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As with many of the forensic disciplines that rely on feature-comparison methods, there is
no “gold standard” against which to test accuracy of handwriting examination. This study
examined differences in kinematic features between pairs of handwriting exemplars judged
to be from the same writer and compared them with differences in kinematic features for
pairs of handwriting exemplars judged to be from different writers. We hypothesized that dif-
ferences in kinematic features between pairs of handwriting exemplars judged to be from the
same writer would be nonsignificant; whereas differences in kinematic features for pairs of
handwriting exemplars judged to be from different writers would be statistically significant.
Cursive, script and block print handwriting samples were obtained from 37 writers who were
asked to write a single word ten times each. High resolution (600 ppi) scanned copies of the
original ink and paper samples were submitted to four experienced forensic document exam-
iners (FDEs) for writership determinations. Each score sheet included 5 known (K) handwrit-
ten samples and two questioned samples (Q1 and Q2). FDEs were asked to rate the evidence
in support for the proposition that the Q samples were written by the K writer using a 4-point
scale (ranging from limited or weak support to very strong support for the proposition). Ki-
nematic difference scores derived from dynamic analysis of the handwritten strokes were
converted to absolute standardized z-scores with larger z-score reflecting greater differences
between K and Q for a given kinematic feature. Findings revealed that several kinematic
handwriting features were significantly associated with accurate FDE opinions of acceptance
and rejection of the proposition. Significant features included pen pressure, stroke velocity,
and straightness variability. Correlational analyses revealed strong associations between spe-
cific dynamically recorded stroke features and FDE judgments of writership; particularly for
pen pressure and straightness. Results support the use of an independent quantitative mea-
sure of feature comparison as a tool for evaluating the foundational validity of subjective fea-
ture comparison methods experts use when reaching conclusions about writership.

Introduction literature from signature and handwriting au-
thentication studies report accuracy rates ranging
from 86% to 96% for trained document examin-
ers [1-7]. While these findings demonstrate that
expert examiners are proficient and perhaps reli-
able (at least in a laboratory setting), they cannot
address the validity of their opinions, as there has
been no independent “gold standard” or litmus
test against which to validate expert opinion.

Forensic handwriting examiners rely on feature-
comparison methods to determine whether an
evidentiary sample is or is not associated with a
potential “source” sample (e.g., from an individ-
ual), based on the presence of patterns, impres-
sions, or features appearing in both samples. Us-
ing standard comparison methods, the available
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Challenges to the admissibility of handwriting
expert opinions generally derive from the lack of
empirical validation of conventional methods.

In handwriting comparisons, the forensic docu-
ment examiner constitutes a significant part of
the measurement instrument. Upon observing
the features in the samples, the examiner gauges
their importance using various scales ranging
from a 3-point scale (same source, inconclusive,
or different source) to the more elaborate Scien-
tific Working Group for Documents (SWGDOC)
[8] 9-point classification scheme for the strength
of the examiner’s opinion. Unfortunately, the
available science on validation of an examiner’s
opinion is limited to studies of error rates. Em-
pirical studies to validate feature comparisons us-
ing quantitative independent measures have not
been conducted. Saks and Koehler [9] observed
that while proficiency tests represent a step in
the right direction toward validation, question-
able generalizability to actual casework and in-
frequent peer review has been a barrier to admis-
sibility of expert opinion under Daubert.

When expert handwriting examiners follow
accepted best practices, they compare specific
features between questioned and known samples
to estimate a probability that the samples were
written by a single writer. While such compara-
tive methods are largely subjective, research sup-
porting the foundational validity of this approach,
that is, validity based on scientific principles or
theories is lacking.

Laboratory research on handwriting kinemat-
ics published over the past 35 years has con-
tributed to the development of a reliable quan-
titative method for extracting specific features
from handwriting samples [10-16]. The dynamic
methodology yields numerous independent fea-
tures characterizing the spatial and geometric
characteristics of pen strokes (often referred to as
the dynamic approach). In one noteworthy study
based on dynamic handwriting features, Ostrum
and Tanaka [12] asked FDEs to examine hand-
written paper samples and make judgments about
writing speed, stroke angle, pressure variation,
and other features commonly examined in FDE
casework. These judgments were then compared
with independent dynamic data of the same sam-
ples obtained from digital recordings. Although
the study did not subject these data to rigorous
statistical procedures (due to a small sample
size), the study revealed remarkable agreement
between FDE judgments and dynamic analyses,
particularly for writing speed and pressure varia-

tion. The authors concluded that analysis of dy-
namic features is an effective method for the vali-
dation of FDEs’ abilities to extract characteristic
from the static written record.

