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An Insight into Forensic Document Examiner
Expertise for Discriminating Between Forged
and Disguised Signatures

ABSTRACT: It has previously been shown that forensic document examiners (FDEs) have expertise in providing opinions about whether ques-
tioned signatures are genuine or simulated. This study extends the exploration of FDE expertise by evaluating the performance of eight FDEs and 12
control subjects at identifying signatures as either forgeries or the disguised writing of a specimen provider. Subject eye movements and response
times were recorded with a Tobii 1750 eye tracker during the signature evaluations. Using a penalty scoring system, FDEs performed significantly
better than control subjects (t = 2.465, p = 0.024), with one FDE able to correctly call 13 of the 16 test stimuli (and three inconclusive calls). An
analysis of eye movement search patterns by the subjects indicated that a very similar search strategy was employed by both groups, suggesting that
visual inspection of signatures is mediated by a bottom up search strategy. However, FDEs spent greater than 50% longer to make a decision than
the control group. The findings are suggestive that for some stimuli FDEs can discriminate between forgeries and disguises, and that this ability is
due to a careful inspection and consideration of multiple features within a signature.
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The expertise of forensic document examiners (FDEs) in hand-
writing identification compared to control subjects has been
reported (1–6). Three of these studies dealt specifically with signa-
ture comparison tasks (3–5). In all cases it was found that FDEs
were significantly better than the control subjects at correctly dis-
criminating between genuine and simulated (copies of the genuine
signature not written by the genuine writer) questioned signatures.
Currently however, no expertise study that we are aware of has
explored in detail as to whether FDEs are able to discriminate
between forgeries (copies of the genuine signature not written by
the genuine writer) and disguised signatures (performed by the gen-
uine writer), and whether FDEs show an expertise effect over con-
trol subjects performing the same tasks. It is recognized that
document examiners are commonly averse to describing a signature
as a forgery and that many examiners will not provide an opinion
of authorship on a signature they consider to be a simulation. How-
ever, for the purpose of this paper we have used the terms ‘‘forg-
ery’’ or ‘‘forged signature’’ and ‘‘disguised’’ as the author and
process of production of the signatures were known to the experi-
menters and the purpose of the study was to explore examiners’
ability to distinguish between these two types of behaviors.

A previous study by the authors used eye movement recordings
to understand how experts are able to solve forensic signature tasks
better than a control group (6). The rationale for pursuing experi-
mental approaches based on monitoring subjects’ eye movements is
theoretically straightforward. For a subject to view an image in
detail the gaze must be directed in a way that the image falls on

the high acuity region of the eye (7–9). Shifts of attention between
features are carried out using ballistic eye movements called ‘‘sac-
cades’’ (6–11). The measurement of this process therefore provides
a mechanism to quantify visual attention. Video-based eye tracking
systems have been developed to quantify subjects’ eye movements
by using the differential reflective properties of the eye (8). Subse-
quent to calibration, the eye tracking system allows the experi-
menter to accurately monitor subjects’ attention to different regions
of the test stimulus.

Dyer et al. (6) produced evidence using a video-based eye track-
ing system, that eye movements are relevant to understanding how
FDEs view and process information relating to questioned signa-
tures. For example, it was found that if signatures were presented
to FDEs for only 100 ms (a time period that prevented their eyes
from moving at all), then the ability of FDEs to identify genuine or
simulated signatures was significantly better than chance. This in
combination with the finding that an unrestricted time period
resulted in FDEs performing better again, provides evidence that a
dual evaluative process is in action. The evaluation incorporates
both global processing of stimuli as well as local detailed feature
extraction which is eye-movement dependent. The study of eye
movements in FDE subjects (6) provides collaborating evidence
that forensic experts develop visual expertise whilst dealing with
particular test stimuli. Specifically, Busey and Vanderkolk (12)
showed that fingerprint examiners demonstrate an expertise effect
over control subjects, and provided evidence of forensic experts
using configural processing to match fragments of fingerprints
when presented with image noise.

The research reported here develops on the findings of Dyer
et al. (6) and is focused on the issue of the validity of opinions
relating to the discrimination between forged and disguised signa-
tures by FDEs and a control subject group. The following four key
questions (KQ) were considered:

KQ1: Can subjects correctly discriminate between disguised and
forged signatures, and do FDEs show an expertise effect compared
to the control subjects?
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KQ2: Do FDEs perform better than control subjects on forged
and ⁄ or disguised signatures?

KQ3: Do FDEs and control subjects choose to allocate different
amounts of time for making decisions about disguised and forged
signatures?

