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ABSTRACT: The aim of this study was to formulate, on empirical grounds, general
principles of co-occurrence of natural variants of constructional characteristics in sig-
natures. From this point of view, the randomness of co-occurrence of natural variants
of 36 constructional characteristics in signatures of women of a similar age, with simi-
lar educational background and the same surname ending was analysed. It was found
that co-occurrence of natural variants was not random in only 22.2% of analysed pairs
of characteristics. In 15.6% of analysed pairs, natural variants co-occurred more fre-
quently than randomly and in 6.6% of analysed pairs, less frequently than randomly.
More frequent than random co-occurrence was four times less frequent in cases of
pairs of features of different letters than pairs of features of the same letters. It was
also less frequent among pairs of basic level characteristics than among pairs of
macrostructural level characteristics and among pairs of connection characteristics
than among pairs of stroke construction characteristics. Based upon the above results,
two general laws of natural variants co-occurrence in handwriting were proposed. The
significance of these results for comparative handwriting analysis was discussed.
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INTRODUCTION

In the criminalistic literature, it has been pointed out many times that
inferring about heterogeneity in comparative expert studies of handwriting
is highly subjective [4, 6, 7]. This subjectivity stems mainly from a lack of an
objective method of appraisal of discrepancies observed by experts during
comparative studies. In the opinion of this author, a method of calculating
the so-called probability of random inconsistency makes possible a partially
objective appraisal. A full description of this method was published ear-
lier [7]. In order to shed light on the premises that formed the basis of the
present research, an abridged description has been presented below, pre-
ceded by an explanation of the basic concepts in this paper.
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The variability of handwriting features is the occurrence of different val-
ues of handwriting features in different samples. This variability is divided
into interindividual variation (the occurrence of different values of hand-
writing features in samples taken from different people) and intraindividual
variation (the occurrence of different handwriting features in samples taken
from the same person). The present work concerns intraindividual varia-
tion, so only concepts connected with this will be explained. A concept with
fundamental significance is a “change (variant) in a handwriting feature”.
In this paper, a change (variant) in a handwriting feature refers to such
a value of an examined feature that constitutes a deviation from the fixed
value in a person’s handwriting. One can talk about a variant in a handwrit-
ing feature only when one possesses a sufficiently large number of samples
of handwriting. Only in this situation is it possible to reliably determine
which value of an examined feature is a stable one and, as a consequence,
which value (or values) constitute changes in the handwriting feature.

Changes in handwriting features — and in consequence intraindividual
variation of handwriting features — may be divided into intentional and un-
intentional changes [8, 9]. An intentional change is one where a writer inten-
tionally introduces into a current writing sample a value of a feature that is
a deviation from the fixed value. An unintentional change, on the other
hand, is such a change which occurs in a current handwriting sample despite
a lack of intention on the part of the writer to change the given feature.

Unintended changes in handwriting features — and as a result unin-
tended instability of handwriting features — may be divided into natural
and unnatural changes [8, 9]. An unnatural change is an unintentional
change caused by executing a handwriting sample in a situation that is un-
natural for some reason. It should be pointed out here that the unnatural-
ness of a writing situation (understood broadly) is caused by each element of
that situation which both significantly influences the writing activity and
differs from the typical conditions under which the (writing) person learned
writing. (An example of such an element may be enforced hurry when writ-
ing a sample, or untypical position when writing, e.g. writing when standing
at the post office counter, which is an untypical position for most people).
A natural change, in turn, is an unintentional change resulting from the na-
ture of writing itself. Natural changes — by their essence —appear in all writ-
ing samples, including those that have been executed in a natural situation
of writing. In such research as described here, one should thus eliminate un-
natural elements of a writing situation in order to obtain writing samples
containing only natural changes. Bearing this in mind, for the purpose of the
present research it was decided to collect comparative material in such cir-
cumstances, in which writers usually learn writing (for the vast majority of
people this is a sitting position at a table, with undisturbed functioning of
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the nervous and motor systems etc.). For full clarity, a classification of vari-
ability of handwriting features is schematically presented in Figure 1.

VARIABILITY OF HANDWRITING
FEATURES

INTERINDIVIDUAL INTRAINDIVIDUAL
VARIABILITY VARIABILITY

I I
UNINTENTIONAL INTENTIONAL
VARIABILITY VARIABILITY
(UNINTENTIONAL CHANGES) (INTENTIONAL CHANGES)

UNNATURAL NATURAL
VARIABILITY VARIABILITY
(UNNATURAL CHANGES) (NATURAL CHANGES)

Fig. 1. Variability of handwriting features (types of variability studied in the present
research are printed in bold).

The probability of random inconsistency — also defined as the probability
of unintended inconsistency — is the probability of a situation where a given
set of instabilities occurs as a result of unintentional variability of the ques-
tioned material'. This probability is calculated on the hypothetical assump-
tion that the executor of the questioned and comparative material is the
same person, and the observed discrepancies are a consequence of uninten-
tional variability of the questioned material. Knowing the value of this prob-
ability enables us to objectively assess the observed discrepancies from the
perspective of unintended changes in features in which these discrepancies
were ascertained. A method of calculating this probability uses the instabil-
ity of a handwriting feature — the unintended variability of handwriting in-
dex. This index is defined as the frequency of occurrence of feature values
different than the modal value (fixed standard) in the analysed collection of
handwriting samples (in practice — a collection of comparative samples). The
modal value, on the other hand, is defined as the value occurring most fre-
quently in the analysed collection.

The method of calculating the probability of random inconsistency is
two-stage. In the first stage one calculates the instability of those features

1 It should be stressed that probability of random inconsistency enables an assessment of dis-
crepancies only from the perspective of unintentional variability of features in which the dis-
crepancies were observed. This value is not used for assessment of discrepancies in intended
changes.
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for which a discrepancy was observed. For a particular feature this is based
on determination of the number of specimens of comparative material which
have a different value for the given feature than the fixed value, and then di-
viding this number by the total number of all specimens. Instability deter-
mined in this way corresponds to the probability of occurrence of a discrep-
ancy in the considered feature as a result of an unintended change in the
questioned material. The second stage consists in calculating the probabil-
ity of an unintended discrepancy. In order to do that, one should first answer
whether instabilities of features determined in the previous stage are inde-
pendent of one another. If the answer is positive, to obtain the probability of
random inconsistency, it is sufficient to multiply the obtained instabilities.
If the answer is negative, it is necessary to use some other method of calcu-
lating the searched probability, for example, by taking into consideration
only some instabilities in calculations.

From the perspective of practical application of the described method the
problem of independence of instability of handwriting features thus be-
comes critically important. In the presented approach, the instability of
a handwriting feature is a measure of frequency of occurrence of unintended
changes of the given feature in the handwriting of the studied person. As
a consequence, the unintended changes influence the value of instability.
The problem of independence of instabilities of handwriting features may
thus be reduced to a problem of independence of occurrence of unintended
changes in handwriting. Bearing this in mind, the issue of independence of
instabilities was formulated into a question: do unintentional changes of
handwriting characteristics co-occur randomly — namely independently of
each other, or not randomly — namely dependently? The presented research
1s an attempt to find a partial answer to the question posed above.

To the best of the author’s knowledge, until now there has been no sys-
tematic research on co-occurrence of unintentional changes of handwriting
features. Only co-variance of some measurable features has been studied
[2, 3], and also the dependence between values (variants) of some construc-
tional features [1]. Hence, the present survey is the first attempt to examine
systematically the randomness of co-occurrence of unintended changes in
handwriting. In this research, only the co-occurrence of natural changes was
analysed, and the problem of randomness of co-occurrence of unnatural
changes left unsolved. Furthermore, the co-occurrence of natural changes of
only selected constructional features was studied, and, moreover, only the
signatures of young, educated women were examined.
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MATERIAL AND METHODS

Examined persons

18 female students took part in the research (age: 21-27, average age:
22.2). The criterion of selection of examined persons was their surname end-
ing, which had to be made up of the letter set “wska” (9 persons) or “ska”
(9 persons).

Examined material

Full signatures (name and surname) were examined, signed with a writ-
ing instrument owned by the examined person sitting at a table, on a dotted
line on the right hand side of a smooth A5 sheet of paper under the following
statement: “I hereby certify my attendance at criminalistics lectures”.
45 signatures by each participant were analysed (in three cases, 40 signa-
tures, in one, 43), signed 5 at once, at weekly intervals or longer, for a dura-
tion of 15 weeks. Thus, in the case of each participant a set of signatures con-
sisting of 9 (or 8) sub-sets, comprising 5 signatures each, was analysed. If the
possibility of occurrence of a factor causing unnatural changes of handwrit-
ing was ascertained, the sample was excluded from further analysis.

Analysed features

Natural changes of 36 constructional features of letter sets “wska” and
“ska” were analysed. In Table I, names of examined features are listed. A de-
tailed description of these features is included in my previous work [8].

