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Historically, pen lifts have been considered valuable predictors of simulation behaviour. Despite this
belief, there exists only limited empirical data available to characterise the extent to which unexpected
pen lifts contribute to evidence in support of simulation behaviour. This study was devised to exam-
ine the frequency with which pen-lifts are observed in a population of 2280 simulated signatures as
compared to a genuine signature population of 285 signatures (by 19 authors). It was found that 12%
of simulated signatures featured less pen-lifts than their comparison genuine signatures, whilst 22% of
simulated signatures featured more pen lifts than their genuine counterparts. The variance in pen lift
incidence in the simulated signatures, as compared to the known model signatures, was found to be
non-significant for both over and under representation of lifts. Sixty-seven percent of the simulations
were found to successfully replicate both the number and placement of the pen lifts, when compared to
their respective models. Despite the lack of statistical significance, 33% of simulations were observed
to have more or less pen lifts then their genuine model counterparts and should be explored further.
The results gained provide an insight into the significance of pen lifts with respect to whether or not
they appear in a questioned signature, and whether the occurrence of pen lifts in questioned signatures
independently provides evidence of simulated writing behaviour.

Keywords: Signatures, handwriting, pen lift, simulation, validation, questioned document examina-
tion.

Introduction tific evidence is to be admitted, its probative val-
ue should be assessed against critical and robust
testing of the theories on which the techniques
are based, and evidence of error rates, peer review
and acceptability by the relevant scientific com-
munity should be considered® . Additionally,
the 2009 National Research Council of the Na-
tional Academy of Sciences further highlighted
serious deficiencies in the underlying scientific
methodology of many forensic science disci-
plines®!. Despite practitioners’ belief that those
areas of forensic science pertaining to the pattern
recognition disciplines have probative value, it is
imperative that critical examination of the un-

Reports over the past decade have detailed a
range of shortfalls associated with forensic sci-
ence disciplines and have increased awareness
of the important need for empirical studies to be
undertaken to test existing theory, particularly
with respect to pattern evidence. The pattern evi-
dence disciplines (handwriting, fingerprints, shoe
impressions, tool marks) have been criticized
for a lack of focussed and appropriately designed
validation testing of their underlying assump-
tions'?¢, Court rulings such as the 1993 United
States Supreme Court, Daubert v. Merrell Dow
Pharmaceuticals, have clearly stated that if scien-
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derlying beliefs, assumptions and methodologies
of disciplines such as forensic handwriting exam-
ination be scrutinised and tested for soundness.

One commonly held premise in forensic signa-
ture examination is that the occurrence of unex-
pected pen lifts in a questioned signature, when
compared to a population of known signatures,
strongly contributes to the determination that
the signature is simulated. On face value, this
principle would appear to be well supported, with
many historical citations attesting to the valid-
ity of the observation. Osborn (1946) refers to pen
lifts as one of the distinctive qualities of a forgery.
Harrison (1964, 1966) documents the special im-
portance of pen lifts, instructing the examiner to
expect more pen lifts in a forged signature than a
genuine. Hilton (1982) cites a number of qualities
where a forgery is apt to differ from the known
signature, including unnatural pen lifts, and Ellen
(1989) states that the forgery is completed with
more strokes than are present in the original'®.

Historical references notwithstanding, the
belief does not appear to have been empirically
verified with any scientific rigour. Citations re-
garding pen lifts as an indicator of forgery behav-
iour are in the main anecdotal, un-validated and
lacking in any statistical underpinning. Relative-
ly contemporary commentaries also support the
historical position as to the important properties
of pen lifts, and highlight the commonly referred
to association of pen lifts with non-genuine writ-
ings. Masson (1996) refers to pen lifts as symp-
tomatic of spurious writing, Nickell (1996) refers
to unnatural pen lifts in association with non-
genuine writing, Huber and Headrick (1999) state
that simulations frequently contain too many
pen lifts or pen lifts in the wrong locations, Black
et al (2003) assert that the pen lift is more likely
to occur in simulated signatures, Vastrick (2004)
cites unusual pen lifts as a common characteris-
tic of simulation and Alkahtani et al (2010) in-
clude pen lifts as one of the principal line quality
signals indicative of forgery behaviour®!'.

The study described here attempts to make
a contribution to the existing pool of empirical
data regarding the underlying assumptions asso-
ciated with forensic handwriting examination.
Here we focus on the significance of the pres-
ence or absence of pen lifts in questioned signa-
tures when compared to relevant populations of
known signatures, in order to provide an insight
into whether pen lift characteristics play a role as
a predictor of simulation behaviour.