KQ4: Do FDEs or control subjects look at signature simulations
differently when making a decision?

Materials and Methods

This study was conducted immediately after the initial
experiments reported in Dyer et al. (6). In this current study,
subjects were required to make decisions about questioned forged
or disguised signatures that were displayed on a TFT computer
monitor. While viewing stimuli, subject eye movements and
response times (RT) were recorded to quantify attention to the
stimuli.

Subjects

Two experimental groups were used in the study. The control
group consisted of 12 subjects (mean age 22.0 € 3.5 SEM years)
who were La Trobe University students that volunteered to partici-
pate in the study as part of a third-year student-research subject.
The test group consisted of eight FDEs (mean age 37.4 € 1.8
SEM; years experience = 13.0 € 2.2 SEM) who volunteered to par-
ticipate in the study. All examiners were authorized in handwriting
and signature examination by NATA accredited Australian govern-
ment laboratories. The accrediting body, NATA, is recognized by
the ASCLAB-LAB group in the U.S.A. Subjects were informed
about the nature of the study and signed informed consents prior to
participating. Subjects had better than 6 ⁄12 uncorrected visual acu-
ity and no history of neurological disorders. The study did not con-
sider differences between M ⁄ F subjects.

Stimuli

All participants were shown exactly the same set of test
stimuli. The test stimuli used were signatures extracted from a
blind validation trial conducted by the university in 2004. None
of the subjects had participated in this trial. The signatures were
made onto white paper and scanned into a computer using Adobe
Photoshop version 7.0 software and saved as 8-bit grayscale
1024 · 768 pixel jpeg files (10 max quality) to enable displaying
on a Tobii 1750 eye tracking system. Four genuine signatures
(provided by a single specimen provider) were used to allow sub-
jects to familiarize themselves with the normal handwriting of the
specimen provider prior to stimulus presentation and were pre-
sented on screen with each test signature. The specimen provider
also provided eight signatures that were intentionally disguised
which were randomly incorporated into the stimulus set along
with eight forged signatures provided by eight different subjects
that had an opportunity to copy the signature of the specimen
provider (Fig. 1).

Each of the forgers was provided with three original normal
samples of the signature written by the specimen writer randomly
drawn from a pool of 200 samples. Forgers were instructed that
they could use any or all of the supplied specimen signatures as
models for their forgeries. They were asked to reproduce the signa-
ture as accurately as possible. Forgers were also instructed that their
forgeries must be unassisted (not tracings). Each forger was pro-
vided with a pen and a booklet. The booklet contained pages
divided into spaces. These spaces were numbered 1–20. The

forgers were asked to inspect the genuine signature and forge it 20
times. From these the eight simulated signatures included in the
stimulus set were chosen on the basis that one or more opinions
concerning the signature provided by participants in the 2004 signa-
ture validation trial were erroneous. That is, that at least one opin-
ion provided by FDEs in the 2004 trial was that the signature was
genuine.

None of the examiners reported in the study had prior knowl-
edge of the signature (through examination or association with the
individual) nor did they assist in the collection or preparation of
the test stimuli.

Data Recording

Eye movements were recorded with a Tobii 1750 binocular eye
tracking system (Tobii Technology, Stockholm, Sweden). Subjects
viewed stimuli on the TFT screen from a distance of 57 cm so that
the width of a typical questioned signature subtended a horizontal
visual angle of c. 28�. Calibration for each subject to a 16-point
reference grid was done providing for a resolution of subject gaze
to better than 0.5� of visual angle as described in detail by Dyer
et al. (6).

Eye fixations were determined using criteria of eye position
remaining within a 50 pixel area for a time of greater than
100 ms (8). Data collection, fixation measurements, RTs, and
analysis of areas of interest (AOI) data were determined with
Tobii Clearview 2.5.1 software. Subsequent quantitative analysis
was then conducted by exporting data from the Clearview soft-
ware to custom written software. Statistical analysis was con-
ducted with a SPSS computer package (SPSS for Windows
version 11.5.0, Chicago, IL).

Learning Phase

Prior to experiments, the control subjects as a group were given
a 30-min talk on what normal, disguised, and forged signatures
were and the role of a FDE in discriminating between these differ-
ent classes of stimuli. The control subjects were given an opportu-
nity within the talk to sign their own name a number of times so
as to understand the degree of variability within a signature. The

FIG. 1—Examples of (A) genuine, (B) disguised, and (C) forged
signatures.
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control subjects were made aware of the potential consequences of
a FDE making errors in a real life scenario. Our previous study (6)
showed that this initial briefing promotes a high level of motivation
in the control subjects to perform well at a signature evaluation
task.