Method of examination

Each of 45 signatures making up a collection of signatures of an exam-
ined person was subjected to features’ analysis (all suitable features in a cat-
alogue were classified into an appropriate value). Then, for each person and
for each feature a modal value was determined (this is the value which is
most frequently present in the analysed set, i.e. the modal value of the ana-
lysed set). The number 1 was assigned to this value. Thus, number 1 signi-
fies that the considered sample is characterised by a lack of natural change
in the analysed feature. The number 0 was assigned to other values (namely
values other than the modal value). The number 0 is thus equivalent to the
statement that the considered sample is characterised by occurrence of
a natural change in the analysed feature. In this way, a research sheet was
drawn up for each person, with numbers 1 (lack of a change) and O (presence
of a change) assigned to particular features, and placed in columns.
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TABLE I. EXAMINED CONSTRUCTIONAL FEATURES OF LETTER SETS “WSKA” AND

“QKA”
No. Letter Feature
2. Number of half-bodies
3. Proportion of half-bodies along the horizontal axis
4. w First half-body type
5. Type of connection between half-bodies
6. Second half-body type
7. Occurrence of binding of the letter “...s”
8. Number of half-bodies
9. Proportion of half-bodies along the vertical axis
10. s Type of upper half-body
11. Type of lower half-body
12. Type of connection of the body with “sk” binding
13. Occurrence of “sk” binding
14. Type of “sk” binding
15. Type of connection of “sk” binding with the “k” stem
16. Type of stem
17. Occurrence of a finishing stroke of the stem
18. Type of finishing stroke of the stem
19. Type of connection of the stem with the finishing stroke of the stem
2. Type of connection of the finishir.lg stroke of the stem with the body
k line
21. The place of intersection between the body and the stem
22. Type of upper half-body
23. Type of connection between half-bodies
24, Type of lower half-body
25. Type of connection of the body with “ka” binding
26. Type of connection of the body with the “a” oval
27. Occurrence of “ka” binding
28. Type of “ka” binding
29. Type of connection between “ka” binding and oval
30. The place of initiation of the oval
31. Type of oval
32. Type of connection between oval and stem
33. a Occurrence of a stem
34. Type of stem
35. Type of finishing stroke
36. Type of connection between the stem and the finishing stroke
37. Type of connection between the oval and the finishing stroke

The next stage was creation of a collective sheet by joining together the
sheets of all 18 persons. After creation of the collective sheet, partial analy-
sis was begun. In the case of each partial analysis, first of all a pair of fea-
tures was chosen, for which co-occurrence of natural changes was studied
(features x and y). After that, the partial zero hypothesis was verified using
the y” Pearson test, and the hypothesis in every instance indicated that nat-
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ural changes of feature x co-occur randomly with natural changes of fea-
ture y. For every pair of features, a bipartite table was thus created, showing
the observed frequencies of co-occurrence of natural changes of analysed
characteristics. On the basis of observed frequencies, expected frequencies
were calculated, namely frequencies which should occur in random co-occur-
rence of natural changes of analysed features. Next, the value of y* was calcu-
lated, and then compared with the critical value (for number of degrees of
freedom df =1 and level of significance 0.05, this equals 3.841 [5]). As a con-
sequence of this comparison, a decision was made whether to reject or accept
the zero hypothesis. In cases where the obtained * value was equal to or bigger than the
above mentioned critical value, the hypothesis was rejected. And when the obtained
y* value was lower than the critical value, the hypothesis was accepted.

Furthermore, for every pair of features the value of ¢ Yule’s coefficient
was calculated, which, as a measure of correlation of nominal variables in
a bipartite table, enables assessment of both the kind and the strength of the
relationship between variables [10]. Its value may vary from -1 to 1
(0 means a lack of relation between variables; —1 and 1 mean a negative and
positive ideal relationship respectively) [10].

RESULTS

Among 630 pairs of features, it was possible to study the randomness of
co-occurrence of natural changes in 572 pairs. In the case of the remaining
58 pairs, this could not be achieved either because creation of a bipartite ta-
ble with observed frequencies was impossible, or because of too low values of
expected frequencies.

Out of the total number of 572 pairs of features, in 127 cases the obtained
v* value exceeded the critical value. In other words, in the case of 127 pairs of
features (out of 572 analysed pairs), the hypothesis of random co-occurrence
of natural changes was rejected (which was equivalent to acceptance of the
hypothesis that these changes co-occur more frequently or more rarely than
randomly). These (non-randomly co-occurring) pairs are presented in Ta-
bleII. In Tables III and IV, numbers of pairs with non-random co-occurrence
of natural changes in particular categories are compared. In Table III, those
pairs which are composed of at least one feature relating only to a binding
were not taken into consideration — for reasons given later.
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TABLE II. PAIRS OF FEATURES WITH NON-RANDOM CO-OCCURRENCE OF NATU-

RAL CHANGES
No. Analysed pair of features; category of pair is in brackets Value of i Value of ¢
1 Type of connection of half-bodies of the letter “k” x place of 3.93 0.073
) initiation of oval of the letter “a” (RLZM) ) )
2. Type of “ka” binding x type of oval “a” (GG) 3.98 -0.109
Type of upper half-body of the letter “k” x type of binding of
3. the letter set “sk” (GG) 4.03 0.125
Type of lower half-body of the letter “s” x occurrence of the
4. L 4.12 072
“ka” binding (GM) 0.07
Type of “k” stem x type of finishing stroke of the letter “a”
5. (RLGG) 4.15 -0.073
Type of lower half-body of the letter “s” x occurrence of the
. R 4.21 —0.
6 “sk” binding (GM) 0.073
Type of connection of the “k” body with the “a” oval x occur-
7. rence of “sk” binding (ZM) 4.22 ~0.121
3 Type of connection of the “a” stem with the finishing stroke x 441 0151
) occurrence of the “ka” binding (ZM) ) )
Proportion of half-bodies of the letter “w” along the horizon-
9. tal axis x type of connection of “ka” binding with “a” oval 4.48 0.171
(RLMZ)
Type of lower half-body of the letter “s” x type of finishing
10. stroke of the letter “a” (RLGG) 4.66 0.077
1 Type of connection between half-bodies of the letter “k” x 470 0.131
) type of connection of “k” body with “ka” binding (SLZZ) ) )
19, Proportion of hglf—bodles of the le‘:ctfr w” along the horizon- 471 0131
tal axis x occurrence of “a” stem (RLMM)
Type of upper half-body of the letter “k” x type of “a” stem
13. 4.74 —0.14
3 (RLGG) 7 0.140
Number of half-bodies of the letter “s” x place of initiation of
14 “a” oval (RLMM) 4.7 0.078
Type of the first half-body in the letter “w” x type of upper
15. half-body of the letter “s” (RLGG) 478 —0-127
Type of connection of the “s” body with “sk” binding x type of .
16. “ka” binding (2G) .78 0-299
17 Number of half-bodies of the letter “s” x type of “sk” binding 478 0127
MG)
Type of lower half-body of the letter “s” x type of lower
18- half-body of the letter “k” (RLGG) 479 0.080
Proportion of half-bodies of the letter “s” along the vertical
19. axis x occurrence of “ka” binding (MM) 4.81 0.092
Proportion of half-bodies of the letter “s” along the vertical
20. axis x type of oval “a” binding with the finishing stroke 4.82 -0.120
(RLMZ)
Type of connection between half-bodies of the letter “w” x
21. type of connection of the “k” stem with the finishing stroke of 4.87 —0.152
the stem (RLZZ)
Type of connection of the “k” stem with the finishing stroke
22. of the stem x type of connection of the oval with “a” stem 4.87 -0.213
(RLZZ)
93 Proportion of half-bodies of the letter “w” along the horizon- 488 ~0.1922
i tal axis x number of half-bodies of the letter “s” (RLMM) ) )
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No. Analysed pair of features; category of pair is in brackets Value of y* Value of ¢
Number of half-bodies of the letter “s” x type of “a” stem
24. (RLMG) 4.89 —0.140
Type of lower half-body of the letter “k” x place of initiation
2. of the “a” oval (RLGM) 4.90 0.081
Type of lower half-body of the letter “s” x place of initiation
26. of “a” oval (RLGM) 5.03 0.080
Proportion of half-bodies of the letter “w” along the horizon-
27. tal axis x type of connection of the finishing stroke of the “k” 5.05 0.191
stem with the line of the body (RLMZ)
98 Number of half-bodies of the letter “s” x type of connection of 5.13 _0.144
) the “a” stem with the finishing stroke (RLMZ) ) )
Place of intersection of the body with the “k” stem x type of
29. % stem (SLMG) 5.15 0.082
Type of finishing stroke of the “k” stem x place of initiation
30. of the “a” oval (RLGM) 519 0.106
Type of connection of half-bodies of the letter “k” x type of
31. connection of “k” stem with the finishing stroke of the stem 5.33 0.113
(SLZZ)
Type of connection of the oval with the “a” stem x occurrence
32. of “a” stem (SLZM) 5.37 0.169
Type of connection of half-bodies of the letter “w” x type of
33. upper half-body of the letter “k” (RLZG) 5.48 -0.122
Type of “a” oval x type of finishing stroke of the letter “a”
34. SLGG) 5.59 0.085
Type of upper half-body of the letter “k” x place of initiation
35. of the “a” oval (RLGM) 5.61 0.087
36. Type of “k” stem x occurrence of the “a” stem (RLGM) 5.62 —0.084
Type of finishing stroke of the “k” stem x occurrence of the
37. “ka” binding (GM) 5.62 0.119
38, Type of lower half-body of the letter “k” x type of “ka” bind- 5.67 0.131
ing (GG)
39 Type of connection of the “s” body with the “sk” binding x 5.78 -0.140
i number of half-bodies of the letter “s” (SLZM) i )
40. Type of first half-body of .the lettfr” w” x place of intersection 5.79 0.120
of the body with the “k” stem (RLGM)
a1 Type of lower half-body of the letter “k” x type of connection 5.80 0155
i of the “a” stem with the finishing stroke (RLGZ) i )
Type of connection of the “k” stem with the finishing stroke
42. of the stem x type of “ka” binding (ZG) 591 —0.215
Type of connection of half-bodies of the letter “w” x type of
43. second half-body of the letter “w” (SLZG) 6.01 —0.127
Type of upper half-body of the letter “s” x number of
4. half-bodies of the letter “s” (SLGM) 6.19 ~0.103
Type of “k” stem x type of connection of the “k” body with the
45. “a” oval (SLGZ) 6.24 0.147
Type of connection of the “ka” binding with the “a” oval x
46. type of connection of the “a” oval with the finishing stroke 6.52 0.178
(SLZZ)
a7 Proportion of.half»bothes of t}‘l‘e lt’e’tt(.er s along the vertical 6.80 0.109
axis x presence of “...s” binding (mm)
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finishing stroke (RLGZ)

