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The term limited population refers to an examination involving a small number of potential writers
who could have written a questioned document containing a very limited number of characters. An
investigation was undertaken to ascertain the impact a limited population of writers would have on
identifying the actual writer. Two simple statistical models were used in this study. Unsurprisingly,
the chance of identifying the writer reduces as the number of potential writers increases. However, this
reduction became quite marked for certain values of quantities used in the models. The quantities of
relevance were the number of key distinguishing features in the writing and 2 probabilities—1 associ-
ated with incorrectly deciding that a character was not written by the writer of the questioned docu-
ment and the other associated with correctly identifying a character as not written by a person who did
not write the questioned document.

Introduction

The term limited population refers to an exami-
nation where it was claimed that the number of
potential writers who could have written a ques-
tioned document was small and of known size.
In addition, there were only a few characters of
writing in the questioned document (including
letters, numerals, symbols, punctuation, spacing,
positioning, and height ratios). The use of lim-
ited populations in forensic handwriting exami-
nations has evoked intense discussion among
forensic document examiners (FDEs) at profes-
sional meetings where 2 schools of thought were
evident. Opponents claim that examinations
involving limited populations should not be con-
templated because of the uncertainty surround-
ing the number of potential writers as well as the
small number of characteristics on which to base
an identification. Proponents state that there can
be special circumstances when examinations
involving limited populations are appropriate.

Looking at the problem from a mathematical
standpoint assists in determining which issues
need to be thought about and if such an examina-
tion should be considered. By formulating the
problem in terms of the probabilities of certain
events occurring, a formal structure can be
imposed on the problem. The advantage of this
would be that it could be shown how the elements
in a model influence the outcome (i.e., the chance

that a particular writer wrote the document given
the match information). As might be expected, a
key element was the number of potential writers
of the questioned writing. While recognizing that
more sophisticated models could be proposed, the
models used in this study produce interesting
effects. This research is not to be viewed as sup-
port for or rejection of the use of limited popula-
tions but rather to clarify the influence of the
number of writers.

In general, without any claims of a known small
number of potential writers and a very limited
amount of questioned writing, the FDE often may
form an inconclusive opinion or a very weak
conclusion regarding the authorship of questioned
writing.

The suggestion of narrowing the population
base would normally come from the client who
instructs the FDE to assume that there were only
a specified number of potential writers. This
approach may be treated by some FDEs with a
certain degree of scepticism, as it can be perceived
as a device to artificially increase the chance of
implicating a particular person when there seems
to be little or no justification for reducing the
population base of potential writers. This study
was devised to untangle some of the confusion
surrounding this issue and quantify the effect of
population size on the likelihood that a particular
individual wrote a questioned writing.
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Methods and Materials

This study was based on an actual case where a
small piece of questioned text contained only 10
characters. It was reported that 1 of 5 suspected/
potential writers wrote the text. Known writings
of the 5 individuals were provided that included
normal course-of-business and request exemplars.
During the examination, a number of differences
were observed between the questioned and speci-
men writing for 4 writers (Table 1).

Table 1. The number of differences observed between
the questioned and known writing for the potential
writers of the questioned writing.

To assist with determining the chance that a
particular writer wrote the questioned writing, 2
statistical models were constructed. Model 1
calculated the probability of Writer A having writ-
ten the questioned entries based on the infor-
mation that 4 writers, other than Writer A, had
at least 1 observable difference between their
writing and the questioned writing. Model 2
incorporated all the information of the observed
differences in Table 1 to calculate the probability
that Writer A wrote the questioned writing. The
point of considering Model 1 was that it included
all the outcomes mentioned in the case study but
allowed the discussion to be extended to an arbi-
trary number of writers, whereas Model 2 was
specific to the actual number of writers used in
the study. To extend the study using Model 2 and
include further writers, it was necessary to take
a random sample of a number of feasible differ-
ences that an FDE might encounter with popula-
tions of 10 and 15 writers. In other words, a
number of simulations were produced that con-
tained typical differences which 10 or 15 writers
might generate. In applying the models, these fea-
tures were present:

1. The questioned writing contained 10
characters;

2. There were only 5 possible writers of the
questioned writing;

3. One of those 5 writers wrote the questioned
writing;

4. The writing of the 1st writer (Writer A) had
no perceived differing characters to the
questioned writing, and the writing of the
remaining 4 writers had at least 1 differing
character (Table 1); and

5. All writers provided comparable amounts of
specimen writing being reasonably exten-
sive and consisting of their normal course-
of-business writing.