The present study is one of few to cross-vali-
date examiner determinations of writership using
an established dynamic approach to extract spe-
cific geometric, spatial, and kinematic features of
handwriting and hand printing. This study exam-
ined differences in kinematic features between
pairs of handwriting exemplars judged to be from
the same writer and compared them with differ-
ences in kinematic features for pairs of handwrit-
ing exemplars judged to be from different writers.
We hypothesized that differences in kinematic
features between pairs of handwriting exemplars
judged to be from the same writer would be non-
significant; whereas differences in kinematic fea-
tures for pairs of handwriting exemplars judged
to be from different writers would be statistically
significant. A secondary aim was to test whether
specific handwriting kinematic features associat-
ed with accurate FDE opinions of writership dif-
fered across three styles of handwriting.

Methods

Handwriting samples were obtained from 37
writers recruited from the employees of the San
Diego Sheriff’s Crime Laboratory. Writers had a
mean age of 38.71 (sd=8.93) years. The majority
were female (n=27) and right-handed (n=34).

Study subjects were asked to write a single
word “Alabama” ten times using each of three
writing styles: cursive, script, and block. We
chose a single word for this pilot study to reduce
variability in kinematic features across writers
making the task more challenging to examiners
particularly for the printed samples. The word
“Alabama” was selected because it contains mul-
tiple instances of a single character that is likely
to be produced with minimal variation in stroke
features by the same writer. A long-term goal of
this research was to examine intra-writer varia-
tion in stroke features and we reasoned that the
word “Alabama” would provide sufficient num-
ber of duplicated features to reliably estimate
within- and between-word variability without
potential confounds associated with writer fa-
tigue.

Writers were instructed to write the target
word with their preferred hand once per trial for
ten trials using an inking pen (stylus) on unlined
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8.5 x 11” pieces of white paper beginning at the
upper left and descending in column format.
Separate sheets of paper were used for each of
the writing styles. Style order was randomized
across subjects. Writers returned to the laborato-
ry for a second handwriting session three weeks
later to provide handwriting samples. Handwrit-
ing exemplars from the second visit were paired
with those from the same writer for the first visit
to create pairs where the questioned sample is a
close match to the known samples. By including
known and questioned exemplars from the same
writer but different days, the task of determining
writership becomes more difficult for the exam-
iner and more closely resembles actual casework.

We followed standard published procedures for
digitizing the samples and extracting kinematic
features from handwriting samples [13-14,17].
The procedures involved the use of an inking pen
with a Wacom' Intuos Pro UD 9 x 12 digitizing
tablet (30 cm x 22.5 ¢m, sampling rate 120 Hz,
RMS accuracy 0.01 cm) attached to a notebook
computer running MovAlyzeR®?. MovAlyzeR®
software was chosen for this project because it
is capable of reliably extracting multiple kine-
matic and geometric variables from each pen
stroke. The software allows precise extraction of
pen movement in the time (x), amplitude (y), and
pressure (z) dimensions.

A Wacom inking stylus was used for all of the
handwriting samples collected. This stylus was
chosen as the feel is similar to that of a ball-point
pen with which the subjects will be familiar and
presented a naturalistic writing condition. Each
sheet of unlined paper was positioned over the dig-
itizing pad in a fixed position; however, the writer
was permitted to reposition the tablet to achieve a
comfortable writing position while seated.

Multiple kinematic parameters along with pen
pressure were extracted from each vertical and
horizontal pen stroke using MovAlyzeR® soft-
ware. Table 1 shows the stroke parameters ex-
amined in this study along with their operational
definitions. Vertical stroke movements were
segmented using the local minima of the abso-
lute velocity time curve, that is, the time points
when vertical pen movement direction changes
[18]. Features associated with upstrokes were ex-
amined separately from downstrokes. This is es-
pecially important for slant, as vertical upstrokes
produced with a right slant would be character-
ized by stroke angles typically between 20° - 30%
whereas vertical downstrokes are commonly pro-
duced with minimal tilt and would be character-
ized by stroke angles near 180° degrees.

High resolution (600 ppi) scanned copies of the
original ink and paper samples were arranged on
a single sheet of paper and submitted to one of

Table 1. Handwriting stroke parameters used in this study and their operational definitions?®.