No. Analysed pair of features; category of pair is in brackets Value of 1* Value of ¢
Type of connection between half-bodies of the letter “w” x
48. type of connection between half-bodies of the letter “k” 6.85 -0.136
(RLZZ)
Type of second half-body of the letter “w” x type of the “k”
49. stem (RLGG) 6.88 —0.136
50 Proportion of half-bodies of the letter “s” along the vertical 6.98 0111
) axis x type of upper half-body of the letter “k” (RLMG) ) )
Type of connection of “sk” binding with “k” stem x type of “a”
51. oval (RLZG) 6.91 0.154
59 Proportion of half-bodies of the letter “w” along the horizon- 701 0.146
) tal axis x place of initiation of the “a” oval (RLMM) ) )
53, Type of conne'ct'lon' of the oval with Eh’e,: a” stem x presence of 709 0177
the finishing stroke of the “k” stem (RLZM)
Type of connection of the “k” stem with the finishing stroke
4. 2 —0.24
5 of the stem x type of “a” stem (RLZG) 7.23 0.243
Type of lower half-body of the letter “k” x type of finishing
55. stroke of the letter “a” (RLGG) 7.29 0.099
Type of upper half-body of the letter “s” x type of “a” stem
. 41 192
56 RLGG) 7 0.19
Type of upper half-body of the letter “k” x presence of “ka”
57. binding (GM) 7.50 0.101
Type of second half-body of the letter “w” x type of upper
o8 half-body of the letter “k” (RLGG) 751 0.143
Type of connection of the letter set “ka” x presence of the fin-
59. ishing stroke of the “k” stem (GM) 7.63 ~0.152
Type of connection of the body of the letter “s” with the “sk”
60. binding x presence of “sk” binding (ZM) 772 ~0.161
Type of lower half-body of the letter “k” x presence of “a”
61. stom (RLCM) 7.94 0.103
Type of first half-body of the letter “w” x number of half-bod-
62. ies of the letter “s” (RLGM) 7.99 —0-141
63 Place of intersection of the body with the “k” stem x type of 8.99 0.136
i connection of the “k” stem with the finishing stroke (SLMZ) i )
Type of connection of half-bodies of the letter “k” x presence
64. of the “a” stem (RLZM) 8.31 0.106
65. Type of connection of the sli b)l’nd'mg. with the “k” stem x 834 0182
presence of the “...s” binding (zm)
Type of connection of oval “a” with the finishing stroke x
66. presence of “ka” binding (ZM) 8.37 0.134
Number of half-bodies of the letter “s” x type of connection of
67. the letter “k” with the “a” oval (RLMZ) 8.43 —0171
Type of second half-body of the letter “w” x number of
68. half-bodies of the letter “w” (SLGM) 8.57 —0.164
Place of intersection of the body with the “k” stem x presence
69. of “a” stem (RLMM) 8.80 0.107
Proportion of half-bodies of the letter “w” along the horizon-
70. tal axis x type of “ka” binding (MG) 9.00 0.242
7 Proportion of half-bodies of the letter “w” along the horizon- 9.04 0.167
i tal axis x type of finishing stroke of the letter “a” (RLMG) ) )
79. Type of “k” stem x type of connection of the “a” stem with the 913 20.192
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No. Analysed pair of features; category of pair is in brackets Value of y* Value of ¢
Type of connection of the “a” oval with the finishing stroke x
73 presence of the “sk” binding (ZM) 9-15 0.140
Type of upper half-body of the letter “k” x type of finishing
o stroke of the “k” stem (SLGG) 923 0-149
75, Type of second half—body'of t‘he letter “w” x presence of “...s 9.39 20.169
binding (gm)
Type of “k” stem x type of connection of the “k” stem with the
76 finishing stroke of the stem (SLGZ) 936 0-141
77 Proportion of half-bodies of the letter “s” along the vertical 961 0129
) axis x type of lower half-body of the letter “s” (SLMG) i )
Type of connection of the “k” stem with the finishing stroke
78. of the stem x type of connection of the finishing stroke of the 9.61 0.171
“k” stem with the line of the body (SLZZ)
79 Type of connection of half-bodies of the letter “w” x presence 9.87 -0.163
) of the finishing stroke of the “k” stem (RLZM) ) )
Type of connection of the “sk” binding with the “k” stem x oc-
80. currence of the “sk” binding (ZM) 9.96 0.183
81 Type of lower half-body of the letter “k” x type of connection 10.19 0.154
i of the “k” stem with the finishing stroke of the stem (SLGZ) ! )
Type of lower half-body of the letter “s” x type of connection
82 of half-bodies of the letter “k” (RLGZ) 10-21 0-118
33 PI‘Op.OI'tIOH of half-bodies of the letter “s alon:g fhe vertical 10.26 0.134
axis x type of upper half-body of the letter “s” (SLMG)
Proportion of half-bodies of the letter “w” along the horizon-
84. tal axis x occurrence of the “sk” binding (MM) 1047 0-179
Type of second half-body of the letter “w” x occurrence of the
85. “sk” binding (GM) 10.69 0.169
Type of connection of half-bodies of the letter “w” x type of
86. connection of the body of the letter “s” with the “sk” binding 11.11 0.314
(RLZZ)
Type of the upper half-body of the letter “k” x type of connec-
87. tion of the finishing stroke of the “k” stem with the body line 11.57 0.189
(SLGZ)
88 Type of “ka” binding x ‘pr‘i (?,f connection of the “ka” binding 12.14 0.192
with “a” oval (GZ)
Type of the upper half-body of the letter “k” x type of connec-
89. tion of the body of the letter “k” with the “ka” binding 12.19 0.192
(SLGZ)
Type of connection of half-bodies of the letter “k” x occur-
. L 12. 131
9% rence of the “ka” binding (ZM) 68 0.13
Type of connection of the oval with the “a” stem x type of fin-
91 ishing stroke of the letter “a” (SLZG) 12.87 0.240
99, Occurrence of the “sk’ b1gd1ng x occurrence of the “ka” bind- 12.95 0.128
ing (MM)
93, Place of 1ntersec't1'on .of the body with the k“ s’tysem X oceur- 13.35 0132
rence of the finishing stroke of the letter “k” (SLMM)
Type of connection of the “k” stem with the finishing stroke
94. of the stem x type of connection of the “a” stem with the fin- 13.52 -0.333
ishing stroke (RLZZ)
95, Type of connection of the oval with the “a” stem x type of 14.16 0951

connection of the “a” stem with the finishing stroke (SLZZ)
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rence of “ka” binding (MM)

