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Abstract

The levels of natural variation, the distribution of this variation and correlation between absolute dimensions of initials and their
ratios were studied in large samples of initials. Material was obtained from 30 women at weekly intervals for a duration of
15-25 weeks. A moderate level of variation in height and length of initials was found. In the case of other absolute dimensions
and proportions, the level of variation was high and very high. The distribution of natural variants in the vast majority of cases

was positively skewed. In most cases, there was no significant correlation between measured features.
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1. Introduction

For the purposes of this study, the term “initials” is
used to describe the shortened form of an illegible sig-
nature. Natural variation in graphic features of initials
is defined as the occurrence of different values of
graphic features in initials originating from the same
writer, being a consequence of the nature of initialling
itself [8]. Natural variation — besides intentional varia-
tion — is the most common cause of differences re-
corded in comparative studies of signatures coming
from the same writer [10]. In turn, covariation of fea-
tures of handwriting is defined as the co-occurrence of
such natural variations of these features in samples
originating from the same person.

Evaluation of differences in terms of natural varia-
tion is possible by using a formal method proposed in
the literature, which requires establishment of inde-
pendence of occurrence of natural variations in partic-
ular graphic features [6, 8]. As was pointed out above,
initials are a form of signature and thus, this method
can also be applied to this kind of graphic form.

So far, to the author’s best knowledge, natural vari-
ation in graphic features of initials has been the subject
of only one research [13]. In this study, the authors
performed measurements of the length of initials, de-
fined as ““a straight line linking extreme points on ini-
tials”. It was found that initials had better stability than
other graphic products, that within-person variability
had a normal distribution and that variation in length
had a disordered character. Moreover, a few papers
concerning natural variation of measurable [2, 10,
13], topographic [9] and constructional [1, 4, 7, 8] fea-
tures of full signatures have been published. Analysis
of measurable features in those papers concerned, among
other things, the length and height of signatures. It was
ascertained that for these factors variation between
monthly and daily batches of signatures is statistically
highly significant, but values of the correlation coeffi-
cient of these two features are surprisingly low [2].
Variation in length of components of full signatures
was also studied, and in this area, a low level of varia-
tion was noted. Furthermore, it was ascertained that
the distribution of natural variation in length of com-
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ponents of a full signature is usually positively skewed
and the length of components is general covariant [10].

A review of the literature leads to the conclusion
that studies up till now have concerned only the length
of initials and have only included small samples, namely
samples consisting of 10 elements.

The reasons described above led to the author’s de-
cision to start a research project concerning natural
variation in measurable features of initials. The aim of
this article is presentation of research results concern-
ing natural variation of absolute dimensions and ratios
of dimensions in initials.

The following research hypotheses were tested con-
cerning this matter:

— The absolute dimensions of initials are at least
moderately stable;

— Ratios of initials are significantly more stable fea-
tures than their absolute dimensions;

— The distribution of values of absolute dimensions
of initials and their ratios is normal;

— An at least moderate correlation exists between ab-
solute dimensions of initials and their ratios.

2. Material and methods
2.1. Participants

The research encompassed 30 women (aged 20-55),
of whom 29 were court employees (28 court secretar-
ies and one judge) and one a maintenance employee.
The criterion of selection of examined persons was
justified by their life experience: court workers sign
many initials daily (subjects declared that they each
sign 10-50 initials a day and the period of time during
which they have used their initials is between 3 months
and 33 years).

2.2. Research material

The subject of the research was initials, signed with
the participants’ own writing instruments, while sit-
ting at a table, on a dotted line on a blank A5 sheet of
paper under the sentence: “I agree to take part in re-
search on signatures”. Each person donated from 81 to
150 initials (except in two cases: 30 initials and 66 ini-
tials). Participants signed 6 initials at a time. Samples
were collected at least at weekly intervals, for a dura-
tion of 20-25 weeks. If the possibility of occurrence of
unnatural variation in a sample was ascertained, the
sample was excluded from further examination.

2.3. Analysed features and the way of
measurement

The following absolute dimensions were analysed:

1. Height of initials in projection — distance between
the upper and lower extreme point of the initials
measured in projection onto a line perpendicular to
the ruling (Figure 1);

Fig. 1. Height of initials in projection onto a line perpendicu-
lar to the ruling (1); length of initials in projection onto the rul-
ing (2); height of initials in a straight line (3); length of initials
in a straight line (4).

2. Length of initials in projection — distance between
the left and right extreme point of initials measured
in projection onto the ruling (Figure 1);

3. Height of initials in a straight line — distance be-
tween the upper and lower extreme point of initials
measured in a straight line (Figure 1);

4. Length of initials in a straight line — distance be-
tween the left and right extreme point of initials
measured in a straight line (Figure 1);

5. Distance between the two extreme upper points
(maximums) of initials measured in projection onto
the ruling (Figure 2);

6. Distance between the two extreme upper points
(maximums) of initials measured in projection onto
a line perpendicular to the ruling (Figure 2);

7. Distance between the two extreme lower points
(minimums) of initials measured in projection onto
the ruling (Figure 2);

8. Distance between the two extreme lower points
(minimums) of initials measured in projection onto
a line perpendicular to the ruling (Figure 2);

9. Distance between the two extreme left points of
initials in projection onto a line perpendicular to
the ruling (Figure 2);

10. Distance between the two extreme right points of
initials in projection onto a line perpendicular to
the ruling (Figure 2);

11. Height of lower loop (Figure 3);
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Fig. 2. Distance between two maximums in projection onto
the ruling (5); distance between two maximums in projection
onto a line perpendicular to the ruling (6); distance between
two minimums in projection onto the ruling (7); distance be-
tween two minimums in projection onto a line perpendicular
to the ruling (8); distance between the two extreme left points
in projection onto a line perpendicular to the ruling (9); dis-
tance between the two extreme right points in projection
onto a line perpendicular to the ruling (10).

Fig. 3 Height of lower loop (11); height of upper loop (12);
width of lower loop (13), width of upper loop (14).

12. Height of upper loop (Figure 3);

13. Width of lower loop (Figure 3);

14. Width of upper loop (Figure 3).

The height of a loop is defined as the distance be-
tween the intersection of the arms of a loop and the fur-
thest point on a loop from that intersection, both in the
case of lower and upper loops. The width of a loop is
the distance between points on the loop which are the
most distant from the loop axis measured in projection
onto a line perpendicular to this axis. The lower loop is
a loop whose first arm is drawn with a downward
movement, while the first arm of the upper loop is
drawn with an upward movement.