Subjects then each viewed the four specimen signatures sequen-
tially for 10 sec each while displayed on the Tobii 1750 monitor.
Eye movements were recorded during this phase but the data did
not reveal any information that was deemed important to report in
this manuscript. Each subject was then given a further 5 min to
examine the four specimen signatures presented simultaneously on
a piece of A4 paper. Subjects were informed that during the fol-
lowing eye movement experiment, the four specimen signatures
would be displayed at the bottom of the screen while the ques-
tioned signature would be displayed at the top of the screen
(Fig. 3A). This was done to give each subject an opportunity to
both learn the specimen signatures and to refer to the signatures
during the experiment in a way that is similar to the normal operat-
ing environment of FDEs.

Testing Phase

The eye movements, RT, and performance at the signature trial
of the FDE and control subjects were evaluated while making deci-
sions about 16 questioned signatures. Subjects were informed that
each of the 16 questioned signatures was either a forgery or a
disguised signature (i.e., none of the questioned signatures were
genuine). The FDEs participating in the study do not provide case
work opinions using these terms but agreed to the terminology for
the purpose of the experiment.

Prior to the presentation of a questioned signature, a subject was
required to fixate on a cross at the top left-hand side of the screen
to control for the starting position of the eye. A subject then
pressed the space bar on a qwerty keyboard to view a stimulus.

To quantify subject performance in the signature trial, a penalty
scoring system was used where subjects were awarded 1 point for
a correct decision, but an incorrect decision incurred a 1 point pen-
alty (6,13). Subjects were also allowed to respond inconclusively,
for which they scored zero points on that stimulus. This type of
scoring system with an opportunity for an inconclusive decision
models the real world working scenario of FDEs, and the addition
of a penalty scoring system is thought more likely to reveal differ-
ences in subject performance (13).

The subject instructions were ‘‘You will view a questioned signa-
ture at the top of the screen. You may view a signature for as long
as required so as to make an accurate decision about whether it is
disguised or forged. When a decision about the signature has been
made, press the space bar. A screen will be displayed and you will
be asked to verbally respond if the signature was either: (1) dis-
guised, (2) forged, or (3) if you are unsure you may give an incon-
clusive answer. If you correctly identify the signature as either
disguised or forged you will score 1 point, but an incorrect alloca-
tion receives a penalty of )1 point. An inconclusive response
receives a score of 0 points.’’

After a decision had been made about a questioned signature, a
screen was presented outlining the three options (disguised, forged,
or inconclusive) and the subject verbally gave a response to the
experimenter. This procedure was done so that the subjects did not
have to divert attention from the screen to select options on a key-
board. Using this procedure, each subject sequentially viewed the
16 questioned stimuli.

During the testing, the experimenter was sitting behind the
subject. No visual or auditory cues were provided that could be

interpreted as feedback as to the validity of any response provided
by the subject.

Results

KQ1: Can Subjects Correctly Discriminate Between Disguised
and Forged Signatures, and Do FDEs Show an Expertise
Effect Compared to the Control Subjects?

Table 1 provides the mean number of opinions (calls) for the
control and FDE groups for the forged and disguised signatures.
While control and FDE groups made a similar proportion of correct
calls for either forged or disguised signatures, difference in overall
performance can be attributed to a much higher rate of incorrect
calls by control subjects for both forged (3.2 times as many errors)
and disguised (2.6 times as many errors). The reduced incorrect
scores relative to the control group are likely to result from FDEs’
higher number of inconclusive opinions. This finding is consistent
with that of Sita et al. (5), where the expertise of FDEs is thought
to be best characterized by their conservatism indicating that exper-
tise is likely to lead to clearer decisions about when the correct
identification of a signature is too difficult to evaluate from the
available information.

The same data can be converted to the penalty scoring system.
Using this system, if subjects could not discriminate between stim-
uli and randomly assigned answers or answered inconclusive, then
the resulting score would have a mean of zero (maximum score
would be 16). It was found that the control group scored a mean
of 4.0 (SEM = 1.8) and thus showed a weak ability to differentiate
between stimuli, whilst the FDEs scored a mean of 8.5
(SEM = 1.2) and performed significantly better on this task than
the control group (independent samples t-test, t = 2.465, df = 18,
p = 0.024). Thus, there is evidence that subjects can discriminate
between forged and disguised signatures, and that the expertise
effect of trained FDEs reported in previous studies (1–6) is also
evident in this type of task. Of interest, one FDE subject was able
to achieve a very high score of 13 on this test (13 correct calls,
three inconclusive calls, and zero errors), indicating that with the
test signature under study, it was possible for the visual and cogni-
tive system of a highly skilled FDE to very accurately discriminate
between the forged and disguised signatures. The high score for
this FDE subject could not have been due to the task being too
easy, because from the control group, four subjects scored zero or
less on the test, and overall the control group only showed a weak
ability to perform the task.

