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The paper describes the results of an exercise that trainees can use to develop their own criteria for
distinguishing among handwriting features, apply simple statistical methods to correlate features and
develop a scheme for describing these characteristics that allow students to rate the degree of agree-
ment between similar writings. By using a classification system involving letter shape, slant, height
ratio, etc., one can subdivide the group of writings by roughly half with each feature to arrive at the
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Introduction

There has been an ongoing need for many years
to utilize statistical methods in handwriting
comparisons. The primary difficulty with the ap-
plication of statistical methods is that writing is
a dynamic, changing process. Classification pro-
tocols and statistical methods use discrete char-
acteristics (primarily letter shapes). A wealth of
information that is readily observable but contin-
uous over a wide range (pen pressure variation,
line quality, etc.) often goes unevaluated (Hilton,
1958). To this end, researchers have deconvoluted
the process by which a questioned document ex-
aminer examines and compares questioned and
standard writings that include (a) extraction of
common letter forms and features, (b) having a
method or nomenclature to describe these letter
forms, (c) have questioned document examiners
tabulate these forms in either lists of software
data bases, (d) determine the frequency of occur-
rence of these features, use statistical models to
determine frequency or correlation of features,
and (f) use these features and statistical frequen-
cies to infer the individualizing potential of these
characteristics when arriving at an opinion of
identity or non-identity or opinions in between
(Srihari, 2013).

This project was an attempt to evaluate the
quantity of information that can be captured by
comparing letter forms and other discrete fea-
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tures in a limited collected writing sample. Sim-
ple statistical methods were used to evaluate the
independence of selected writing characteristics.
This study will hopefully serve as an extension of
some of the early works of Harris (1958) on how
much people write alike and the Muhlberger, et
al. statistical study of handwriting characteristics
(Muhlberger, et al, 1977) and point out the impor-
tance of correlation of features to each other in
addition to the tabulation of feature occurrence
(Johnson, et al., 2017) intended for students and
trainees who desire some experience in simple
statistical methods for evaluating handwriting.

Handwriting Development and Legibility

Before any classification or characterization of
handwriting can begin, it would be appropriate to
briefly look at the origin of our Roman alphabet
and some common aspects of letter formation.
Methods of handwriting instruction will also be
briefly examined.

There are three theoretical considerations in
the design of most modern alphabets. The first is
that it covers all of the phonemes (i.e., the mini-
mum acoustic constituents) in the language; the
letter shapes should be restricted to a total of
between 20 and 30 symbols for easy recall; the
individual letter shapes must not be required to
represent several sounds, that is, their acoustic
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identities must be fixed and unchanging. The
Greek alphabet, later adopted by the Romans,
was the first alphabet to satisfy all these con-
ditions (Havelock, 1976). Letter combinations
can form graphemes which are representative of
sounds and are considered the smallest units of
writing that correspond to a sound such as “sh”
in the word “shake.” Some identification soft-
ware such as Sciometrics, LLC Flash ID software,
uses algorithms to compare the shape and overall
topology of these letter combinations in order to
compare similar writings.

Initially, the Roman alphabet had 21 letters.
After 600 years of changes and additions due to
differences in pronunciation between the two
languages, the official Roman alphabet was es-
tablished. When the Romans conquered Greece
in the first century B.C., this 21-letter alphabet
received two more Greek symbols (Y and Z).
The Medieval addition of three more letters (U,
W, and J), which were differentiations of existing
Latin letters, brought the total to the current 26
(Rhodes, 1978).

Around the time of the Middle Ages, the tran-
sition from manuscript writing to cursive writing
took place. Cursive writing gained in popularity
because of its more rapid execution and it soon
became the dominant writing form among liter-
ate societies.

Throughout the years, various writing styles
have been introduced into American schools.

Until around 1920, only cursive writing was
taught in this country. Cursive writing is charac-
terized by running or flowing lines with strokes
joined within the word and angles rounded. Man-
uscript writing, introduced around 1920, is writ-
ing that utilizes modified forms of the printed let-
ter, simplified and without ornamentation with
the letters in a word not connected by strokes.
This is commonly referred to as “printing” (Tem-
plin, 1958). Today, manuscript writing is taught
in grades 1 and 2 and cursive is introduced in
grade 3.

