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| NTRODUCTI ON

The Voyni ch manuscript is a vellum bound book | ocated in
Yal e University’ s Bei necke Rare Book and Manuscript Library. It
is at |east 400 years old and may have been witten as early as
the thirteenth century. The nmanuscript is of interest principally
because the text is encrypted in a code that has sent scholars
and code breakers away in defeat for nearly 100 years. The
Voyni ch manuscript is not witten in any known | anguage - even
the character set is unique to the corpus. It is, for many, an
irresistible puzzle. The problem of the manuscript has aroused
interest fromnmany di sparate groups - nedievalists, |inguists,
conmputer scientists, and cryptographers. Menbers of the US
intelligence community have been involved with breaking the
Voyni ch ci pher unofficially since the 1940's (Reeds, 1995).
Little is known of the provenance and authorship of the
manuscript, and theories about its content and origins abound
(D Inperio, 1977, Landini & Zandbergen, 1998).

Ef forts have been nmade to exami ne the text using the
assunption that it is a coherent docunent witten in a natura
| anguage. These attenpts have rul ed out sinple substitution
ci phers and other elementary encryption schenes. Wrd | ength,
character and term frequency, and comma counts all yield results
that hint at sonething nore than gi bberish. Landini has

denonstrated that the manuscript satisfies the rank-frequency,



nunber - frequency, |ength-frequency and | ength-rank | aws for
natural | anguage text (Landini, 1997).

Since the translation effort is a massive undertaking
i nvol ving many researchers, this study posed a small but concrete
questi on whose answer is intended to chip away at the nystery of
t he manuscri pt.

Looki ng at the actual text of the Voynich nmanuscri pt
presents a useful avenue of approach. Since the character set is
entirely unique (wth obviously unknown neaning), there is a
great deal of specul ation about the position, conposition, and
formatting of characters, words, and word strings. One
possibility raised in discussion by Voynich scholars is that a
specific and frequently occurring set of characters (the
“gal |l ows” variants) represent textual netadata — perhaps nulls or
word breaks (Grant, 2000). Since this is a subject that can be
effectively investigated quantitatively, it becane the focus of
this study.

Exam ning the manuscript with the assunption that the
gal l ows characters are non-textual shed |ight upon the underlying
structure. By elininating these eight characters in total, and
in various conbinations, it was possible to conpare altered texts
to the intact original and exam ne themstatistically. Observed
differences and sinilarities denonstrated the semantic inportance

of the gallows characters to the manuscript as a whole.



LI TERATURE REVI EW

This revi ew exam nes scholarly and pseudo-schol arly
commentary related directly to the Voynich manuscript itself. It
woul d be possible to expand the review into fields as diverse as
phi | ol ogy, botany, cryptography, and nedievalism but a clear
deci sion was made to narrow the scope to canoni cal Voynich
references. Many redundant articles (those refuting Newbold, for
exanpl e, of which there are many) have been omitted.

It is noteworthy that research related to the Voynich
manuscri pt has nore or less ruined the careers of severa
prom nent scholars (Grossnman, 1999), and is widely regarded as a

fringe avocati on.

Hi story of the Voynich manuscri pt

The facts surroundi ng the provenance of the Voynich
manuscript are few W know, for exanple, that it was sold to
Rudol ph Il of Bohem a between 1584 and 1588, for the grand sum of
600 ducats — but we do not know who sold it to him W know a
few hands through which it passed before coning to rest in the
Jesuit library of the Villa Mandragone, outside Ronme, for 250
years — but there are large gaps in the ownership history. And
we know that rare book collector WIfrid Voynich snatched it up

in 1912. (D Inperio, 1977).
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The manuscript itself is richly illustrated (the author
seens to have had a fondness for sketching nude wonen) and
witten on good quality vellum It nmeasures six by nine inches.
It originally consisted of at |east 116 folios, but only 104 have
survived. The manuscript is clearly divided into topica
sections (“herbal”, "astrological”, etc), which can be
ascertained by the nature of the illustrations (Landini &

Zandbergen, 1998). The text is, of course, entirely unreadable.

