features of writing style such as the lengths of
words or sentences, or the number of words in a poet's line, are
quantifiable and straightforward in an unproblematic way. However,
as Kenny (1982) points out, it is possible to study other features such as
-vocabulary, or preferences for different parts of speech, but intuitively

these do not seem as likely to show individual differences, nor are they



as easy to quantify. What do these features tell us, and what vital
information about the mind of the writer are we missing if we ignore
these deeper aspects in favour of a more superficial, yet statistical

measurement of style?

It must also be noted that some methods of statistical analysis, such as
the Chi-squared test favoured by Morton, take no account of the serial
nature of language. Sentence length distributions or word frequency
lists do not preserve the order of words or sentences. It is intuitive that
the authofs choice of one word affects the next, since indeed some
words can only be followed by particular others. The fact that the
great majority of research published on stylometry does not take into
account this order effect does not invalidate it, however. It simply
means that there is still much to explore in the statistical study of

writing style.

The crux of the matter for the psychologist lies in the question of why
the writer writes in the way that he does. In other words, the aim of a
psychological study of style, is not what is written, but why it is written
in that particular way. Why does the author use habits which are so
individual to himself? Many questions inevitably stem from this. For
example, can people consciously change style, or is it impossible to
disguise your own individual style once it has been established? Could
particular life events alter the style with which you write? Morton
(1990) would maintain that an. - individual cannot change his style, nor
would any life events be able to disguise it. Does this mean that once a
person's style is established, it is with him for life? What, therefore,

constitutes the actual evolution of stylistic habits?
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The least the psychologist can do is to go some way into explofing
these questions. Iris Murdoch was quoted sayingi\‘ tl;n an interview that
her philosophical works were radically different from her novels, yet
when both were analysed using Morton's Cusum technique, (Morton
1990) they yielded a "fitting cusum". Nor did there seem to be any
change longitudinally using this method. Moréover, when Morton
examines Sir Walter Scott's works between 1816 and 1832, he found no
appreciable difference despite the fact that Scott suffered a number of
major life changes within this period. The ultimate question then, is
whether or not there is a level of individual constancy within writing

which is on a par with a fingerprint .
C. Application of Techniques within the Legal System.

Of what practical use are the applications of these techniques to
determine authorship? The main application of stylometry over the
years has been in either the detection of the author of a piece of work
whose identity is unknown, or merely suspected, or, a comparison of
two pieces of text to determine whether they were written by the same
or different persons. When stylometry is used in this way in a legal
context, it is termed "forensic linguistics". Black (1990) defines forensic
linguistics as "a technique concerned with in-depth evaluation of
linguistic characteristics of text, including grammar, syntax, spelling,
vocabulary and phraseology, which is accomplished through a
comparison of textual material of known and unknown authorship, in
an attempt to disclose idiosyncrasies peculiar to authorship to
determine whether the authors could be identical” (Black, 1990:648). It
is obviously invaluable to be able to do this, both from the linguistic

point of view, and also in integrity studies.



The potential value of these procedures, is obvious within legal
systems. In Scots law, in order to establish the guilt of the accused, the
Crown must prove facts crucial to the charge by " the direct evidence
of two witnesses or two or more evidential facts spoken to by separate
witnesses from which the crucial fact may be inferred, or of a
combination of the direct evidence of one witness and of one or more
evidential facts spoken to of other witnesses which support it "
(McPhail, 1987; 23.01). This is the doctrine of corroboration without
which the sufficiency of proof, beyond reasonable doubt, cannot be
established. Due to the nature of the investigation of crime, the
investigation of crime often rests on the evidence of two or more
policemen who assert that the accused has said something which he
denies ever having said. In cases like these, stylometric techniques
have been presented before courts to be used as a method of
discriminating between genuine and fabricated confessions to the
police. There are obvious problems with this however.
In the so-called "Judges' Rules" it states that "in writing down a
statement, the words used should not be translated into 'official’
vocabulary; this may give a misleading impression of the genuineness
of the statement.” In other words what is to be recorded is the actual
words of the accused. The psychologist knows that how an individual
speaks is seldom how he writes, since speech is full of hesitations,
repetitions and incomplete sentences. Research in this area includes
that on the Map Task corpus (Anderson et al, 1991). A statement must
usually be an edited summary of what took place.

Psychologists have maintained that it is not possible for one
person to make an accurate record of what another has said. There is
usually a conflict of interest between the law and the accused, leading

to an almost certain misunderstanding. Even at best, the two parties
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will have different backgrounds, experiences and interests, enabling
quite different interpretations. With respect to these problems, it may
be the case that a police statement could be of no use whatsoever when
it comes to stylometric analysis, as it could well reflect the style of the

policeman rather than the accused.

It is maintained however that it is the one rule "use the words of the
accused", which swings the balance. Itis the trivial habits which no
police officer thinks to be of any significance which are important in
stylometry, and on which the stylometric tests are based. If the
policeman is honest, then he will write down what the accused has
said, whereas if he is dishonest, he will write down something which
has not been said. However, the policeman may see no harm in
changing some words in order to make a statement grammatical.
Other foreseeable problems could arise, for instance, when it is

necessary to read back a statement to an illiterate man.

Not all law courts therefore, will accept evidence based on such
techniques, indeed, even some of those most familiar with statistical
authorship studies would have misgivings about using statistical
stylometry, at the present stage of its development, for forensic

purposes.
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1. Use of Forensic Linguistics in Civil and Criminal Contexts.

Despite the drawbacks of using linguistic evidence within the criminal
law context, there are many documented cases of its use in both Britain

and the USA.

In the USA, Rule 901 of the Federal Rules of evidence is " the
Requirement of Authentication or Identification” of text that is to be
used as evidence. Section (b) of this rule provides for expert witness
comparison of writings plus illustration in conformance with the
requirements of the rule which allows for authentication based on

stylistic analysis. (McMenamin 1993).

In Scotland, the accused is entitled to apply to the court for a warrant
to inspect any "productions” which are to be used at his trial. This may
include evidence such as police statements, and when there is any
dubiety about these productions, the accused is entitled to submit
them to an expert for scientific examination. This was first applied in
the case of William Turner Davis (Petitioner) in 1973 and quoted in the
Scots Law Times 1973 (p36).

The courts have admitted stylistic evidénce on document format,
spelling, capitalisation, abbreviations, punctuation, word choice,
syntax and content. Distinctions have been made between linguistic
evidence of authorship and "mechanical” evidence of typist
identification but there is considerable overlap between the two.
Authorship evidence can include cases where a certain typing
technique is used, but more often it has referred to distinctive

characteristics of the authofs use of language itself.



For instance, the case of Kane's Estate (1933) in the USA used
authorship evidence on typing technique . This used the fact that a
particular typist used the capital "I" for the numeral "1". In an action to
contest a will it was alleged that the typist had typed a second will, but
other documents by the same typist showed that the typist used the

lower case letter "1" to produce the numeral "1". The action was

subsequently quashed.

One of the earliest cases to use distinctive authorship characteristics in
the USA is quoted by McMenamin (1993) in the case of Pate vs. People
(1846). The prosecution witness "Randall" established that " he did not
execute a receipt and contract by demonstrating that their style of
writing and spelling differed from his own". The accused attempted to
contradict this by introducing to the court documents which had been
written by Randall and which contained writing and spelling similar to
that in the questioned writing. The court allowed this evidence and it
was established later that the documents introduced by the accused

had been doctored to resemble the questioned writings of Randall.

Thus there have therefore been cases based on forensic linguistic
evidence since as the early 19th century. In the early 1990's in Britain,
the Cusum technique, which is dealt with thoroughly in Part 2. ,
began to be used extensively, with varying degrees of success, on the
side of the defence in appeal court cases. It had been used prior to this
in Australia and is now also being used in Ireland (Expert Evidence,
1992, vol. 1). Both Morton, the principal exponent of this technique,
and his colleague Farringdon, have appeared consistently as - . expert
witnesses on the side of the defence, in an attempt to establish

reasonable doubt on the authorship of confession statements. In the



case of Regina vs. Beck which took place in the Crown court Leicester
in November 1991, Morton prepared Cumulative Sum charts of several
witnesses which were to be called by the prosecution and claimed that
their statements came from a number of sources rather than from a

single witness.