Kindergarten is a time when the child’s basic
motor skills are developed by involving the child
in exercises such as drawing circles, horizontal,
vertical, and diagonal straight lines (Lawton, et
al., 1980). As Purtell summarized in his 1980 ar-
ticle:

All the methods of instruction for manu-
script writing follow the same procedure.
Four basic strokes are used. The horizon-
tal stroke is always made from left to right

except in the return stroke after forming
the curved arc at the bottom of the letters
D, P, B and the middle of the letter R. Ver-
tical strokes are made from the top down...
Also, slanted lines, such as the A, V, and W
are made from top to bottom. All circles are
made counterclockwise except for the bowls
of the letters b and p. Other letters contain-
ing clockwise arcs are h, j, m, n, r and the
bottoms of the S. Regarding size and pro-
portion, the lower case is a is considered
one unit high. However, the capital letters,
ascender and descender portions of the let-
ters will be 75 to 80 percent larger, except for
the letters d and t which are only 50 percent
taller. These general observations hold fairly
true of all systems studied.

The existence of similar writing styles coupled
with penmanship instruction in the elementary
grades has created broad similarities in the writ-
ings of most people educated in this country. In
the elementary grades, correct formation of let-
ters, connecting strokes, letter spacing, and over-
all legibility are emphasized rather than speed.
Grades 4 and 5 are a time to further refine cursive
script.

An extensive study of the handwriting abil-
ity of younger children was performed by Amy
Tan in 1981. She found that children aged 3.3 or
younger could only scribble while some children
3.6 or older could print a few letters and numer-
als. Most of the four-year old children could print
their first names and print or copy most numer-
als and letters requested. Most could copy simple
words using disconnected strokes. As the children
got older, they made more continuous strokes,
fewer discontinuous strokes and their writing
decreased in size. The overall developmental pat-
tern of children’s handwriting behavior from age
three to six involved the following sequence stag-
es: 1) controlled scribbles; 2) discrete lines, dots,
symbols; 3) straight line and circle upper-case let-
ters; 4) upper case letters; 5) lower case letters,
numerals and words.

Difficulties in writing legibility often become
noticeable at the junior high school and lower
grade levels. The student now relies on writing as
a means of expressing thought rather than an ex-
ercise in and of itself. As a result, more emphasis
is placed on speed and less on good letter form.
Increased speed often results in cutting corners
and the correct formation of letters suffers.

One of the first major studies of writing legibil-
ity was by Freeman (1918). In this study of writ-
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ing movements, he divided writing into three lev-
els of complexity:
1. Simple extension and flexion of one finger.
2. Straight pen movement using several
fingers.
3. Complex combinations of finger, wrist,
and arm movements.

In general, horizontal movement is wrist motion
as is diagonal movement from lower left to upper
right and back. Vertical movement is primarily
a finger movement with occasional assistance
from the in and out movements of the arm. Top
to bottom movement is primarily fore finger and
bottom to top is primarily middle finger. In rapid
writing, the wrist follows the path of least re-
sistance and tends to slur letters at the ends of
words. Complex details in small letters become
less distinct especially if the proper formation
involves rapid changes in speed and pen direc-
tion. Fast writers tend to simplify letter forms.
Angular, complex forms which require pauses,
air movements or sudden angle changes tend to
be most deteriorated.

These modifications in writing speed have re-
sulted in legibility problems. A person writing in
cursive form can write an average of 50% faster
than someone writing in manuscript, which gives
an average speed of about four letters per second,
cursive (Wing, 1979). This increase in speed is the
chief reason for illegible writing.

Newland, in his 1932 study found that four
types of difficulties in formation of letters caused
over one-half of illegible writings: 1) failure to
close letters; 2) closing looped strokes; 3) looping
non-looped strokes; 4) using straight-up stokes
rather than rounded strokes. Writing “e” like an
“T" resulted in 15% of all illegible writings and
malformation of “I” accounted for at least 55%
of capital letter illegible letter forms. Twelve per-
cent of illegible letters involved the letter “r.” the
letters a, e, r and t together contributed to about
45% of illegible writing. Adults were found to
write three times more illegible than elementary
school children.

The net result of “cutting corners” is to devi-
ate from standard copy book form which leads to
greater individuality and variance in handwrit-
ing. Variations among different writers has led
to greater ability to discriminate between people
but has complicated attempts to develop work-
able handwriting classification systems.
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Principles of Handwriting Identification

The Daubert decision involving handwriting
comparison (U.S. v. Starzecpyzel) has brought
some of the principles of handwriting compari-
son under critical scrutiny. The two fundamental
principles brought out at the hearing were: 1) no
two people write the same way (inter-writer dif-
ferences) and 2) no person will write exactly the
same when repeating the same segment of writ-
ing (natural variation).