Stroke Parameter Definition

Duration

Vertical Amplitude
Horizontal Amplitude

Peak Velocity

Peak Acceleration

Straightness Error

Time interval (sec) between the first and last samples in a stroke

Vertical vector difference between beginning and end of a stroke (cm).
Horizontal vector difference between begin and end of a stroke

First derivative of vertical displacement (cm/s)

Second derivative of vertical displacement (in cm/s?)

Straightness error or the normalized standard deviation from a straight baseline is the RMS

difference from the straight line fitted through the stroke divided by the stroke distance
(StraightErr = (1/length) * sqrt (Sum (y(t) - yd(t))**2 / NJ). A perfectly straight stroke will have
straightness error of 0. It is orientation free.

Slant The angle or inclination of the axes of letters relative to the perpendicular to the baseline of

the writing (in radians).

Pen Down Duration

Ratio of pen up duration to total duration. The value ranges from 0 to 1. 0 corresponds to no

pen down and 1 corresponds to all pen down and the values in between show the ratio.

Loop Surface

Surface or the area of the loop enclosed by the previous and present stroke in cm**2. The

surface is not normalized. If the the crossing does not occur within the previous stroke,
although a loop has been formed, the loop area will be zero.

Pen Pressure

Relative axial pressure on the pen tip when the pen is on the paper (ranging from 0-2047).

Uhttp://www.wacom.com/en-us. Last accessed on February 23, 2018
2 www.neuroscriptsoftware.com. Last accessed on February 23, 2018
3 http://www.neuroscript.net/help/viewingtrials.html. Last accessed on February 23, 2018
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the co-authors (L.M.] to identify 10 pairs of words
that “looked very similar”. This was done for
each of the three writing styles. The purpose of
this exercise was to increase the difficulty of the
FDE opinion survey by eliminating from the pool
of exemplars those handwriting samples which
appeared uncommon and easy to exclude as writ-
ten by another writer. From each of the 10 pairs
(20 writers), one of the pair was assigned as a
known (K) sample, while the other was assigned
as a questioned (QI) sample. A second ques-
tioned sample (Q2) came from the second set of
samples written by one of the two writers (either
K or Q1) obtained three weeks after the first set.
Thus, of the two questioned samples, one was ac-
tually from the same writer as K (acquired from
a second visit), while the other questioned sam-
ple was selected to closely resemble the known
samples from the larger pool of 37 writers. Each
opinion survey included 10 triads (K, Q1, Q2] of
the word “Alabama” written in three styles for
a total of 60 opinions (10 triads x 2 questioned
samples x 3 handwriting styles). Figure 1 shows
examples of an FDE opinion scoresheet for the
three handwriting styles. Sample pairings were
created so that there were 30 word pairs written
by the same writer and 30 pairs written by differ-
ent writers (10 each for three writing styles).

FDEs were provided with the following in-
structions: “Shown on each page are two sets of
5 samples of a single word from a known writer
along with two questioned samples. Examine
these samples and “score” each of the two ques-
tioned samples as likely written by the known
writer. First, rate the evidence in support for
the proposition that Q1 is the same writer as the
Known writer. Then score Q2 for the proposition
that Q2 is the same writer as the Known writer.
Provide two scores (Q1 and Q2) for each set using
the following scale: 1 = limited or weak support
for proposition; 2 = moderate support for proposi-
tion; 3 = strong support for proposition; and 4 =
very strong support for proposition.

Opinion surveys were sent to five certified
FDEs who expressed interest in participating.
Four FDEs completed and returned the surveys.
These FDEs had a mean of 26.5 years of experi-
ence with a range of 20 to 40 years. Their mean
judgment ratings for each of the 60 sample pairs
were entered into a statistical database along
with corresponding kinematic data for each K-Q1

and K-Q2 pair. Based on the mean ratings FDE
opinions were classified into four categories: (1)
true accept for the proposition that Q is the same
writer as K when Q is the same writer as K (mean
opinion score = 2.25) ; (2) true reject for the prop-
osition that Q is the same writer as K when Q
is a different writer as K (mean opinion score <
1.50); (3) false acceptance or judging that K and
Q samples are from the same writer when in fact
they are not; and (4) false rejection or judging that
K and Q samples are from different writers when
in fact they are from the same writer. In the pres-
ent study, we present findings only for the true
accept or true reject opinions because sample
sizes for categories 3 and 4 were insufficient for
statistical analyses.