Method

Nineteen skilled, tertiary educated, adult writ-
ers were recruited to provide known signature
samples. These individuals were asked to provide
fifteen repetitions of their own genuine signature
in one sitting, resulting in a pool of 285 known
signature samples. Each signature was executed
using a Wacom Intuos Duo inking/digitising pen,
and was written within a 118 x 38mm printed
box on a single A4 (REFLEX brand) 80gsm sheet
of paper placed upon a Wacom digitising pad.
Electronic data was processed using the Neuro-
script Movalyzer Ver.6.6 software. Each of the
known signature samples was assessed by the
experimenters to ensure that they were of suf-
ficient complexity to warrant examination and
comparison within a forensic case work scenario,
and relatively representative of signatures found
in the general population. Signature complexity
was determined using a statistical complexity
model which has been previously reported3> 33

Further to the known signature providers, an
additional eight individuals were recruited as
simulators. These individuals were also skilled
adult writers. The simulators were provided with
five arbitrarily selected examples of each of the
nineteen model signatures on which to base their
simulation attempts. Simulators were allowed
one minute to familiarise themselves with each
model signature prior to commencing their simu-
lations. Participants were not permitted to prac-
tice prior to commencing their fifteen attempts.
Using the same method of collection as described
for the genuine signatures, the eight simulators
were directed to attempt to simulate each of the
nineteen known signatures, fifteen times, one
signature per page. This process resulted in a pool
of 2280 signature simulations, comprising 120
simulation attempts per known signature.

Pen lift incidence in both the known and sim-
ulated signatures was recorded manually by in-
specting and documenting the visible presence of
pen lift within each signature. For the purpose of
this study, pen lifts were defined as a line break
within the signature formation, where the pen
had clearly left the writing surface before being
placed back on the paper to continue the sig-
nature. The terminal pen lift or completion of
the signing event was not included in the total
recorded pen lifts per signature. Pen lifts associ-
ated with diacritic placements, such as may ap-
pear over the letters ‘i’ and ‘j’, were included in
the total pen lift count, as was the placement of
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punctuation marks, such as might be used after nificance using SPSS v21.0 (SPSS Inc, Chicago).
the first initial in a signature. Observance of pen Examples of known and simulated signatures, in-
lift was peer reviewed and further confirmed by cluding pen lift counts, are provided in Figures 1
review of the electronic signature capture. The and 2 respectively.

recorded data was examined for statistical sig-
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Figure 1. Example of three genuine signatures containing one, two and three pen lifts respectively. Regions
where pen lifts occur are notated as PL indicating ‘pen lift’, followed by a number indicating whether the lift is
the first, second or third lift within the signature formation.
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Figure 2. Example ot three simulated signatures containing one, two and three pen litts respectively. Regions
where pen lifts occur are notated as PL indicating ‘pen lift’, followed by a number indicating whether the lift is
the first, second or third lift within the signature formation.

Results and Discussion
Number of pen lifts

In both the known and simulated signatures,
overall pen lift distribution ranged from be-
tween 0-6 pen lifts per signature, with an aver-
age incidence in both the known and simulated

signatures of two pen lifts per signature. Of the
total simulation attempts, 506 of the total 2280
simulated signatures demonstrated an over-rep-
resentation of pen lifts. Under-representation of
pen lift was observed in 264 of the 2280 simula-
tion attempts. In 1510 of the total 2280 attempts
recorded, the simulators were able to faithfully
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replicate the number of pen lifts within a given
signature (see Table 1). No significant differ-
ences were observed in the number of pen lifts
observed in the known population, compared
to the number of pen lifts observed in the sim-
ulated population of signatures (F' =2.799, p =
0.09). When considering only simulated signa-
tures which under- or over-represented the pen
lifts, that is removing those simulation attempts
that accurately replicated the number of pen lifts
in a known model signature, significantly more
over-representations were observed (x> = 144, p <
0.0001). It should be noted that four of the known
signatures contained no pen lifts, and therefore
could not be under-represented. A selection of
model signatures and simulated counterparts, il-
lustrating over representation of pen lifts, under
representation of pen lifts and contemporaneous
pen lift replication is provided in Appendix 1.

Table 1. Number of simulated signatures that
illustrated an over-representation, an under-
representation or no difference in pen lifts, as
compared to the known model signatures.

