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The ability of participants to simulate the width, height, and width: height ratio of simple and complex 
target signatures has been explored.  The natural variation of the target signatures was evaluated over 
29 and 28 signatures for the simple and complex signatures respectively. A group of 20 participants were 
provided 12 simulations of each signature on lined and plain paper. Paired t-tests show that the complex 
signature was more consistently reproduced than the simple signature. Single factor Analysis of Vari-
ance (ANOVA) followed by post hoc Tukey Honestly Significant Difference (HSD) tests showed that the 
complex signature was more easily simulated.

Introduction

The analysis of signatures is one of the main ar-
eas of interest for forensic document examiners.   
Generally the analysis consists of the examina-
tion of genuine signatures to assess the extent 
of natural variation and whether the features of 
a questioned signature fall within or outside this 
range.  Such analysis is difficult to quantify and 
has been prone to the accusation of subjectivity.   
This has led to studies specifically aimed at as-
sessing the individuality of handwriting (Srihari 
et al 2002, Li et al 2005) and there have been many 
studies into statistical analysis of handwriting. 
The frequency of occurrence of combinations of 
handwriting characteristics has been examined 
(Muehlberger 1977), letter and word spacing (Ling 
2002) have been used in an attempt to identify 
common authorship of documents written after a 
2 year interval, discrimination between different 
writers has been evaluated by analysis of letter 
shapes (Marquis et al 2005) and disguised slope of 
handwriting has been studied by pattern recogni-
tion methods (Brink et al 2011).  The application 
of Bayesian methods for the assessment of the 
strength of handwriting evidence has been recent-
ly reported (Davis et al 2011), (Hepler et al 2012).  
Statistical evaluation of signatures by simple mea-
surable parameters such as signature length, and 
height and width of particular features has been 
used to assess the natural variation in a collection 

of signatures (Matuszewski and Maciaszek 2008) 
, (Maciaszek 2011).  Similarly, analysis of Arabic 
signatures has been used in an attempt to identify 
demographic variables (Al Haddad et al 2009)  and 
how these can be related to the success of forg-
ing signatures (Al-Musa Alkahtani and Platt 2009, 
2010, 2011), whilst analysis of Polish handwriting 
characteristics have also been statistically anal-
ysed (Turnbull et at 2010). In this paper we present 
preliminary findings in the use of height, width, 
and width: height ratio as a means of indication 
of forged signatures.  Whilst it is not anticipated 
that this will provide an alternative to the expe-
rience and judgement of “traditional” document 
analysis it may provide a useful additional means 
of analysis.  In particular, in cases where the pa-
rameters fall outside the range of natural variation 
this can provide a simple means of satisfying the 
Daubert criteria.

Experimental

Samples of the target signatures were produced in 
normal course of business (AP 29 signatures) or 
over several days specifically for the study (RB 28 
signatures).  The length and width of each signa-
ture was measured to the nearest mm.  Given the 
natural variation in the signatures, greater pre-
cision in measurement was unwarranted.  The 
standard deviation was taken as a measure of the 
natural variation in the samples.
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and “complex” i.e. not readily legible (RB signa-
ture).  

The descriptive statistics for the simulations 
are shown in Table 1 with the standard deviations 
being taken as a measure of the natural variation.

Success in the simulation of simple and com-
plex signatures

The success with which the participants were 
able to simulate the dimensions of the target sig-
natures was analysed by carrying out single fac-
tor ANOVA tests for each participant’s simula-

Participants studied a sample of the signatures 
for 30 minutes.  They  produced simulated sig-
natures from memory without sight of the origi-
nals, 12 on lined and 12 on plain paper.

The differences in width, height, and width: 
height ratio between lined and plain paper were 
analysed for each participant by paired t-test as-
suming unequal variance.  

One way between groups analysis of variance 
was conducted to explore the success of the par-
ticipants in simulating the target signatures on 
lined and plain paper.  Statistical significance was 
set at a p <0.05 level. Effect size was calculated 
using Cohen’s eta squared statistic with values 
above 0.14 indicating a large effect, (Cohen 1988).  
Statistically significant differences between the 
participants were located by post hoc Tukey HSD 
tests. 