No. Analysed pair of features; category of pair is in brackets Value of y* Value of ¢
Proportion of half-bodies of the letter “w” along the horizon-
96. tal axis x type of connection of the “k” stem with the finish- 14.40 0.293
ing stroke of the stem (RLMZ)
Type of upper half-body of the letter “k” x occurrence of the
7. finishing stroke of the “k” stem (SLGM) 14.42 0.140
98. Type of “ka” binding x place of initiation of “a” oval (GM) 14.87 0.223
Type of second half-body of the letter “w” X number of
99. half-bodies of the letter “s” (RLGM) 14.96 -0.200
Type of upper half-body of the letter “k” X type of lower
100. half-body of the letter “k” (SLGG) 15.57 0-145
101, Type of finishing str‘(‘)ke”of-the. k” stem X occurrence of the 15.99 0197
ws” binding (GM)
Type of finishing stroke of the “k” stem X type of connection
102. of the oval with the “a” stem (RLGZ) 16.19 -0.389
Type of connection of the half-bodies of the letter “w” X oc-
108. currence of the “sk” binding (ZM) 16.60 -0.211
104. Type of “ka” binding X occurrence of “sk” binding (GM) 16.62 0.237
105. Type of lower half-body (?f t}.le letter “k” x occurrence of “ka 18.61 0.158
binding (GM)
Place of intersection of the body with the “k” stem X occur-
106. rence of the “sk” binding (MM) 18.87 0.157
Type of upper half-body of the letter “s” X type of upper
107. half-body of the letter “k” (RLGG) 19.07 0185
Type of first half-body of the letter “w” X type of second
108. half-body of the letter “w” (SLGG) 21.28 0239
Type of finishing stroke of the “k” stem X type of connection
109. of the finishing stroke of the “k” stem with the body line 23.94 0.270
(SLGZ)
Type of connection of the body of the letter “s” with the “sk”

110. binding X type of lower half-body of the letter “s” (SLZG) 24.32 0.286
111 Type of upper half-body of the letter “k” X type of connection 24.66 0.943
i of the “k” stem with the finishing stroke of the stem (SLGZ) : )

Place of intersection of the body with the “k” stem X type of
112 upper half-body of the letter “k” (SLMG) 2178 0-194
Type of second half-body of the letter “w” X type of connec-
113. tion of half-bodies of the letter “k” (RLGZ) 21.85 0-275
Type of connection of the oval with the “a” stem X type of “a”
114. stem (SLZG) 29.15 0.358
Type of connection of the “k” stem with the finishing stroke
115. of the stem x occurrence of the finishing stroke of the “k” 29.59 0.264
stem (SLZM)
Type of connection of the “s” body with the “sk” binding X
116. type of “sk” binding (ZG) 34.40 0.340
Type of “a” stem X type of finishing stroke of the letter “a”
117. (SLGG) 35.50 0.379
Type of finishing stroke of the “k” stem X type of connection
118. of the “k” stem with the finishing stroke of the stem (SLGZ) 36.60 0.280
Type of finishing stroke of the letter “a” X type of connection
119. of the “a” stem with the finishing stroke (SLGZ) 40.15 0.403
120. Place of intersection of the body with the “k” stem X occur- 49.38 0.953
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No. Analysed pair of features; category of pair is in brackets Value of y* Value of ¢
|| T e i sl el | | o
s, | P intrton e b it K 0l | o | oo
123. Type of “ka” binding X occurrence of the “ka” binding (GM) 54.94 0.426
| P it ke by v e W sem et | s | oo
195. Type of finishing stro};(i (;i(;cille(lseitéllfw“)a” x occurrence of the 76.95 0.3924
196. Type of “a” stem X ;iiﬁz}i)ifncgogai(lz&t:}réﬁgt;)e “a” stem with the 97.43 0.628
i, | ot b bt bl W | s | o

RL —pair created by features of different letters; SL— pair created by features of the same letter;
M —feature at macrostructural level; G — feature of construction of the finishing stroke; Z — con-
nection feature.

TABLE III. CASES OF NON-RANDOM CO-OCCURRENCE OF NATURAL CHANGES IN
PARTICULAR CATEGORIES OF PAIRS

Number of pairs with non-random co-occurrence
Category of pair Total number of pairs of natural changes
Negative value of ¢ Positive value of ¢

RLMM 19 2 3
RLGG 44 5 5
RLZZ 37 4 1
RLMG (RLGM) 64 4 8
RLMZ (RLZM) 59 5 5
RLGZ (RLZG) 86 4 4
SLMM 4 0 1
SLGG 11 0 5
SLZZ 17 0 5
SLMG (SLGM) 19 2 7
SLMZ (SLZM) 24 1 4
SLGZ (SLZG) 41 2 14

Pairs created by at least one feature relating only to a binding were not taken into consideration
in the table; RL—pair created by features of different letters; SL—pair created by features of the
same letter; M —feature at macrostructural level; G — feature of construction of stroke; Z — con-
nection feature.
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TABLE IV. CASES OF NON-RANDOM CO-OCCURRENCE OF NATURAL CHANGES IN
PAIRS IN WHICH FEATURES AT BASIC LEVEL ARE PRESENT

Number of pairs with non-random co-occurrence
Category of pair Total number of pairs of natural changes
Negative value of ¢ Positive value of ¢
GG 76 6 12
MG (GM) 134 9 26
77 54 4 6
MZ (ZM) 115 9 15

M —feature at macrostructural level; G —feature of construction of stroke; Z —feature of connection.

DISCUSSION

In the presented research in the case of 127 pairs out of 572 examined
pairs (22.2%), a non-random co-occurrence of natural changes of features
constituting a pair was ascertained. This allows us to formulate the general
conclusion that non-randomness of co-occurrence of changes in construc-
tional features in signatures is a rare phenomenon, relevant only to some
pairs. Among the 127 pairs, in 38 cases (6.6% of the examined pairs) the
value of the ¢ coefficient was negative, and in 89 (15.6% of the examined
pairs) it was positive. A negative value of the ¢ coefficient indicates that the
co-occurrence of natural changes of features constituting a pair is signifi-
cantly rarer than random, and a positive value indicates that co-occurrence
is significantly more frequent than random.

Among 89 pairs with a positive value of the ¢ coefficient, 79 cases of weak
relationships were observed (¢ from 0 to 0.300), 9 cases of relationships with
a medium strength (¢ from 0.301 to 0.500), 1 case of a strong relationship
(¢ from 0.501 to 0.700) and no cases with a very strong relationship
(¢ greater than 0.700). One can conclude that in the case of co-occurrence
that is significantly more frequent than random, the relationship between
natural changes of constructional features in signatures in the overwhelm-
ing majority of cases is characterised by weak strength.

Among pairs with non-random co-occurrence of natural changes, 50 pairs
created by constructional features of different letters (denoted as RL) were
noted, including 26 pairs with a positive value of ¢ coefficient and 24 pairs
with a negative value of the ¢ coefficient’. The total number of RL amounted

2 Pairs created by at least one feature related only to a binding (namely type of binding and oc-
currence of binding) were excluded from this analysis. This was done because bindings are
not letters nor elements corresponding to letters, and because of that classification of a pair
as RL or SL, which encompass the feature of binding, would be somewhat artificial and, what
is even more important, sometimes arbitrary.
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to 309. These 50 pairs thus constituted 16.2% of the total number of RL pairs
(26 pairs with a positive value of the ¢ coefficient constitute 8.4% of the total
number of RL pairs, and 24 pairs with a negative value of the ¢ coefficient
constitute 7.8% of the total number of RL).

In the case of pairs created by constructional features of the same letter
(denoted as SL), in 41 cases a y* value exceeding the critical one was ob-
served, and among them in 36 cases a positive value of ¢ was observed, and
in 5 cases —a negative value. The total number of S amounted to 116. These
41 pairs thus constitute 35.3% of the total SL number (36 pairs with a posi-
tive value of ¢ coefficient constitute 31% of the total SL number, and 5 pairs
with a negative value of ¢ coefficient — 4.3% of the total SL number).

The difference between RL and SL thus stems from the difference between
number of pairs with a positive value of ¢ coefficient, namely pairs, for which
a significantly higher than random co-occurrence of natural changes of fea-
tures constituting a pair was observed. For SL, these pairs constitute 31% of
the total SL number, for RL, 8.4% of the total RL number. The indicated dif-
ference allows us to formulate a detailed statement on the non-randomness of
co-occurrence of natural changes in constructional features of handwriting. It
states that significantly more frequent than random co-occurrence of natural
constructional changes of handwriting occurs almost 4 times more rarely in
the case of features of different letters than in the case of features of the same
letter. This statement leads to a proposal for a first general law governing
co-occurrence of natural changes in handwriting, in accordance with which
decreasing of the distance between elements of handwriting is accompanied
by a growth in probability of a more frequent than random co-occurrence of
natural changes of these elements. A closer analysis of this law and further at-
tempts at its falsification will, however, have to be put aside for now.