In R vs. McCrossen, in July 1991, the Court of Appeal in London
admitted expert evidence based on the cusum analysis. Cusum
analysis was used to pour doubt on the author/s of the alleged
confession by comparing samples of writing of the accused with
samples from the police officers who interviewed the accused.
Farringdon appeared in the case of R vs. Bourke, in December 1992,
were he subjected four statements from a witness to cusum analysis.
He concluded that there was more than one author in one of these
statements and not all the statements were produced by the same
individual. In this case however, the evidence of Farringdon was
refuted by Professor David Canter, who also analysed the statements
from this witness and concluded that the statements could not
conclusively be said to be written by more than one author. Ultimately,
the accused was charged and sentenced to 6 years.

The Role of Expert Evidence

In addition to the many questions of the scientific validity of the cusum
technique itself, there has been much debate on the legal issues
surrounding thé cusum technique as expert evidence. Firstly,
according to British law, the opinion of an expert witness like Morton
or Farringdon on the Cusum technique, should carry very little weight.
The following explains the function of an expert witness when giving

evidence in Scotland.
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"Their duty is to furnish the judge or jury with the necessary scientific
criteria for testing the accuracy of their conclusions, so as to enable the
judge or jury to form their own independent judgement by the
application of these criteria to the facts proved in evidence. The
scientific opinion evidence, if intelligible, convincing and tested,
becomes a factor ( and often an important factor) for the consideration
along with the whole other evidence in the case, but the decision is for
the judge or jury. In particular, the bare ipse dixit of a scientist,
however eminent, upon the issue in controversy, will normally carry
very little weight, for it cannot be tested by cross-examination, nog
independently appraised, and the parties have invited the decision of
the judicial tribunal and not an oracular pronouncement by an expert"

(McPhail, 1987, S17.10B).

The relevant points here, are that the evidence from an expert witness
should have undergone testing and be comprehensible and it should
not be relied upon, since it cannot be thoroughly examined through

cross-examination.

The second question lies in the fact that cusum analysis has only been
admitted as part of the case for the defence. This sort of analysis is not
deemed reliable enough to convict a defendant, despite the very high
claims of reliability that the cusum technique has. The appropriateness
of allowing expert evidence to create reasonable doubt, but not
allowing the same evidence to assist the prosecution case, is still being

questioned (Expert Evidence, 1992).
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The British courts also seem. to have adopted the fact that if a
scientific test is deemed to be relevant, then it should be admissible in
court. There has been doubt as to whether the relevance factor
outweighs factors of prejudice on the part of the defence.

The use of cusum charts in the court setting is also debatable. The
"expert” who has prepared the cusum chart will have had time to
prepare an interpretation of it. On the other hand, the jury who are
shown the cusum charts "cold", could be open to manipulation by the
expert witness and require more than just the visual evidence of the
separation of the cusum curves on which to base an opinion on the

authentication of a document.

2. Conclusions

Kenny (1980) quotes an unspecified professor at the University of
Michigan, who is familiar with the study of style and statistics, who
outlined the difficulties facing the would-be expert witness in

stylometry:

"In my view, there are at least three views which define the
circumstances necessary for forensic authorship attribution.

that the number of putative authors constitute a well defined set.

that there must be sufficient quantity of attested and disputed samples
to reflect the linguistic habits of each candidate.

that the compared texts be comeasurable.”

Number 3 is obviously the most difficult to comply with when it comes

to courtroom cases, since the differences between, for example, a diary

‘and an oral confession by the same person, are bound to be greater
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than those between two persons writing in the same mode of

composition.

In writing for a law journal on the subject of whether expert evidence
should be based on scientific research, Kenny submitted a four-part
test of scientific procedure in the courtroom (Expert Evidence, 1992,
vol. 1). He said that findings should be consistent and experts should
only disagree on cases that they regarded as borderline. The discipline
should also be methodical so that different experts would be able to
come to the same conclusions when examining the same eviden(e.The
findings should also be based on earlier work and finally the discipline

must be predictive and falsifiable.

If the above guidelines could be met, stylometry could undeniably be
of great importance in the legal field. No doubt in future occasions
there will be times when the accused in criminal trials will seek to use
stylometry to dispute confessions which have been attributed to them,
or when those conducting a lawsuit will use similar methods of textual
study to contest, for instance, contracts or wills. The discipline may
develop far enough in the future to allow this, but at the moment it
remains debatable whether stylometric analysis can be held as a high
enough criterion for absolute personal identification in legal issues.
What remains is that perhaps the existence of the science of stylometry

will be enough to prevent the abuse of the confession and statement.



D. Overview of studies of style to the present day

Studies of authorship began in the mid 19th century when they
focused initially on individual differences in sentence length and then
incidences of "marker” words in disputed texts. Several key studies
were made from this time up until the 1960's when a move was made
to the study of frequent words which were used by most authors, but
at different rates. The introduction of computers made this task easier
and techniques were introduced which involved counts words of
different lengths and complicated patterns of word position. Large
samples of text were analysed using every conceivable statistical
method, however, the success rate in the determination of authorship

was low.

The poor success rate of these initial quantitative methods encouraged
another direction to be pursued. This time, the focus was on
collocational and positional methods of investigation. Many studies
were cairied out on word position, primarily by Morton and
Michaelson, but these methods received criticism from many quarters,

mainly due to the statistical techniques applied.

In the early 1990's, another method arose, again developed by Morton
and Michaelson. It was called the Cusum Technique, and claimed to
have a near 100% success rate in author identification. This technique
was snapped up by the courts for use in cases of disputed statements
and for two years was used without opposition. However, in the last
two years this technique too has received a great deal of criticism. The
first part of the research in this thesis in directed at the claims of the

cusum technique.
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E. Chapter Conclusions

The basic notion behind many of the stylistic studies up to the present
day, has been that there are features within an individual's writing
which add up to something akin to a stylistic "fingerprint". Indeed
Morton himself uses this simile when explaining the "habits" peculiar
to an individual in the cusum technique. A hypothesis which has been
less thoroughly explored is one which would identify style clusters, or
groups of people who use the same set of stylistic variables. A
particular set of variables may be unique to a sample of the population
but g#é not capable of identifying an specific individual.

The next section of the thesis looks at the cusum technique in the light
of this theory, and attempts to establish whether it can determine
authorship uniquely or can merely distinguish groups of people who

use a particular habit.
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PART 2: THE CUSUM TECHNIQUE
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CHAPTER 2: The Cusum Technique: Introduction and Study of
Habit Variability

A. Introduction

Very little is known about individual differences in writing style. This is
true for the idea that an individual has his or her own personal writing
style and that different individuals have different writing styles. The
lack of research on the normal everyday styles of literate individuals and
constancies in their writing habits is surprising since an understanding
of the nature of styles of writing has several practical and theoretical

consequences.

Perhaps the most important issue with writing style has been the work ow.
authorship studies, many of which have been described in Chapter 1.

(e.g., Kenny, 1986; Morton, 1978; Morton and Michaelson, 1990, 1991).

The aim has been either to show one or many hands at work, or to

decide amongst a small set of contenders for authorship.

Possibly the prime force in this area is Morton who, by use of the
Cumulative Sum Technique, has made the only exist/ing claim that the
method he advocates is capable of separating individuals by their
writing styles with forensic accuracy (Morton and Michaelson 1990;
Morton 1991). The practical importance of this claim is manifest and is
therefore the subject of this chapter. Morton's services in cases of legal
disputed authorship are currently being sought on a regular basis.
Examples of these are the Carl Bridgewater case and the appeal of the
Birmingham Six. Since the acceptance of an invalid technique by the

courts would inevitably lead to miscarriages of justice, it is imperative
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that this method receives systematic, scientific appraisal. Chapters 2

through 4 report an attempt at just such an appraisal.
1. Aims

The aim of this chapter is to provide a detailed explanation of the Cusum
process. These claims made about this technique will be investigated
firstly using hypothetical data and then using real data from real texts.
The fundamental assumption of constant ratio will be examined within

individuals, in a study using 5 of the habits proposed by Morton (1990).
2. What is the Cusum Technique?