The following ratios were also studied:

15. The ratio of the height of initials measured in pro-
jection onto a line perpendicular to the ruling to the
length of the initials in projection onto the ruling
(1/2) (Figure 1);

16. The ratio of the height of initials in a straight line to
the length of the initials in a straight line (3/4) (Fi-
gure 1);

17. The ratio of the distance between the two maxim-
ums in projection onto the ruling to the distance be-
tween two maximums in projection onto a line
perpendicular to the ruling (5/6) (Figure 2);

18. The ratio of the distance between two minimums in
projection onto the ruling to the distance between
two minimums in projection onto a line perpend-
icular to the ruling (7/8) (Figure 2);

19. The ratio of the distance between the two maxim-
ums in projection onto the ruling to the distance be-
tween the two minimums in projection onto the
ruling (5/7) (Figure 2);

20. The ratio of the distance between the two maxim-
ums in projection onto a line perpendicular to ru-
ling to the distance between the two minimums in
projection onto a line perpendicular to the ruling
(6/8) (Figure 2);

21. The ratio of the height of the lower loop to the
width of the lower loop (11/13 (Figure 3);

22. The ratio of the height of the upper loop to the
width of the upper loop (12/14) (Figure 3).

Initials were scanned using a CanoScan 4400F
with ArcSoft PhotoStudio 5.5 software with 300 dpi
resolution. Measurements were done in Graphlog 2.2.0.0

(MFC Application 2001-2005, Cyborg Idea s.c.) with

0.01 mm accuracy. When marking extreme points,

points located within tapered strokes were omitted.

2.4. Statistical analysis

Results of measurements were analysed from the
perspective of level of variation, the type of distribu-
tion reflecting this variation and covariation of ana-
lysed features. The variation was determined using the
classical coefficient of variation. Since in the case of
all analysed features, the observed distribution of the
variation level deviated from normality, the signifi-
cance of differences between particular features was
assessed with the Wilcoxon signed-rank-test. Interpre-
tation of the type of distribution began with an esti-
mate of the significance of deviations of the observed
distribution from a normal distribution. To this end,
the Shapiro-Wilk W test was used. Moreover, the dis-
tribution’s skewness was analysed. Analysis of co-
variation of particular features was performed with the
Pearson product-moment correlation coefficient.

All analyses mentioned above were done with
a 5% level of significance. Calculations were con-
ducted using Statistica 8.0 (StatSoft, Inc., 1984-2007).
Details of the mentioned statistical method used in this
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study can be found in text books on statistics by Lom-
nicki [5], Ferguson and Takane [3] and in [12].

3. Results
3.1. Level of variation

The author confirmed that the studied features had
different levels of variation (Table I). Two group of
absolute dimensions of initials could be distinguished
on this basis. Height in projection, length in projec-
tion, height in a straight line and length in a straight
line were characterised by variation at a mean level
of 20%. The level of variation of other features was

TABLE I. LEVEL OF VARIATION

great, even reaching a value of up to 50%. Significant
differences in level of variation between these two
groups were ascertained (p < 0.0023). Moreover, sig-
nificant differences in level of variation of height of
a loop and its width were observed, regardless of the
direction in which the loop was drawn (p <0.000081).
Most studied ratios were characterized by a very
high level of variation (Table I). Only in the case of the
ratio of the height of initials in projection to the length
of the initials in projection as well as the height of the
initials in a straight line to the length of the initials in
a straight line was the level of variation moderate. Dif-
ferences in level of variation between these two fea-
tures and other examined ratios turned out to be highly
significant (p < 0.001). Significant differences in the

Feature N Mean Range Standard
deviation
(1) Height of initials in projection onto a line perpendicular to the 30 17.81 8.3-32.6 5.92
ruling
(2) Length of initials in projection onto the ruling 30 19.22 8.3-32.1 6.90
(3) Height of initials in a straight line 29 17.39 8.3-37.9 6.30
(4) Length of initials in a straight line 30 18.93 8.3-30.7 6.83
(5) Distance between two maximums in projection onto the ruling 30 35.73 12.9-83.9 17.06
(6) Distance between two maximums in projection onto a line 30 50.88 18.2-93.1 21.19
perpendicular to the ruling
(7) Distance between two minimums in projection onto the ruling 30 39.44 15.5-97.8 22.00
(8) Distance between two minimums in projection onto the line 30 49.23 17.6-86.8 21.93
perpendicular to the ruling
(9) Distance between two extreme left points in projection onto a line 28 39.83 15.3-76.2 18.01
perpendicular to the ruling
(10) Distance between two extreme right points in projection onto 27 37.23 18.2-84.5 17.28
a line perpendicular to the ruling
(11) Height of lower loop 27 29.40 14.6-54.0 10.53
(12) Height of upper loop 24 29.10 15.0-44.4 9.49
(13) Width of lower loop 27 41.60 16.1-108.0  20.56
(14) Width of upper loop 24 46.00 24.8-90.8 18.55
Ratio of (1) to (2) 30 23.20 9.6-51.3 9.34
Ratio of (3) to (4) 29 18.59 4.7-48.6 9.01
Ratio of (5) to (6) 30 129.36  15.6-441.0  87.65
Ratio of (7) to (8) 30 106.06  30.0-181.2  41.18
Ratio of (5) to (7) 30 90.57 17.3-246.9  56.41
Ratio of (6) to (8) 29 11429  28.0-243.9 5841
Ratio of (11) to (13) 25 55.26 16.9-132.1  32.69
Ratio of (12) to (14) 24 73.78 19.8-189.2  47.51
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level of variation of the majority of absolute dimen-
sions and ratios (p < 0.05) were also observed, with
a significantly higher variation of the latter ascer-
tained. Differences in level of variation of the height of
initials in a straight line or length of the initials in
a straight line and ratios of these features were insig-
nificant (p > 0.05).

3.2. Distribution

The number of cases of significant deviation of the
observed distribution from normality was different for
various features (Table II). However, for almost all ab-
solute dimensions and ratios of the height of initials in
projection to the length of initials in projection as well
as for the ratio of the height of initials in a straight line

TABLE II. NORMALITY OF DISTRIBUTION

to the length of initials in a straight line, in 1/3—
2/3 cases, significant deviations of the observed distri-
bution from normality were noticed. In the case of the
remaining ratios, such a deviation was ascertained in
all or almost all participants.

In all cases and with respect to all features, the ob-
served distribution was unimodal. In a definite major-
ity of the participants, the observed distribution was
asymmetric — positively skewed (Table III).

3.3. Covariation

In relation to most absolute dimensions, in 1/3 cases
correlations between them were insignificant (Table IV).
In the case of occurrence of a significant correlation,
the value of the correlation coefficient was very rarely

Feature N Significant deviation
from normality
(1) Height of initials in projection onto a line perpendicular to the ruling 30 12
(2) Length of initials in projection onto the ruling 30 10
(3) Height of initials in a straight line 30 14
(4) Length of initials in a straight line 30 14
(5) Distance between two maximums in projection onto the ruling 30 15
(6) Distance between two maximums in projection onto a line perpendicular to the 30 18
ruling
(7) Distance between two minimums in projection onto the ruling 30 14
(8) Distance between two minimums in projection onto a line perpendicular to the 30 21
ruling
(9) Distance between two extreme left points in projection onto a line 29 16
perpendicular to the ruling
(10) Distance between two extreme right points in projection onto a line 27 12
perpendicular to the ruling
(11) Height of lower loop 26 15
(12) Height of upper loop 24 4
(13) Width of lower loop 26 11
(14) Width of upper loop 24 16
Ratio of (1) to (2) 30 19
Ratio of (3) to (4) 30 19
Ratio of (5) to (6) 30 29
Ratio of (7) to (8) 30 30
Ratio of (5) to (7) 30 28
Ratio of (6) to (8) 30 29
Ratio of (11) to (13) 26 24
Ratio of (12) to (14) 24 24
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TABLE III. SKEWNESS OF DISTRIBUTION