The first principle is difficult to evaluate un-
less one has examined many writers who have
written comparable material. The study by Har-
ris (1958) was one of the first attempts at such
an evaluation. He studied signatures from the
Los Angeles County voters Registration and not-
ed how closely people with the same last name
(Smith) wrote their signature. He found that what
one may regard as unusual letter forms appeared
in the population sample more than one might
expect, if the sample is sufficiently large. When
comparing these unusual letter forms in two
writers, their method of construction must agree
as with any other letter. Slight but persistent dif-
ferences in slant, size, shading, letter forms and
movement between two specimens of handwrit-
ing is a strong indication that they are by differ-
ent writers.

The importance of line quality should be em-
phasized. Line quality can be judged by the regu-
larity of the line of writing, smoothness of curved
letters and smoothness of transition from one
stroke to the next (Harrison, 1966). People who
write alike have a great natural potential to imi-
tate each other’s writing.

When writing between two people is com-
pared, we are relying on an evaluation of similari-
ties and dissimilarities. A questioned document
examiner notes the stroke sequence and how
the strokes are used to connect and form let-
ters. The examiner will note spacing, size, slant,
shading, speed, shape, and slope. These factors
combined provide a clue to the skill level of the
writer which is a subjective measure of the artis-
tic sense of the writer and a measure of the level
of variation in the writing and the amount of pen
control exerted. The style of the writer is a global
mixture of traits that may involve the use of capi-
tal letters, printing, cursive writing, a mixture of
printed and cursive letters, types of connecting
strokes and the manner in which letters are con-
nected (Kam, 1994).
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The questioned document examiner notes
these characteristics and makes a mental note of
total similarities and dissimilarities. Differences
can be the deciding factor despite extensive simi-
larities, especially if the differences are repeated
and basic in nature. Similarities, sometimes even
a large number, are to be expected since most
people educated in this country were taught simi-
lar copy book form.

Hilton noted in 1983, ... writing habits fall into
two general and somewhat overlapping groups—
class and individual characteristics. Class char-
acteristics...are those common to a number of
writers and may result from such influences as
the writing system studied...Individual charac-
teristics are more or less peculiar to a specific
writer...Without true individuality in personal
writing habits we must assemble a combination
of distinctive habits.” This recognition of small,
distinctive and individual traits and their combi-
nation is what is relied on by most experienced
questioned document examiners and not on the
overall pictorial appearance, as is common with
lay observers.

Brit and Mensh in their 1943 study, noted that
roughly 60% of a group of 181 college students
made some initial error in identification of their
own handwriting. The factors that they relied on
were (in order): 1) general appearance; 2) appear-
ance of certain letters and numerals; 3) pressure
of writing; 4) slant of writing; 5) size of writing; 6)
method of writing (Palmer, Spencer, etc.)

Regardless of what factors are relied on, it is the
discrete factor such as letter shape that is easi-
est to capture for purposes of classification. Clas-
sifications applied to writing may have value in
sorting through numerous submitted writings to
identify a writer and have value in the statistical
evaluation and correlation of features for further
study. Application of systematic classification
can eliminate some of the uncertainties of verbal
description and help ensure that classifications
and numerical data can be verified by other ob-
servers (Baxter, 1973).

Classification Systems

One of the first attempts to identify two writers
by statistical evaluation of similarities and dis-
similarities was a study of the Junius letters by
Charles Chabot. He reported an exhaustive study
of characteristics in a series of anonymous letters
and recognized that “It is in their cumulative ef-

fect that similarities of a common character have
weight.” He noted, for example, 13 variants of
the lower case “r” and such features as:

1. The coincidences...of numerous and
diversified formations of the letter r and of
the circumstances under which particular
formations only were employed...

2. The various modes of terminating words.

3. The mode of inserting miswritten and

omitted letters.

4. The datings and openings of letters.

Each gave a preference to r with its shoulder

to the left in all cases where it follows either

of the vowels a, ¢, I, o, or u with a strongly
marked preference after the vowel a. There
are 487 exceptions to this general rule in

1646 instances in Junius and 483 exceptions

in 1790 instances in Francis [chief suspect].

Of these exceptions, 250 in Junius and 225

in Francis occur in the final letters of words

(Chabot, 1871).

This was typical of the level of detail in the ob-
servation of writing features reported by Chabot.
He recognized basic elements of disguise in the
first series of writings and was able to tie these
early writings in with subsequent, less disguised
writings by the carryover of dominant character-
istics that were still evident.

Although not strictly relying on statistical fre-
quencies, there have been several attempts over
the years to develop handwriting classification
systems designed for the purpose of forgery and
bad check investigation. All have met with only
limited success because of natural variation in
subjective evaluation of the same characteristics
between one observer and another.