Morton's cusum technique requires plotting the cumulative sum of the
differences between a series of observations, and the average of all the
observations (Morton; 1990). In principal, these observations may be any
set of variables within the text. The basic measurement which Morton
uses, to'which all other observations are compared, is the number of
words in each sentence, or sentence length (sl). Morton claims that this is
because the sentence is the basic unit of language. Variables with which
sl is compared include number of 2 or 3 letter words in a sentence
(23lw), number of 3 or 4 letter words in a sentence (34lw), number of
initial vowel words -ivw-(or words beginning with a vowel), number of
231w which are not ivw (ivwx), number of nouns, verbs or
prepositions .2

In fact he maintains that practically any variable within a sentence can

be used as long as it occurs frequently within a piece of text. The

2 Some of these may even be taken in combination such as 23lw and ivw (Morton, 1991)
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technique thus relies upon regularities within an individual occurring
with these simple variables.

Once a variable has been chosen, the Cusum calculation is as follows:
1. Chose a block of sentences of a set length, say 25 sentences. (Morton
maintains that 15 sentences is about the minimum that can be used for
the technique, but he himself, tends to use blocks of 50).

2. Record the sentence length or number of words in each sentence.

3. Find the average length of sentence for the block by dividing the total
number of words by the number of sentences.

4. Subtract this average, in turn, from the number of words in each
sentence.

5. Add these differences in succession to obtain the cusum values.

These cusum values can then be plotted against sentence number. . The
plot should end on the horizontal axis, since the last point will be the
difference between the number of units in all observations and the

product of the number of observations and the average value.

The first cusum plot would therefore be for sentence length. The same
calculation is then carried out for one of the habit variables chosen from
the text, for example, 23lw. Once the cusum plot has been obtained for
the second variable, the y-axis of the second graph is adjusted so that it
is comparable with the sentence length plot. This is done by simply
dividing the range of the sl graph by the range of the other variable and
multiplying the second variable by this number. The two graphs thus
produced can then be superimposed. The cusum technique as a whole is
therefore a comparison of two cusum plots of different variables. An

example of a cusum plot for the comparison of two variables, sl and



23lw is shown in Figure 2.1. An example of a cusum calculation for

sentence length can be seen in Appendix 1.

100

Cusum

-100 -

-200 v T U T v T v T v T

Sentence no.

Figure 2.1: Cusum plot showing an apparently good fit for sentence

length and 231w
3. Claims made for the Cusum Technique

Morton claims that it is the constancy of the ratio of sl to the other
variable in an individual which gives graphs, such as Figure 2.1, such a
close fit. If on the other hand, a piece of text is written by two people
who have ratios which differ from one another, a single cusum plot like
Figure 2.1 will become distorted with the two curves separating, as in
Figure 2.2. In this case the first 25 sentences are from one author and the

second 25 from another.
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Figure 2.2: Cusum plot showing separation for sentence length and

231w

So the basic claim behind Morton's technique is that a distortion such as
that in Figure 2.2, in a cusum chart is evidence that two or more
individuals have been involved in the production of the text. He claims

that this has forensic accuracy and likens it to fingerprinting. However ,

to say the least, this view is merely an assertion, not a demonstrated fact.

Morton's views embody several other claims:

(a) The "habits" must be fixed in an individual. In other words, the ratio
of 231w (or any other variable) to sentence length must be stable and
constant for an individual. Morton produces considerable but anecdotal
evidence in apparent support of this claim including analyses of literary
items from, for example Walter Scott and Thomas Hardy. Examples of

some graphs produced by Morton can be seen in Figures 2.3 and 2.4.
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Figure 2.3: Cusum of Sentence length and Nouns in two successive

sequences from Walter Scott. From Morton & Michaelson (1990)

This constant ratio assumption is therefore of prime importance. If this
the ratio of sl to habit does not hold within an individual, the technique

will loose any discriminating power.
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Figure 2.4: Cusum of Sentence length and Nouns in two successive

sequences from Thomas Hardy. From Morton & Michaelson (1990)



(b) The ratio holds over genre and modality. Morton claims that the
ratios are fixed for individuals, regardless of whether the data are
derived from spoken or written material, and regardless of topic. This is
important because for forensic applications, data may be produced
which is of "verbatim speech” as well as writing from many years
previously or recent writing. Morton presents only a limited amount of
anecdotal evidence to support this, mainly from an interview with one
individual (Iris Murdoch) in which he compares her speech and writing

(Morton & Michaelson, 1990).

(c) The cusum technique has discriminating power. The ratios must
therefore differ from person to person sufficiently frequently to be
useful. Two people may of course "share the same habit" (Morton &
Michaelson, 1990) in which case they should produce indiscriminable
cusums. The power of the test therefore relies on the idea that if the fit

of the two cusum curves is poor, then multiple authorship is implied.

(d) The'technique is resistant to plagiarism. Morton claims that if
individual A tries to write in the style of individual B, this will still be
recognisable as writing from individual A, because the basic habits are
ingrained, and this will also be reflected in the Cusurh graph.

The Cusum technique would be a very powerful tool if all of these

claims held, but a priori, it seems unlikely.
4. The relationship of habit ratios to cusum: Studies with idealised
data

We now examine how the kind of relationship between a habit variable

and sentence length influences cusum deviations as part of an



understanding of the basic logic of Morton's assumptions. Using
idealised (invented) data, the following factors and predictions are
examined.

a) The linearity assumption. Morton assumes that a good fit comes from
a fixed ratio. A fixed ratio entails a linear relationship between sl and
habit variables. Non-linear relationships should therefore produce
poorly fitting cusums.

b) The high correlation assumption. If the linearity assumption is met,
the cusum fit could still be poor if the linear correlation is poor through

noisy data. This is also examined.

4.1 The linearity assumption

In order to test this assumption, a set of three lines were used which had
the same zero intercept on the y-axis, but differing slopes or ratios. An

illustration of the lines used is shown in Figure 2.5
2

231w

30

sentence
below. length

Figure 2.5: Three ratios (Gradients, G) used to plot hypothetical

cusums
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Lines with ratios of 0.3, 0.4, and 0.5, were used. They were formed using
15 points for each line. These lines represented 3 different sentence
length to habit ratios. The data points were, for example, for the text
with a ratio of 0.4, a sentence length would be 5 and the corresponding
habit would be 2, since 2 is 4/10ths of 5. All three lines passed through

the origin.

Three different non-linear equations were also used: y=x2, y=x3, y=root

x were also used. These are shown overleaf in Figure 2.6.
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Figure 2.6 : Plots of three non-linear equations
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The linear cusums are not shown since, analytically, they all fit exactly.
The cusum plot for the non-linear equations yields a systematic
deviation between the two cusums. The deviation between the two
curves was calculated by summing the difference between the absolute

values at each point on the curve. The deviation measures are shown in

Table 2.1 below.

Non Linear Equation Area Deviation

y=x3 260.1

y=x2 - 154.07

y =root x 101.96

linear equation 0.00 (by definition)

Table 2.1: Total Deviations for Linear and Non Linear Data
The extent to which non-linear functions produce deviations in cusum

depends on how well approximated the functions are by straight lines.

4. 2 The Correlation assumption

Deviations in cusum were dependent or how well a linear function
described the data. It should be the case that linear fits based on poor
correlations will be a poorer approximation to a linear function than if
there is a high correlation, and therefore the fit of the }'esultant cusum

curves will be poor.

Data producing straight line fits with correlations of r=0.7,r =0.8, r =
0.9andr = 1.0 for 15 data points per line, were invented in the same
way as the linear equations in the previous experiment. The points were
put into ascending order, since it can (and will ) be sh;iwn that the area
measure of deviation from this sort of plot is a monotonic function of the

differences in the 23lw-to-sentence length ratios of the constituent



discourse, and so it gets around some of the problems inherent in
natural orderings. The cusum charts of these correlations were plotted.

They can be seen in Figures 2.7 (a) and (b)
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Figure 2.7(a): Cusum charts of correlations of 1.0 & 0.9
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Figure 2.7(b): Cusum charts of correlations of 0.8 & 0.7
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The deviations for each graph in 2.7(a) and (b) are shown in Table 2.2.