It was noted that in a small amount of ques-
tioned writing an apparent difference might not
be assessed as a difference had there been a large
base of writing for comparison. Therefore, any
discussion of differences includes perceived dif-
ferences.

The formation of both models was centered
upon 2 probability parameters, p and �����. Param-
eter p was defined thus: “Suppose X was the per-
son who wrote the questioned writing, then define
p to be the chance that X wrote a character that
the FDE (erroneously) concluded, based on X’s
specimen writing, that ‘this character was not
written by X’ (misidentification).” Similarly,
parameter ����� was defined: “Suppose Y was the per-
son who did not write the questioned writing;
i.e., Y was not X. Then ����� is the chance that the
FDE (correctly) concluded that a character, in fact
written by X, was not written by Y, based on Y’s
specimen writing.”

A technical note that may be of interest to stat-
isticians is that in determining p, it was the ran-
dom variation in X’s writing of a character that
was considered in assessing whether that charac-
ter was written by X; whereas, in the case of �����, it
was the randomness of Y’s range of variation of
that character and whether that range failed to
include the questioned character (this being the
criteria used in assessing whether Y did not write
the character).

The expectation was that p would be much
smaller than ����� because 1st, in the case of p, the
event of interest was that X had written a charac-
ter sufficiently outside their normal range of varia-
tion for that character to be identified as
significantly different. Second, in the case of �����,
the event of interest was that a random individual
had a range of variation for a character that failed
to include the observed character written by X.
In other words, the X-written character was a
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given, and ����� was the chance that a random indi-
vidual would have a range of variation for that
character that failed to include the X-written char-
acter. This assessment was dependent upon there
being sufficient normal-course-of-business writ-
ing for X so it would be seen to be unusual for X
to write outside that range; i.e., p was small. In
plain terms, p was concerned with within-person
variation, whereas ����� was concerned with person-
to-person variation. Person-to-person variation in
the writing of a character would be expected to
be much greater than the within-person variation,
leading to ����� being large compared to p.

Both models assumed that each character had
the same p, and further, that each character and
each (non-X) writer had the same �����; i.e., all char-
acters had the same value of ����� for each of the
nonwriters of the questioned writing. It might be
argued that some characters were more complex
and therefore easier to detect as differing. Hence
these characters should have different probabili-
ties (weightings) associated with them. In addi-
tion, different FDEs’ assessment techniques and/
or experience could lead to differing probabilities
as well. More sophisticated models would attempt

to take these factors into consideration; however,
this was beyond the scope of this present work.

Regarding common authorship, Hilton (1982)
stated, “If two writings are by a single person,
then no fundamental differences should exist.” If
this were factual, then p should be 0. However,
that remark was predicated on there being a suf-
ficient quantity of both questioned and specimen
writing to be able to establish that a feature of
the writing was in fact fundamentally different.
The use of p to represent uncertainty, in effect,
allowed for a margin of error in the FDE’s assess-
ment of each character in the questioned writing.

In a limited population there may only be 1
formation of a particular letter or character in a
questioned writing that would make it very diffi-
cult to determine whether any observed incon-
sistency between the questioned and specimen
writing was a fundamental difference or just a
variant or accidental (Harrison 1966). In reality,
the FDE may never be able to assess whether such
an inconsistency was a fundamental difference
or not. For this exercise, any inconsistency that
would lead the FDE to suspect that there may be
a difference was deemed to be a significant

Equations 1, 2, and 3.
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Equation 4.

Equation 5.

Equation 7.

Equation 8.