Feature Skewness
Negative Positive
N Mean N  Mean
(1) Height of initials in projection onto a line perpendicular to the ruling 6 -0.52 24 0.55
(2) Length of initials in projection onto the ruling 4 0.1 26 0.45
(3) Height of initials in a straight line 9 -042 21 07
(4) Length of initials in a straight line 5 -0.15 25 0.55
(5) Distance between two maximums in projection onto the ruling 3 -0.33 27 0.78
(6) Distance between two maximums in projection onto a line perpendicular to 3 -0.31 27 0.78
the ruling
(7) Distance between two minimums in projection onto the ruling 7 -0.24 23  0.67
(8) Dilgtance between two minimums in projection onto a line perpendicular to the 4 -024 26 077
ruling
(9) Distance between two extreme left points in projection onto a line perpendicular 4 -0.16 24 092
to the ruling
(10) Distance between two extreme right points in projection onto a line 3 0.6 24 0.59
perpendicular to the ruling
(11) Height of lower loop 6 -0.39 21 054
(12) Height of upper loop 8 —0.2 16 041
(13) Width of lower loop 4 -0.14 23 0.75
(14) Width of upper loop 4 -0.28 20 0.67
Ratio of (1) to (2) 5 -0.44 25 1.09
Ratio of (3) to (4) 6 -0.71 24 122
Ratio of (5) to (6) 0 - 30 3.68
Ratio of (7) to (8) 0 - 30 3.14
Ratio of (5) to (7) 1 -0.09 29 351
Ratio of (6) to (8) 0 - 30 3.61
Ratio of (11) to (13) 0 - 27 2.82
Ratio of (12) to (14) 0 — 24 2.88

above 0.8. Correlations between ratios were also insig-
nificant. However, weak or moderate correlations were
observed between some absolute dimensions and their
ratios. In Table IV, only the most important results of
research on correlation are presented.

4. Discussion

4.1. Level of variation

The relatively high level of variation of analyzed
features of initials came as a surprise to the author. The

classical variation coefficient had average levels, i.e. it
was located in the range up to 20% only for the height
and length of initials — measured both in projection and
in a straight line. At this point, it should also be empha-
sized that in the literature, initials have been found to
be a more stable graphic form than the signature [13].
Meanwhile, from the research on natural variation in
length of full signature components, it transpires that
the variation of these features had average values be-
tween 9.6-9.8% [10]. Bearing the present results in
mind, the author questions the validity of the thesis
about the higher stability of measurable features of ini-
tials than a signature. The results suggest significantly
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TABLE IV. MOST SIGNIFICANT CORRELATIONS

Correlated features N Insignificant Significant
0.15<r<0.5 05<r<0.8 r>0.8
- + - + - +
(1H)*©2) 30 12 - 12 - 5 - 1
(1)*(1a) 30 - - - - 6 - 24
(la)*(2a) 30 8 - - 9 - 5
(D*(5) 29 8 1 6 1 9 - 4
(1)*(6) 27 7 1 10 - 8 - 1
(H*(7) 27 7 - 7 - 10 - 3
(1)*(®) 24 9 - 8 - 4 - 1
(1a)*(7) 27 5 - 9 - 10 - 3
(1a)*(8) 24 11 - 5 - 6 - 2
(2)*(2a) 30 - - 2 - 7 - 21
2)*(7) 27 7 - 10 - 8 - 2
(2a)*(7) 27 8 - 11 - 6 - 2
(7)*9) 27 7 - - 7 - 4
(8)*(10) 24 5 - 6 1 11 - 1
(1)*ratio of (1) to (2) 30 4 - 1 14 - 2
(3)*ratio of (3) to (4) 30 6 1 10 - 11 — 2
(2)*ratio of (1) to (2) 30 1 6 - 22 - 2 -
(4)*ratio of (3) to (4) 30 2 8 - 19 - 1 -
Ratio of (1) to (2)*ratio of (3) to (4) 30 1 - 2 - 9 - 18
(5)*ratio of (5) to (7) 30 6 - 10 - 11 - 3
(6)*ratio of (5) to (6) 30 2 3 - 24 - 1 -
(6)*ratio of (6) to (8) 30 4 - 14 - 7 - 5
(7)*ratio of (5) to (7) 30 2 13 - 15 - — -
(8)*ratio of (6) to (8) 30 3 4 - 22 - 1 -
(8)*ratio of (7) to (8) 30 1 12 - 15 - 2 -
(13)*ratio of (11) to (13) 27 3 6 - 18 - - -
(14)*ratio of (12) to (14) 24 — 1 15 — 2 —

1. Height of initials in projection onto a line perpendicular to the ruling; 2. length of initials in projection onto the ruling; 3. height of ini-
tials in a straight line; 4. length of initials in a straight line; 5. distance between the two maximums in projection onto the ruling; 6. dis-
tance between the two maximums in projection onto a straight line perpendicular to the ruling; 7. distance between the two minimums in
projection onto the ruling; 8. distance between the two minimums in projection onto a straight line perpendicular to the ruling; 9. height
of lower loop; 10. height of upper loop; 11. width of lower loop; 12. width of upper loop.

lower level of variation of the length of full signatures
than variation of analogical features in initials, namely
length in projection onto the ruling and length in a

straight line.

However, it should be borne in mind that the cited
results concerned length of components of signatures
signed by participants with a different profile, namely
students of both sexes aged 20-27. In the present
study, on the other hand, participants were only women
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aged 20-55. Therefore, it is impossible to draw cate-
gorical conclusions from a simple comparison of these
two mentioned researches. However, it does indicate
the need, in future, to compare variation of measurable
features of initials and full signatures signed by the
same writers. Moreover, occurrences of significant
differences were observed between height in projec-
tion, length in projection, height in a straight line,
length in a straight line and the remaining absolute di-
mensions. In the case of the latter, the level of variation
was significantly higher.

These kinds of results suggest that when initialling,
a writer unconsciously focuses only on the place where
the initials should be written and does not pay attention
to details of their features. The high variability of dis-
tances between maximums or minimums, as well as
right and left extreme points particularly indicates the
subtlety of these features or alternatively their useless-
ness.

The fact that level of variation of absolute dimen-
sions was lower in principle, than that of their ratios
was also surprising. Only in the case of the ratio of the
height of initials in projection to the length of initials
in projection as well as the ratio of the height of initials
in a straight line to the length of initials in a straight
line were values of the variation coefficient relatively
moderate, namely 18.6% and 23.2%. In the case of the
rest of the ratios, the level of their natural variation was
high or even very high. However, in the literature, the
view has been expressed that absolute dimensions are
more “labile” than ratios [13]. For this reason, the au-
thor expected a significantly higher level of variation
of ratios of absolute dimensions than level of variation
of ratios of these features.