Unsuccessful Attenpts

The first scholar to seriously exam ne the Voynich
manuscri pt was WIIiam Romai ne Newbol d, Professor of Phil osophy
the University of Pennsylvania. Newbold announced his successful
deci phernment of the nmanuscript in 1921. H s translation was
sensati onal — Newbold clained that the manuscript was authored by
the thirteenth century polymath Roger Bacon and contai ned
m racul ous accounts of Bacon's discoveries (Gossman, 1999). He
determ ned that the cipher was conposed of “m croscopic shorthand
signs” intermxed with a very subjective system of translation
few but Newbold could repeat (Manly, 1931). His clains were at
first accepted by the scholarly community, but |ater savagely
ridiculed. H's was the first career wecked (al beit
post hunousl y) by the Voynich manuscript. Bennett (1976, p.187)
wites, “The works by Newbold . . . especially indicate the

dangers of an anbi guous decodi ng nethod coupled with a vivid
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i magi nation regarding the picture content.” It is worth noting
that Newbol d, a Roger Bacon enthusiast to begin with, saw exactly
what he wanted to see in the Voyni ch manuscri pt.

The ot her prom nent figure brought |ow by his obsession
wi th the Voyni ch manuscript was Yal e Medi eval Phil osophy
Prof essor Robert S. Brunbaugh, who announced his own breakthrough
in interpretation (Brunmbaugh, 1974). Wile criticizing Newbold’' s
failed attenpt, Brunbaugh fell into the sane trap. H s nethod
considered the text “an artificial |anguage, based on Latin, but
not very firmy based there.” Brunbaugh stated that the text was
(conveniently) “phonetically inpressionistic” (1975, p.354). It
is astonishing that he could conpletely nmiss the |ack of rigor
associated with the material he was publishing — it is clear to
the detached schol ar that Brunbaugh, |ike Newbold, let his
ent husi asns get in the way of his schol arship.

O hers have “solved” the riddle of the Voynich manuscri pt
over tinme, attributing it variously to Wkrainian Khazars (Stojko
1978), English nystic Anthony Askham (Strong, 1945), or
interpreting it as “a liturgical manual for the Endura rite of
the Cathari heresy, the cult of Isis” (Levitov, 1987). Qhers
have argued that the Voynich manuscript is sinply gibberish
(Wllianms, 1999) or a deliberate forgery by WIlfrid Voynich

(Barl ow, 1986).
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Toward a Sol ution

WIlliamF. Friedman, beginning in 1944, first undertook a
systematic anal ysis of the Voynich manuscript, using the
conmput ati onal tools of cryptanalysis. Friedman, one of the nost
famous American cryptographers of the Second Wrld War, organized
a study group to investigate the nmanuscript on an extracurricul ar
basis (Reeds 1995). They devel oped the first transcription
al phabet to namke Voyni ch characters machi ne-readable. Using an
early RCA conputer and punch cards, the study group perforned
some rudi mentary anal yses with the assunption that the Voynich
manuscri pt was a standard ci pher text. The results of this
investigation are not entirely known, but it is thought that nany
of the records — and the original |IBMpunch card set — are
somewhere in the National Cryptologic Museumin Fort Meade,

Maryl and (Reeds, private comrunication, 10 Cct. 2000).

O hers have | ooked at the Voynich manuscript through the
Il ens of a scholarly specialty. Hugh ONeill (1944), a botanist,
identified several plants in the botanical section of the
manuscri pt, notably the plant that dom nates folio 93 recto —

Hel i ant hus annuus, the commpn sunflower. This identification, if
correct, antedates the manuscript to 1493 at the earliest — the
sunfl ower was not seen in Europe until brought back by Col unbus.

In the late sixties and early seventies, Prescott Currier
advanced the state of Voynich research with an inportant

di scovery. Currier proved statistically that there are two
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di stinct “hands” in the manuscript, each with a distinct subset
of the Voynich script, representing nmultiple scribes (Currier
1975). He al so denonstrated mathematically that, as in natura
| anguages, lines are functional entities in the text. The
i nportance of these observations cannot be enphasi zed enough
Most inportantly, multiple authorship tends to rule out
“graphol alia”, or neaningless text. It is clear that nore than
one person copied the Voynich manuscript froman earlier source,
and Currier identified the idiosyncrasies of the individua
copyi sts. The concept of multiple “languages” has influenced
critical thought on the nature of the Voynich manuscript.