Equation 6.
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difference—the implication being that the chance
of the FDE identifying a genuine difference for a
character when the person was not the actual
writer (i.e., ����� ) can still be rather small. This also
raises the problem of differential amounts of
specimen (or known) writing of the various
potential writers. Clearly, if the prime suspect had
voluminous amounts of specimen writing avail-
able, it might be possible to show that every char-
acter had occurred somewhere, falling within the
known range of variation for that writer. If, how-
ever, another writer provided only a limited
amount of specimen writing, perceived differ-
ences may arise simply because the range of varia-
tion for that writer had not been adequately
determined.

Results

For Model 1, the conditional probability that
Writer A wrote the questioned writing (given the
specimen writing of Writer A had no significant
differences and the specimen writing of the 4
other writers had at least 1 significant difference)
was expressed in Equations 1, 2, and 3.

In Equation 1, the expression Pr(A wrote | A = 0
and B, C, D,... 1) was to be interpreted as the
conditional probability of Writer A having writ-
ten the questioned writing given the observations.
The observations consisted of the events that
Writer A had no differences, while writers B, C,
etc. had at least 1 character difference. For statis-
ticians, the term conditional probability has a
specific notation and meaning. The notation Pr(A
| B) means “the probability that event A occurs
given that event B has occurred,” and the defini-
tion is Pr(both events A and B occur)/Pr(event B
occurs) where Pr means “probability.” Further,
Pr(V) means the conditional probability of the
observations given that Writer A wrote the ques-
tioned writing, and Pr(W) means the conditional
probability of the observations given that Writer
B wrote the questioned writing, respectively.

The formula used in Equation 1 is known as
Bayes formula or rule (Moore and McCabe 2003),
where an a priori probability (i.e., the probability
that any particular writer was the true writer of
the questioned writing) was assumed to be 1/n
where n = the number of writers. To put it another
way, it was assumed, in the absence of any other
information, that before looking at the questioned
document each of the n writers was equally likely
to have been the writer of the questioned docu-
ment.

To give some sense of what these formulae
deliver, take the values p = 0.2; ����� = 0.5; n = 5; x =
10 into Equations 1, 2, and 3. Then the condi-
tional probability of Writer A having written the
questioned writing given the observations was
calculated to be Pr(A wrote | A = 0 and B, C,
D,… 1) = 0.9685—meaning there was approxi-
mately a 97% chance that Writer A wrote the
questioned writing given that all writers, apart
from Writer A, had at least 1 observable difference.

Conversely, using the same values as above, the
probability of Writer B having written the ques-
tioned writing can be calculated as in Equation 4.
The conditional probability of Writer B having
written the questioned writing, given the obser-
vations, was considerably smaller and calculated
to be Pr(B wrote | A = 0 and B, C, D,… 1) =
0.007863. The same probability values apply for
writers C, D, and E having written the questioned
writing. Also calculated was the analogous prob-
ability in the case of populations of 10 and 15
writers. A list was made (Table 2) that calculated
the probability of Writer A having written the
questioned writing based on having a population
of 2, 5, 10, and 15 writers. In addition, a plot (Fig-
ure 2) was prepared of these calculated probabili-
ties. Not surprisingly, as the number of writers
increased so the probability of Writer A having
written the questioned writing decreased.

Table 2. Model 1 represents the conditional proba-
bilities of Writer A having written the questioned
writing based on populations of 2, 5, 10, and 15 writers.

To understand the mathematical formulation
of Model 2, the simple case of just the first 2
writers, A and B, was considered. In this case
Writer A had no characters differing significantly
from the specimen writing, whereas Writer B had
2 characters which differed significantly. In the
absence of any other information, the chance that
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Figure 2. Plot of Model 2 conditional probabilities of Writer A having written the questioned
writing based on populations of 2, 5, 10, and 15 writers.

Figure 1 . Model 1 plot of conditional probabilities of Writer A having written the questioned
writing based on populations of 2, 5, 10, and 15 writer.

Probability of Writer A Having Written the Questioned Writing

Probability of Writer A Having Written the Questioned Writing
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Writer A wrote the writing was 0.5 in view of the
fact that there were just 2 individuals and it was
assumed that 1 of them did write the questioned
writing. Consider the chance P1 that Writer A had
no characters differing and Writer B had 2
characters differing given Writer A wrote the
questioned writing. This chance can be expressed
using the mathematical expression in Equation 5.