One of the first such attempts at classification
was the method proposed by Lee and Abey (1922).
They proposed a classification of cursive hand-
writing based on:

1. Form (angular, rounded, eyed).

2. Skill.

3. Connections (capitals connected, capitals

disconnected, small letters connected).

4. Shading.

5. Movement (finger, compound, forearm).

6. Embellishments.

7. Terminals (upward, horizontal,
downward).

8. Slant (less than 60 degrees, 60 to 80
degrees, more than 80 degrees).

9. Width of small letters.

10. Spacing of small letters within words.
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11. Speed as determined by the quality of the
stroke.

12. Proportion of single-space letters to
capitals (less than one-third, one-third,
more than one-third)

Using three classes within each of the major
classes gave 9, 840 divisions. This was consid-
ered adequate for a collection of 100,000 checks,
if equally divided between classes.

The difficulty in using such a classification
system becomes evident when more than one
reader/classifier attempts to input entries. The
study by Eldridge, et al., (1984) on variability of
selected features in cursive handwriting found an
average disagreement rate of about 17% in clas-
sification of handwriting characteristics between
different classifiers and a 7% disagreement rate
when the same classifier went back and reclassi-
fied his previous classifications.

Eldridge’s study looked at the six letters, d, f, h,
Kk, p, and t. He found that on any given letter and
feature combination, between 15 and 40% of the
writers employed no fixed pattern. In such cases,
a writer’s letter formation was not consistent
enough to be classified in any single category for
that feature.

Hardcastle, et al. (1986) attempted to develop
a computer-based handwriting classification sys-
tem. The first part of their classification system
relied on subjective, general features such as
slope, connections, angularity, etc. The second
part incorporated extensive subdivisions of let-
ter forms in order to maximize the individuality
of the category that the feature was assigned to.
As with similar classifications, same-writer vari-
ability was one of the most difficult problems to
contend with.

There are, however, some aspects of writing
that tend to be less variable than letter form. Wing
and Nimmo-Smith (1987) studied the height ratio
of the letter combination “el” is such words as
“bell”, “well,” etc. Even though height ratios are
based on an underlying continuum rather than a
discrete value such as letter form, the height ra-
tio of two letters often show similar ratios even
when a writer varies the absolute letter height,
width, spacing or slope.

These studies emphasize that more practical
classification systems are derived from using cat-
egories that provide the maximum distinction
between types rather than the maximum number
of categories for each letter. Systems that rely on
features which are continuously variable over a
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wide range such as the degree of letter curvature
or absolute letter height measurements should be
avoided.

There have been fewer attempts to classify
manuscript writing. Among the more notewor-
thy has been the method proposed by Livingston
(1959). He based his classification on:

1. small letter or lower-case printed forms in
half or more printed letters not counting
the first letter of each capitalized word.

2. Capital letter or upper case in more than
half of the letters.

3. Slant less than and slant greater than 65
degrees in at least three-fourths of the
letters.

4. Formation of capital A (angular top, flat,

or rounded top).

Capital E (long or short midstroke).
Capital M and W (high or low centers).
Variations of capital R, N, and lower-case
r,n, tand a.

N

Springfield Study

The field of questioned documents has long been
criticized by the courts and scientists in other
disciplines for its lack of statistical evaluation
of writing characteristics. There has been little
critical evaluation of the frequency of given char-
acteristics, the independence of writing feature
combinations or the number or type of character-
istics needed for an identification.

This study was conducted in an attempt to
determine the frequency of easily classifiable
characteristics; if there are any features that can
divide handwriting into categories; if similar cri-
teria for classification can be applied to both cur-
sive and manuscript writing; and if there is a cor-
relation between characteristics studied.

The sample consisted of handwritten and hand
printed letters addressed to the State Archives in
Springfield, IL. The letters were received between
October 1985 and October 1986.

Three hundred eighty hand printed envelopes
from 43 states and 1130 envelopes in cursive
writing from 49 states were selected. All dupli-
cate letters were culled out before the final group
was selected. In the hand printed series of 380,
one writer wrote 18 times. His letters were used
as a model on which to develop a classification
that would pick out other writers who wrote
more closely to him. The 1130 cursive written
envelopes were compared to one model which
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had been selected from a writer who had written comparison (Figure 1). It is the longest single
eleven times. word in the address and has ten different letters.