At this point, however, the rarity of non-random co-occurrence of natural
changes among RL should be emphasised. Such co-occurrence was observed
only in 16.2% of cases (50 cases out of a total number of 309 RL). Further-
more, among these 50 cases, none had a strong or very strong relationship,
and only in 3 cases was an average strength observed (in the other 47 cases,
the relationship was weak). The above allows us to conclude that natural
changes in constructional features of different letters very rarely co-occur
non randomly, and if they do occur, then the relationship between them is
characterised by weak strength. This inclines towards formulation of a sta-
tement —important in expert work —on the independence of natural changes
of constructional features in different letters, in accordance with which
these changes occur randomly. As a consequence, in the case of a collection
of samples of natural instabilities determined for constructional features of
various letters, they may be treated as indicators that are independent
of one another. It should be emphasised that results obtained from the pres-
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ent research only authorise formulation of a theorem on the independence of
natural constructional changes of various letters. The issue of independence
of unnatural changes of the indicated features still remains unsolved.

A closer analysis of Table III allows one to draw the conclusion that sig-
nificantly more frequent than random co-occurrence of natural changes ap-
pears almost two times more rarely for RL created by features at the basic
level (denoted as RLPP) than for RL which contain at least one feature at the
macrostructural level (denoted as RLPM). Among RLPP, 10 such cases were
observed, which constitutes a 6% frequency out of the total number of
167 RLPP. On the other hand, among RLPM, 16 cases were observed, which
gives an 11.3% frequency out of a total number of 142 RLPM. The above dif-
ference allows one to assert that natural changes of features at the macro-
structural level co-occur more often with changes in constructional features
of other letters than natural changes of features at the basic level. This al-
lows formulation of a second general law on co-occurrence of natural
changes in handwriting, which states that the higher the level of construc-
tion to which the natural change relates, the higher the probability of its
co-occurrence with other natural changes. However, this law requires fur-
ther falsification, as attested by the fact that in the present survey there was
no such difference for SL as the one described above for RL. Among SL cre-
ated by features at the basic level (denoted as SLPP), 24 cases of signifi-
cantly more frequent than random co-occurrence of natural changes were
observed, which, out of a total number of 69 SLPP gives a 34.8% frequency.
However, among SL that contained at least one feature at the macro-
structural level (denoted as SLPM) 12 cases were observed, which gives
a 25.5% frequency out of a total number of 47 SLPM. In other words, it was
not observed that natural changes of features at the macrostructural level
co-occur with other natural changes of the same letter more frequently than
natural changes at the basic level co-occur with other natural changes of the
same letter. According to the author, this contradiction stems from limita-
tions of the present research, in which only 47 SLPM were examined, and
out of these only 4 SLPM created by 2 features at the macrostructural level.

Closer analysis of Table IV leads to the conclusion that significantly more
frequent than random co-occurrence of natural changes is observed more
rarely for features of connections than for features of constructions of finish-
ing strokes. For pairs created by at least one feature of connections, a 12.4%
co-occurrence was observed (21 cases out of a total number of 169 pairs),
whereas for pairs created by at least one feature of a finishing stroke con-
struction, co-occurrence was at the level of 18.1% (38 cases out of a total
number of 210 pairs)®. In the author’s opinion, this difference to some extent

3 Pairs created by features of connections and features of stem construction were excluded
from this analysis.
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supports the second of the two general laws proposed above on co-occurrence
of natural changes of handwriting. For connections, which similarly to fin-
ishing strokes are elements of the basic level, are characterised by a higher
similarity (in comparison with finishing strokes) to elements of the micro-
structural level. Natural changes in connections should thus more rarely
co-occur with other natural changes than natural changes in finishing
strokes (co-occur with other natural changes) and, indeed, this kind of ten-
dency was confirmed in the present research. This regularity becomes even
more important, when one takes into account that connections are elements
which undergo natural changes more often than elements at the macro-
structural level and finishing strokes [8]. Research up to now therefore sug-
gests that connections are elements which change often (the average insta-
bility of these connections is 0.4 [8]), and in a significant majority of cases in-
dependently from changes in other elements of handwriting. In the author’s
opinion, this picture should in practice significantly facilitate assessment of
differences observed in features of connections.

CONCLUSIONS

1. Inthe present research a low frequency (22.2% of the examined pairs)
of non-random co-occurrence of natural changes in constructional fea-
tures in women’s signatures were observed (co-occurrence signifi-
cantly more frequent than random — 15.6% of the examined pairs;
co-occurrence significantly less frequent than random — 6.6% of the ex-
amined pairs).

2. On the basis of the obtained results, two general, statistical laws gov-
erning the co-occurrence of natural changes of handwriting were pro-
posed. The first states that as the distance between elements of
handwriting decreases, the probability of more frequent than random
co-occurrence of natural changes of these elements increases. The sec-
ond states that the higher the level of construction to which the natu-
ral change relates, the higher the probability of its co-occurrence with
other natural changes.

3. On the basis of the obtained results, a theorem on the independence of
natural changes of constructional features of different letters was for-
mulated. It states that natural changes of constructional features of
different letters co-occur randomly.
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WSPOLWYSTEPOWANIE NATURALNYCH ZMIAN CECH
KONSTRUKCYJNYCH PODPISOW KOBIET

Szymon MATUSZEWSKI

WPROWADZENIE

W literaturze kryminalistycznej wielokrotnie wskazywano na wysoce subiektyw-
ny charakter wnioskowania o niejednorodno$ci w ramach ekspertyzy porownawczej
pisma recznego [4, 6, 7]. Subiektywno$¢ ta wynika w gléwnej mierze z braku metody
obiektywnej oceny rozbieznosci zaobserwowanych przez eksperta w toku badan
poréwnawczych. Zdaniem autora, metoda umozliwiajaca czeSciowe zobiektywizo-
wanie tej oceny jest metoda obliczania tzw. prawdopodobienstwa niezgodnos$ci przy-
padkowej. Pelny opis metody zostatl juz wezesniej opublikowany [7]. W celu naéwie-
tlenia przestanek, jakie leglty u podloza niniejszych badan, ponizej zamieszczono jej
skrécony opis, ktéry poprzedzono wyjaénieniem podstawowych dla tej pracy pojec.

Zmienno$¢ cech pisma to wystepowanie réznych wartosci cech pisma w réznych
prébkach pisma. Zmienno$¢é ta dzielona jest na zmienno$¢ miedzyosobnicza (wyste-
powanie réznych wartosci cech pisma w prébkach pochodzacych od réznych oséb)
1zmienno$é wewnatrzosobnicza (wystepowanie réznych wartosci cech pisma w préb-
kach pochodzacych od tej samej osoby). Niniejsza praca dotyczy zmienno$ci wew-
natrzosobniczej, dalej zatem zostana objasnione jedynie pojecia z nia zwiazane. Poje-
ciem o znaczeniu podstawowym jest pojecie zmiany cechy pisma. Na uzytek niniej-
szej pracy przyjeto, ze zmiana cechy pisma jest taka warto§¢ badanej cechy, ktora
stanowi odstepstwo od warto§ci utrwalonej w piémie danej osoby. O zmianie cechy
pisma mozemy méwié tylko w przypadku odpowiednio licznego zbioru prébek pisma.
Tylko wtedy mozliwe jest bowiem wiarygodne ustalenie, ktéra warto$¢ badanej ce-
chy jest warto$cig utrwalona 1 — w konsekwencji — ktora warto$é (albo wartosci) sta-
nowi zmiane cechy pisma.

Zmiany cech pisma — a w efekcie zmiennoéé wewnatrzosobnicza cech pisma —
mozna podzieli¢ na zmiany zamierzone i niezamierzone [8, 9]. Ze zmiang zamierzona,
mamy do czynienia wtedy, gdy piszacy celowo wprowadza do aktualnie sporzadzane;j
probki pisma taka warto$é¢ danej cechy, ktora jest odstepstwem od wartosci utrwalo-
nej. Natomiast zmiana niezamierzona to taka zmiana, ktéra pojawia sie w aktualnie
sporzadzanej probce pisma pomimo braku po stronie piszacego zamiaru zmiany da-
nej cechy.