Results and discussion

The signatures are shown in Figure 1 and can be 
classified as “simple” i.e. legible (AP signature) 

Simple Complex

Figure 1.  The target signatures

Simple Signature1 Complex Signature2

Width Height Ratio Width Height Ratio

2.7(0.3) 1.4(0.2) 2.0(0.2) 2.5(0.3) 1.2(0.1) 2.2(0.2)

Participant Lined Paper3 Plain paper3 Lined Paper3 Plain paper3

Width Height Ratio Width Height Ratio Width Height Ratio Width Height Ratio

  1 2.7(0.3) 1.2(0.1) 2.2(0.2) 2.5(0.4) 1.0(0.1) 2.6(0.4) 2.2(0.3) 1.1(0.1) 2.0(0.3) 2.5(0.3) 1.2(0.1) 2.2(0.3)

  2 2.5(0.4) 1.0(0.3) 2.6(0.6) 2.8(0.4) 1.0(0.1) 2.7(0.3) 2.2(0.2) 0.9(0.2) 2.5(0.4) 2.2(0.3) 0.8(0.8) 2.7(0.4)

  3 3.3(0.3) 1.2(0.2) 2.7(0.4) 3.8(0.3) 1.4(0.2) 2.8(0.2) 3.5(0.3) 1.1(0.2) 3.2(0.6) 3.3(0.3) 1.3(0.2) 2.5(0.2)

  4 3.2(0.4) 1.2(0.1) 2.7(0.4) 3.3(0.3) 1.2(0.1) 2.9(0.5) 2.7(0.4) 1.4(0.1) 2.0(0.3) 3.3(0.4) 1.2(0.1) 2.7(0.2)

  5 3.1(0.5) 1.2(0.1) 2.7(0.4) 3.1(0.5) 1.0(0.1) 3.0(0.5) 2.6(0.4) 1.1(0.1) 2.5(0.4) 2.6(0.3) 1.0(0.1) 2.5(0.2)

  6 2.3(0.2) 1.1(0.1) 2.2(0.3) 3.3(0.6) 1.1(0.1) 2.9(0.4) 2.3(0.3) 1.1(0.1) 2.2(0.4) 2.1(0.6) 1.1(0.1) 1.9(0.4)

  7 2.0(0.2) 0.9(0.1) 2.3(0.3) 1.9(0.2) 0.8(0.1) 2.4(0.4) 1.9(0.2) 0.8(0.1) 2.3(0.5) 1.9(0.2) 0.9(0.1) 2.3(0.4)

  8 2.7(0.4) 1.0(0.1) 2.7(0.3) 2.6(0.2) 0.8(0.1) 3.4(0.5) 2.1(0.4) 1.1(0.2) 2.1(0.5) 2.1(0.3) 1.0(0.2) 2.2(0.4)

  9 3.0(0.3) 1.1(0.1) 2.7(0.3) 2.7(0.3) 0.9(0.1) 3.0(0.4) 2.8(0.2) 1.1(0.1) 2.6(0.3) 3.1(0.4) 1.1(0.1) 3.0(0.6)

10 2.7(0.2) 0.9(0.1) 3.0(0.4) 2.9(0.3) 0.9(0.1) 3.3(0.3) 2.1(0.4) 1.0(0.1) 2.2(0.4) 3.3(0.5) 0.9(0.1) 3.6(0.7)

11 3.1(0.4) 1.6(0.2) 2.0(0.4) 2.8(0.4) 1.4(0.1) 2.0(0.3) 2.3(0.3) 1.3(0.1) 1.9(0.3) 2.4(0.3) 1.2(0.1) 2.0(0.3)

12 2.5(0.5) 1.4(0.2) 1.8(0.4) 1.7(0.2) 1.0(0.1) 1.7(0.3) 2.0(0.3) 1.2(0.2) 1.6(0.3) 1.8(0.4) 1.1(0.1) 1.7(0.4)

13 2.1(0.1) 1.1(0.1) 2.0(0.2) 2.3(0.4) 1.3(0.2) 1.7(0.2) 2.0(0.4) 1.0(0.1) 2.0(0.4) 2.2(0.3) 1.1(0.1) 2.0(0.3)

14 2.1(0.3) 1.0(0.2) 2.2(0.4) 2.9(0.5) 1.2(0.1) 2.4(0.5) 2.2(0.2) 1.3(0.2) 1.7(0.3) 2.1(0.4) 1.3(0.2) 1.6(0.3)

15 1.5(0.2) 0.6(0.1) 2.5(0.5) 1.6(0.1) 0.5(0.1) 3.1(0.5) 1.3(0.2) 0.7(0.1) 2.1(0.4) 1.1(0.1) 0.6(0.1) 1.7(0.3)

16 3.4(0.2) 1.8(0.1) 1.9(0.2) 3.8(0.4) 1.9(0.3) 2.0(0.4) 2.6(0.2) 1.4(0.2) 1.9(0.4) 2.6(0.4) 1.3(0.1) 2.1(0.5)