Kinematic difference scores (K-Q1 and K-Q2)
were converted to absolute standardized Z-scores
using the formula Z= (K-Qn)/Ksd; where K is
the mean kinematic value across all strokes for
a single known sample, Q is the mean kinematic
value across all strokes for a single question-d
sample (n=1 or 2), and Ksd is the standard de-
viation of the first five known samples obtained
from a given writer during the first of two hand-
writing sessions (also shown on each score sheet
for the K samples). Absolute Z-score values were
used as there was no a priori reason to expect K-Q
differences to have directional effects. Larger Z-
scores are associated with greater standardized
differences between K and Q for a given kine-
matic feature. Standardized scores allow direct
comparison across multiple kinematic variables
having different units of measure.

For each K-Q pair, the data available for statis-
tical analyses consisted of the mean FDE rating
and a Z-score, reflecting the kinematic differ-
ence between known and questioned samples for
each of 15 kinematic variables for up and down-
strokes. For variables satisfying assumptions for
parametric statistics, we used independent group
t-tests to test whether the kinematic standard-
ized Z-scores differed between True Accept and
True Reject determinations. Variables not satis-
fying assumptions for parametric statistics were
examined using nonparametric Mann-Whitney
statistics. We also examined the relationships
between FDE confidence rating and standardized
Z-score using Pearson correlation. Difference
tests and correlation coefficients with alpha =
0.05 were considered statistically significant.
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Known Questioned 1 Questioned 2

iém ortoar i A, Juberic
Dlperea
abaria
toaran
Alatharea

Known Questioned 1 Questioned 2
AURBA A

PR AT

PUARBAMA

A AN A

Known Questioned 1 Questioned 2

Alabama A\Q\OC«W‘O\ Ala bawma
Alabamaq
Ala bama
Alabama

AIO\ bawa

Figure 1. Sample scoresheets showing 5 known specimens (left) and two
questioned specimens for cursive (top), block (middle), and script (bottom)

handwriting.

Results scored strong or very strong support for the same

writer 80% of the time. Of the 30 pairs from dif-
FDE Opinion Scores and Accuracy ferent writers, FDEs scored strong or very strong

support for different writers 97% of the time.
Based on FDE scores and knowledge of ground When examined by handwriting style, FDEs
truth, we calculated the accuracy rates for sample scored strong or very strong support for the same
pairs. Of the 30 pairs from the same writer, FDEs writer with accuracy rates of 80%, 90%, and
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Table 2. Absolute Z-scores for differences in kinematic parameters between K and Q samples for the true
accept and true reject classifications for cursive, block, and script style handwriting. Shown are those
parameters with p-values =< 0.10 for difference tests between accept and reject opinions.

Stroke Direction Parameter Accept Reject Statistic
Cursive

Up Straightness Error 0.23 (0.12) 0.81(0.76) t=2.10 (p = 0.05)
Up Peak Velocity 0.23 (0.14) 0.48 (0.31) t=1.99 (p < 0.10)
Up Pen Pressure 0.55(0.32) 1.92 (2.08) t=1.83 (p < 0.10)
Down Peak Velocity 0.19 (0.15) 0.51 (0.22) t=3.35 (p = 0.01)
Down Pen Pressure 0.75 (0.50) 2.13 (1.76) t=2.13 (p = 0.05)
Down Slant 0.14(0.11) 0.37(0.31) t=1.93 (p < 0.10)
Block Print

Up Pen Pressure 0.16 (0.10) 0.46 (0.23) t=3.24 (p > 0.005)
Down Pen Down Duration 0.13 (0.09) 0.32(0.26) t=1.82 (p < 0.10)

Script Print

Down Peak Acceleration 0.36 (0.32) 0.84 (0.63) t=2.13 (p < 0.05)
Down Pen Pressure 0.26 (0.24) 0.65 (0.61) t=1.75 (p > 0.10)
70% based on ground truth for cursive, block and osition with accuracy rates of 100%, 90%, and
script handwriting respectively. FDEs scored lim- 100% based on ground truth for cursive, block
ited or weak support for the single writer prop- and script handwriting respectively.
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Figure 2. Scatterplot of the relationship between standardized difference score (z)
and FDE opinion rating for pen pressure from cursive downstrokes. Shown in the
graph is the line of best fit derived from a linear regression model.