In the 1970's, Mary D Inperio, a mathematician and NSA
consultant, was instrunental in encouraging the rigorous

scientific exanmi nation of the manuscript. Her The Voynich

Manuscri pt-- An El egant Eni gma (1978) provides a thorough and

accurate picture of the state of research up until that tine,
building on a series of articles she wote for Manuscript (1977).
I will discuss it at length because it is generally accepted as
the starting point for all serious Voynich manuscript research.

D Inperio begins with a brief history of the manuscript,
i ncl udi ng the known provenance and ownership history. This takes
all of two pages, so scant is our knowl edge of the manuscript’s
past. She then dives into a survey of “nethods of attack”
possi bl e avenues of approach in the deci phernent effort,
i ncl udi ng content analysis of the drawi ngs and cryptanal ytic

attacks on the text itself.
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An El egant Eni gma covers the failed deci phernment efforts of

Newbol d, Brumbaugh, and others gently, and then reviews the nore
serious efforts of her m d-seventies contenporaries, including
Prescott Currier, with whom D | nperio worked closely. Her book
coul d be seen as a continuation and expansi on of both Currier and
Friedman’s work on the Voyni ch manuscript. This “pedigree”
represented the nost authoritative deci phernment effort up until
the late nineties.

Three large sections cover collateral research in the areas
of nedi eval iconography, secret |anguages, and early herba
manuscri pts thought to be contenporary with the Voynich
manuscript. D Inperio concludes wth suggestions for further
research, sone of which have been acted on (Stallings 1998,
Zandbergen 1997, CGuy 1991). The nmnuscripts current owner, Yale
University, has resisted others, such as a pal eographic
exam nation of the text itself. Because of this, we do not know
the age of the manuscript (the vellum could be easily carbon
dated, giving us a “not before the calf died” approxinmte date of
origi nation).

Much of the work related to the Voynich nmanuscript has
taken place in the real mof cryptography. One of the biggest
stunbling blocks to cryptanal ytic exam nati on of the manuscri pt
in the late seventies was the | ack of a consistent nachine-
readabl e draft of the text, something that was renmedied in the
eighties and nineties. This allowed a detailed analysis of the

Voyni ch manuscript using information retrieval techniques and
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| arge-scal e data mani pul ati on, which has lead to sonme interesting
concl usi ons.

Wth so opaque an artifact as the Voyni ch manuscri pt,
schol arshi p has taken a subtractive approach — we are slowy
learning what it is not, rather than gaining any insight into
what it is.

O Neill (1944), if correct, placed the manuscript after
1493. Currier (1976) established that it is statistically not
gi bberi sh. Landini (1997) and Landini and Zandbergen (1998)
denonstrated that the Voyni ch manuscript exhibits | ower entropy
than conparabl e natural |anguage texts, possibly indicating a
simlarity to sixteenth-century artificial |anguages. Stallings
(1998) investigated the roots of second-order entropy in the
text, dismssing the possibility of a |lowentropy | anguage, |ike
Hawai i an, as the plaintext (Stallings does not suppose Hawaii an
to be a realistic possibility — he uses it as a real-world test
for a polysyllabic, lowentropy plaintext, nost likely an
artificial language). Stallings also denonstrated conditions in
whi ch a cipher can return results simlar to those exhibited by
the Voyni ch manuscript. Perakh (1999), using letter serial
correl ation, independently confirned that the Voynich manuscri pt

is not a random or quasi-random col |l ection of characters.
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Current Research

The nore contenporary studies (those of Landini,

Zandber gen, Perakh, and Stallings as nentioned above) represent a
“new wave” of Voynich manuscript research. |Its features include
i ndependent cryptanal ytic studies w thout peer review and open
availability through the mediumof the Wrld Wde Web. Wile not
met hodol ogi cally rigorous, findings generated and shared in this
met hod are open to review, conmmentary, replication, and
criticism They are the work of both professionals (like Jim
Reeds, a mat hematician and cryptanal yst), and tal ented amateurs.
Each study has a point of contact with the Voyni ch manuscri pt
that is relevant and famliar to the researcher, but does not
necessarily build on previous work. The fact that legitinate
inquiry into the Voynich nmanuscript is frowned upon in acadenia
greatly hanpers deci phernent efforts, since research is
necessarily done in free tine and published sporadically,
generally on the Wb.