Meanwhile in the present study, differences in the
level of variation of studied features suggest much
greater stability of absolute dimensions than their ratios,
and, furthermore, these differences turned out to be
significant in principal (p < 0.026). Only variability in
length of initials in a straight line turned out to be
higher than variability in the ratio of the height in
a straight line to length in a straight line, but the differ-
ences were insignificant (p = 0.89).

To sum up, in the present study the author ascer-
tained a lack of significant differences in variation
level of absolute dimensions and ratios which would
point to a lower variability of the latter.

In the author’s opinion, the reason for these results
is a lack of covariation between studied absolute di-
mensions, which change almost independently. Since
there is a lack of correlation in variation of particular
features, their ratios also have to change and to a greater
extent. This results not only from the different direc-

tion in which analysed features are changing but also
from differences in the magnitude of the change, at
particular attempts. It should also be highlighted that
absolute dimensions — as opposed to ratios — are fea-
tures that are freely controlled by the writer, and as
a consequence — the intentional variation of these fea-
tures is high [4,10].

4.2. Distribution

In the literature, the opinion has been expressed
that the distribution of values of measurable features is
normal [11,13]. However, research on natural varia-
tion in length of components of the full signature has
led to the conclusion that distribution is, in principle,
positively skewed [10]. The latter thesis has found
confirmation in the present research, although the pre-
dominance of occurrence of positive skewness over
negative skewness was not as clear for all the studied
features as for length of full signature components.

Also in the case of initials, the most reliable expla-
nation for the occurrence, in most cases, of a positively
skewed distribution is the limited possibilities of de-
creasing the dimensions of this graphic form. However,
unlike in the case of the full signature, the requirement
of legibility is not a limitation, since initials are illegi-
ble by definition. However, limitations in the case of
initials stem from the nature of the activity of writing
itself as well as factors linked to using this kind of sig-
nature. However, the positive skewness of distribution
of particular ratios could be the result of positive skew-
ness of distribution of the absolute dimensions on
which these ratios are based.

4.3. Covariation

In previous studies, a weak correlation between the
length and height of a signature [2] and a lack of sig-
nificant correlation or possibly a weak correlation be-
tween the length of a signature and initials were ascer-
tained [13]. However, a significant positive correla-
tion — in most cases a moderate one — was ascertained in
the great majority of cases in research on the correla-
tion of lengths of full signature components [10].

The present study confirmed Evett’s and Totty’s
results [2], indicating a lack of or possibly a weak cor-
relation between height and length of initials, regard-
less of the way of measurement. A weak or moderate
correlation between the height and width of loops, both
upper and lower, was also ascertained. On the other
hand, the weak or even moderate correlation between
the height of initials in a straight line and the height of
the lower loop — when there is a lack, in principle, of
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such a correlation between the height of initials in
a straight line and the height of the upper loop — was
puzzling. For such results would suggest the existence
of differences between loops depending on the way of
drawing them.

The lack of correlation between such features as
the distance between maximums (minimums) mea-
sured in projection onto the ruling and the distance be-
tween the same points on initials measured in projection
onto a line perpendicular to the ruling came as a sur-
prise to the author. For features making up a given pair
reflect the distance between the same two points, but
measured in a different way. Furthermore, in the pres-
ent study, a weak or even moderate correlation was as-
certained between the height of initials in projection
onto a line perpendicular to the ruling and the distance
between maximums measured in projection onto a line
perpendicular to the ruling or the distance between
minimums measured in projection onto a line perpen-
dicular to the ruling, as well as, between the length of
initials in projection onto the ruling and distance be-
tween maximums measured in projection onto the rul-
ing or else the distance between minimums measured in
projection onto the ruling.

These results suggest correlation of measurable
features in relation to the same reference criterion (i.e.,
relative to the ruling or to a line perpendicular to the
ruling), and equally they allow us to reject the hypoth-
esis about the total lack of research value of the dis-
tance between minimums or maximums (as understood
in this article).

Another of the conclusions of the present study is
that there is a lack of significant correlation between
ratios of absolute dimensions of initials. Only ratios of
height in projection to length in projection and height
in a straight line to length in a straight line were
strongly correlated, which confirms an existing strong
correlation between height or length measured in pro-
jection and in a straight line. However, a significant
moderate or possibly weak correlation, most frequently
negative, was ascertained between some absolute di-
mensions and their ratios. The strongest observed cor-
relation was between a ratio and the absolute dimension
constituting the denominator.

5. Conclusions

— The height and length of initials (both in projection
onto the ruling and measured in a straight line) are
moderately stable features. Other absolute dimen-
sions of initials are relatively weak stable features;

— Ratios of height and length of initials (both in pro-
jection onto the ruling and measured in a straight
line) are relatively moderate stable features. Other
ratios of absolute dimensions of initials are very
weakly stable features;

— The variation level of ratios is, in principle, signifi-
cantly higher than the variation level of absolute di-
mensions of initials, and in cases where it is lower,
then the differences are not statistically significant;

— The distribution of natural changes of absolute di-
mensions and ratios of initials is, in general, posi-
tively skewed;

— In most cases, there is no correlation between par-
ticular absolute dimensions of initials or the ob-
served correlation is weak as in the case of the
correlation between the length and width of a loop;

— There is a lack of significant correlation between
particular ratios of absolute dimensions of initials;

— A moderate or possibly weak correlation exists be-
tween some absolute dimensions and their ratios.
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NATURALNA ZMIENNOSC MIERZALNYCH CECH PARAF

1. Wprowadzenie

Do celow opisanych ponizej badan przyjeto, Ze parafa
stanowi skrocong posta¢ podpisu nieczytelnego. Natural-
na zmiennos¢ cech graficznych paraf jest to wystepowa-
nie w parafach pochodzacych od tej samej osoby rdéznych
wartos$ci tych cech, bedace konsekwencja samej natury
czynnosci sktadania parafy [8]. Zmienno$¢ naturalna jest
najczestsza — poza zamierzong zmiennoscia — przyczyna
rozbiezno$ci stwierdzanych w trakcie badan porownaw-
czych podpisow w probach pochodzacych od tej samej
osoby [10]. Natomiast wspotzmienno$¢ cech pisma to
wspoOtwystepowanie naturalnych zmian tych cech w pro-
bach pochodzacych od danej osoby.

Ocena rozbieznosci z punktu widzenia zmiennosci
naturalnej mozliwa jest przy zastosowaniu zapropono-
wanej w literaturze sformalizowanej metody, ktora wy-
maga ustalenia niezalezno$ci pojawiania si¢ zmian natu-
ralnych poszczegolnych cech graficznych [6, 8]. Jak wska-
zano powyzej, parafa jest postacig podpisu i w zwigzku
z tym réwniez do tych kompozycji graficznych metoda ta
znajduje zastosowanie.