With the cursive writing samples, the word The words “Springfield” and “Archives” were
“Springfield” was chosen as the model word for selected for the hand printed samples because of

B /%W—’/“f”””(

th, kg oa . TP l|||||| ||t||||||||4|-|.|i-l'|'||'|
1 S%/%W 14 4:&1.:;%/&% (‘) | l1 |— | 2|

by =
8 20 W(
9 %;7&;7/(/@@:, 21 prgfed o8 W ?

10\5,0\4/;' el d. ZZJZP‘W‘;M 29 P %”7 /

N
\S
&?
W
O/
’%,

Figure 1. Cursive samples of “Springfield”
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the anticipated fewer characteristics in common
with the model printed in all block capitals (Fig-
ure 2). Classification was problematic. Many of
the block capitals were not directly comparable
to the lower-case letters that most other writers
used within the two words.

R SPEING FIEL NKEH Ve o
B SPieie h AbedivEs

1'Sprincbield Poch,Les
! o

2 SP””:; C"H/ Arrl‘;‘ues

The average English word length is 4.3 letters.
About two percent of English words have 11 or
more letters. The 14 letters in “Springfield Ar-
chives” accounts for about 70% of the letters of
the alphabet in common use (Hall and Hardcas-
tle, n.d.).

19 _SPriwEFla)s ARt vis
20 5Pava FLELD ALCK 1S

21 SpRINGLIELD AR cHI ves

3 Speimwa prelo Mool ver22SpameriEd by yes

4 Spr-nS-F\e_Ld_, Archives
5 SPP\“&?\&H Archioes
6 brr,ng'l'}d% Avcehives

7 Coninclitee, ﬂ/chu ves
8 S?NNGKF'\Q—\A AR ives

9 Springheld Archwves
10 s/ WéFretd Arcyives
11 _\)"-Zi"'.'* il 'ﬂ;'\ ¥ \‘\'LQ e oe
12 —e. v C F C‘éb/ preckive s
13 Spring freld dyebrives—

146 fr.‘vxff ie//{ Archie

15 s¢rin ﬁ’{‘.f,«f’lj ArChives
16 Spr\ ncﬁ\e\d' Dren ve s

17 SpriveGed Meduws

18 Sp@)uémé@ AaHES

23 SPPING Fr&ed A RCHrviEs
24 SPRINGFIELD ARCHIVES
25 SreinérieLD, ARCHIVES

26 SPLIL GETEeL LLOCu 1.6

27 S\‘/OEIA.‘EF/G’LD /?/iCl?‘/v'CAS\

28 Serimelleld Avchives
S

29 Springrell fechives

S 30 sPrmgaeceld Archives

31 -S/rnyfvdn(,/ Akoi\";'a
325PRIw G F1eCD
AR clHivErs
33 gfarxn'j 7/1)6 /c/, /4“'//“/6_'5
34 Sprn 754;, /c/,
35 cSmM 6 Figkel, Arehives
36 f/l/_:vé—/:(ﬁ.m ARchives

Figure 2. Handprinted samples of “SPRINGFIELD ARCHIVES”
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Once all duplicate envelopes had been sepa-
rated out (other than the duplicates in the mod-
els), the individual samples of “Springfield” were
cut from each envelope and pasted onto a paper-
board mount along with an identifying number
corresponding to the envelope from which it was
cut. The duplicates in the model were given a let-
ter designation. The individual entries were ar-
ranged alphabetically by state from Alabama to
Wyoming and alphabetically by city within each
state as determined by the return address, simply
for ease of classification.

I looked at the eleven models of “Springfield”
written by one person and developed a set of cri-
teria that described a feature common to at least
most of the model writings. The following twelve

a. A pen lift between the g and f.

7T 9t 77

b. Initial spike of r is higher on left shoulder.

g U s 2 A

c. Connected cursive form of capital S.

d. Loop of g longer than descender of either f
orp.

#W’j F Zpoes s/

e. Descender of f and p of nearly equal length.

ey F Lot f

f. Right hump of n higher than left hump.

AV S Al

P O S
V] "

g. Height of I less than or equal to height of d.

Lol 2K ¥t

Figure 3. Images of chosen criteria.

characteristics and their letter designations were
used for classification (Figure 3):

There were no features of the model that could
be considered rare or one of a kind. I concentrated
on discrete values such as one letter characteris-
tic being longer or higher in relation to another
rather than on absolute height. I also avoided
changes over a continuum such as letter curva-
ture or anything that required measurements
such as absolute values in slant. Ideally, features
should be chosen to give as close to a 50:50 split
as possible with half of the samples displaying
the chosen feature and half that do not. Each of
the 12 characteristics were counted among the
1130 cursive writing samples and their features
tabulated. Results are shown in Table 1:

h. Overall right-hand slant.

i. Open loop present in descender of p.

it

j. Connecting knot and spike of f in
approximate middle of letter.