Correlation Total Deviation
1.0 0.00
0.9 19.15
0.8 25.74
0.7 42.47.

Table 2.2: Area Deviations for Correlations of 0.7, 0.8, 0.9 and 1.0 in

ascending order

So, not only deviation from linearity, but poor linear correlations

produce a predictable monotonic increase in deviation.

Therefore, if there is a good linear relationship, or constant ratio between
the data from the sl of the text and the chosen habit, then the cusum plot
will fit exactly after scaling. Non-linearity produces a disruption in the
cusum curves and so does poor linear correlation. In the next
investigation, we look at whether a good linear fit with high correlation
holds for samples of real text. The remainder of this chapter deals with

question of the constancy of ratio within individuals, not the cusum per

se.

5. Constant Ratios and High Correlation in Real Data-

The critical question is, do good linear relationships exist within real
data from real text? Excerpts of 15 sentences were taken from a 6 texts
written by 4 different authors. Plots of the linear relationship y = mx+c
between sl and habit are shown in Figure 2.8 The fits were made using a

least-squares procedure.
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It is obvious that there are very high correlations in real data between
sentence length and the chosen habit. The proportional linear model y
= mx was also fitted to this data as well as polynomial fit. A table of

linear versus polynomial equations and fits is shown for the 5 different

authors in Table 2.3.

Author Fit of v = mx Fitof y=mx +¢ polynomial fit3
TH1 0.99 0.97 B 0.97
TH2 0.99 0.97 " 097
TH3 0.99 0.96 0.97
TH4 0.99 0.95 0.96
TH5 0.99 0.92 0.93
THeé6 0.98 0.96 0.96
WS1 . 0.98 0.97 0.97
WS2 0.99 ' 091 o 0.92
WS3 0.98 0.92 0.92
W&4 0.99 0.93 0.93
WS5 0.99 0.94 0.96
WS6 0.99 0.95 0.95
JA1 0.99 ' 0.96 0.96
JA2 0.98 0.97 0.97
JA3 0.99 0.98 0.98
JA4 0.99 0.98 0.98
JA5 0.98 0.90 0.92
JA6 0.99 0.99 0.99
CB1 0.98 0.96 0.96
CB2 0.99 0.97 0.97
CB3 0.98 0.92 0.92
CB4 0.99 0.98 0.97
CB5 0.99 0.94 0.99
CB6 ’ 0.99 0.95 0.96

Table 2.3: Linear and Polynomial Fits for 4 authors and 24 texts

On the basis of this sample it can be seen that the best fit is given by the
simple, proportional linear equation. There is no advantage in using a
polynomial equation or a linear equation which allows a non-zero

intercept on the y axis.

3 polynomial fit based on 3rd order polynomials: y = ax + bx2 + cx3 + constant
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6. Variation in "Habit" within and between author

Morton's central claim (Morton, 1991; Morton and Michaelson, 1990) is
that very simple habits which emerge in discourse production can be
used to differentiate individuals in order to make claims about
authorship. In particutar, he deals with:

(a) the ratio of 2 and 3 letter words to the total number of words in
successive sentences of a piece of discourse.

(b) the ratio of nouns to the total number of words in successive
sentences and

(c) the ratio of initial-vowel words to the total number of words in

successive sentences.

A major part of Morton’s. f:lairn is that these ratios will be more or less
constant within an individual, regardless of whether the material is
written or spoken, regardless of whether it was produced at the same or
different times in the person's life, regardless of genre, and regardless of
whether or not the individual concerned was trying to write in the style
of someone else. His evidence is however entirely anecdotal and he
gives examples mainly from his own writing and from that of Walter
Scott. The key issue addressed below is whether or not the claim that
the ratio of 5 of the habits used by Morton, (2 and 3 letter words (23lw), 3
and 4 letter words (34lw), initial vowel words (ivw), initial vowel words
which are not 231w, (ivwx) and nouns) to number of words in a sentence
(sl) could be called constant within an individual (relative to between

individuals).
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B. Study 1: Variation within Individuals for 5 habit ratios

1. Subjects

There were 20 subjects in the experiment. 10 of these were staff at
Glasgow University and were therefore termed the staff group, and 10
were undergraduates and postgraduates at the university and were

therefore termed the student group.

2. Design

The subjects were required to watch a video which showed a number of
episodes which revolved round a series of people carrying out various
activities and hobbies. There was no dialogue in the video and it was set -
to music. It lasted about 7 minutes from start to finish. After the video,
the subjects were required to either write in as much detail as possible
what had occurred in the video, or to talk about it, in as much detail as
possiblé. The next day, they were required to do the opposite of what
they had done immediately after the video, that is, if they had spoken
first, they would write about the video, and if they had written first, they
would talk about the video. To avoid any order or mémory effects, half
the subjects were in the speak first condition and half were in the write
first condition. All the spoken monologues were recorded and
transcribed. Each subject therefore had a comparable written and

spoken account of the video they had seen.
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3. Analysis

Twenty written texts and 20 spoken transcriptions resulted from the

experiment.

All the transcripts were put through a purpose written program
(COUNT). This program counted the number of each length of word
per sentence, starting at 1 letter words and going up to 10 letter words.
A distinction was also made between words which started with a
consonant and ones which started with a vowel. A sample output from
COUNT can be seen in Appendix 2.

For each of the 20 subjects 15 sentences were chosen. Counts were made
of:

(a) sentence length

(b) the number of 23lw per sentence

(c) the number of 34lw per sentence

(d) number of ivw per sentence and

(e) number of ivw which were not 23lw (ivwx) per sentence.

Number of nouns per sentence was also taken though this had to be

counted by hand.

These measures were also counted for blocks of 15 words rather than for
sentences, in order to get around the problem of punctuation which

arises during transcription.

The M value for the equation (a fixed intercept through the origin) was
then calculated where habit rate = M * sentence length. A measure of the

Rho value (R) which measures the goodness of fit of the correlation was
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also taken. For the block data, instead of a ratio, the mean number of

habit items over the fifteen, 15 word blocks was calculated.

4. Additional Writing Data

Following these analyses on the spoken and written texts, the subjects
were asked to provide a further 3 examples of their own writing. Two of
the students subjects dropped out at this point and one of the staff left
the university and was therefore uncontactable. This left a total of 17
subjects with four texts for analysis. The same measures were taken as
before for the same habits on these additional texts. Comparisons were
made of writing between and within subject primarily for the ratio of sl
to habit (M values) but also for the two additional measures; Rho value
and Total Deviation. The comparison of spoken and written data was
made separately using the same measures and will be discussed in a
different chapter. Figure 2.9 shows the M values within subject columns

for 23lw in both sentence and block conditions.
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The remainder of the graphs for the sentence condition are shown in

Figure 2.10(a) and in Figure 2.10(b) for the block condition.

5. Results

The table below shows the results of the one way between subjects

ANOVA on each of the habits.

By sentence By block

23lw  F(3,48) =9.389, p < 0.01 F(3,48) =0.454, p > 0.5
34lw F(3,48) =33.951 p < 0.01 F(3,48) =4.058, p < 0.05
ivw  F(3,48) =4.801, p < 0.01 F(3,48) =3.932, p < 0.05
ivwx F(3,48) =6.968, p < 0.01 F(3,48) =5.818, p < 0.01
nouns F(3,48) =3.302, p < 0.05 F(3,48) =1.001, p > 0.1

Table 2.4: Results of one-way within subjects ANOVAS on 5 habits

Significant differences were found within subjects on the ratio measure
for all habits apart from 231w and nouns in the block condition.

Therefore, the ratio cannot be said to be constant within an individual.