Gross pen lift incidence in Number of simulations

simulated signatures

Over Representation 506
Under Representation 264
No Difference 1510
Total 2280

Each of the fifteen known signature repli-
cates showed consistent numbers of pen lifts
(F, = 0.516, p = 0.923). However, as would be
expected, significant differences were observed
between the 19 known signatures in the number
of pen lifts in each signature (F, = 1006.5, p <
0.0001). As might be predicted, there was found
to be a highly significant positive correlation be-
tween the complexity level rating of a signature,
and pen lift incidence (F, = 28.3,p < 0.0001, r*
= 0.307). Of the known model signatures used
for the trial, 5 signatures were determined to be
highly complex, 10 signatures were determined
to be of intermediate complexity and 4 signatures
were determined to be of low complexity. This
complexity distribution range was indicative of
other studies into complexity rating amongst sig-
natures, in that it is thought that the majority of
signatures in the general population are of suffi-
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cient complexity such as to warrant an opinion
as to authorship in a forensic examination type
scenario®. As such, we postulate that as com-
plexity within a signature increases, so does the
likelihood of natural pen lift incidence, an obser-
vation shared by Franke’s 2009 study where it
was reported that both known writers and simu-
lators tend to pause more often when executing

Figure 3. A highly complex signature, exhibiting 4
pen lifts.

s =

Figure 4. A low complexity signature, exhibiting no
pen lifts.

signatures of higher level complexity®. Examples
of a high complexity and a low complexity signa-
ture are included in Figures 3 and 4 respectively.

Significant differences were observed between
the eight individual simulators, in their abil-
ity to mimic the known pen lifts (F, = 25.4, p <
0.0001). However, there were no consistent pat-
terns between and within the simulators, with
individual simulators over-representing pen lifts
in some signatures, and under-representing pen
lifts in others. There was a significant interaction
between the known signatures and simulators
(F,, = 21.6, p < 0.0001), where pen lifts in some
signatures were more consistently over-repre-
sented by some simulators, and consistently un-
der-represented by others (Figures 5, 6 & 7). There
was no indication of a practice effect between the
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Figure 5. High complexity signatures. Incidence of pen lifts in simulated signatures across the eight individual
simulators for high complexity signatures. Bracketed Figures along the x axis indicate the number of pen lifts
in the known model signature. Within the graph, solid lines indicate the median number of pen lifts recorded,
boxes extending either side of the median illustrate the inter-quartile distribution (25-75% of data points) and
whiskers defining maximum and minimum recorded pen lift. Circles illustrate suspected outliers, and asterisks
indicate extreme outliers. The above graph illustrates that the majority of simulation attempts accurately
replicated the number and placement of pen lift as observed in the high complexity model signatures.
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Figure 6. Intermediate complexity signatures. Incidence of pen lifts in simulated signatures across the eight
individual simulators for intermediate complexity signatures. Bracketed Figures along the x axis indicate the
number of pen lifts in the known model signature. Within the graph, solid lines indicate the median number of
pen lifts recorded, boxes extending either side of the median illustrate the inter-quartile distribution (25-75%

of data points) with whiskers defining maximum and minimum recorded pen lift. Circles illustrate suspected
outliers. Asterisks indicate extreme outliers. Whilst a larger degree of variation in pen lift is observed in the
simulation attempts of these intermediate complexity signatures as compared to the low complexity simulation
attempts depicted in Figure 7, the majority of pen lifts within simulation attempts by all forgers closely mimics
that which is observed in the model signature formations. It remains undetermined as to why some forgers and
some signature models illustrated larger degrees of variation amongst pen lift incidence.
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Figure 7. Low complexity signature. Bracketed Figures along the x axis indicate the number of pen lifts in the
known model signature. With low complexity signatures, the majority of simulations accurately replicated

pen lift incidence as observed within the known model formations. Pen lift occurrence within this data set is
relatively stable for this level of signature complexity, with little variation and few outliers. Only one individual
(Forger 2) displayed pen lift variation as evidenced by the distribution range seen in this forger’s simulation
attempts at this complexity level.

simulation attempts one through to fifteen for all or period at the end of the signature formation
eight simulators (F, = 0.616, p = 0.854). or between initials within the signature forma-
Of the nineteen known model signatures used, tion. The simulation attempts of these ‘punctu-
three included the use of a form of diacritic or ated signatures’ tended towards an under repre-
punctuation representation, by way of a full stop sentation of pen lift by way of omission of these
: g@
~