¥ FF

k. Approach stroke of S equal in length to at
least % of height of letter and curved upward.

A —dp

1. Apex of r equal to or higher than top of p.

o
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Table 1. Percentage of handwriting characteristics.

Feature Number of Times Percentage of Samples
Observed With Feature
A 322 28.5
B 476 42.1
C 765 67.7
D 452 40.0
E 457 40.4
F 452 40.0
G 932 85.5
H 904 80.0
I 785 69.5
] 397 35.1
K 234 20.7
L 878 77.7
Ave. 588 52.0
Table 2 was constructed listing each of the common with the model “Springfield” was list-
1130 entries. Each feature found in an item in ed. The following results were obtained:

Table 2. Frequency of observations of common features

Features in Common Number of Times Observed
12 0
11 5
10 26
9 60
8 156
7 255
6 231
5 189
4 105
3 58
2 21

1 2
0 0
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These results when graphed gave roughly a
bell-shaped curve with seven characteristics, the
number of characteristics in common with the
greatest number of writings. This normal dis-
tribution permits the use of standard statistical
treatment to evaluate the data.

Writings were next sorted by visual inspection
and the number of features in common with the
models were counted. The average number was
eight characteristics in common. Entry number
183 had eleven characteristics in common with
the model and bears a good resemblance on vi-
sual inspection. Entry 32 shows the greatest pic-
torial similarity when picked out visually. It has

ten characteristics in common with the model
writing. These are illustrated in Figure 4:

Entries were next sorted by characteristics. A
batch of writings were sorted by looking at all
writings starting with the most frequently ap-
pearing characteristic. In the sample of cursive
writing, it was the height of the I less than or
equal to the height of the d which was present
in 85.2% of the writing. Samples sorted by this
criterion were next divided into smaller groups
by using the next most frequent criteria, overall
right-hand slant, appearing in 80.0% of the sam-
ples. This led to the following subdivisions with
letter designations from the features in common
and number of times observed as seen in Table 3:

Figure 4. Writings sorted by visual inspection and the number of features in common.

Table 3. Results of sorting criteria.

Sorting Criteria

Probability of Combination

Number of Times Frequency of Combination

Occurrence Calculation Combination Observed Occurrence
G m)l =05 932 1/1.2 (0.833)
GH (15)% = 0.25 739 1/1.5 (0.666)
GHL (153 = 0.125 563 1/2 (0.500)
GHLI (15 )% = 0.0625 404 1/2.8 (0.357)
GHLIC (15 ° = 0.0312 303 1/3.7 (0.270)
GHLICB (1510 = 0.0156 161 1/7 (0.143)
GHLICBE (1) = 0.0078 68 1/16.6 (0.060)
GHLICBED (1518 = 0.0039 35 1/32.3 (0.031)
GHLICBEDF (15)° = 0.0019 17 1/66.5 (0.015)
GHLICBEDEF] (1410 = 0.0009 8 1/141 (0.007)
GHLICBEDFJA (51 = 0.0005 1 1/1130 (0.001)

JOURNAL OF THE AMERICAN SOCIETY OF QUESTIONED DOCUMENT EXAMINERS



An Evaluation of Cursive and Hand Printing Class Characteristic Significance in Limited Collected Writing Samples

Tused characteristics which I hoped would give
a 50:50 distribution in the sample. Protocol was
developed on the assumption that in the absence
of an actual count, each characteristic ideally has
a 50% chance of being present. In fact, the av-
erage division as one adds a characteristic is to
eliminate 44% of the entries as each new feature
is added. If each factor has a probability of ¥ of
occurring, then the two factors, that are indepen-
dent of each other, have a () x (%2) = % chance of

occurring. The probability of ten factors appear-
ing together in one sample is then (14)'° or one
chance in 1024 of occurring.

Data for the 380 printed entries was captured
in much the same way. I used the words “Spring-
field” and “Archives” because I anticipated that
the printing might not be as rich in characteris-
tics as cursive. The following were selected as il-
lustrated in Figure 5:

a. All capital letters or mix of capital letters greater than % all letters.
SPRIWGFIELR ARCHIvES

b. Capital “A” pointed rather than rounded or square top.

A A

VA5 A

c. Lower loop of “S” larger than upper loop.

D a8
d. Lower cross bar or either lower case or capital “F” equal to or shorter than top cross bar.