KQ2: Do FDEs Perform Better than Control Subjects on
Forged and ⁄ or Disguised Signatures?

To understand why FDE subjects performed better than the con-
trol group for KQ1, it is possible to evaluate the frequency with

TABLE 1—Mean number of calls per subject for either control or forensic
document examiner (FDE) subjects while making decisions about whether

simulated signatures were either forged or disguised.

Control FDE

Forged-correct 5.5 5.1
Forged-incorrect 1.6 0.5
Forged-inconclusive 0.9 2.4
Disguised-correct 3.6 5.0
Disguised-incorrect 3.5 1.4
Disguised-inconclusive 0.9 1.6
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which the subject groups made errors on either disguised or forged
signatures. The data were normalized for group size and the control
group made 76.0% of the total number of erroneous opinions on
forged signatures, and 71.8% of the total number of erroneous
opinions on disguised signatures. Both groups made more of their
errors when calling disguised signatures (68.8% and 73.3% for con-
trol and FDEs, respectively). The higher score by the FDE group
(see KQ1) was possibly also influenced by a higher rate of incon-
clusive calls compared to the control group (2.6 and 1.8 times as
many calls of inconclusive for forged and disguised signatures,
respectively), indicating that expertise is likely to lead to clearer
decisions about when the correct identification of a signature is too
difficult to evaluate from the available information. Thus, FDEs
performed better than control subjects on both disguised and forged
signatures, and both groups found disguised signatures the more
difficult type of signature to call.

KQ3: Do FDEs and Control Subjects Choose to Allocate
Different Amounts of Time for Making Decisions About
Disguised and Forged Signatures?

This analysis considered the two groups (FDEs or control) and
the two types of signatures (disguised or forged) with a depen-
dent variable of RT. Figure 2 shows the mean RT (€SEM) for
making a decision about the signatures. Data were analyzed with
a two-way between group ANOVA. There was no significant
effect on RT depending upon whether subjects were making a
decision about disguised or forged signatures [F(1,36) = 0.068,
p = 0.796, Partial Eta squared = 0.002]. There was no interaction
between groups [F(1,36) = 0.069, p = 0.795, Partial Eta
squared = 0.002]. However, there was a significant difference on
RT between the groups [F(1,36) = 6.211, p = 0.017, Partial Eta
squared = 0.147] showing that for this type of task FDE subjects
spent significantly longer making a decision than control
subjects.

KQ4: Do FDEs or Control Subjects Look at Signature
Simulations Differently When Making a Decision?

Figure 3A shows an example of the eye movements of a FDE
viewing a disguised signature and the four reference genuine signa-
tures. In this instance, a correct opinion was formed by the exam-
iner. Also shown on this signature are the 15 different AOI that
were considered in the study (AOI boxes were not seen by the

subjects). Figure 3B shows a hotspot plot of the overall attention of
FDE and control subjects to a forged signature. This qualitative
data indicate a similar attention level to the different components
of the signatures by both groups; however, to better understand if
the subject group looked at stimuli differently during the test, 15
different AOI were selected to represent the different regions of a
signature (6). Figure 3C shows the mean fixations to the different
regions of the signature by FDEs and control subjects. These data
also indicate that FDEs use a very similar search strategy to the
control subjects, suggesting that expertise is not mediated by the
particular features that subjects look at, but how the viewed infor-
mation is processed by a subject. The data for this experiment are
also very similar to data reported (6) for a genuine signature-simu-
lated signature task (see Fig. 6B in Dyer et al. [6]), indicating that
the search strategy used by subjects is largely independent of the
different task requirements in the two studies.

FIG. 2—Mean (€SEM) response time of control subjects (white) and
forensic document examiners (black) for making a decision about the
signatures.