Wil e “serious” Voyni ch manuscript research has been
sidelined since the humliation of Newbold and Brunbaugh, a
community of scholars continues to do inportant work in an
i nformal and cooperative forum The connectivity schol ars enjoy
thanks to the Internet has accel erated progress in severa
potentially fruitful areas. A unified transcription al phabet,
devel oped by the European Voyni ch Manuscript Transcription

project (under the direction of Gabriel Landini) now seeks to
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supercede the assorted al phabets individual researchers devel oped
in the past. The entire text is available in ASCII form

Negoti ations are underway with the Beinecke library to create a
digital copy of the Voynich manuscript in nmeticul ous detail
(approximately 20 MB per folio page). An active, dedicated
mailing list offers a forumfor those interested in Voynichiana

to share ideas, sources, and techniques.

METHODOL OGY

This study intended to answer a sinple question: How does
the elimnpation of gallows variants fromthe transcription set
change the results of statistical queries on the Voynich
manuscri pt? The data collection and anal ysis associated with
this research project were carried out in Manning Hall, using the
resources provided to all students in the School of Infornmation
and Library Science at the University of North Carolina, Chape
Hill.

It was hypot hesi zed that the gallows variants in the
Voyni ch manuscri pt al phabet are null characters, and that
removing themwi |l not have a statistically relevant inpact on
correl ati onal power curves, such as those generated by the
application of Spearman’s rank correlation coefficient.

This study was designed to create sanples that, despite
various characters being conpletely renoved, continued to

strongly correlate with CURRIER, the base text derived fromthe
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voynich.now file. It is possible that such correspondence woul d
i ndicate the presence of null characters, whose renoval did not
affect the statistics of the nodified text wwth statistica
significance. Conversely, if the nodified sanples exhibit
variation consistent with their rank and frequency within the
manuscript, this is strong evidence that the characters are not
nul | .

Sanmpl e texts that deviated fromthe CURRI ER nodel and nore
closely resenbl ed QU RAN (an excerpt fromthe Holy Q' ran) or
GENESI S (a transcription of the Book of Genesis witten in
vul gate Latin) mght indicate that the om ssions in the sanple
illustrated a semantic relationship with a known | anguage. Such
correspondence woul d be tenuous, since a variety of causes could
account for it, but the possibility of such a correlation was not
di sm ssed, and sanples were conpared with QJ RAN and GENESI S.

The actual analysis was a straightforward application of
Spearman’s rank correlation coefficient to nine separate data
sanples, along with the source text and two natural |anguage

control files.

Data Col | ection

Al'l the raw data used in this study was obtained from
public FTP archives accessed via the Wrld Wde Wb.
The quantitative anal ysis was based on the voyni ch. now

file, which is freely available on the Wrld Wde Wb (G 1l ogly,



19

2001). voynich.now is a nachi ne-readabl e version of Prescott
Currier’s Voynich transcription, using his al phabetic coding
schene.

Voyni ch. now was chosen over a subset of the European
Voyni ch Manuscript Transcription project transcription file,
whi ch was created and is maintai ned by Gabriel Landini, and which
is also available on the Wrld Wde Wb (Landini et al, 1998).
The EVMI transcription files consist of an error-checked
conpi lation of earlier transcription files (principally the
Currier and FSG files) using a clear interpretation of the
Voyni ch manuscri pt character set that includes gallows characters
as amal gans of individual synbols rather than pairs or |igatures,
as has previously been assuned. The EVMI files are the nost
accurate avail able, and represent the best hope of a standardized
al phabet for disparate researchers to adopt at this tine.
Al t hough not perfect (like any Voyni ch manuscript transcription
al phabet, it carries with it a set of assunptions about the
underlying text), the EVMI al phabet (called EVA) was designed to
be over-broad rather than over-narrow

The Currier transcription, although older and arguably |ess
accurate, was chosen because the gall ows characters are discrete,
rat her than conposed of groupings of characters. Using
voyni ch. now made the sanple texts |ess anbi guous and sinpler to
code and process. As an exanple, the same gall ows character
represented by “W in Currier’s al phabet is “cph” in EVA  Since

the anal ysis was conducted on the conplete nmanuscript (the sum
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total of Voynich character information in existence) the nore

granul ar EVA character set was deenmed unnecessary.