Zmiany niezamierzone cech pisma —1iw konsekwencji zmienno$¢ niezamierzona,
cech pisma —mozna podzieli¢ na zmiany naturalne i nienaturalne [8, 9]. Zmiana nie-
naturalna to zmiana niezamierzona wywolana sporzadzeniem prébki pisma w sy-
tuacji z jakiego$ wzgledu nienaturalnej. Nalezy tutaj wskazac, ze nienaturalno$é
szeroko rozumianej sytuacji pisania powoduje kazdy element tej sytuacji, ktéry zara-
zem istotnie wplywa na czynnoéé¢ pisania, jak 1 odbiega od typowych warunkow,
w ktorych piszacy uczyt sie pisaé (przyktadem takiego elementu moze byé¢ wymuszo-
ny sytuacja pospiech w sporzadzaniu probki albo nietypowa pozycja przy pisaniu,
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jaka jest dla wiekszosci piszacych np. pozycja na stojaco przy okienku na poczcie).
Zmiana naturalna to z kolei zmiana niezamierzona wynikajaca z samej natury czyn-
nos$ci pisania. Zmiany naturalne — co wynika z ich istoty — pojawiaja, sie we wszyst-
kich prébkach pisma, réwniez tych, ktére sporzadzono przy braku jakiegokolwiek
nienaturalnego elementu sytuacji pisania. W takich badaniach, jak tu opisane,
nalezy zatem wyeliminowaé nienaturalne elementy sytuacji pisania, aby uzyskaé
prébki pisma zawierajace wylacznie zmiany naturalne. Majac powyzsze na uwadze,
na uzytek niniejszych badan zdecydowano sie pobieraé¢ materiat badawczy w takich
warunkach, w jakich piszacy zwykle ucza sie pisaé (dla olbrzymiej wiekszo$ci os6b
jest to pozycja na siedzaco przy stole, przy niezaktéconym funkcjonowaniu uktadu
nerwowego, sprawnym aparacie ruchowym itd.). Dla pelnej jasnosci podzial zmien-
nosci cech pisma pokazano schematycznie na rycinie 1.

Prawdopodobienstwo niezgodnosci przypadkowej — okreslane réwniez jako praw-
dopodobienstwo niezgodnoéci niezamierzonej — jest prawdopodobienstwem zdarze-
nia polegajacego na zaistnieniu danego zespolu rozbiezno$ci w nastepstwie nieza-
mierzonej zmiennoéci materialu kwestionowanego'. Prawdopodobiefistwo to jest
obliczane przy hipotetycznym zatozeniu, ze wykonawca materialu kwestionowanego
1poréwnawczego jest ta sama osoba, a zaobserwowane rozbieznosci sa konsekwencja,
wlaénie niezamierzonej zmiennosci materiatu kwestionowanego. Wielko$¢ tego praw-
dopodobienstwa pozwala na obiektywna ocene zaobserwowanych rozbiezno$ci z per-
spektywy niezamierzonej zmienno$ci cech, w ramach ktoérych rozbieznosci te stwier-
dzono. Metoda jego obliczania wykorzystuje niestabilno$¢ cechy pisma — wskaznik
niezamierzonej zmiennosci cech pisma. Wskaznik ten definiowany jest jako czesto$é
wystepowania w analizowanym zbiorze probek pisma (w praktyce opiniowania
bedzie to zbiér probek poréwnawczych) innych wartosci rozpatrywanej cechy niz
warto$é utrwalona (nazywana utrwalonym wzorcem). Warto$é utrwalona definio-
wana jest natomiast jako warto§¢é wystepujaca najczeSciej w analizowanym zbiorze.

Metoda obliczania prawdopodobienstwa niezgodnos$ci przypadkowej jest dwueta-
powa. W pierwszym etapie obliczana jest niestabilnos¢ tych cech, w obrebie ktorych
zanotowano rozbiezno§¢. Dla pojedynczej cechy polega to na ustaleniu liczby egzem-
plarzy materiatu por6wnawczego charakteryzujacych sie inng wartos$cia danej cechy
niz warto$¢ utrwalona, a nastepnie podzieleniu tej liczby przez liczbe wszystkich eg-
zemplarzy. Ustalona w ten sposob niestabilno$é odpowiada prawdopodobienstwu
zdarzenia polegajacego na zaistnieniu rozbiezno$ci w ramach rozpatrywanej cechy
w nastepstwie niezamierzonej zmiany materiatu kwestionowanego. Drugi etap spro-
wadza sie natomiast do obliczenia prawdopodobienstwa niezgodnoéci przypadkowej.
Aby to uczynié, nalezy jednak najpierw odpowiedzie¢ na pytanie, czy niestabilnoéci
cech ustalone w etapie poprzednim sa od siebie niezalezne. W razie odpowiedzi
twierdzacej, dla uzyskania prawdopodobienstwa niezgodnoéci przypadkowej wys-
tarczy przemnozenie uzyskanych niestabilno$ci. W przypadku odpowiedzi prze-
czacej konieczne jest zastosowanie innego sposobu obliczania szukanego prawdopo-
dobienstwa, np. uwzglednienie w obliczeniach tylko niektérych niestabilnosci.

1 Nalezy podkreslié, ze prawdopodobienstwo niezgodnoéci przypadkowej umozliwia ocene
rozbieznoéci wyltacznie z perspektywy niezamierzonej zmiennosci cech, w ramach ktérych
rozbieznoéci zaobserwowano. Wielkoé¢ ta nie stuzy natomiast do oceny rozbieznosci z per-
spektywy zmiennos$ci zamierzone;.
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7 perspektywy praktycznego wykorzystania opisywanej metody kluczowego
znaczenia nabiera zatem problem niezalezno$ci niestabilnoéci cech pisma. W pre-
zentowanym ujeciu, niestabilno$é cechy pisma jest miara czesto$ci wystepowania
zmian niezamierzonych danej cechy w piémie okreélonej osoby. W konsekwencji to
wladnie zmiany niezamierzone decyduja o wysokosci niestabilno$ci. Problem nie-
zaleznos$ci niestabilnosci cech pisma moze by¢ zatem sprowadzony do problemu nie-
zalezno$ci pojawiania sie zmian niezamierzonych w piSmie recznym. Majac po-
wyzsze na uwadze, problem niezaleznoéci niestabilno$ci skonkretyzowano jako py-
tanie, czy zmiany niezamierzone cech pisma recznego wspolwystepuja losowo — czyli
niezaleznie od siebie, czy nielosowo — czyli zaleznie od siebie. Prezentowane badania
stanowig probe uzyskania czeSciowej odpowiedzi na postawione powyzej pytanie.

Wedlug wiedzy autora, dotychczas nie prowadzono systematycznych badan loso-
wosci wspolwystepowania niezamierzonych zmian cech pisma recznego. Badano je-
dynie wspdétzmiennoéé niektérych cech mierzalnych [2, 3] oraz zalezno§é pomiedzy
warto$ciami (wariantami) niektérych cech konstrukcyjnych [1]. Niniejsze badanie
jest zatem pierwszym systematycznym badaniem losowos$ci wspolwystepowania nie-
zamierzonych zmian cech pisma recznego. W badaniu analizowano wspdtwystepo-
wanie jedynie zmian naturalnych, pozostawiajac nierozwigzany problem losowosci
wspolwystepowania zmian nienaturalnych. Ponadto zbadano wspétwystepowanie
zmian naturalnych tylko wybranych cech konstrukecyjnych, czynigc przy tym przed-
miotem badania wytacznie podpisy mtodych, wyksztalconych kobiet.

MATERIAL I METODY

Osoby badane

W badaniach brato udziat 18 studentek (wiek 21 27 lat; érednia 22,2 roku). Kry-
terium doboru oséb badanych bylo brzmienie koncowki nazwiska, ktora stanowit
zespol literowy ,wska” (9 os6b) badz ,,ska” (9 0sdb).

Material badawczy

Badaniom poddano podpisy pelnobrzmiace (imie i nazwisko) sktadane wltasnym
narzedziem pisarskim w pozycji siedzace) przy stole, na gtadkich kartkach formatu
A5, w miejscu wykropkowanym, z prawej strony pod zdaniem o brzmieniu ,,potwier-
dzam udzial w konwersatoriach z kryminalistyki”. Analizowano 45 podpiséw kazdej
uczestniczki (w trzech przypadkach 40 podpiséw, w jednym 43) sktadanych jednora-
zowo po 5, w odstepach tygodniowych lub dtuzszych, przez okres 15 tygodni. W przy-
padku kazdej uczestniczki badano zatem zbiér podpisow sktadajacy sie z 9 (albo 8)
podzbioréow liczacych 5 podpiséw kazdy. Jezeli stwierdzano mozliwo$é zadzialania
czynnika wywolujacego nienaturalne zmiany pisma, probke wylaczano z dalszej
analizy.