FIG. 3—(A) Example of a disguised signature, and the four genuine spec-
imen signatures made available to subjects for each questioned signature.
The 15 different areas of interest (AOI) considered in this study are super-
imposed as rectangles over the forged signature (these AOI were not visible
to subjects). Eye movements of a forensic document examiner who correctly
called this signature are also shown (lines show saccades, plots are fixa-
tions, size of plot indicates normalized fixation time). (B) Hotspot plot of the
mean fixations of control subjects (left) and forensic document examiners
(right) when viewing a forged signature. (C) Mean percentage fixations to
AOI1-15 of control subjects (white) and forensic document examiners
(black) when making decisions about signatures (see text for details).
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Discussion

This study shows that, under controlled conditions, qualified
FDEs were able to make correct decisions about whether one indi-
vidual’s signature was either the product of a disguise or forgery
process. There was also evidence of an expertise effect as the mean
score of FDEs was significantly greater than the control group. It
should be noted that the significant differences in performance were
unlikely to be due to differences in motivation, as it was shown (6)
that when control subjects were fully briefed as to the importance
of making calls about signatures, that both FDE and control sub-
jects exhibited similar behavior when making inconclusive calls
(i.e., both groups spent significantly longer evaluating difficult
signatures, indicating a high level of motivation to do well in the
control group).

Evidence from the RT data (Fig. 2) shows that the expertise
effect in FDEs was due to these subjects taking into account
multiple sources of visual information about signature stimuli.
Dyer et al. (6) showed that the expertise in FDEs for a genuine-
simulated signature type task was due to FDEs ‘‘parallel process-
ing’’ (taking multiple pieces of information into account before
arriving at a decision [14]), while control subjects showed evi-
dence of making decisions on the basis of single salient features.
The longer RT recorded in this study indicates that FDEs were
looking for multiple sources of information to process so as to
make an accurate decision. Interestingly however, the data on the
AOI to which FDE and control subjects paid attention during
their evaluation of a signature were remarkably similar (Figs. 3B
and 3C); these eye movement data are also very similar to data
for the genuine-simulated task presented in Dyer et al. (6). This
indicates that both subject groups are viewing the necessary fea-
tures of a signature required to make accurate decisions, and that
expertise lies in the domain of the cognitive processing of the
information rather than the sourcing of the information. Consis-
tent with data reported in Dyer et al. (6), the current study sup-
ports the view that FDEs do not use any particular topdown
(knowledge based) scan-path strategy of searching stimuli (e.g.,
Fig. 3A shows a typical but rather anarchic search of signature
by a FDE subject), but FDEs use bottom-up (i.e., stimulus dri-
ven) anarchic or reflexive type eye movements to search for evi-
dence. Recent work on information processing in humans
suggests that this is likely to be a more efficient method of
searching for visual information compared to preplanned voli-
tional search strategies (15).

Both subject groups made more of their errors when calling
disguised signatures (68.8% and 73.3% for control and FDEs,
respectively); however, the overall rate of FDEs errors (28.2% of
total errors) was considerably lower than the control group
(71.8%). This was partially because FDEs formed a greater num-
ber of inconclusive opinions. The finding that FDEs had a higher
number of inconclusive calls than control subjects is in line with
previous reports on expertise such that the skill is thought to be
best characterized by what FDEs do not say rather than what they
do say (5). These data thus suggest that to make accurate calls,
subjects need to be able to learn how to build a cumulative
model of the features in a signature where the significance of evi-
dence from individual features is weighted in parallel by evidence
from other features that either support or refute an authorship
proposition.

Although a number of studies have reported the type and fre-
quency of occurrence of handwriting features that may be used
as predictors of whether questioned signatures are genuine,
forged, or disguised (16–20), there is still a relative dearth of

published information regarding how reliably FDEs can discrimi-
nate between forged and disguised signatures. This current study
involved a task requiring discrimination between disguised and
forged signatures. It provides preliminary evidence that FDEs
can, under the conditions described, carry out the task (albeit
with some associated error) and that FDEs showed an expertise
effect over well-motivated control subjects. Limitations of the
study exist. This study is not a validation trial; it involved only
eight FDEs and only one individual’s signature (and their dis-
guise strategy) was the subject of this study. We cannot rule out
the possibility that an expertise effect observed in this limited
study may not be shown in a study involving larger numbers of
examiners and control subjects or where the disguised signatures
were provided by another writer. It can be observed from
inspection of the disguised signature in Fig. 1 that a large pro-
portion of the signature used in this study remained relatively
unchanged. This made the task for the FDEs much more
straightforward than it may have been if a heavier disguise strat-
egy had been used. It is clear that many more studies, using dif-
ferent subjects’ signatures, would need to be investigated to
sample the myriad of disguise behaviors that could potentially
be used and the ability of FDEs to detect them.
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