Dat a Anal ysi s

The principal tools for analysis were the SPSS and TACT
statistical software packages. TACT is freely distributed on the
Wrld Wde Wb (Bradley et al, 1993), and the correl ational data
supplied by SPSS coul d be generated by hand, or by other hardware
or software.

As controls, two known-| anguage sanpl es of near-identica
si ze were anal yzed al ong side the voyni ch. now base text and
nmodi fied sanples. Arabic, a | anguage that contains a significant
vol urme of null characters, was chosen as the first control. A
romani zed 140K sanple of the Holy Qu’' ran was used, since this,
like the vulgate Latin bible Landini et al use as a benchmark
(Landini, 1987), is likely to represent an Arabic contenporary of
t he Voyni ch manuscript with sone verisimlitude. The second
control was a sanple froma vulgate Latin translation of the book

of Cenesi s.

The Source Texts

Two texts were used as controls in this study. The first

is a GENESIS (in ASCIlI format), a 163K text file. The second is
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QU RAN, witten in the ASMO 708 (I SO 8859-6) encodi ng schene, a
124K text file.

The Voynich file used for this study is the readily-
avai | abl e voyni ch. now version of Currier’s transcription
(identified hereafter as CURRIER), witten in ASCI| and encoded
in Currier’s version of the Voynich al phabet. The version used
for analysis was 120K in si ze.

Al'l three were standardi zed by renoving cormments and
extraneous material. In the case of the Qu ran, |SO 8859-6
characters were translated to arbitrary vanilla ASCI | characters
on a one-to-one basis, working through the Latin al phabet in the
order the characters appeared in the text. The resulting file

uses the Latin characters A-Z and a-Kk.

The Modifications of CURRI ER

The CURRIER text file was nodified in nine different ways,
to investigate the nature and rel evance of various characters
within the Voynich manuscript. Two groups of characters were of
particular interest: the “gallows” characters represented by B,
V, P, and Fin Currier’s al phabet, and the “gallows |igatures”
represented by W Q Y, and X

FIGURE 1: Gallows Characters in Currier’s Al phabet and
Voyni chese Equi val ents
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W Q Y, and X all appear in conbination wth another
Voyni chese synbol, represented in Currier’s al phabet as S.

B, V, W and Y are quite simlar, each having only one
“leg”, while P, F, Q and X all have two.

G ven these facts, several possibilities present
t hensel ves. The NO B nodification is intended to explore the
possibility that each character in the gallows group is discrete
by renmoving only the B, and not it’s one-|egged anal ogs (V, W
and Y). Simlarly, The Wto S nodification is intended to
acconplish the sanme thing with an “overl aid” gall ows character
converting only Wto the underlying S.

The NO A nodification serves as a checksum since the A
character is statistically simlar to the gallows variations in
frequency, but shares none of their characteristics in the
Voyni ch manuscri pt.

The NO BV nodification renoves a one-legged pair of gallows
but | eaves Wand Y, their “over S’ analogs, in place. This
version was intended for conparison with NO PF, which renoved the
two-1 egged gall ows pair.

NO BV, W to S explores the possibility that the gall ows
characters are linked. Al one-legged versions are renoved from
this nodification

BVPF renoves B, V, P, and F characters, while retaining the

“overl aid’” gallow analogs. There were 752 B, 3319 P, 202 V, and
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5469 F instances, reducing the M5 by 9722 characters, from
110,977 to 101, 255.

The WQYX to S variant is the opposite of BVPF. It renoves
the gal l ows overlays and converts themto the underlying
character, S. Assuming they are null, the sematic value of the
underlying S would be intact. The result of this was the
repl acenent of 146 W 709 Q 51 Y, and 561 X characters. The new
total is 8064 S characters, up from6,597. The M5 | ength was
obvi ousl y unchanged.