Analizowane cechy

Analizie poddano naturalne zmiany 36 cech konstrukcyjnych zespotéw litero-
wych ,,wska”1,ska”. W tabeli I zamieszczono nazwy badanych cech. Ich szczegotowy
opis zawiera moja wczesniejsza praca [8].
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Metoda badania

Kazdy z 45 podpiséw tworzacych zbiér podpiséw osoby badanej poddano analizie
cech (zaklasyfikowaniu do odpowiedniej warto$ci we wszystkich nadajacych sie do
tego cechach katalogu). Nastepnie dla kazdej osoby i1 kazdej cechy ustalono warto§é
utrwalona (jest to warto$¢ wystepujaca w analizowanym zbiorze najczesciej, czyli
tzw. warto$¢ modalna analizowanego zbioru). Wartosci tej przyporzadkowano cy-
fre 1. Cyfra 1 jest zatem réwnoznaczna ze stwierdzeniem, ze rozpatrywana probke
charakteryzuje brak naturalnej zmiany analizowanej cechy. Natomiast warto$ciom
pozostatym (to znaczy warto$ciom innym niz warto$§¢ utrwalona) przyporzadkowano
cyfre 0. Cyfra 0 jest zatem réwnoznaczna ze stwierdzeniem, ze rozpatrywang prébke
charakteryzuje wystepowanie naturalnej zmiany analizowanej cechy. W ten spos6b
otrzymano dla kazdej osoby arkusz badawczy, w ktorym w kolumnach przypo-
rzadkowanych poszczegélnym cechom znajdowaly sie cyfry 1 (brak zmiany) 10 (wys-
tepowanie zmiany).

Kolejnym etapem bylo utworzenie arkusza zbiorczego poprzez potaczenie arku-
szy wszystkich 18 oséb badanych. Po utworzeniu arkusza zbiorczego przystapiono do
wlasciwych analiz czastkowych. W przypadku kazdej analizy czastkowej w pierwszej
kolejnosci wybierano pare cech, dla ktérej badano wspélwystepowanie zmian natu-
ralnych (cechy x i y). Nastepnie weryfikowano — postugujac sie testem y* Pearsona —
czastkowa hipoteze zerowa, ktéra w kazdym przypadku sprowadzata sie do twier-
dzenia, ze naturalne zmiany cechy x wspolwystepuja losowo z naturalnymi zmiana-
mi cechy y. Dla kazdej pary cech tworzono zatem tabele dwudzielcza ukazujaca ob-
serwowane czestoéci wspotwystepowania naturalnych zmian analizowanych cech.
Na podstawie czestosci obserwowanych obliczano czestosSci oczekiwane czyli czestos-
ci, ktére powinny wystapi¢ przy losowym wspotwystepowaniu naturalnych zmian
analizowanych cech. Nastepnie obliczano wartoéé y?, ktéra poréwnywano z wartos-
cia krytyczna (dla liczby stopni swobody df = 1 oraz poziomu istotnosci 0,05 wynosi
ona 3,841 [5]). W nastepstwie tego poréwnania podejmowano decyzje o odrzuceniu
albo przyjeciu hipotezy zerowej. W przypadku, gdy otrzymana wartoéé x* byta réwna
lub wieksza od wskazanej powyzej wartosci krytycznej, hipoteze odrzucano. W przy-
padku, gdy otrzymana wartoéé ¥* byla mniejsza od wartoéci krytycznej, hipoteze
przyjmowano.

Ponadto dla kazdej pary cech obliczano warto§é wspétezynnika ¢ Yule’a, ktory
jako miara korelacji zmiennych nominalnych w tabeli dwudzielczej umozliwia ocene
zarowno rodzaju, jak 1 sily zwiazku miedzy zmiennymi [10]. Jego warto$¢ moze sie
zmienia¢ od —1 do 1 (0 oznacza brak zwigzku miedzy zmiennymi; —11 1 oznaczaja od-
powiednio ujemny i dodatni zwiazek idealny) [10].

WYNIKI

Sposérod 630 par cech mozliwe byto zbadanie losowos$ci wspdotwystepowania natu-
ralnych zmian 572 par. W przypadku pozostatych 58 par bylto to niewykonalne albo
z powodu niemozliwos$ci utworzenia tabeli dwudzielczej z czestoSciami obserwowa-
nymi, albo z powodu zbyt niskich warto$ci czestosci oczekiwanych.

Na ogélna liczbe 572 par cech w 127 przypadkach stwierdzona wartoéé y” prze-
kroczyta warto$¢ krytyczna. Innymi stowy, w przypadku 127 par cech (na 572 pary
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analizowane) odrzucono hipoteze o losowos$ci wspotwystepowania zmian natural-
nych (co bylo réwnoznaczne z przyjeciem hipotezy, iz zmiany te wspotwystepuja czes-
ciej albo rzadziej niz losowo). Tabela Il zawiera zestawienie tych par. W tabelach III
11V zestawiono natomiast liczby par o nielosowym wspdétwystepowaniu zmian natu-
ralnych w poszczegoélnych kategoriach. Z powodéw wskazanych w dalszej czesci pra-
cy w tabeli IIT nie uwzgledniono tych par, w sktad ktérych wchodzi przynajmniej jed-
na cecha odnoszaca sie wytacznie do wigzania.

DYSKUSJA WYNIKOW

W prezentowanych badaniach w przypadku 127 par na 572 pary badane (22,2%)
stwierdzono nielosowe wspolwystepowanie naturalnych zmian cech tworzacych
pare. Pozwala to na sformutowanie og6lnego wniosku, ze nielosowo$é¢ wspotwystepo-
wania naturalnych zmian cech konstrukeyjnych podpiséw jest zjawiskiem rzadkim,
aktualnym jedynie w odniesieniu do niektérych par. Spoéréd owych 127 par w 38 przy-
padkach (6,6% badanych par) stwierdzono ujemna, a w 89 (15,6% badanych par) do-
datnig warto$¢ wspoétczynnika ¢. Ujemna warto$¢ wspoétezynnika ¢ wskazuje na is-
totnie rzadsze niz losowe wspélwystepowanie naturalnych zmian cech tworzacych
pare, natomiast warto$¢ dodatnia na wspétwystepowanie istotnie czestsze niz lo-
sowe.

Wsrdd 89 par o dodatniej wartosci wspodlczynnika ¢ zanotowano 79 przypadkéw
zwiazku o stabej sile (¢ od 0 do 0,300), 9 przypadkéw zwigzku o umiarkowanej sile
(¢ 0d 0,301 do 0,500), 1 przypadek zwiazku o duzej sile (¢ od 0,501 do 0,700) oraz zad-
nego przypadku zwiazku o bardzo duzej sile (¢ powyzej 0,700). Pozwala to na
wyclagniecie wniosku, ze w razie wspolwystepowania istotnie czestszego niz losowe
zwiazek pomiedzy naturalnymi zmianami cech konstrukcyjnych podpisow w prze-
wazajace] wiekszosci przypadkéw charakteryzuje sie staba sita.

Posréd par o nielosowym wspélwystepowaniu zmian naturalnych zanotowano
50 par utworzonych przez cechy konstrukcyjne réznych liter (oznaczanych jako RL),
w tym 26 par o dodatniej warto$ci wspotczynnika ¢ oraz 24 pary o ujemnej wartosci
wspélezynnika ¢”. Ogélna liczba RL wynosita natomiast 309. Owe 50 par stanowi za-
tem 16,2% ogdblnej liczby RL (26 par o dodatniej wartos$ci wspélezynnika ¢ stanowi
8,4% ogblnej liczby RL, a 24 pary o ujemnej warto$ci wspoélezynnika ¢ 7,8% ogélnej
liczby RL).

Jezeli chodzi o pary utworzone przez cechy konstrukcyjne tej samej litery (ozna-
czane jako SL), to wartoéé x” przekraczajaca wartoéé krytyczna stwierdzono w 41 przy-
padkach, w tym w 36 przypadkach zanotowano warto§¢ dodatnia wspodtczynnika o,
a w b przypadkach warto$¢ ujemna. Ogdélna liczba SL wynosita 116. Owe 41 par sta-
nowi zatem 35,3% ogdlnej liczby SL (36 par o dodatniej warto§ci wspdtczynnika ¢ sta-
nowi 31% ogdlnej liczby SL, a 5 par o ujemnej wartosci wspotczynnika ¢ 4,3% ogélnej
liczby SL).

27 analizy tej wylaczono pary utworzone przez przynajmniej jedna ceche odnoszaca sie
wylacznie do wiazania (czyli typ wiazania oraz wystepowanie wiazania). Uczyniono tak
dlatego, ze wigzania nie sg literami ani elementami odpowiadajacymi literom, w zwigzku
z czym zaliczenie do RL badZ SL pary, w sktad ktérej wchodzi cecha wigzania, bytoby nieco
sztuczne 1, co wazniejsze, niejednokrotnie dowolne.
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Réznica pomiedzy RL a SL wynika zatem z réznicy w zakresie liczby par o dodat-
niej wartoéci wspdétczynnika ¢, czyli par, dla ktérych stwierdzono istotnie czestsze
niz losowe wspélwystepowanie naturalnych zmian cech tworzacych pare. Dla SL
pary te stanowia 31% ogdlnej liczby SL, dla RL 8,4% ogdlnej liczby RL. Wskazana
réznica pozwala na sformutowanie szczegétowego twierdzenia o nielosowosci wsp6l-
wystepowania naturalnych zmian cech konstrukcyjnych pisma. Méwi ono, ze is-
totnie czestsze niz losowe wspotwystepowanie naturalnych zmian cech konstrukeyj-
nych pisma zachodzi niemal czterokrotnie rzadziej w przypadku cech réznych liter
niz cech tej samej litery. Twierdzenie to sktania do zaproponowania pierwszego og6l-
nego prawa rzadzacego wspéolwystepowaniem naturalnych zmian pisma, zgodnie
z ktérym zmniejszaniu sie odleglosci pomiedzy elementami pisma towarzyszy wzrost
prawdopodobienstwa czestszego niz losowe wspdotwystepowania naturalnych zmian
tych elementéw. Blizsza analiza tego prawa oraz dalsze préby jego falsyfikacji musza,
zostaé jednak odlozone.