C. Chapter Conclusion

Morton's claims are based on the idea that there are habits which may be
more or less constant in individuals over a large extent of their lives.
These habits, he claims, are revealed by the using the cusum technique.
It is possible to test the idea of constant habit by the examination of
simple ratios. This was done in the present study: the results show that
variability within individuals over samples of writing is as great as is
variability between individuals. Thus one of Morton's basic ideas is
simply incorrect. One interpretation of Morton's claims is that the habit

‘which is constant for a given person may be one of many, and that this
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can only be known by carrying out a detailed examination of the writing
of that individual. Such an argument still does not save the position of
cusum as a tool for forensic linguistics. Constancy within an individual
only makes sense if it goes along with constancies in another set of
individuals, and if such a constancy is to have any discriminatory
capacity, the values for individuals in the other sets must be different
from the value for the individual in question. To make a claim about
the constancy of a given habit for a given individual, several samples are
needed for the individual, and several samples are also necessary for the
other sét. There is absolutely no point in basing claims about which
habits are most characteristically constant for an individual on a single
cusum. This study found significant differences in the ratios of habit to

sentence length, for the four texts examined for each individual.

In conclusion, it would seem that the cusum technique is based on
assumptions which are at best of limited reliability. Unless the
constancy of a habit within an individual is established over a number

of samples, then the crux of the whole method is destroyed.
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Chapter 3: Cusum Measures with Single and Multiple
Authorship

A. Introduction

Having tested the basic assumption behind the cusum, we now
examine the effect of more than one author on the cusum curve. Figure
3.1 shows a cusum plot\,:;vhich extracts from the writing of two
individuals are placed in succession, and the cusum of the whole is
then calculated. This is an example that Morton gives (Morton &
Michaelson, 1990) to illustrate the discrepancy which occurs in the
cusum plot when writing of one individual is inserted into writing of

another.

80 1 - 80

cusum
nouns

cusum
sid

nouns

! 21 41 61

sequence of sentences

Figure 3.1: Cusum of sentence length and nouns for 22 sentences of
Thomas Hardy in 50 of Walter Scott. From Morton & Michaelson,

1990)

Note the considerable discrepancy between the two curves. It is
precisely this type of discrepancy which is at the heart of Morton's

claims about the utility of the method in the forensic context, and his
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papers contain many illustrations, asserting that the point at which the
discrepancy emerges can be used to estimate where a foreign insert has
been made. Figure 3.2 shows another example from Morton and
Michaelson (1990) with an apparently large discrepancy at the mid

point where the insertion has been made.

690 120

cusum
slid

cusum
nouns

-20 1 ——— nouns

-40

-60 - . 120
1 21 4]

sequence of sentences

Figure 3.2: Cusum of sentence length and nouns for 5 sentences of

Thomas Hardy into sample from Walter Scott at the mid-point

Morton and Michaelson (1991) argue that the good fit to the cusum is
achieved by a constant ratio, in other words, the neat fit of the two
cusums can only be expected in the presence of a fixed habit (ratio). So,
if a piece of writing is tampered with by someone who has a different
habit, this will distort the close relationship between the two curves.
This alone must contribute to the potential appeal of the curves to a
jury. For the scientific investigator, such complex curves can be a
source of difficulty, however, particularly when an attempt is made to

produce a mathematical index of the goodness of fit of the two curves.



Do cusum plots combining different discourses from the same
individual show the good fit which is obtained from a single sample?
Quite clearly, if the only mechanism underlying the agreement of
cusum plots for habit and sentence length is the ratio (i.e. a linear
relation with intercept zero) then this is equivalent to asking whether
the ratio remains constant within an individual. If a piece of text with
ratio M is inserted into one with ratio N, this should produce a

disturbance in the cusum fit.

Howe\;er, cusums generally preserve sentence order. This would be
useful for the identification of where intrusions lie, but it might also be
the case that there is additional information contained in a cusum
which is supplementary to the global ratio. Therefore, an objective
index of the fit of 2 cusum functions is required to determine the

relationship between ratio differences and disturbance in the cusum fit.
1. Problems with Interpretation of Separation of two curves

The question being asked when interpreting the difference between the
two components of the cusum graph is really "are these two lines the
same or are they different?". Exactly what constitutes different is
totally subjective, be it single or multiple author cusums (since we are
initially unaware whether they are single or multiple author cusums)
and the eye can be easily drawn to the separation in the wrong
direction. Hardcastle (1993) poinsout that the different scales used on
the y axis by Morton severely hampers this interpretation producing a
uniformity between lines when the scale is condensed. If the scales are
expanded, however, dissimilarity of lines can be reported when they

would not have, had the scales been condensed.

90
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Hardcastle also points out that a cluster of sentences which is shorter
than average followed by one which is longer than average will
produce a divergence which could be erroneously construed as a
section of writing which has been tampered with. Similarly, because
different texts from the same individual have differing ratios of
sentence length to habit, joining two pieces of text together from the
same person can give rise to a discrepancy which would imply

multiple authorship.

The change in sentence length will also determine to a great extent the
separation of the graph due to the extent to which an increase or a
decrease in sentence length is sustained over a number of sentences. If
there is a long run of increasing sentence-lengths (or of decreasing
sentence lengths) then there will be a sustained opportunity for any
divergence between two cusums to become visible, and to produce a

steady increase in an area deviation measure.

A systematic investigation of how the change in sentence length affects
the cusum chart and the insertion procedure was carried out. This

demonstration is described next.

2. Demonstration 1

The objective here is to show how the divergence of sentence length and
habit cusum curves is a function of sentence length. Such a
demonstration would mean that the deviation measures are a function of

more than just differences in habit in the sense of ratios.



92

Four "hypothetical texts” were invented representing four different
authors, in a similar way to the linear data in chapter 2. These
hypothetical texts were given four different sentence length to habit
ratios which were 0.4, 0.7, 0.8, and 0.9. (For example, for the text with a
ratio of 0.4, a sentence length would be 5 and the corresponding habit

would be 2, since 2 is 4/10ths of 5.)

Initially the four ratio "texts" were grouped into two conditions, the
CLOSE ratio condition (0.7+0.8), where the combined ratios were close
together, and the FAR condition (0.4 +0.9), where the combined ratios
were far apart. These represented two insertion conditions for the texts.
The assumption was, that it should be possible to arrange the sentence
lengths from each of these conditions, so that the resulting cusum curves
could have a small separation or a large separation. The size of the
separation would depend only on whether there was a large or a small
change in successive sentence lengths. Sentence lengths in these
conditions were thus arranged firstly so that there was a relatively small
change in sentence length in successive sentences 'o,\}er the whole text,
and secondly so that successive sentence had a large change in sentence
length. Subsequently, there were 4 conditions:

1. Close condition, small change in sentence length

2. Close condition, large change in sentence length

3. Far condition, small change in sentence length

4. Far condition, large change in sentence length.

. Results of the simulation

w

It was found as expected that using the same data (e.g. a combination of

ratios 0.7 and 0.8 - close condition) it was possible to get cusum charts



93

where the area between the two curves were totally different, dependent
only on the order in which the sentences were arranged. The two

different separations for the close condition, where the ratios which were
combined are similar are shown in Figures 3.3 (a) and (b) and for the far

conditions, where the ratios combined are far apart, in 3.3(c) and (d).
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Figure 3.3(b): Close ratio with small change in sentence length
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These values in all 4 conditions are shown in Table 3.j .

ratio small change in sl ]arge change in sl
0.7/0.8 49.41 579.01
0.4/0.9 227.76 1833.48

Table 3.1: Total Deviation between cusum lines in 4 conditions

In both conditions, the total deviation with a large change in sentence

length is greater than that with a small change in sentence length.

4, Discussion

These findings show that if there are only small changes in sentence
length throughout the chosen text then there will be a close fit between
the two curves, independent of whether the text has come from two
sources with large or small ratio differences. Therefore, a large
difference between the cusum curves is not a reliable indicator of text
from a different individual, if sl to habit ratio determines the fit of the

cusum.

There are other problems of a similar nature. Hardcastle (1993) points
out that since the cusum chart does not represent the deviations from
consistency directly, but only cumulative deviations, then the interline
separations are more likely to be greatest near the middle of the chart
than near to either end. Also, he suggests that the longer the text is, the
greater the chance there is for the separation of the lines. In addition,
Hardcastle argues that the scaling method which Morton uses is

inaccurate since it is a function of the average sentence length and habit
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word rate only within the portion of the text represented by the data
points of the cusum chart between the highest peak and the lowest
trough. If the difference between these is very small, then it may be
unrepresentative of the data as a whole, and depending on whether the
peak precedes the trough or vict.-versa, the proportion of short and long
sentences will differ. If the cusum lines diverge due to a change in ratio
of the habits, the resulting separation will be carried forward to the rest
of the cusum chart. Morton's solution to this is to use transparency
overlay to correct this which inevitably results in many ad hoc

interpretations.