£ F A FF

e. Equal spacing of letters within words.

bpgw\jép 'IE,:..t} /A}:’ !U';U';S

f. Predominantly vertical to slight right-hand slant.

GURINGEIELR fpCidUESS

g. Recurve in upper stroke of upper or lower case “C.”

h. Initial vertical stroke to capital “A” at least partially separate from main body.

4

/

Figure 5. Images showing handprinting characteristics.

A
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There were no features in the model that could
be considered rare or one of a kind. All letters in
the model were block capital letters which made
direct comparison to lower case letters in the in-
dividual writings difficult and limited identifica-
tion features that could be used. Discrete features
such as letter shape and stroke formation were
noted. A count of the eight features among the
380 samples were tabulated and their frequencies
calculated. The results are reported in Table 4.

Table 5 was constructed listing each of the 380
entries. Each feature found in an item in common
with the model was noted. Results are as follows:

The number of characteristics in common was
plotted against the number of specimens shar-

Table 4. Percentage of samples with observed features.

ing those characteristics. The plot gave roughly a
bell-shaped curve.

Writings were next sorted by characteristics.
A batch of writings was first sorted by looking
at all writings starting with the most common
characteristic. In this sample of hand printing it
was the predominant right-hand slant, appearing
85.5% of the samples. Samples sorted by these
criteria were then divided into smaller groups by
using the next most frequent criteria, the lower
loop of the capital “S” larger than the upper loop.
This led to the following subdivisions reported in
Table 6:

A numerical sorting scheme produced a better
match with the model than was accomplished in

Number of Times
Feature

Percentage of Samples

Observed with Feature
A 133 35.0
B 125 32.9
C 322 84.7
D 243 63.9
E 210 55.3
F 325 85.5
G 112 29.5
H 95 25.0
Ave. 195.6 51.5

Table 5. Observations of features in common.

Features in Common

Number of Times Observed

8

7

1

11

38

78

99

77

54

19
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Table 6. Number of common characteristics and frequency of combination occurrence.

Sorting Criteria Probability of Combination

Number of Times Frequency of Combination

Occurrence Combination Observed Occurrence
F )l =050 325 1/1.6 (0.625)
FC (1512 = 0.25 189 1/2 (0.500)
FCD ()3 =0.125 137 1/3 (0.333)
FCDE ()% = 0.0625 78 1/5 (0.200)
FCDEA (15 ° = 0.0312 40 1/9.5 (0.105)
FCDEAB (151° = 0.0156 13 1/29 (0.034)
FCDEABG (1 =0.0078 6 1/63 (0.016)
FCDEABGH (1518 = 0.0039 1 1/380 (0.003)

the cursive writing exercise. The printed model
had more uniform features from one duplicate to
the next.

Statistical Analysis

The next part of this study dealt with a study of
the correlation, if any, between different features.
Recent studies have looked at feature distribu-
tions but not correlation of one feature to another
(Johnson, 2017). Chi square (X?) is the simplest
statistical analysis of the frequency and indepen-
dence of joint characteristics. This kind of infor-
mation is useful to the document examiner who
does not want to spend time evaluating a feature
if it does not provide additional information, i.e.
is not an independent characteristic. On the oth-
er hand, if two features that in the population are
highly dependent diverge in both questioned and
known documents, this evidence can help pro-
vide evidence of common origin (Ansell, 1979).
Chi square is used to determine the statisti-
cal reliability of departures in the data from the
theoretical prediction based on the assumption
of independence. From the frequency value of
each characteristic as determined by an actual
sample count, the correlation between any two
features was first computed by multiplying the

two frequencies to give an expected value and
to then compare this value with the observed
value which was obtained by sorting through the
samples one more time, this time doing an actual
count of those writings that had both, one but not
the other, and neither characteristic. An example
of a chi square calculation is given below. The
example is to determine if a correlation exists be-
tween (E) descender of “f” and “p” of nearly equal
length and (G) height of “1” less than or equal to
the height of “d” and if there is a correlation be-
tween these two characteristics in the cursive
writing sample. The actual count is noted with
the expected count in parentheses.