Figure 8. A punctuated known model signature formation. Note the punctuation marks in the form of periods
between the first and second letters, within the body of the signature and at the completion of the signature
formation. Simulation attempts of this signature, collectively returned an under representation of pen lift
across all simulators. The under representation took the form of punctuation omissions, therefore, reducing the
number of pen lifts present in the simulation attempts.
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Figure 9. A simulation attempt of the known signature formation provided in Figure 8. Note the lack of
punctuation between letters, within the body of the signature and at the completion of the formation, as

compared to the known model signature.

punctuation events. Whilst not examined for sta-
tistical significance due to the low number and
variability of punctuation type and placement, it
may be worth investigating further with a larger
data set of both ‘punctuated’ and ‘non-punctuat-
ed’ signature formations (Figures 8 & 9).

Pen Lift Placement

It is not just the number of pen lifts observed
and compared between known and questioned
signatures that is often reported as supportive
evidence towards forming an opinion as to the
authenticity of questioned writings, but also pen
lift placement. Therefore, the data set was fur-
ther explored by examining each simulation at-
tempt with respect to where the pen lift occurred.
If the pen lifts within a simulation attempt cor-
related with both the number and placement of
that occurring in the known signature formation
i.e. were accurately replicated, these incidences
were removed from the data set, so that all that
remained were pen lifts extraneous to that which
occurred within the known signature formations
(see Table 2.

Table 2. Number of simulated signatures that
illustrated an over-representation, or under-
representation of pen lifts, extraneous to that
occurring within the known model signatures.

Extraneous pen lift incidence in Number of simulations

simulated signatures

Over Representation 352
Under Representation 264
Total 616

The remaining data set was examined for sta-
tistical significance using non parametric testing,

due to non-normality of the data. Overall, the in-
cidence of non-corresponding pen lift placement
in the simulated signatures was found to be non-
significant (Wald Z = 0.783, p = 0.434). Although
there were slightly more pen lifts observed in
the simulations of the highly complex known
signatures, there was no significant overall cor-
relation between the complexity of the known
model signatures and the median number of un-
expected pen lifts in the simulated signatures (p
= —0.065, p = 0.483) (Figure 10). Likewise, there
was no correlation observed between the number
of pen lifts observed in the known model signa-
tures and the unexpected pen lifts documented in
the simulation attempts (p = —0.081, p = 0.380).
Inter-forger differences were also examined, with
no significant differences observed between the
individual forgers and the number of unexpected
pen lifts documented (K, = 7.104, p = 0.418). A
significant effect, however, was observed between
the known signature model and the number of
unexpected pen lifts observed in the simulation
attempts across all forgers (K|, = 33.6, p = 0.002).
As such, it can be inferred that some model signa-
tures resulted in a collective over-representation
of unexpected pen lifts across all simulators and
simulation attempts, whilst other known model
signatures elicited a significant under-represen-
tation of pen lifts in the simulation attempts,
across all simulators (Figure 11). These signatures
were examined further to investigate if some
feature type, such as complexity level or basic
structural type, such as previously reported® was
common to this grouping. Further investigation
revealed both a mix of complexity levels, includ-
ing simplistic, intermediate and high complexity
signatures and a mix of basic structural types, in-
cluding text-based, mixed and stylized signatures
amongst this group. Therefore, the reasoning as
to why some signatures in this trial generated a
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consistent response from the simulators by way
of either under- or over-representation, remains
unexplained. As previously discussed, the known
signature pool contains signatures representative
of that found in the general population, therefore,
it is not thought that a larger data set of known
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Figure 10. Number of extraneous pen lifts in the
simulated signatures according to complexity

level rating of the known model signature. The
graph illustrates more extraneous pen lifts in the
simulations of the highly complex known signatures,
however, there was no significant overall correlation
between the complexity of the known model
signatures and the median number of extraneous pen
lifts in the simulated signatures (p = —0.065, p =
0.483). The solid lines represent the median number
of pen lifts made by each simulator, with a coloured
box covering the 25% and 75% percentiles. The
whiskers (lines extending from the coloured box)
represent the highest and lowest values observed,
excluding the outliers (circles and asterisks).

model signatures might explain this observance.
Further analysis with a larger simulator pool may
be beneficial, to observe if the trend continues
across a larger pool of simulators.