Naturalna zmienno$¢ cech graficznych paraf byta jak
dotad przedmiotem tylko jednych, sposrdd znanych autor-
ce, badan [13]. W badaniach tych dokonano pomiaréw
dlugosci parafy rozumianej jako ,,odcinek prostej prze-
biegajacej przez skrajne punkty parafy”. Stwierdzono
wigkszg stabilno$¢ paraf w pordwnaniu z innymi pro-
duktami graficznymi, przybieranie przez fluktuacj¢ osob-
nicza postaci rozktadu normalnego oraz nieuporzadko-
wany charakter zmiennosci dtugosci. Poza tym opubliko-
wano kilka prac dotyczacych naturalnej zmiennosci cech
mierzalnych [2, 10, 13], topograficznych [9] oraz kon-
strukcyjnych [1, 4, 7, 8] podpiséw pelnobrzmiacych. Ba-
dania cech mierzalnych w tych pracach dotyczyly miedzy
innymi dtugos$ci i wysokosci podpisu, przy czym stwier-
dzono, ze w tym zakresie zmiennos¢ pomi¢dzy miesig-
cznymi oraz dziennymi zbiorami podpiséw jest statys-
tycznie wysoce istotna, natomiast zaskakujaco niskie po-
zostajg wartosci wspolczynnika korelacji tych dwoch
cech [2]. Badano rowniez zmienno$¢ dtugosci cztondw
podpisu petnobrzmigcego i w tym zakresie stwierdzono
niski poziom zmienno$ci. Nadto z badan tych wynika, ze
rozktad zmian naturalnych dlugosci cztonéw podpisu
petnobrzmiagcego jest na ogdt rozktadem sko$nym do-
datnio, a dlugos¢ cztondw jest z reguly wspdtzmienna [10].

Analiza literatury przedmiotu prowadzi do wniosku,
ze dotychczasowe badania dotyczyly tylko dtugosci pa-
rafy i objety jedynie proby male, tj. dziesi¢cioelemen-
towe. Powyzsze wzgledy spowodowaly, ze autorka pod-
jeta sie realizacji projektu badawczego dotyczacego na-

turalnej zmiennosci cech graficznych paraf, zas celem ni-
niejszego artykutu jest przedstawienie wynikéw badan
odnoszacych si¢ do naturalnej zmiennosci wymiarow
bezwzglednych parafy i ich proporcji. W tym zakresie
sformutowano nastepujace hipotezy badawcze:
— wymiary bezwzgledne parafy sg co najmniej umiar-
kowanie utrwalone;
— proporcje parafy sa wlasciwosciami istotnie bar-
dziej utrwalonymi niz wymiary bezwzgledne;
— rozktad warto$ci wymiaréw bezwzglednych parafy
i ich proporcji jest rozktadem normalnym;
— istnieje co najmniej umiarkowana korelacja pomig-
dzy wymiarami bezwzglednymi parafy i ich pro-
porcjami.

2. Material i metody
2.1. Probanci

W badaniu wzigto udziat 30 kobiet w réznym wieku
(od 20-55 Iat), sposrod ktorych 29 oséb to pracownicy
sadu (w tym 28 sekretarek sagdowych oraz jeden sedzia),
natomiast jedna — to pracownik budowlano-administra-
cyjny. Taki dobor probantéw byl uzasadniony doswiad-
czeniem zyciowym, z ktorego wynika, iz pracownicy sadu
sktadaja dziennie wiele paraf (osoby badane zadeklaro-
waly, iz dziennie sktadaja 10-50 paraf, a okres postugi-
wania si¢ przez nich parafg wynosi od 3 miesiecy do
33 lat).

2.2. Materiat badawczy

Badaniem objeto parafy skiadane wlasnym narze-
dziem pisarskim, w pozycji siedzacej przy stole, na glad-
kich kartkach formatu A5, w miejscu wykropkowanym
pod zdaniem ,,wyrazam zgodg¢ na udziat w badaniach pod-
pisow”. Pobrano od 81 do 150 paraf (w jednym przy-
padku 30 i w jednym — 66 paraf). Jednorazowo probanci
sktadali po 6 paraf. Materiat pobierano w odstgpach co naj-
mniej tygodniowych przez okres 20-25 tygodni. W przy-
padku stwierdzenia w probce mozliwosci wystapienia
zmian nienaturalnych, eliminowano jg z dalszych badan.

2.3. Cechy badane i sposob ich pomiaru

Badaniem objg¢to nastepujace wymiary bezwzgledne:
1. wysokos¢ parafy w rzucie — odleglo$¢ pomiedzy gor-
nym a dolnym punktem skrajnym parafy mierzona

w rzucie na prostg prostopadta do liniatury (rycina 1);
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2. dtugo$¢ parafy w rzucie — odleglos¢ pomigdzy lewym
a prawym punktem skrajnym parafy mierzona w rzu-
cie na liniature¢ (rycina 1);

3. wysokos¢ parafy w linii prostej — odleglo$¢ pomiedzy
gornym a dolnym punktem skrajnym parafy mie-
rzona w linii prostej (rycina 1);

4. dlugos$¢ parafy w linii prostej — odleglo$¢ pomiedzy
lewym a prawym punktem skrajnym parafy mierzona
w linii prostej (rycina 1);

5. odlegto$¢ pomiedzy dwoma punktami parafy naj-
bardziej wychylonymi ku gorze (maksimami) mie-
rzona w rzucie na liniature (rycina 2);

6. odlegto$¢ pomigedzy dwoma punktami parafy naj-
bardziej wychylonymi ku gorze (maksimami) mie-
rzona w rzucie na prosta prostopadla do liniatury
(rycina 2);

7. odlegto$¢ pomigdzy dwoma punktami parafy naj-
bardziej wychylonymi ku dotowi (minimami) mie-
rzona w rzucie na liniaturg (rycina 2);

8. odleglos¢ pomiedzy dwoma punktami parafy naj-
bardziej wychylonymi ku dotowi (minimami) mie-
rzona w rzucie na prosta prostopadia do liniatury
(rycina 2);

9. odlegto$¢ pomiedzy dwoma punktami parafy naj-
bardziej wychylonymi w lewo (lewymi punktami
skrajnymi) mierzona w rzucie na prosta prostopadia
do liniatury (rycina 2);

10. odlegltos¢ pomiedzy dwoma punktami parafy naj-
bardziej wychylonymi w prawo (prawymi punktami
skrajnymi) mierzona w rzucie na prosta prostopadta
do liniatury (rycina 2);

11. wysoko$¢ petlicy dolnej (rycina 3);

12. wysoko$¢ petlicy gornej (rycina 3);

13. szeroko$¢ petlicy dolnej (rycina 3);

14. szeroko$¢ petlicy gornej (rycina 3).

Zarowno w przypadku petlicy dolnej, jak i gornej,
wysoko$¢ petlicy rozumiana jest jako odleglosé pomig-
dzy punktem skrzyzowania ramion p¢tlicy a punktem
petlicy najbardziej od tego skrzyzowania oddalonym. Sze-
roko$¢ petlicy to odleglos¢ pomiedzy punktami petlicy
najbardziej oddalonymi od osi p¢tlicy mierzona w rzucie
na prostg prostopadlg do tej osi. Petlica dolna to petlica,
ktorej pierwsze ramig jest kreslone ruchem w dét, nato-
miast petlica gorna to petlica, ktdrej pierwsze rami¢ jest
kreslone ruchem w gore.