W tym miejscu nalezy natomiast zwréci¢ uwage na rzadko$é nielosowego wsp6t-
wystepowania naturalnych zmian wéréd RL. Wspdétwystepowanie takie stwierdzono
jedynie w 16,2% przypadkow (50 przypadkéw na ogélna liczbe 309 RL). Ponadto
poéréd owych 50 przypadkéw w zadnym z nich sita zwiazku nie byta duza ani bardzo
duza, a tylko w 3 przypadkach stwierdzono site umiarkowana (pozostate 47 przy-
padkéw stanowit zwiazek o stabej sile). Powyzsze pozwala na wyciagniecie wniosku,
iz naturalne zmiany cech konstrukcyjnych réznych liter bardzo rzadko wspotwyste-
puja nielosowo, a jezeli nawet wystepuja, to zwiazek miedzy nimi charakteryzuje sie
staba sita. Sktania to zatem do sformutowania — istotnego dla praktyki opiniodaw-
czej — twierdzenia o niezalezno$ci naturalnych zmian cech konstrukeyjnych réznych
liter, zgodnie z ktérym wskazane zmiany wspdtwystepuja losowo. W konsekwencji
w przypadku zbioru prébek naturalnych niestabilno$ci ustalone dla cech konstruk-
cyjnych réznych liter moga byé traktowane jako wskazniki od siebie niezalezne.
Nalezy tutaj podkresli¢, ze wyniki uzyskane w rezultacie niniejszego badania upo-
wazniaja do sformutowania twierdzenia o niezaleznos$ci wylacznie naturalnych
zmian cech konstrukeyjnych réznych liter. Problem niezalezno$ci zmian nienatural-
nych wskazanych cech pozostaje zatem nadal problemem nierozwigzanym.

Blizsza analiza tabeli III pozwala na sformutowanie wniosku, ze istotnie czestsze
niz losowe wspotwystepowanie zmian naturalnych wystepuje niemal dwukrotnie
rzadziej dla RL utworzonych przez cechy poziomu podstawowego (dalej oznaczane
jako RLPP) niz dla RL, w sktad ktérych wchodzi co najmniej jedna cecha poziomu
makrostrukturalnego (dalej oznaczane jako RLPM). Wsréd RLPP zanotowano bo-
wiem 10 takich przypadkoéw, co przy ogélnej liczbie 167 RLPP daje czestosé 6%. Nato-
miast wéréd RLPM stwierdzono 16 przypadkdéw, co przy ogdlnej liczbie 142 RLPM
daje czestosé 11,3%. Powyzsza réznica uprawnia do twierdzenia, iz naturalne zmia-
ny cech poziomu makrostrukturalnego czeéciej wspétwystepuja ze zmianami cech
konstrukcyjnych innych liter anizeli naturalne zmiany cech poziomu podstawowego.
Pozwala to na zaproponowanie drugiego ogdlnego prawa rzadzacego wspolwystepo-
waniem naturalnych zmian pisma, ktore mowi, ze im wyzszy poziom konstrukcji,
ktérego dotyczy naturalna zmiana, tym wyzsze prawdopodobienstwo jej wspotwyste-
powania z innymi naturalnymi zmianami. Prawo to wymaga jednak dalszych préb
falsyfikacji. O potrzebie takich prob przesadza fakt, iz w niniejszych badaniach dla
SL nie stwierdzono takiej réznicy, jak opisana powyzej dla RL. Wéréd SL utworzo-
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nych przez cechy poziomu podstawowego (dalej SLPP) zanotowano bowiem 24 przy-
padki istotnie czestszego niz losowe wspdétwystepowania zmian naturalnych, co przy
og6lnej liczbie 69 SLPP daje czestos¢ 34,8%. Natomiast wérdd SL, w sktad ktorych
wchodzi co najmniej jedna cecha poziomu makrostrukturalnego (dalej SLPM),
stwierdzono 12 przypadkéw, co przy ogdlnej liczbie 47 SLPM daje czestosé 25,5%.
Innymi slowy, nie zaobserwowano, aby naturalne zmiany cech poziomu makrostruk-
turalnego czeéciej anizeli naturalne zmiany cech poziomu podstawowego wspotwys-
tepowaly z innymi naturalnymi zmianami tej samej litery. Zdaniem autora sprzecz-
no$¢ ta wynika z ograniczen niniejszych badan, w ktérych zbadano tylko 47 SLPM,
w tym jedynie 4 SLPM utworzone przez 2 cechy poziomu makrostrukturalnego.

Blizsza analiza tabeli IV pozwala natomiast na wniosek, ze istotnie czestsze niz
losowe wspélwystepowanie zmian naturalnych obserwuje sie rzadziej dla cech
ztaczen anizeli dla cech konstrukeji gramm. Dla par utworzonych przez co najmniej
jedna ceche zlaczen zaobserwowano bowiem takie wspdétwystepowanie na poziomie
12,4% (21 przypadkéw na ogdlng liczbe 169 par), natomiast dla par utworzonych
przez co najmniej jedna ceche konstrukeji gramm na poziomie 18,1% (38 przypadkow
na ogdlna liczbe 210 par)®. Zdaniem autora, réznica ta w pewnym stopniu podbudo-
wuje drugie spos$réd zaproponowanych powyzej ogdlnych praw rzadzacych wsp6l-
wystepowaniem naturalnych zmian pisma. Ztaczenia, ktore podobnie jak grammy sa
elementami poziomu podstawowego, cechuje bowiem w zestawieniu z grammami
wieksze podobienstwo do elementéw poziomu mikrostrukturalnego. Naturalne zmia-
ny zlaczen winny zatem rzadziej anizeli naturalne zmiany gramm wspétwystepowacé
z innymi naturalnymi zmianami i wlaénie tego rodzaju prawidlowo$é¢ potwierdzono
w niniejszych badaniach. Prawidtowos$¢ ta zyskuje na znaczeniu, jezeli uwzglednic,
ze zlaczenia sa tymi elementami, ktore podlegaja naturalnym zmianom czesciej niz
elementy poziomu makrostrukturalnego oraz grammy [8]. Z dotychczasowych badan
wylania sie zatem obraz zlaczen jako elementéw zmieniajacych sie czesto (Srednia
niestabilno$é cech zlaczen wynosi 0,4 [8]) oraz w znacznej wiekszoéci przypadkow
niezaleznie od zmian innych elementéw pisma. Zdaniem autora, obraz ten powinien
w praktyce znacznie utatwi¢ ocene rozbieznosci zaobserwowanych w ramach cech
ztaczen.

WNIOSKI

1. W badaniach stwierdzono niska czesto$é (22,2% badanych par) nielosowego
wspotwystepowania naturalnych zmian cech konstrukcyjnych podpiséow ko-
biet (wspotwystepowanie istotnie czestsze niz losowe — 15,6% badanych par;
wspolwystepowanie istotnie rzadsze niz losowe — 6,6% badanych par).

2. W oparciu o otrzymane wyniki zaproponowano dwa ogdlne, statystyczne pra-
wa rzadzace wspdélwystepowaniem naturalnych zmian pisma. Pierwsze glosi,
ze wraz ze zmniejszaniem sie odleglo$ci pomiedzy elementami pisma wzrasta
prawdopodobienstwo czestszego niz losowe wspdétwystepowania naturalnych
zmian tych elementéw. Drugie mowi, ze im wyzszy jest poziom konstrukeji,
ktérego dotyczy naturalna zmiana, tym wyzsze prawdopodobienstwo jej wspot-
wystepowania z innymi naturalnymi zmianami.

3 Z analizy tej wylaczono pary utworzone przez cechy ztaczen oraz cechy konstrukeji gramm.
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3. Napodstawie uzyskanych wynik6w sformutowano twierdzenie o niezaleznosci
naturalnych zmian cech konstrukeyjnych réznych liter. Méwi ono, ze natural-
ne zmiany cech konstrukeyjnych réznych liter wspdtwystepuja losowo.