Conclusion

Overall, a range of over-and under-representation
of pen lifts in simulated signatures as compared
to their model counterparts was observed. The
differences between the known and simulated
formations were found to be statistically non-
significant. However, of the 2280 simulated sig-
natures, 616, 27% were found to have unexpect-
ed pen lifts as compared to the model signature
formations, lending support (albeit lacking statis-
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Figure 11. Number of pen lifts across all eight
simulators and all simulation attempts per known
model signature. The number of pen lifts in the
known model signature is noted in brackets beneath
the x axis. The graph illustrates how some model
signatures (G10, G17, G18, and G19) resulted in a
collective over-representation of unexpected pen
lifts across all simulators and simulation attempts,
whilst other known model signatures (G3, G11, G12,
and G14) elicited a significant under-representation
of pen lifts in the simulation attempts, across all
simulators. Note how the simulation attempts of the
known model signature identified as G10 exhibits

a significant over representation of pen lifts, in
contrast to the under-representation observed in the
simulation attempts of the model signature G14.
Data points G1, G2, G5 and G6 are absent from

the X axis in the above table as they represent the
model signature formations that did not have any
pen lifts and therefore could not exhibit an over or
under representation in the simulation counterparts.
The solid lines represent the median number of pen
lifts made by each simulator, with coloured boxes
covering the 25% and 75% percentiles. The whiskers
(lines extending from the coloured boxes) represent
the highest and lowest values observed, excluding
the outliers (circles and asterisks), circles illustrate
suspected outliers, asterisks indicate extreme
outliers.

tical significance) to the literary citations on the
observance of pen lifts in simulated signatures.
Forensic Handwriting Examiners should exercise
caution when viewing historically typical forgery
indicators such as pen lifts in isolation. It is when
historically typical indicators of forgery behav-
iour such as pen lift are observed in combination
with other documented forgery indicators such
as line quality disturbances, size variation, pen
direction differences and pictorial dissimilari-
ties that pen lift occurrence may take on greater
statistical significance. It is suggested that fur-
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ther studies with a larger pool of simulators and
more stringent selection of model signature types
would be beneficial, in order to limit the influ-
ence of any extreme performers i.e. very good
simulators or conversely very poor simulators,
which should broaden the range of data capture,
providing a better picture for statistical analysis.

References

1. A. S. Osborn, Questioned Document Problems.
Boyd Printing Company, New York, (1946) 338.

2. W.R. Harrison, Forgery Detection: A Practical
Guide. Sweet and Maxwell, London, (1964) 115.

3. W.R. Harrison, Suspect Documents and Their
Scientific Examination. Sweet and Maxwell,
London, (1966) 324.

4. O.Hilton, Scientific Examination of Questioned
Documents. Revised Edition, CRC Press, (1982)
185.

5.D. FEllen, The Scientific Examination of
Documents: Methods and Techniques. Ellis
Horwood Limited, (1989) 41-42.

6.R.A. Huber and A.M. Headrick, Handwriting
Identification: Facts and Fundamentals. CRC
Press, (1999) 289.

7. D. Black, B. Found and D. Rogers, The frequency
of the occurrence of handwriting performance
features used to predict whether questioned
signatures are simulated, Journal of Forensic
Document Examination. 15 (2003) 17-28.

8. T. W. Vastrick, Forensic Document Examination
Techniques. The IIA Research Foundation,
Florida, U.S.A, (2004) 24.

9.7].F. Masson, An evaluation of simulated and traced
signatures and consideration of the potential for
determination of the writers identity. Presented
at the 48th Meeting of the American Academy of
Forensic Sciences, Nashville, Tennessee (1996).

10.J.  Nickell, Detecting Forgery: Forensic
Investigation of Documents. University Press of
Kentucky: Lexington, KY, (1996).

11. A. A. Alkahtani and A. W. G. Platt, A statistical
study of the relative difficulty of freehand
simulation of form, proportion, and line quality in
Arabic signatures, Science and Justice. 50 (2010)
72-76.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

D. Risinger, M. Denbeaux, M. Saks, Exorcism of
ignorance as a proxy for rational knowledge: the
lessons of handwriting identification ‘expertise’,
University of Pennsylvania Law Review. 731(1989)
1-41.

D. Risinger, M. Saks, Science and nonscience in the
courts: Daubert meets handwriting identification
expertise. [owa Law Review. 47(1996) 21-74.

USA court ruling, Kumho Tire Co., Ltd. V.
Carmichael. (1999). 526 U.S. 137.