8 JOURNAL OF THE AMERICAN SOCIETY OF QUESTIONED DOCUMENT EXAMINERS



Kinematic Validation of FDE Determinations about Writership in Handwriting Examination: A Preliminary Study

1.0
09} e
08}
0.7}
06

05}

Peak Velocity (z)

04}

03}

0.2}

01}

0.0 : .

05 1.0 15 20

25 3.0 35 40

FDE Opinion Rating

Figure 3. Scatterplot of the relationship between standardized difference score (z)
and FDE opinion rating for peak velocity from cursive downstrokes. Shown in the
graph is the line of best fit derived from a linear regression model.

Kinematic Features Associated with FDE
Opinions

Table 2 shows the absolute Z-scores for differ-
ences in kinematic parameters between K and Q
samples for the true accept and true reject clas-
sifications for cursive, block, and script style
handwriting. The table includes only those pa-
rameters with p-values = 0.10 for difference tests
between accept and reject opinions. Consistent
with our hypotheses, mean Z-scores for true ac-
cept (i.e. same writer) were lower than that for
true reject (i.e. different writer) determinations
from experienced FDEs. Stroke features with
statistically significant (p = 0.05) standardized
difference scores between FDE accept and reject
opinions included: straightness error (upstrokes),
peak velocity (downstrokes), and pen pressure
(downstrokes) for cursive handwriting; pen pres-
sure (upstrokes) for block print; and peak accel-
eration (downstrokes) for script print. Trends for
statistical significance were observed for peak ve-
locity (upstrokes), pen pressure (upstrokes), and
slant (downstrokes) for cursive writing; pen down
duration (downstrokes) for block print; and pen
pressure (downstrokes) for script print. Statistical
tests for other kinematic features such as stroke
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duration, vertical and horizontal amplitude, and
loop surface were nonsignificant.

Correlational analyses were performed to ex-
amine relationships between the kinematic Z-
scores and FDE judgments of writership. Strong
associations were found between pen pressure
(r=-0.65; p<0.01) and peak velocity (r=-0.65;
p<0.01) for cursive downstrokes and FDE opinion
scores. These results are shown in Figures 2 and
3. Negative associations indicate that as strength
of FDE opinion that two samples were written by
the same writer increases, the standardized kine-
matic difference score for the word pair decreases.

Discussion

This study was the first step in a larger effort
to examine the foundational validity of expert
opinion using methods derived from studies of
handwriting motor control. We identified several
kinematic handwriting features that were statis-
tically associated with accurate FDE opinions of
acceptance and rejection of the propositions that
two handwritten samples were from the same
writer. Our results support the hypotheses that
differences in kinematic features between pairs
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of handwriting exemplars judged to be from the
same writer are smaller than differences in kine-
matic features for pairs of handwriting exemplars
judged to be from different writers. Features as-
sociated with accurate FDE judgments of writ-
ership included pen pressure, stroke velocity,
stroke angle, straightness variability, and loop
surface. Statistically significant differences in
stroke kinematics between matched and mis-
matched pairs were present across the three writ-
ing styles; although more kinematic differences
were observed for cursive handwriting than script
or block printing. Statistically significant correla-
tions were observed for upstroke straightness er-
ror for cursive writing, downstroke peak velocity
for cursive writing, and upstroke pen pressure for
script printing.

The present findings are consistent with a pre-
vious study by Ostrum and Tanaka [12]. The au-
thors found remarkable agreement between FDE
judgments and dynamic analyses of several dy-
namic features including amplitude, velocity and
applied pen force at multiple segmentation points
along the time-series. Using different methods
and means for measuring dynamic handwriting
features, the present study also identified a strong
statistical relationship between such features as
pen pressure and stroke velocity and FDE judg-
ments of writership.

President’s Council of Advisors on Science
and Technology (PCAST), Forensic Science in
Criminal Courts: Ensuring Scientific Validity of
Feature-Comparison Methods [19] recommended
more empirical research to assess the foundation-
al validity in the forensic sciences. The PCAST
report included several recommendations to im-
prove measurement validity in the forensic sci-
ences including white-box studies to understand
methods used in feature comparison and to de-
velop technology for more objective measures.
White-box studies are designed to evaluate the
relationships between feature characteristics and
examiner decisions. The results of the present
study suggest that examiners’ putative internal-
ized processes likely involve the recognition and
weighting of specific handwriting features such
as stroke slant, pen pressure, straightness vari-
ability, and loop area; although such recognition
is probably not overt to the examiner. Though
not likely to be directly observed from careful
examination of handwriting, dynamic features
such as stroke velocity and acceleration may
have indirectly influenced FDE opinion of writer-

ship. Interestingly many of the parameters found
to be significantly associated with FDE opinions
of writership are ones that can be observed from
static handwriting images. These features include
pen pressure, straightness error, stroke angle and
loop surface area.