Badano réwniez nastepujace proporcje:

15. proporcje wysokosci parafy w rzucie na prosta pro-
stopadta do liniatury do dlugosci parafy w rzucie na
liniature (1/2) (rycina 1);

16. proporcje wysokosci parafy w linii prostej do dtugos-
ci parafy w linii prostej (3/4) (rycina 1);

17. proporcje odlegtosci pomiedzy dwoma punktami pa-
rafy najbardziej wychylonymi ku gérze (maksimami)
mierzonej w rzucie na liniatur¢ do odlegtosci po-

miedzy tymi punktami mierzonej w rzucie na prosta
prostopadla do liniatury (5/6) (rycina 2);

18. proporcje odlegtosci pomigdzy dwoma punktami pa-
rafy najbardziej wychylonymi ku dotowi (minimami)
mierzonej w rzucie na liniatur¢ do odleglosci po-
miedzy tymi punktami mierzonej w rzucie na prosta
prostopadla do liniatury (7/8) (rycina 2);

19. proporcje odleglosci pomigdzy dwoma punktami pa-
rafy najbardziej wychylonymi ku gérze (maksimami)
mierzonej w rzucie na liniatur¢ do odleglosci pomig-
dzy dwoma punktami parafy najbardziej wychylony-
mi ku dotowi (minimami) mierzonej w rzucie na
liniaturg (5/7) (rycina 2);

20. proporcje odlegtosci pomigdzy dwoma punktami pa-
rafy najbardziej wychylonymi ku gérze (maksimami)
mierzonej w rzucie na prostg prostopadta do liniatury
do odleglosci pomigdzy dwoma punktami parafy naj-
bardziej wychylonymi ku dotowi (minimami) mie-
rzonej w rzucie na prosta prostopadia do liniatury
(6/8) (rycina 2);

21. proporcje wysokos$ci petlicy dolnej do szerokosci
petlicy dolnej (11/13) (rycina 3);

22. proporcje wysokosci petlicy gornej do szerokosci
petlicy gornej (12/14) (rycina 3).

Parafy zeskanowano urzadzeniem CanoScan 4400F

w programie ArcSoft PhotoStudio 5.5 z rozdzielczoscia

300 dpi. Pomiarow dokonano w programie Graphlog

2.2.0.0. (MFC Application 2001-2005, Cyborg Idea s.c.)

z doktadnoscig do 0,01 mm. Przy wyznaczaniu punktow

skrajnych pominig¢to punkty potozone w obrebie adjus-

tacji.

2.4. Metody analizy danych

Wyniki pomiarow zostaty poddane analizie z punktu
widzenia poziomu zmienno$ci, typu rozkladu odzwier-
ciedlajacego t¢ zmienno$¢ oraz wspotzmiennosci bada-
nych cech. Do analizy poziomu zmienno$ci postuzono
si¢ klasycznym wspotczynnikiem zmiennos$ci. Poniewaz
w przypadku wszystkich badanych cech rozktad poziomu
zmiennosci wykazywatl odchylenia od rozktadu normal-
nego, oceny istotnosci roéznic mi¢dzy poszczegdlnymi ce-
chami dokonano, stosujac test Wilcoxona dla par wia-
zanych. Interpretacj¢ typu rozktadu rozpoczeto od anali-
zy istotnosci odstepstw rozktadu obserwowanego od roz-
ktadu normalnego i w tym celu wykorzystano test W
Shapiro-Wilka. Nadto obliczono stosowne miary licz-
bowe, oceniajac sko$nos$¢ rozktadu. W analizie wspot-
zmiennosci poszczegdlnych cech postuzono si¢ wspot-
czynnikiem korelacji » Pearsona.

Wszystkie powyzej wymienione analizy zostaly prze-
prowadzone przy przyjeciu poziomu istotnosci o = 0,05.
Obliczen dokonano w programie Statistica 8.0 (StatSoft,
Inc. 1984-2007). Omowienie zastosowanych metod ana-
lizy danych mozna znalez¢ w pracach Lomnickiego [5],
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Fergusona i Takane [3] oraz w Elektronicznym podrecz-
niku statystyki PL [12].

3. Wyniki
3.1. Poziom zmienno$ci

Stwierdzono zréznicowany poziom zmiennosci ba-
danych cech (tabela I). Z tego wzgledu mozna wyrdznié
w zasadzie dwie grupy wymiarow bezwzglednych pa-
rafy. Wysoko$¢ w rzucie, dlugo$¢ w rzucie, wysokos¢
w linii prostej i dlugo$¢ w linii prostej charakteryzuje
$redni poziom zmienno$ci ksztaltujacy si¢ na poziomie
do 20%. Poziom zmiennosci innych cech pozostaje duzy,
osiaggajac nawet warto$¢ powyzej 50%. Stad tez stwier-
dzono istotne réznice w poziomie zmiennosci pomiedzy
tymi dwiema grupami (p < 0,0023). Ponadto zaobserwo-
wano istotne réznice w poziomie zmienno$ci wysokosci
petlicy i jej szerokos$ci bez wzgledu na kierunek kreslenia
petlicy (p < 0,000081).

Wiekszo$¢ badanych proporcji cechuje bardzo wy-
soki poziom zmiennosci (tabela I). Tylko w przypadku
proporcji wysokosci parafy w rzucie do dlugosci parafy
w rzucie oraz wysokos$ci parafy w linii prostej do dlugos-
ci parafy w linii prostej poziom zmiennos$ci pozostawat
umiarkowany. Rdéznice w poziomie zmiennos$ci tych
dwoch cech a pozostatych badanych proporcji okazaty
si¢ wysoce istotne (p < 0,001). Zaobserwowano réwniez
istotne réznice w poziomie zmiennosci wigkszosci wy-
miardw bezwzglednych i proporcji (p < 0,05), stwier-
dzajac istotnie wyzsza zmienno$¢ tych ostatnich. Réznice
w poziomie zmiennosci wysoko$ci parafy w linii prostej
lub dhugos$ci parafy w linii prostej i proporcji tych cech
okazaly si¢ nieistotne (p > 0,05).

3.2. Rozktad

Liczba przypadkow istotnego odstgpstwa rozktadu
obserwowanego od rozktadu normalnego pozostaje od-
mienna dla roznych cech (tabela II). Jednakze dla niemal
wszystkich wymiaréw bezwzglgdnych oraz dla proporcji
wysokosci parafy w rzucie do dtugosci parafy w rzucie
i proporcji wysokosci parafy w linii prostej do dtugosci
parafy w linii prostej w 1/3-2/3 przypadkow odnotowano
istotne odstgpstwa obserwowanego rozktadu od normal-
nosci. W przypadku pozostatych proporcji odstgpstwo ta-
kie stwierdzono u wszystkich lub niemal wszystkich pro-
bantow.