Therefore, Hardcastle suggests that instead of plotting the cusum values,
the values for the vertical separation between the two habits should be
plotted. This would mean that if the proportion of habit words in the
sample were equal those in the text as a whole, then there would be no
widening or narrowing of the gap between the two curves. In effect, the
slope of the sentence length to habit ratio should be plotted. Hardcastle
terms the proportion of habit words in the sentence the OBSERVED
habit words and the proportion of habit words in the text as a whole the
EXPECTED habit words. The separation change is therefore the
Observed habit words minus Expected habit words. Histograms of
these values can be plotted and these show that there is considerable
variation in habit rate occurrence from one sentence to the next and
using this different scaling method can improve the cusum fit in some
areas and make it worse in others. This method of scaling will be used
in addition to Morton's method, in the next chapter. He also suggests
that the problem of a deviation in one part of a text affecting
subsequent parts could be averted by using a system of moving averages

of the separation changes.
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Calculation of Spearman's Rho between the cusum values for the two
habits has also been used as a measure of cusum fit (Canter, 1992). The
advantage of a correlational method such as this is that no scaling factor
is required, and a direct test of whether the correlation is lower for the
cusum values from two individuals rather than from one may be carried
out. Canter uses a cut-off level of a correlation of 0.9 above which texts
are assumed to be from one individual and below which, from two. On
a comparison of single and multiple authored texts, for which the 231w
cusums had been calculated, Canter found that 48% of texts from a
single author were inconsistent with the hypothesis of single authorship
at a cut off point of a rho value of 0.9. Sixty five percent of texts derived

from 2 authors were above the 0.9 criterion implying single authorship.
5. Investigation into the Insertion Procedure

5.1 Rationale

If, as Morton and Michaelson (1990) suggest, the basis of the cusum is
ratio, and if the fitting procedures are good enough to capture the
ratio, then as stated previously, it should follow that'if a sample of
writing based on slope M has added to it a sample based on slope N,
the disruption to a common cusum graph should depend upon the
difference between M and N. The larger the difference, the bigger the
disruption should be. Furthermore, it should not matter whether M
and N come from the same or from different authors.

So, we would expect the following;:

1. Same author, similar slope: combined cusum shows good fit

2. Different authors, similar slope: combined cusum shows good fit



3. Same author, different slopes: combined cusum shows disruption
4. Different authors, different slopes: combined cusum shows

disruption

Therefore disruption should only occur in conditions 3 and 4 where
there are different slopes. Demonstrating this depends upon being
able to put a number to the disruption (or goodness of fit) of the
sentence-length and habit cusums. This experiment tests this idea with
the data just described. Three conditions were used for the cusum

calculation:

a) sentence length arranged in natural-order for the texts and the
cusum calculated for the whole

b) sentence lengths arranged in random-order for the texts and the
cusum calculated for the whole

c) sentence length arranged in ascending-order for the texts and cusum
calculated for the whole

The order was arranged for the first text and the second separately,

then put one after the other and the cusum of the whole calculated.

The reason for these conditions was as follows. Initially one might
suppose a monotonic relation to hold between some "éfmple measure of
goodness of fit (like the area between two cusum curves) and the
difference between M and N. However, this is not né'c'éSsafily the case.
Getting a divergence between two cusum curves has been shown to be
dependent on-the differences between successive senténce lengths. If
however, ratio constancy is assumed to underlie the géod fit of two
cusum curves (Morton and Michaelson 1991) then the 'éctual_order of
sentences used to produce a cusum should not have any material effect

“on goodness of fit. It should not matter whether the sentences are
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arranged in rank order of length, in random order, or in their naturally
occurring order, except for the caveat on shape discussed above. In
fact, by arranging the sentences of a single discourse in ascending
order of sentence length, a much smoother cusum can be obtained
which contains a maximum change in shape. Figure 3.4 (a) shows this
using artificial data having a single ratio arranged in ascending order

of sentence length.

If two discourse samples are first arranged in rank order of sentence
length separately , then put one after the other, and then the cusum of
the whole calculated, a shape with a steady, large change can be
obtained. Figure 3.4 (b) shows this with artificial data of two similar
ratio values and 3.4 (c¢) with different ratio values. The data used in this
simulation can be seen in Appendix 3. It can be shown that the area
measure of deviation from this sort of plot is a monotonic function of
the differences in the habit to sentence length ratios of the constituent
discourse samples. Such ascending-ordered cusums are used in the

investigation to be reported.
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It could however be argued that some natural order information is of
importance in the cusum. For instance, with 23lw and sentence length
there might be slight but systematic deviations from linearity for given
individuals which have only a marginal effect on a straight line fit, yet
are somehow detectable in a cusum plot. This general possibility of
real sequential effects having any influence is investigated by
comparing the results of ascending order cusums, with those for
natural-order and random-order. The random-order manipulation

clearly eliminates any possibility of natural order effects.

B. Study 1: Test of Cusum fit in relation to ratio differences

1. Materials

The materials were 40 essays written under exam conditions by
Glasgow University undergraduates. There were 5 essays from each of
8 subjects. All calculations for this study were using sentence length

and the habit 231w.
2. Design

Using the 40 essays, cusum plots were produced for the four
combinations described previously , that is: two were produced by
taking the 8 instances of most similar slopes for the same subjects, and
8 most similar for the different subjects (the close manipulation). The
maximuin slope difference was 0.014 (mean diff. = 0.007 ) for the
different, and 0.001 (mean diff. = 0.0005) for the same. The other two
were produced by taking the 8 most different slopes for same (mean

diff. = 0.083) and the 8 most different slopes for different (mean
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difference = 0.098 ) - the different manipulation. The result is thus 32
pairs of texts, 8 in each cell of the design. Three different cusum plots
were produced for all 32 cases by making one plot of each pair run
together in succession. The first plots used the natural order of the
sentences. The second plots used a randomisation of sentence length in
each pair, so as to destroy any order information. The final plots used
ascending-ordered sentences in terms of ascending length (for the first

pair and the second pair independently, as discussed).

3. Results

The separation of the two curves in each of the 40 (texts) x 3 (orders)
was calculated as before from the absolute sum of the difference in
value at each point regardless of sign, for each cusum plot. The mean

values in each condition are shown in Table 32 and plotted in Figure

3.5.

Order 1Author/Close 1 Author/Far 2 Author/Close 2 Author/Far
Natural 461.59 691.72 537.03 723.02
Random 397.81 678.53 406.37 615.78
Ordered 439.49 1180.95 364.43 1400.36

Table 3.2 :Mean Cusum deviation in Three Order Conditions
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Figure 3.5: Mean Area Deviation of cusum curves in 3 order

conditions

The results show that regardless of plot-type, ratio difference is the
only factor which reliably influences deviation measure, apart from the
order manipulation. This is particularly clear in the ordered data, for

reasons discussed earlier. An analysis of variance on the deviation
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measures supports this interpretation: while ratio difference (similarf
different) produces a reliable difference in deviation, with F (1, 28) =
18.23; p < 0.01, there is no reliable effect of subject (same/different),
with F (1, 28) = 0.194; p > 0.5. As anticipated, the result is strongest for
the ordered data, where a consistent direction of change maximises the
chances of finding something on an area measure; this is shown by the
interaction of measure with similar/different slope, with F (2, 56) =

21.53; p < 0.01.