ALLGONE renoves every gallows character fromthe text. W
Q X and Y are replaced with S, the underlying character, and B
V, P, and F are sinply expunged.

Once all twelve text files were prepared, each was
processed using TACT (Text Analysis and Conputing Tools), a text-
retrieval and anal ysis software package devel oped at the
University of Toronto. TACT, which was designed for use with
smal |l groups of literary texts using western al phabets (Bradley
et al, 1993), parsed the text and returned detailed information
on frequency (rank, percentage, and nunber of words) as well as
type and token information. TACT al so generated thesauri, and

word and character lists useful for further statistical analysis.

Assunptions and Linmtations

This study assunes that a null is truly nmeani ngl ess and not

a blank space — that it is without neaning in the context of the
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docunment formatting. Thus, when it is renoved, the adjacent
characters are truncated into a new, shorter word, rather than
becom ng two separate words.

The Arabic sanple used in this study is nodern and
unvocal i zed, rather than classical, Arabic. The Currier
transcription is inconplete and inperfect, and nakes assunptions

about the al phabet that may be entirely incorrect.

FIGQURE 2: The First Five Lines of Source and Sanple Texts

CURRI ER (I N VOYNI CHESE)

2. e Q. Feh. o 1099, 40992, 9. Fo?. 9.
2099, z2. o 9. 9. T oS, . O 4P, 4. .
29ed. 9. . S, o8 4ow9. 42 SVs§. 29.
[82H]o8. Fec9. Fer?. Zoedt). 4H?. 88, b, o s,
28 9. Qew?. 4§, 2. g

CURRI ER

VAS92. 9FAE. AR. APAM ZCE. ZOR9. QOR92. 9. FOR. ZOES89.
20R9. XAR. O R 9. FAN. ZPAM ZAR. AR*. QAR. QAR. 8AD.

29AU. ZCF9. OR 9FAM Z(8. QOAR9. @* R. 8ARAM 29.

[ G82*] OM OPCC9. OPCOR. 20EOP9. Q* AR. 8AM OFAM CE. OFAD.
2AT. 9. SCAR. QAM WAR. YAM

WOXY To S

VAS92. 9FAE. AR. APAM ZCE. ZOR9. SOR92. 9. FOR. ZOES89.
20R9. SAR. O R 9. FAN. ZPAM ZAR. AR*. SAR. SAR. 8AD.

29AU. ZCF9. OR 9FAM Z(8B. SOAR9. S* R. 8ARAM 29.

[ GB2*] OM OPCC9. OPCOR. 20EOP9. S* AR. 8AM OFAM CE. OFAD.
2AT. 9. SCAR. SAM SAR. SAM

NO BVPF

AS92. 9AE. AR. AAM ZOE. ZOR9. QOR92. 9. OR. ZOES9.
20R9. XAR. O R. 9. AN. ZAM ZAR. AR*. QAR. QAR. 8AD.
29AU. ZC9. OR 9AM Z08. QOARY. Q* R. 8ARAM 29.

[ 082*] OM OCCY. OCOR. 20EQY. Q* AR. 8AM OAM CE. OAD.
2AT. 9. SCAR. GAM WAR. YAM

ALLGONE

AS92. 9AE. AR AAM ZCE. ZOR9. SOR92. 9. OR. ZCES9.
20R9. SAR. O R 9. AN. ZAM ZAR. AR*. SAR. SAR. 8AD.
29AU. ZC9. OR. 9AM Z(8. SOARI9. S*R. 8ARAM 29.

[ CB2*] OM OCC9. OCOR. 20EM. S*AR. 8AM OAM CE. OAD.
2AT. 9. SCAR. SAM SAR. SAM
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FI NDI NGS

St andard Devi ati on

Looki ng at Standard Deviation, with Latin and Arabic known-
| anguage texts included for conparison, produced results
consistent with the hypothesis that gallows characters have

nmeani ng and are not null.