We wszystkich przypadkach i odno$nie do wszyst-
kich cech rozktad obserwowany byt rozktadem jednomo-
dalnym. W przypadku zdecydowanej wigkszosci pro-
bantow rozktad obserwowany pozostawat niesymetrycz-
ny — skosny dodatnio (tabela III).

3.3. Wspotzmiennos¢

W odniesieniu do wigkszo$ci wymiarow bezwzgled-
nych w okoto 1/3 przypadkow korelacje pomigdzy nimi
pozostawaly nieistotne (tabela IV). W przypadku istnie-
nia istotnej korelacji bardzo rzadko przyjmowata ona
warto$ci powyzej 0,8. Rowniez zwigzki pomiedzy bada-
nymi proporcjami pozostawaly nieistotne. Stabe, ewen-
tualnie umiarkowane korelacje, zaobserwowano migdzy
niektorymi wymiarami bezwzglednymi a ich proporcja-
mi. W tabeli IV przedstawiono jedynie najistotniejsze
wyniki badania wspotzmiennosci.

4. Dyskusja wynikow
4.1. Poziom zmiennosci

Zaskoczeniem byl dla autorki fakt stosunkowo wy-
sokiego poziomu zmiennosci badanych cech parafy. Kla-
syczny wspotczynnik zmienno$ci przyjmowat bowiem
wartosci $rednie, tj. mieszczace si¢ w przedziale do 20%
jedynie dla wysokosci 1 dlugosci parafy — zardwno mie-
rzonych w rzucie, jak i w linii prostej. W tym miejscu
nalezy podkresli¢, ze w piSmiennictwie uznano parafe za
produkt graficzny znacznie bardziej stabilny od podpisu
[13]. Tymczasem z badan nad naturalng zmiennoscia
dtugosci cztonow podpisu petnobrzmigcego wynika, ze
poziom zmiennosci tych cech przyjmuje $rednig wartos§¢
9,6-9,8% [10]. Tym samym — majac na uwadze wyniki
niniejszych badan — powstaje pytanie o zasadnos¢ tezy
0 wyzszej stabilnosci cech mierzalnych parafy niz pod-
pisu. Wyniki te sugerujg bowiem, ze poziom zmiennosci
dhugosci cztonow podpisu petnobrzmiacego jest znacza-
co nizszy niz poziom zmienno$ci analogicznych cech
w parafie, tj. dlugosci w rzucie na liniature i dtugosci w li-
nii prostej. Nalezy jednak mie¢ na uwadze fakt, ze cyto-
wane wyniki badan dtugosci cztonow podpiséw dotycza
grupy probantdow o odmiennej charakterystyce, tj. stu-
dentéw obu plci w wieku 20-27 lat. Natomiast tymi ba-
daniami objeto wylacznie kobiety w wieku 20-55 lat.
W zwigzku z tym nie mozna na podstawie prostego po-
roéwnania wynikow wspomnianych dwoch badan wycig-
ga¢ wnioskow kategorycznych. Poréwnanie to wskazuje
jednak na potrzebe zestawienia w przyszto$ci poziomu
zmiennos$ci cech mierzalnych paraf i podpiséw petno-
brzmigcych tych samych osob. Nadto zaobserwowano
wystepowanie istotnych roznic pomigdzy wysokoscig
w rzucie, dlugos$cig w rzucie, wysokoscig w linii prostej,
dlugoscig w linii prostej a pozostatymi wymiarami bez-
wzglednymi. W przypadku tych ostatnich bowiem po-
ziom zmienno$ci pozostawat istotnie wyzszy. Takie wy-
niki sugeruja, iz sporzadzajacy parafe w toku tej czyn-
no$ci nieswiadomie zwraca uwage wylacznie na to, by
miescita si¢ w pewnych okre§lonych ramach, nie przy-
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wiazujac wagi do jej cech szczegdlowych. Wysoki po-
ziom zmiennos$ci odlegtosci pomiedzy maksimami lub
minimami oraz prawymi i lewymi punktami skrajnymi
wskazuje zwlaszcza na subtelnos¢ tych cech i ewentual-
nie ich badawcza nieprzydatnosc.

Zaskakujacy pozostawal rowniez fakt nizszego — co
do zasady — poziomu zmienno$ci wymiaréw bezwzgled-
nych niz proporcji. Tylko w przypadku proporcji wyso-
kos$ci parafy w rzucie do dlugosci parafy w rzucie oraz
wysokosci parafy w linii prostej do dtugosci parafy w li-
nii prostej wspotczynnik zmienno$ci przyjmowat stosun-
kowo umiarkowane warto$ci, tj. 18,6% 123,2%. W przy-
padku pozostatych proporcji poziom ich naturalnej zmien-
nos$ci pozostawat wysoki, a nawet bardzo wysoki. W pis-
miennictwie wyrazono natomiast przekonanie, ze wy-
miary bezwzgledne pozostaja bardziej ,,labilne” niz pro-
porcje [13]. W zwiazku z tym oczekiwano, ze poziom
zmienno$ci wymiarow bezwzglednych bedzie istotnie wyz-
szy niz poziom zmienno$ci proporcji tych cech. Tym-
czasem stwierdzone w niniejszych badaniach réznice
w poziomie zmiennosci badanych cech sugeruja duzo
wigksze utrwalenie wymiaré6w bezwzglednych niz ich
proporcji, przy czym réznice te okazaty si¢ co do zasady
istotne (p < 0,026). Jedynie poziom zmiennosci dtugosci
parafy w linii prostej okazat si¢ wyzszy od poziomu
zmiennosci proporcji wysokosci w linii prostej do dtugo-
$ci w linii prostej, roznice te okazaly si¢ jednak nieistotne
(» = 0,89). Reasumujac, w niniejszych badaniach stwier-
dzono brak takich istotnych r6znic w poziomie
zmiennos$ci wymiardw bezwzglednych i proporeji, ktore
by wskazywaly na nizszy poziom zmienno$ci tych
ostatnich.

W ocenie autorki zrodtem takich wynikow jest brak
wspotzmiennosci badanych wymiaréw bezwzglednych,
ktore zmieniajg si¢ niemal zupelnie niezaleznie. Skoro
brak jest korelacji w zmiennoS$ci poszczegolnych cech, to
ich proporcje musza réwniez si¢ zmienia¢ i to w wyz-
szym stopniu. Wynika to nie tylko z odmiennosci kie-
runku, w jakim zmieniajg si¢ te cechy, ale rowniez z r6z-
nic w zakresie wielkosci, o jakg si¢ one zmieniajg w po-
szczegblnych probach. W tym miejscu nalezy wszakze
zaznaczy¢, ze wymiary bezwzgledne — w odrdznieniu od
proporcji — naleza do cech swobodnie kontrolowanych
przez piszacego i co z tym zwigzane — wysoka pozostaje
zmiennos$¢ zamierzona tych cech [4, 10].