C. Champod. Identification/Individualization—
Overview and Meaning of ID, In: Encyclopaedia
of Forensic Science. Flsevier Academic Press,
Burlington, MA. (2000) 1077-1084.

M. Saks, The aftermath of Daubert: an evolving
jurisprudence of expert evidence, Jurimetrics
Journal. 40 (2000) 229-241.

V. Phillips, M. Saks, J. Peterson, Signal detection
theory and decision-making in forensic science,
Journal of Forensic Science. 46 (2001) 294-308.

USA court ruling, U.S. v. Hidalgo. (2002)229 F.
Supp. 2d 961, 967.

J. Sita, B. Found, D. Rogers, Forensic handwriting
examiners expertise for signature comparison,
Journal of Forensic Science. 47 (2002) 1117-1124.

USA court ruling, U.S v. Patrick Leroy Crisp.
(2003)324 F.Supp. 3d 261.

D.M. Risinger, M.J. Saks, A house with no
foundation, Issues in Science and Technology. 20
(1) (2003) 35-39.

M.J. Saks, Commentary on “Individuality of
Handwriting”, Journal of Forensic Science. 48(4)
(2003) 916-920.

M. Saks and J. Kochler, The coming paradigm
shift in forensic identification science, Science.
309 (2005) 892-895.

M.J. Saks and J.J. Koehler, The individualization
fallacy in forensic science evidence, Vanderbilt
Law Review. 61(1) (2008) 199-219.

M. Saks, Forensic Identification: From a faith-
based “Science” to a scientific science, Forensic
Science International. 201 (2010) 14-17.

J. J. Koehler and M.]J. Saks, Individualization
claims in forensic science: still unwarranted,
Brooklyn Law Review. 75 (2010) 1187-1208.

JOURNAL OF THE AMERICAN SOCIETY OF QUESTIONED DOCUMENT EXAMINERS



27.

28.

29.

30.

31.

32.

Exploring the significance of pen lifts as predictors of signature simulation behaviour

M. Page, J. Taylor, M. Blenkin, Uniqueness in the
forensic identification sciences-Fact or fiction?
Forensic Science International. 206 (2011) 12-18.

R. D. Stoel, LE, Dror, L. S. Miller, Bias among
forensic document examiners: still a need for
procedural changes, Australian Journal of Forensic
Science. 46 (2014) 91-97.

United States of America, Federal Rules of
Evidence. (2012). Rule 702.

USA court ruling, Daubert v. Merrill Dow
Pharmaceuticals Inc. (1993). 509 U.S. 579.

National Research Council of the National
Academies, Committee on Identifying the Needs
of the Forensic Science Community. (2009).
Strengthening Forensic Science in the United
States: A Path Forward. The National Academies
Press, Washington, DC. (2009)

B. Found, D. Rogers, V. Rowe and D. Dick,
Statistical modelling of experts’ perceptions of the

JOURNAL OF THE AMERICAN SOCIETY OF QUESTIONED DOCUMENT EXAMINERS

33.

34.

35

36.

ease of signature simulation, Journal of Forensic
Document Examination. 11 (1998) 73-100.

L. C. Alewijnse, C. E. van den Heuvel and R.
Stoel, Analysis of Signature Complexity, Journal
of Forensic Document Examination. 21 (2011) 37-
49.

T. Dewhurst, B. Found and D. Rogers, The
relationship between quantitatively modelled
signature complexity levels and forensic document
examiners’ qualitative opinions on casework,
Journal of Forensic Document Examination. 18
(2007) 21-40.

. K. Franke, Analysis of authentic signatures and

forgeries. In: Geradts Z, Franke K, Veenman C,
Eds, Computational Forensics. Berlin, Heidelberg:
Springer.5718 (2009)150-64.

L. Mohammed, B. Found, and D. Rogers, frequency
of signature styles in San Diego county, Journal of
the American Society of Questioned Document
Examiners. 11 (2008) 9-13.

13



Dewhurst, Ballantyne and Found

Appendix 1

Figures 12, 13, 14 and 15. Examples of known model signatures and three associated simulation attempts,
exhibiting under-representation, over-representation and the same number of pen lifts, respectively.

o W

Known model signature Under-representation

Yl O~ o fr—

Over-representation The same number of pen lifts
Figure 12.
Known model signature Under-representation
Over-representation The same number of pen lifts
Figure 13.
Known model signature Under-representation
Over-representation The same number of pen lifts
Figure 14.
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Known model signature Under-representation
Over-representation The same number of pen lifts

Figure 15.
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