FIGQURE X: Standard Deviation in Source and Sanple Texts

TEXT STANDARD
DEVI ATON
CURRI ER 16. 9245
Wto S 17. 0761
NO B 17. 5329
NO A 17. 7746
NO BV 17. 7827
QU RAN 17. 8885
NO BV, W to S 18. 0343
WOYX to S 18. 2988
NO PF 22. 1239
NO BPVF 23. 733
ALLGONE 26. 0574
GENESI S 29. 5734

St andard Devi ation increases in every mani pul ati on of the
source text. The nost marked increase occurs in those versions
wi th character omnissions (NO BPVF for exanple). The total
conversion nodification (WQYX to S) al so shows a significant
increase in Standard Deviation. It is likely that the high
Standard Deviation resulting fromtotal renoval of all gallows
characters (ALLGONE), when conpared to the source text, reflects

| exical inportance in at |east sone of the gallows characters.
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It is interesting to note that NO BV and NO PF returned

quite different Standard Devi ati ons.

Rank Correl ation

The rank order of terms within the text sanples may be
significant. By looking at rank, rather than frequency, it is
possible to differentiate between texts, |ooking for close
pattern matches, and apply appropriate statistical measures.

The Spearman rank correlation coefficient (Spearman’s rho)
was used to exanine differences in rank order between sanples, as
wel | as levels of significance.

The Spearnman rank correlation coefficient is an outgrowth
and expansi on of the Pearson correlation coefficient, and is
designed for use with ordinal data (Roscoe, 1969). Thus, it is
an excellent tool for exam ning differences in rank

To do this, the Voynich and rel ated data was first
organi zed from each text sanple by frequency, re-ordering rank in
the process. The Spearman rank correlation coefficient was then
appl i ed.

As m ght be expected, all the sanples, when conpared
statistically with the source CURRIER text, returned scores well
above the .01 level of significance. The |owest nonparanetric
correlation, NO BV, was 0.426, and they ranged as high as 0.69

(NO BVPF)..
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Perform ng a logarithmc transformation of the frequency
data of the texts yielded a set of relevant graphs illustrating
simlarity and difference between sanpl es (See Appendi ces A-J).
Each sampl e text denonstrated consistent negative correl ation

The sanple texts that nost closely mmnic the origina
COURIER are NO B and Wto S, with NO B diverging only slightly
(less than 1% fromthe source text. CURRIER has 217 nore uni que
words than NO B, but the sanples are otherwise quite simlar
The character B represents 1.44%of the text, and is the 13'" nost
common letter in CURRIER. In contrast, the character A
represents 3.98%of the text, and is 7'" npst comon in CURRI ER
NO A's correspondence with CURRIER is not as close as NO B, which
is nost likely due to the relative inportance of the letter in
the Voyni chese al phabet. This, in turn, argues agai nst ascri bing
i nportance to the cl ose correspondence between NO B and the
source text.

The sanple texts with the wi dest divergence from COURI ER
(excl udi ng the known-Il anguage texts GENESIS and QU RAN) are NO PF
and ALLGONE. In the case of ALLGONE, 10.49% of the characters in
the manuscri pt have been stripped away (every gallows variant).
NO PF renoves 5.86% the two nost frequent gallows variants. The
wi de vari ance between these sanples and the source text suggests
that the whol esal e renoval of the gallows characters has a
prof ound i npact on the underlying structure. This, in turn,

points toward | exical significance for those characters.
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CONCLUSI ONS AND OPPORTUNI TI ES FOR FURTHER RESEARCH

Thi s study provi ded evidence to support the conclusion that
the gallows characters, individually and as a group, are not nul
characters. The elimnation of gallows variants fromthe
transcription set changed the results of statistical queries on
the Voyni ch manuscript in ways that are consistent with val ue-
| aden characters of the sanme rank and frequency.

It was hypot hesi zed that the gallows variants in the
Voyni ch manuscri pt al phabet are null characters, and that
renmovi ng them woul d not have a statistically relevant inpact on
correl ational power curves. This did not prove true.

The Voyni ch manuscript bristles with untouched problens for
the enthusiastic researcher. Several possibilities related to
this study present thensel ves.

Most obviously, although the gallows variants present
likely candidates for nulls, the rest of the Voyni chese al phabet
awai ts a thorough anal ysis using the sane net hodol ogy.

In addition, re-coding the sanple texts with the assunption
that gallows characters had significance to the docunent fornat
could be instructive. |If they represent word breaks, replicating

this study with revised sanples would illustrate this.
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