Figure 3.6 (a) shows the results for the first two conditions, same
subject, similar ratio and same subject different ratios while Figure
3.6(b) shows the same for the last two conditions , different subject
similar ratio and different subjects, different ratios. Both are shown in
all three order conditions: natural, random and ordered data. The

patterns conform to the overall trends.*

4 In addition to the measures made above, an attempt was made to carry out a more
qualitative test by eye, by myself and a second judge, paying attention to the shapes of the
deviations obtained. No obvious differences between same subject and different subject plots
could be readily discerned.
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4. Discussion

In order to test whether combinations of discourses from the same
individual produce poorly fitting cusums depending on underlying
ratio differences, it was necessary to devise a metric for goodness of fit.
It was demonstrated that measures of deviation produce values which
depend on the way in which sentence length changes as the discourse
in question unfolds. Nevertheless, using three types of cusum plot, it
was shown that the variation in fit was due to slope differences, and
not to individuals. Taken together, the results obtained here suggest
that a well-fitting cusum does not necessarily mean that the samples
come from the same individual, and that a poorly fitting cusum does

not necessarily mean that the samples come from different individuals.

These results hold for all three ways of producing cusum plots (natural
order, random order, ascending sentence lengths) thus supporting
Morton's assumption that natural order is not essential for a good fit to
be obtained, and the ratio between sentence length and number of
23lw is at the root of the cusum. In the absence of evidence to the
contrary, it can be concluded that preserving the natural order of
sentences does not really contribute to the goodness of fit of cusums,
although it is clearly necessary to preserve this ordering if there is to be

any chance of detecting where an insertion has been made.

Although it is desirable to have a metric for the match of two cusum
lines, these simulations illustrate how an obvious measure like area or
total deviation is dependent upon the shape of the cusum itself. It is

therefore very difficult to produce a simple metric.
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C. Study 2: Investigation of Insertion Procedure using all 5

Habits

Having looked at the insertion procedure initially using 23lw and
found that in all three order conditions, the variation in fit was due to
ratio differences, and not to individuals, it was decided that all five
habits (23lw, 34lw, ivw, ivwx and nouns) used in the previous chapter
for variation within individual, would be tested. This time only natural
order was used, although this increases the noise in the data. This was
because the primary aim was to produce data applicable to insertions

at unknown points.
1. Materials

The materials were the 4 written samples of text from 15 subjects; one
text from each person was produced after watching the video and the
other three contributed by the subjects as samples of their writing. This

made a total of 60 texts.

2. Design

Cusums were calculated for excerpts of 15 sentences from each text .
On the basis of the cusum curves, the total deviation measure was
calculated. The Spearman's Rho value and ratio of sentence length to
habit (M value) were also calculated from the original sentence length
and habit data. The instance of each habit per 15 word block was also
noted for a total of 15 blocks. This was equivalent to the 15 sentences
used except there was no need to take into account the problems of

punctuation.
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On the basis of the M value cusum insertions were carried out. The
two excerpts which showed the closest M values were combined
together and the cusum and related measures were calculated. Then
the two excerpts with M values that were furthest apart were
combined in the same way. This was done both between and within
subject: The result was a set of 60 combination texts, 15 in each cell of

the design. Table 3.3 shows the design of the experiment.

Condition = Within subject Between subject
| Combination for each Combination of 15
Close subject of closest M's of closest M's of 60
4 texts = 15 combinations texts = 15 combinations
Far Combination for each Combination of 15
subject of furthest M's closest M's of 60
4 texts = 15 combinations texts = 15 combinations

Table 3.3: Experimental Design

Ten sentences of one text were inserted in another 15 sentence text
after the 5th sentence making a text which was 25 sentences long. This
25 sentence text could therefore be made from 2 texts from the same
author (same condition) or from 2 texts from 2 different authors
(different cdndition). If the m values of the combined texts were close
(range of difference = 0-0.17, mean = 0.021) they were put in the close
condition, whereas if they were far apart (range = 0.003-0.097 mean =

0.044) then they were termed in the far condition.
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The Total Deviation and Rho Values (Canter 1992) of the cusum of this

resulting 25 sentence text were taken as a measure of goodness of fit.

3. Results

A 2(close/far ) x 2(same/different author) x 5(habit measures) analysis
of variance was carried out on the deviation scores, and showed that
the deviations in the close condition were less than the deviations in
the far condition ( F =5.318, df =1, 276; p < 0.05). There was no
difference for same/different author (F < 1; df = 276).Fhe interaction of
these two just failed to reach significance ( F = 3.78; df = 1, 276) and
there is little evidence to suggest that same/different author affects the
results in any reliable way. Although there is a main effect of habit
type ( F =14.75; df =4, 276; p < 0.01), there is no interaction of this with
any other variable. This means that all the habits contribute to the
overall pattern and do not differ from one another. The overall pattern
of results show that in the case of texts made out of two others, the
deviation of the curves from one another is a function of underlying
habit ratio, not of whether the text was derived from the same

individual or two different ones.

Figures 3.7 (a) - (d) show these trends for 231w, 34lw, ivw and ivwx
where the total deviation for the close condition is less than for the far

condition, independent of number of authors.
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4. Discussion

The argument made previously was essentially that the ratios obtained
using the techniques described above predict some of the behaviour of
the cusum curve in just the way Morton would predict it. If writing
from a person with a radically different habit (ratio) from another is
substituted into the writing of the other person, great separation of the
curves is likely to occur. On the other hand, if there is little difference
in habit (ratio) between two people, then intersubstitution should have
little effect. Using 231w ratios, in the first experiment it was shown that
this was the case, and also that if the writing of the same individual is
substituted into another piece of writing showing a big difference in
ratio, then that too shows a great deviation. Given that within person
variability is as great as between person variability, this completely

destroys the credibility of Morton's technique.

In the second analyses, the same procedure was used to examine the
behaviour of all five habits. It was shown that for all habits tested, the
results from the first study held. The fit of the cusum curve is not
dependent on whether one or two authors are combined. It is the
difference in ratio between the two texts combined which determines the

good fit or otherwise of the cusum curve.
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CHAPTER 4 : Two further Studies using CUSUM

A. Introduction

Two further studies are reported here. In the first, the contention that the
habit (ratio) of an individual does not differ for speech and writing, is
tested. In the second, a very large scale study of cusum deviation within

and between individuals, is reported.

1. Comparison of Speech and Writing

According to Morton and Michaelson (1990) the cusum technique can be
employed equally well to both speech and writing. The example he uses
to illustrate this is one in which he combines a series of excerpts taken
from the novels of Iris Murdoch and combines theswith an interview
which she gave on television. Morton apparently examined several
habits and found that there is no change in habit between the samples
for use of nouns. From this one example he maintains that the cusum
method holds over both the spoken and written forms and indeed he
upholds this conviction when queried.> This, as Morton acknowledges
"confronts one of the most formidable obstacles to the acceptance of a
scientific system by writers or critics. It is the profound psychological
conviction that their intention to write, or speak differently to different

people in different circumstances, must change their style.” (Morton

1990, p 26).

5 e.g. at first conference of Society for Forensic Linguistics, University of Birmingham,
November, 1991.
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Although both the spoken and written word can be said to be analogous
on some level, in that they both constitute language and may be used to
say the same things, there are ways in which a distinction between the
two must be made. Firstly, there are different functions for which each
is appropriate. The context in which writing is appropriate is not always
the same as where speech would be appropriate and vice versa. Indeed
this would only mean that the two forms were duplicating the function
of the other. Secondly, many prosodic and paralinguistic features that
are present in speech, are not present in writing and in speech there are
none of the 'signals' that are present in writing. Speech is usually
spontaneous whereas writing is not. Writing is usually planned,

whereas speaking often, is not.

These observations add up to the fact that even on the surface it is very
unlikely that the sum total of constituents within writing and speaking
are comparable by a method which plays on many of the features which

are reflected in the speech writing distinction.

Two issues must be confronted if the cusum technique is to be used with
speech. First, a practical one: the transcription of speech. The second one
is theoretical: there is good a priori grounds to suppose that the 'habit

structure' of speech and writing will differ.
2. Problems Transcribing Speech

The problems which arise on the transcription of spoken text are clear to
most researchers in the area. Apart from the editing out of sounds and
non-words produced by the speaker, it is not always easy to decide

whether pauses in speech should mark sentence boundaries or whether
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the whole text makes only a few loosely constructed sentences. The
comparative absence of any sentence markings in speech as compared
with the abundance present in writing, would raise questions as to
whether it is possible to compare the two, and also as to the validity of
the sentence in the analysis of spoken language. In addition, speech is
often ungrammatical (e.g. see Anderson et. al., 1991, on Map Task

corpus).