The null hypothesis, Ho states that the propor-
tion of writings falling into each of the categories
with the noted characteristics. If the null hypoth-
esis is true, then there should be little chance of
deviation from the expected frequency which as-
sumes a correlation between the two classes of
characteristics noted. If there is a large discrep-
ancy between observed and expected frequencies,
then the chi square value will be large indicating
that it is less likely that the observed frequencies
came from the population on which the null hy-
pothesis and expected frequencies are based. In
other words, if there is a large X? then the two
characteristics are not correlated. The chi square
formula is:

Descender of “f” and “p” of equal length Other
Height of “1” less than or equal to height 373 (377) 537 (556)
Of lld”
Other 67 (8) 131 (118)
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(0-E)

2
X'=) —
L%
O = the frequencies observed

E = the frequencies expected
E = the 'sum of’

The degrees of freedom (d.f.) are the total num-
ber of categories minus one which in this case is
d.f. = 3. Chi square value at 95% confidence level
is obtained from tabulated values in any standard
statistics text (Siegel, 1988).

For d.f. = 3, a X? at the 95% significance level,
X?*(.05) = 7.82. Since the X?is less than the varia-
tion that one might expect to see by chance, there
exist a correlation between factors E and G. In
other words, long descenders in certain letters
tend to go with long ascenders in certain letters
within the same writing. Since these traits tend
to be correlated with each other, they would not
be as suitable as traits wholly independent in
identifying common writers or distinguishing be-
tween two or more writers. No correlations were
found between the following features that were
subjected to chi square calculations in the cur-
sive writing sample:

1. (A) pen lift between “g” and “f” and (C)

connected, cursive “S.”

2. (D) loop of “g” longer than loop of “d”

or “f” and (E) descender of “f” and “p” of
nearly equal length.
3. (B) initial spike of “r” is higher on the left
side and (L) apex of “r” equal or higher
than top of the “p.”

4. (H) overall right-hand slant and (I) open
loop in descender of “p.”

Table 7. Chi square analysis of features.

No correlations were found between the fol-
lowing calculated features in the hand printed
samples:

1. (B) capital “A” with single sharp angle at
apex and (H) initial stroke of “A” separate
from rest of body.

2. (A) majority of letters are capitals and (E)
equal spacing of letters.

Conclusions and Further Study

The ability to cut writing samples by roughly
half with the addition of each new characteris-
tics emphasizes the point that a combination of
features may be rare even though each of the fea-
tures making up the combination is itself com-
mon. Characteristics that I thought were unique
letter forms were found to be used by other writ-
ers. An example is the unusual capital “S” found
in cursive samples 61, 374, 464, 831, 868 and 918
(Figure 6). Hand printed samples provide just as
much individuality as cursive samples and can be
classified just as readily.

Because of the variability within the cursive
writing model, not all 12 features were found in
all 11 models. One of these models, picked at ran-
dom and placed in the pool with the other1130
samples would not necessarily have been re-
trieved by a strictly numerical count of character-
istics. Nicholson in his 1995 study of computer
retrieval systems for handwriting recommends
that at least 90% of characteristics between ques-
tioned and retrieved samples should be compa-
rable.

The results of this project suggest other possi-
ble studies. It would be desirable to see how well
other people can count the same characteristics
and to see if they can retrieve the same model
writing. However, taking counts of 12 character-

Observed (O) Expected (E) (O-Ey? (O-EP/E
373 377 16 0.04
67 80 169 2.11
537 556 36 0.65
131 118 169 1.43
2 _
Total X" =423
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61 < 374 % 464 7

-
’

_I

831868

7 918 AP

Figure 6. Illustrations of common letter formations between writers.

istics in a pool of over 1100 writers requires about
15 hours. The entire set of writings is available
and might be included as part of a training exer-
cise for beginning document examiners to rein-
force the value of combined features in discrimi-
nating between writers with similar handwriting.

Another possible project might involve a nu-
merical ranking of the writing samples. It might
be possible to rank writings from closest in ap-
pearance to the model to the least similar and
in the process formulate a ranking of opinions
from “most probable” “can be eliminated.”
Can this data be used to evaluate the concept of
partial identity? At what level do the similarities
approach those observed by chance in the gen-
eral population? What are the minimum num-
ber of features needed for a meaningful compari-
son? Should such characteristics receive equal
weight? What is the range of similarities suggest-
ing an identification, elimination or inconclusive
(Cashman, 1981)? Can a numerical system be
developed for features such as line quality? The
range of degrees of similarity to a model might be
of some assistance in defining closeness of match
using a scale of similar features (McAlexander, et
al, 1991).

Moore, in his handwriting classification sys-
tem (1945) suggested uniform vs. non- uniform
when comparing differences in pressure between
up stroke and down stroke. Further subdivision
and the attachment of numerical values to such
comparisons might be difficult.

Correlation of more of the 12 characteristics
would be another project. A two-by-two compari-
son of 12 features would involve (12 x 11)/2 or 66
comparisons.
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