The present study provides preliminary em-
pirical support for current methods FDEs use to
express opinion. PCAST [19] defines foundation-
al validity as the “scientific standard correspond-
ing to the legal standard of evidence being based
on reliable principles and methods.” (p. 43). The
present study provides some empirical support
suggesting that FDE writership opinions may be
informed by scientific principles of handwriting
motor control which posits that handwriting is
represented by a flexible generalized motor pro-
gram containing the timing, sequence, and spa-
tial patterns of pen strokes available to the ha-
bitual writer as a single action sequence to form
letters and words.

The motor control theory of handwriting [20-
22] provides an empirically based justification for
why features such as stroke slant, amplitude, or
pen pressure vary across individuals and to a less-
er extent, within an individual over time. Vari-
ability in these patterns and features is an attri-
bute of a flexible generalized motor program that
informs the FDE about a writer’s range of natural
variability. These principles were supported by
the present findings showing significantly greater
differences for several kinematic features when
calculated from samples written by different in-
dividuals than samples written by a single writer.

The present study has limitations and should
be considered preliminary. Limitations include:
the use of single-word pairs as the only mate-
rial available to reach a writership determina-
tion; the small number of exemplars (n=20 pairs
for each writing style); and our decision to rate
confidence of writership determinations using
a 4-point scale of certainty. The use of single
word pairings for a laboratory-based writership
matching experiment was desirable in the pres-
ent study to reduce kinematic variability; how-
ever as a performance measure it is inadequate.
With regard to the sample sizes ranging from 7-10
exemplar pairs (per handwriting style) accurately
judged as either from the same or different writ-
ers, it is possible that with larger sample sizes,
more kinematic stroke feature difference scores
would reach statistical significance. Even with
our modest sample size, important handwriting

JOURNAL OF THE AMERICAN SOCIETY OF QUESTIONED DOCUMENT EXAMINERS



Kinematic Validation of FDE Determinations about Writership in Handwriting Examination: A Preliminary Study

features were found to be significantly associ-
ated with FDE writership opinions. The selec-
tion by a study co-investigator of the word pairs
that looked very similar for inclusion in the fi-
nal survey was entirely subjective and based on
personal experience. This may have introduced
bias which could be managed in future studies by
randomly matching pairs of single words. While
random pairing would increase generalizability
of the findings, this requires a greater number of
samples that collected in the present study. Larg-
er scale follow-up studies currently underway
will deploy automated systems based on visual
feature matching rather than human decision-
making to identify word and phrase samples that
are similar for the purpose of validating examiner
writership judgments. Finally, caution must be
exercised not to over-interpretation of the FDE
accuracy rates reported in this study, as the task
is not representative of typical cases found in
practice, nor would the prudent examiner likely
consider single-word pairs to be sufficient for a
reliable examination.

Currently there is no consensus within the dis-
cipline on whether to apply a 4-, 5-, or 9-point
classification scheme to rate FDE confidence in
writership opinions. Reliability studies have
not been conducted. While a 4-point classifica-
tion scale would be inappropriate for judging the
strength of two mutually exclusive propositions
within the framework of evaluative reporting [23-
24], it was important in this preliminary study
to minimize the number of “inconclusive” opin-
ions that are common when using more complex
scales (e.g. SWGDOC [8]).

Future research is needed to replicate these
findings. While increasing the number of partici-
pating FDEs is not likely to alter the findings (as
the design is likely to use the mean FDE opinion
score across examiners and the number of FDEs
may not impact the mean opinion score), design-
ing a study with more pairings and word or phrase
samples extracted from written paragraphs (such
as the London Letter) may very well reveal ad-
ditional features associated with FDE writership
opinions. Such studies could be designed to cap-
ture FDE writership opinions for two mutually
exclusive propositions.

In conclusion, the results from this prelimi-
nary study support the use of independent quan-
titative measures of feature comparison (i.e. ki-
nematic difference scores) as a tool for evaluating
the foundational validity of subjective feature
comparison methods experts use when reaching
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conclusions about writership. Using independent
measures, the present study offers reasonable val-
idation of FDE opinions of writership.
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