Halliday (1990) argues that the basic unit of syntax is the clause. He says
that the clause can occur singly or in a clause complex and that clauses
and clause complexes are both essential for the study of spoken and
written language. Other researchers also recognise that there is a
problem with the use of sentences in the analysis of spoken language
(e.g. Quirk et al(1985)). Linell (1988) reasserts the lack of clear cut
sentences in spoken language and also points out that speech consists of
phrases and clauses loosely related to each other which combine into
structures which are less clear and hierarchical than the structures which

are normally dealt with in grammars.

Conversely, there are those who defend the reality of observable
sentences in spoken language. Chafe and Danielewicz(1987) assert that
both clauses and sentences have their place in the analysis of spoken
language. They stress the importance of what they call "prototypical
intonation units” consisting of a single intonation contour which may
often be a phrase or simply a fragment of syntax. They also say that
although the sentence is a controversial unit of analysis in the spoken
genre, speakers do appear to produce sentence-final intonation when

they think that they have come to the end of some coherent sequence.
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However, there may not always be agreement in what intonation signals
the end of a coherent sequence. Miller (in press) quotes an experiment
by Wackernagel-Jolles (1971) which found that when students were
asked to indicate sentence boundaries in unpunctuated narrative
transcripts, agreement as to the position of sentence endings ranged
from 13 out of 20 in one text to 6 out of 29 in another. The current
controversy about what text units can be recognised in spoken language

for transcription still rages.
3. The Issue of Lexical Density

Morton claims that constancy of habit holds over different modalities so
that the writing of a specific individual will have the same properties as
that of his or her spoken material. The lexical density hypothesis (e.g.
Halliday, 1990) would suggest otherwise. This well-substantiated
hypothesis shows that lexical density, that is, frequency of content words
as distinct from closed class function words such as prepositions and
connectives, is higher in the written modality than in the spoken. In
terms of the habits Morton uses, this means that there should be a higher
ratio of nouns and correspondingly, a lower ratio of function words in
writing then in speech. This runs counter to Morton's assertion that the

ratios should be equal in the two modalities.
B. Study 1 - Comparison of Spoken and Written Material

The issue investigated in this experiment, is whether or not the ratios of
habits are consistent over spoken and written language, as Morton
holds, or whether, in line with the lexical density hypothesis, they would

be different. It is expected that the habit indicators which reflect the
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proportion of function words would differ in speech and in writing.
Since 2 and 3 letter words, 3 and 4 letter words and initial vowel words
generally tend to be function words, the frequency of these should be
higher in spoken language, even within the same individual. On the
other hand, content words such as nouns, should have a lower

frequency.

1. Subjects

The same 20 subjects were used as in the previous experiment. Ten were
students from the University of Glasgow and 10 were staff. (All spoken
and written texts were available from these subjects. The number
dropped to 17 after this data had been collected.) Half of each subgroup

carried out the two recall tasks in a given order.
2. Material and Method

The design of the experiment was that used in chapter 3. To recap
briefly, the subjects were required to watch a video which consisted of a
number of episodes which revolved round a series of people carrying
out various activities and hobbies. There was no dialogue in the video
and it was set to music. Itlasted about 7 minutes from start to finish.
After the video half the subjects were required to describe verbally what
had happened and half were required to describe this in writing. The
next day they returned, and those who had spoken on the first occasion
now produced a written version, while those who had spoken produced
a written version. All of the spoken monologues were recorded and

later transcribed.
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The object of this experiment was the comparison of the spoken and
written video material. Because of the problems with transcription,
cusums were calculated on two different bases. The first defined
sentence boundaries purely on the judgement of the transcriber of the
tape. The second group of calculations was carried out on successive
blocks of 15 words regardless of what grammatical fragments they

contained, so that the issue of sentence boundary did not arise.

3. Basic Calculations

Pauses (such as er, uhm, etc.) were edited out of the speech transcripts
and full stops were inserted at what appeared to be sentence boundaries.
Again, the purpose written program COUNT (see Appendix 2) was
applied to both the spoken and written materials and the following
habits were calculated.

(a) proportion of 2 and 3 letter words in each sentence of each sample
(231w)

(b) the proportion of 3 and 4 letter words in each sentence of each
sample (34lw)

(c) the proportion of words in each sentence that started with a vowel in
each sample (ivw)

(d) the proportion of ivw which were not 23lw in each sentence, in each
sample (ivwx).

In addition a hand count was made of

(e) the proportion of nouns (excluding pronouns but including
classifiers) in each sentence in each sample.

This data along with the sentence length data, was used to calculate the
cusum curves and the cusum measures as described in the general

chapter on cusum.
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4. Fixed Sample Calculations

Since it could be argued that sentences are arbitrary in speech the ratios
were also calculated based on a fixed sample, which disregarded
sentence boundaries. In the present experiment, the fixed sample was 15
words so the number of occurrences of each habit per successive
samples of 15 words was calculated for both the speech and writing
samples. This allowed the comparison to be made without concern for

defining sentence boundaries in speech.



5. Results and Discussion

A direct comparison was made between the ratios produced for the

spoken and written materials. These are shown in Figure

4.1.
o \.
2 —
©
oc 0.25 - = 23lw
-~ 34lw
o ivw
./. b ivwx
‘ - nouns
0.00 T r T
spoken written

Figure 4.1: Comparison of Ratio on spoken and written samples in

CONDITION

sentence condition

Contrary to Morton's claim, several of the results show statistically
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reliable differences. The ratio of 23lw to total number of words is higher

in the spoken than in the written versions (t = 4.38; df = 19, p < 0.01); so

is the ratio of 34lw (t = 2.13; df = 19, p < 0.05); the ratio of ivw is lower

also (t=3.29;df =19, p < 0.01). These results are consistent with the

lexical density hypothesis rather than with Morton. Also consistent with

this is the fact that the ratio for nouns is higher in the written version (t =

6.39; df = 19, p < 0.0001).
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Figure 4.2 shows a comparison of the average number of each habit
word per 15 word block, in the two conditions, and shows an almost

identical pattern.
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Figure 4.2: Comparison of spoken and written samples in block

condition

The results in Figure 4.2 are consistent with lexical density differences
and not with Morton's contention. In the spoken condition, there are
statistically reliable results showing higher ratios for: 23lw (t = 4.23; df =
19, p <0.01), 34lw (t =2.34; df =19, p < 0.05) and ivw (t =3.31;df =19, p
< 0.01). The ratio of nouns is again lower in the spoken condition (t =
4.88; df =19, p <0.01). Therefore, whether using sentence boundaries, or
a fixed sample calculation support is for the lexical density hypothesis

and not for Morton's claim that ratios will be constant across modalities.



C. Study 2: A Large Sample Comparison of Same and

Different Author Cusums

Other investigators into Cusum (e.g. Hardcastle, 1993; Canter, 1992)
have focused directly on the shortcomings in interpreting cusum
charts per se, mainly because it is this method which is presently
being used in the courts as expert witness testimony. A criticism
could be made of the present investigations up to this point, for the
fact that they have not focused on the cusum technique itself.
Rather, they have concentrated on underlying assumptions about
habit. This is reasonable because the investigations have shown
that the deviation between the cusum curve for sentence length and
that of the habit is very dependent upon the order of sentences of

different lengths and the linear correlation.

The present study therefore provides an investigation into the
claims of the technique using the cusum procedure itself. Although
cusum comparisons have been made, the sample sizes used have
never been large enough that the results could be conclusively put
down to the inadequacies of the cusum technique itself rather than

noise in the data.

The present study is designed to test whether there are global
differences using two of the goodness of fit measures, Total

Deviation and Rho, for samples from same or different authors.
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1. Rationale

The aim of the experiment is to produce a large amount of cusum

deviation data for both same-subject and mixed subjects text.
2. Materials

The materials used were a subset of those used in the previous
experiment. They consisted of the written material which had been
obtained from the 17 subjects participating in the video experiment.
Each subject had 4 written materials, one of which had been
produced as a result of watching of the video, while the other three
had been provided as additional samples of his or her work. It was
decided that the spoken material should be left out for this
experiment due to the large difference between the speech and
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