In Equation 5, nCr represents the number of ways
to choose r things from n distinct things, in par-
ticular 10C2 = 45. Similarly, the chance that Writer
A had no characters differing and Writer B had 2
characters differing given that Writer B wrote the
questioned writing was expressed in a similar
manner to that of Equation 5.

The same p and ����� values used in Model 1 were
applied to this model; i.e., p = 0.2; ����� = 0.5. Thus,
by Bayes formula, the chance that Writer A wrote
the questioned writing given that Writer A had
no characters differing and Writer B had 2 char-
acters differing was expressed in Equation 7.

By including the information on the observed
differences, the probability that Writer A wrote
the questioned writing increased from 0.5 to 0.94
in this case of just 2 writers. The probability that

Writer B wrote the questioned writing given the
information of the differences was calculated in
a similar manner to those shown in Equations 7
and 8. This probability was considerably less than
the probability calculated for Writer A.

Using an extension of these combinatorial
expressions to incorporate the situation described
in Table 1 (where there were writers with vary-
ing numbers of similarities and differences), the
probability that Writer A wrote the questioned
writing given this information can be calculated.
As the combinatorial expressions become long
and complex, they are omitted. By simulating a
random set of differences for the extra writers,
the average probability that Writer A wrote the
questioned writing when there were 10 and 15
writers in the population was also calculated. The
simulation was based on a binomial distribution
of n = 10 (where n = the number of characters)
and p = 0.5 , assuming that the writers who did
not write the questioned writing have a chance
of 0.5 of having their range of variation for a
particular character include that questioned
character. The average of all the calculated prob-
abilities for 10 and 15 writers was derived from

Figure 3 . Panel plot of Models 1 and 2 showing the conditional probabilities of Writer A
having written the questioned writing based on populations of 2, 5, 10, and 15 writers when
p = 0.1, ����� = 0.6 and p = 0.2, ����� = 0.5.

Probability of Writer A Having Written the Questioned Writing
                    Model 1                                 Model 2  •
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10 such simulations. The calculated conditional
probabilities that Writer A wrote the questioned
writing based on populations of 2, 5, 10, and 15
writers was established (Table 3).

Table 3. Model 2 representing conditional probabilities
of Writer A having written the questioned writing
based on populations of 2, 5, 10, and 15 writers.

A list (Table 4) of the conditional probabilities
that Writer B wrote the questioned writing for 2,
5, 10, and 15 writers was calculated based on
Model 2. These probabilities were very small and
decreased as the number of writers increased.

Table 4. Model 2 representing the conditional
probabilities of Writer B having written the questioned
writing based on populations of 2, 5, 10, and 15 writers.

Discussion of Results

Both models calculate probability values that
Writer A wrote the questioned writing given the
information about the similarities and differences.
If the necessary criteria are satisfied, then there
is no reason for not using the calculated
probabilities in casework. With expanding
knowledge and information, there will be an
increasing ability to refine the values for p and �����

to more realistic values—with specific values for
individual characters and individual subjects. It
is important to note that the values used in this
study were deliberately chosen to be conserva-
tive estimates—conservative in the sense of being
fair to all writers. A smaller value of p and a larger
value of ����� would lead to higher posterior prob-
abilities (i.e., the probabilities calculated).

The 2 parameters p and ����� were not probabili-
ties of a FDE determining whether a character
was written by X or by Y. There was no intention
to imply that FDEs were no better than 50%
accurate in assessing whether a character was
deemed to be a difference or just a variant. The
point here was that when the information avail-
able to the FDE was very limited (both in terms
of the number of characters in the questioned
writing and in terms of the amount of specimen
writing available), then using 50% accuracy may
not be unreasonable.