17 3.9(0.5) 1.2(0.1) 3.3(0.6) 3.9(0.2) 1.4(0.1) 2.8(0.4) 2.4(0.3) 1.1(0.1) 2.2(0.4) 2.4(0.4) 1.1(0.2) 2.3(0.6)

18 2.8(0.3) 1.7(0.1) 1.6(0.1) 2.5(0.6) 1.4(0.2) 1.8(0.4) 2.3(0.2) 1.1(0.1) 2.1(0.2) 2.3(0.4) 1.0(0.1) 2.4(0.5)

19 2.6(0.3) 1.2(0.2) 2.2(0.4) 2.7(0.2) 1.2(0.1) 2.2(0.2) 2.8(0.3) 1.3(0.2) 2.1(0.4) 3.1(0.2) 1.2(0.1) 2.5(0.3)

20 2.5(0.3) 1.3(0.2) 2.0(0.2) 2.8(0.2) 1.4(0.1) 2.0(0.3) 2.2(0.3) 1.1(0.1) 2.0(0.4) 2.8(0.5) 1.1(0.1) 2.5(0.3)

Table 1. Descriptive Statistics: mean (standard deviation) / cm, for the target signatures and the simulations
1.  Averages over 29 target signatures. 2. Averages over 28 target signatures.  3.  Averages over 12 simulated 
signatures.
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criteria as opposed to 27.5% for the simpler sig-
nature.

Differences between lined and plain paper

From these results it is also possible to explore 
whether there was any difference in the quality of 
simulations between lined or plain paper.  Paired 
samples t-tests were conducted to evaluate the 
impact of lined versus plain paper on width, 
height, and width: height ratio and the consisten-
cy of the simulations over all, the participants is 
shown in Table 3.  Where significant differences 
between the two sets of dimensions occurred, the 
effect size, h2, was calculated by h2 = t2/(t2 + N -1) 
(Cohen 1988) where t is the test statistic and N 
the number of attempted simulations (N = 12 in 
this study).  The values of h2 which range from 
0.21 to 0.81 are again significantly greater than 
the 0.14 threshold and thus represent a large ef-
fect size in all cases.

It is clearly seen that the more complex sig-
nature was reproduced more consistently than 
the simple signature with samples from approxi-
mately 70% of participants having indistinguish-

tions against the target signatures.  Tukey HSD 
post hoc tests were used to locate these differ-
ences and the success rate over all participants 
(expressed as a percentage) for each of the param-
eters is shown in Table 2, together with the effect 
size (h2).  

The results indicated that in all comparisons 
significant differences occurred between the 
simulations made by some of the participants 
and the dimensions of the target signatures.  The 
magnitude of the effect size is, in all cases, con-
siderably higher than the 0.14 threshold consid-
ered to represent a large effect (Cohen 1988) and 
indicates that not only are the differences signifi-
cant but that they are of practical importance.  As 
can be seen from the percentage success rates, the 
participants generally found it easier to simulate 
the “complex” signature for the height and ra-
tio, with little difference in ease of simulation of 
width.  The use of lined or plain paper appears to 
have relatively little effect on these aspects of the 
simulations.

In the attempted simulation of the legible sig-
nature, elements such as form are likely to be 
easier to simulate compared to the more stylised 
complex signature.  Thus with the more legible 
signature, it is possible that the author’s own 
handwriting characteristics became more impor-
tant, leading to a poorer simulation of the propor-
tions of the target signatures.

The success of the individual participants in re-
producing all three aspects is of interest as this 
represents the successful simulation of the signa-
tures as judged by the criteria used in this study.  
The participants displayed a slightly greater profi-
ciency in overall success in simulating the more 
complex signature with 35% passing all three 

Simple Signature Complex Signature

Lined† h2‡ Plane h2 Lined h2 Plane h2

Width 55 0.74 50 0.72 50 0.71 55 0.68

Height 40 0.81 35 0.74 70 0.63 65 0.60

Width: 
Height 
ratio

40 0.70 55 0.78 85 0.55 90 0.43

Table 2. The percentage success rate in simulation of the width, 
height, and width: height ratio simple and complex target signatures.

† The percentage of success 

‡Effect size, vales >0.14 indicate a large effect size.

 Simple Signature Complex Signature

Width 55 65

Height 30 70

Width: 
Height 
Ratio

55 70

Table 3.  The Percentage consistency in simulating 
dimensions in the target signatures on lined vs. plain 
paper.
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