4.2. Rozktad

W pi$miennictwie wyrazono poglad o normalnosci
rozktadu warto$ci cech mierzalnych [11, 13]. Natomiast
badania naturalnej zmiennosci dlugosci cztonow podpisu
petnobrzmigcego doprowadzily do wniosku, ze zasada
jest rozktad sko$ny dodatnio [10]. Ta ostatnia teza znaj-
duje potwierdzenie w niniejszych badaniach, aczkolwiek
przewaga wystepowania sko$nosci dodatniej nad ujemna

nie byta tak wyrazna co do wszystkich badanych cech,
jak w przypadku dlugosci cztondw podpisu petnobrzmig-
cego.

Réwniez w przypadku parafy najbardziej wiarygod-
nym wyjasnieniem faktu wystepowania w wigkszosci
przypadkow rozktadu sko$nego dodatnio sa ograniczone
mozliwo$ci zmniejszania wymiaréw tego tworu graficz-
nego. W odroznieniu jednak od podpisu petnobrzmia-
cego, ograniczenia tego nie stanowi wymog czytelnosci,
gdyz parafa z samej definicji jest tworem nieczytelnym.
Natomiast ograniczenia te w przypadku parafy wynikaja
z samego charakteru czynno$ci pisania oraz przyczyn
lezacych u podstaw postugiwania si¢ tym wiasnie rodza-
jem podpisu. Skosnos$¢ dodatnia rozktadu wartosci pro-
porcji moze natomiast wynikaé ze skosnosci dodatniej
rozktadu warto$ci przyjmowanych przez wymiary bez-
wzgledne tworzace te proporcje.

4.3. Wspodtzmiennosé

W dotychczasowych badaniach wspoélzmiennosci
stwierdzono stabg korelacj¢ pomiedzy dlugoscia a wyso-
koscia podpisu [2] oraz brak istotnej korelacji pomigdzy
dhugoscia podpisu a parafy, ewentualnie wystepowanie
stabej korelacji [13]. Natomiast w badaniach wspotzmien-
nosci dtugosci cztondéw podpisu pelnobrzmigcego stwier-
dzono w znacznej wigkszosci przypadkow istotng korela-
cj¢ dodatnig, w wigkszosci umiarkowang [10].

Niniejsze badania potwierdzity wyniki uzyskane przez
Evetta i Totty’ego [2], wskazujac na brak lub ewentualnie
staba korelacje pomiedzy wysokoScig a dlugoscia parafy,
bez wzgledu na sposéb jej pomiaru. Stwierdzono rowniez
staba lub umiarkowana korelacj¢ pomigdzy wysokoscia
a szerokoscia petlic, zarowno goérnych, jak i dolnych.
Z drugiej za$ strony zastanawiajaca pozostaje staba, a na-
wet umiarkowana korelacja wysokosci parafy w linii
prostej z wysokoscia petlicy dolnej przy braku, w zasa-
dzie, takiej korelacji wysokosci parafy w linii prostej
z wysokoscia petlicy gornej. Takie wyniki sugerowatyby
bowiem istnienie rdéznic pomigdzy petlicami w zaleznos-
ci od sposobu ich kreslenia.

Zaskoczeniem dla autorki byt brak wspotzmiennosci
takich cech, jak odlegto§¢ pomiedzy maksimami (lub mi-
nimami), mierzona w rzucie na liniature i odlegltos¢ po-
miedzy tymi samymi punktami parafy mierzona w rzucie
na prostg prostopadta do liniatury. Cechy wchodzace
w sktad danej pary odzwierciedlajag bowiem odleglosci
pomiegdzy tymi samymi dwoma punktami. Odmienny byt
tylko sposoéb pomiaru. Jednoczesnie w niniejszych ba-
daniach stwierdzono stabg, a nawet umiarkowang korela-
cj¢ pomigdzy wysokoS$cig parafy w rzucie na prostg pro-
stopadta do liniatury a odlegloscia pomigdzy maksimami
mierzong w rzucie na prostg prostopadta do liniatury lub
odlegtoscia pomigdzy minimami mierzona w rzucie na
prosta prostopadta do liniatury oraz pomiedzy dtugoscia
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parafy w rzucie na liniature a odlegltoscia pomiedzy mak-
simami mierzong w rzucie na liniatur¢ lub odlegloscia
pomigdzy minimami mierzong w rzucie na liniaturg. Te
wyniki sugerujg wspotzmiennos$¢ cech mierzonych wzgle-
dem tego samego uktadu odniesienia (a wigc wzgledem
liniatury lub prostej do niej prostopadlej), a jednoczesnie
pozwalaja odrzuci¢ hipotez¢ o calkowitym braku war-
tosci badawczej odleglosci pomigdzy minimami lub mak-
simami (w rozumieniu niniejszego artykutu).

Wyniki niniejszych badan prowadza rowniez do
wniosku o braku istotnych korelacji pomi¢dzy proporcja-
mi wymiaréw bezwzglednych parafy. Jedynie proporcje
wysoko$ci w rzucie do dlugosci w rzucie i wysokosci
w linii prostej do dtugosci w linii prostej pozostawaty sil-
nie wspotzmienne, co potwierdza istnienie silnej korela-
cji pomiedzy wysokoscig lub dtugo$cia mierzonymi w rzu-
cie 1 mierzonymi w linii prostej. Natomiast stwierdzono
istotng umiarkowang, ewentualnie stabg korelacje, naj-
czesciej ujemna, pomigdzy niektérymi wymiarami bez-
wzglednymi a ich proporcjami. Najsilniejszy zwiazek
zaobserwowano mi¢dzy proporcjg a wymiarem bezwzgled-
nym znajdujacym si¢ w jej mianowniku.

5. Whioski

— Wysoko$¢ i dlugos¢ parafy (zar6wno w rzucie na
liniature jak rowniez mierzona w linii prostej) sta-
nowig cechy umiarkowanie utrwalone. Inne wymiary
bezwzgledne parafy stanowig wlasciwosci stosunko-
wo stabo utrwalone;

— proporcje wysokosci i dtugosci parafy (zarowno w rzu-
cie, jak rowniez w linii prostej) sg stosunkowo umiar-
kowanie utrwalone. Inne proporcje wymiarow bez-
wzglednych parafy stanowig wlasciwos$ci bardzo sta-
bo utrwalone;

— poziom zmiennosci proporcji jest co do zasady istot-
nie wyzszy od poziomu zmiennos$ci wymiarow bez-
wzglednych parafy, a jezeli jest nawet nizszy, to 16z-
nice te nie sg statystycznie istotne;

— rozktad zmian naturalnych wymiaréw bezwzglgdnych
i proporcji paraf jest na ogédt rozkladem sko$nym
dodatnio;

— w wigkszos$ci przypadkow brak jest korelacji pomig-
dzy poszczegdlnymi wymiarami bezwzglednymi pa-
rafy albo obserwowana korelacja jest staba, jak
w przypadku wspotzmiennosci dlugosci i szerokosci
petlicy;

— brak jest istotnej korelacji pomigdzy poszczegdlnymi
proporcjami wymiardw bezwzglednych parafy;

— istnieje umiarkowana, ewentualnie staba korelacja
miedzy niektérymi wymiarami bezwzglednymi a ich
proporcjami.
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