The change in posterior probabilities can be
seen when the values for p and ����� were altered to
0.1 and 0.6, respectively. This makes it less likely
that the FDE will make an error when assessing
the true writer and less likely that the FDE will
make an error when comparing the questioned
characters with the specimen writing of some-
one who did not write the questioned characters.
Both error probabilities (p and 1-  ����� ) have
decreased—which would be the case if more
specimen writing became available for all writ-
ers. The probability that Writer A wrote the ques-
tioned writing under both models changed; that
is, the posterior probabilities increased. A list of
the probabilities was calculated (Table 5) when p
= 0.1 and ����� = 0.6 for Models 1 and 2 for popula-
tions of 2, 5, 10, and 15 writers. The previously
calculated probabilities were included for Mod-
els 1 and 2 when p = 0.2 and ����� = 0.5 by way of
comparison.

A panel plot (Figure 3) of these data shows
graphically the increased posterior probabilities
in using the lower p value and a higher ����� value
on the probability that Writer A wrote the ques-
tioned writing for Models 1 and 2.

An obvious question arose as to which model
was the more appropriate to use. On the 1 hand,
it was desirable to use the specific information
about the numbers of differences exhibited by
each writer when that was available—this typi-
cally being the case. However, when it was of
interest  to see the effect of increasing the
numbers of writers in a given case, both methods
allowed for some indication of this effect to be
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obtained. Both models calculated the probability
that Writer A wrote the questioned writing given
the information of the similarities and differences.
Model 1 used 1 writer with no significant differ-
ences and all other writers having at least 1
observable difference, which could be advanta-
geous when extrapolations were required on
increasing the number of writers. Model 2 calcu-
lated the probability of 1 writer having no differ-
ences and the other writers having a defined
number of differences.

Conclusions
This study clearly established a very strong case
for implicating Writer A as the writer of the ques-
tioned writing. Both models assumed that the
characters were treated equally. In reality, not all
characters have equal weight, some having far
more importance in identifying or excluding a
potential writer than others. There can be diffi-
culty in establishing that a perceived difference
was a fundamental difference when dealing with
small numbers of characters in a limited popula-
tion examination—this being further reason to
use conservative values for p and �����.

Another matter to consider (and 1 that relies
on the expertise of the FDE) should be when to
decide it is appropriate to involve a limited popu-
lation. Before embarking on such an examination,
the FDE should assess whether the writing is iden-
tifiable despite the small number of characters
for comparison. Here the usual features present
in the writing in combination should be assessed,
including the speed and fluency of writing, the

complexity of the writing, and its perceived
individuality.

There must be sufficient representative writ-
ing of all potential writers. The importance of this
cannot be overemphasised. As previously dis-
cussed, all such writings should be of a similar
quantity and written over a similar range of time
to ensure good representation of each individual’s
writing habits and to ensure that the writer’s range
of variation can be properly and adequately
assessed. These requirements ensure that the
examination is not skewed towards a particular
writer. Request writings need to be used with care,
as they may not be a representative sample.

The group of writers considered in this exer-
cise included the person who actually wrote the
questioned writing. All the calculations were
based on this premise. This begs the question, how
can it be ensured that this criterion is satisfied in
casework? The stark truth is that it cannot be
known. Hence, it has to be assumed that one of
the writers of the group wrote the questioned
writing. However, circumstances of the case can
make this assumption perfectly justifiable, but not
always. It is extremely important that any
assumption or assumptions relied upon by the
FDE in arriving at a conclusion must be clearly
and openly stated in the report, together with a
statement that if the assumption is found at some
future time not to be justified, then any conclu-
sions based thereon will need to be reviewed.

FDEs have been intuitively aware that with only
a few features of writing on which to base an iden-
tification, an increased number of potential

Table 5. Models 1 and 2 showing conditional probabilities of Writer A having written the
questioned writing based on populations of 2, 5, 10, and 15 writers when p = 0.1, � = 0.6 and p =
0.2, � � � � � = 0.5.
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writers may decrease the chances of finding the
actual writer of the questioned writing. This effect
was clearly apparent with the plots showing
decreasing probabilities calculated for 2, 5, 10, and
15 writers when considering the conditional prob-
ability that Writer A wrote the questioned
writing.

In conclusion, in the special circumstance of a
limited population examination where all the
conditions defined for the aforementioned mod-
els were satisfied, then it would be possible to
proceed with a handwriting examination and
ultimately arrive at a worthwhile conclusion
about the authorship of questioned writing—
provided the posterior probabilities were large
enough.
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