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ABSTRACT: Although the technique of scanning electron microscopy and energy-dispersive
X-ray analysis (SEM/EDX) has gained widespread acceptance for the identification of gunshot
residues (GSR). the time required (especially for manual searches) is still considered exces-
sive. As a result, statistical considerations are commonly used to justify a reduction in the
total specimen area to be searched. A detailed statistical analysis was presented in the Aero-
space Corporation Final Report on Particle Analysis for Gunshot Residue Detection published
in September 1977, and its conclusions have had significant influence in the forensic science
community as concerns the determination of acceptable particle analysis search areas. A close
examination of the Aerospace Corporation report has revealed a significant programming
error which resulted in statistical probability errors ranging from 30% to well over ten orders
of magnitude. Corrected results. presented in this paper, suggest that a great deal of caution
should be exercised in applying statistical analysis to justify a reduction in search area. In
particular, the probability of a false negative report increases rapidly as the number of gunshot
residue (GSR) particles assumed to be present decreases. Since the investigator cannot know
in advance the number of GSR particles present on a sample, the corrected Aerospace analysis
suggests that statistical considerations may not provide sufficient justification for any signif-
icant reduction in the sample area to be searched.
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The identification of gunshot residues (GSR) using the technique of particle analysis
by scanning electron microscopy and energy-dispersive X-ray analysis (SEM/EDX) has
been well described and documented during the past 15 years [/-8]. As a result, the
technique has gained widespread acceptance and is currently being used throughout the
forensic science community. A further consequence has been the development of mi-
croprocessor-controlled systems to automate the GSR search and identification process,
at least two of which have been described in published papers [7,8].

Unfortunately, although significant advances have been made. the time required for
particle analysis is still considered excessive and especially so for manual (nonautomated)
searches. For this reason, it has become acceptable and commonplace to use statistical
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considerations to reduce the “‘necessary’ specimen search area (since the time required
to search 1009 of a sample is often considered prohibitive). Such statistical considerations
were investigated in some detail in the Aerospace Corporation Final Report on Particle
Analysis for Gunshot Residue Detection [I] (hereafter referred to as the Aerospace
report), and indeed, its conclusions have been commonly accepted as a basis for deter-
mining acceptable particle analysis search areas. The purpose of this paper is to notify
the forensic science community of a minor error in this report which has significant
consequences and to provide corrected results for their statistical calculations.

Summary of the Aerospace Report Statistical Analysis

One goal of the Aerospace report’s statistical analysis was to provide an answer to the
following question:

If no gunshot residue is found in the initially surveyed portion of a sample, how much
more area needs to be examined before there is a satisfactorily high probability that nothing
would be found in the remainder?

To answer this question, a method was established which was based on a GSR sampling
disk divided into 131 columns or coordinates which were to be randomly searched. The
simplifying assumption was made that if N total GSR particles were present they would
be randomly distributed such that N columns contained only 1 particle each. Given these
conditions, the probability of any randomly selected column being empty (no particles)
is:

(131 - N)/131

where (131 — N) is the total number of empty columns on the disk.

For instance, given 10 randomly distributed particles, the probability of finding the
first column empty is (131 — 10)/131 or 0.92. The probability of 2 independent events
both occurring is simply the product of the individual probabilities. Therefore, the prob-
ability of the next (second) randomly selected column aflso being empty is

[(131 — N)Y/131] x [(131 — N — 1)/(131 - 1)]

For the case above of ten total particies, the probability of the first two randomly
selected columns being empty is

(121/131) x (120/130) = 0.85
The mathematics can be generalized for a random distribution of any number of particles,

and the random selection of any number of columns for searching, to yield the following
equation:

x

Po=11(132 = N - iy(132 - i)*
i=1

where N is the total number of GSR particles on the disk and Py is the probability of
finding K empty columns.

Note that the value of P so calculated is a minimum probability because of the initial
assumption that the particles are distributed such that no more than one falls in any one
column (that is, no “‘clustering” occurs). In other words, given a total of ten particles,
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if two particles were to occupy one column, then the correct value of P will be obtained
by using a value of N = 9 in the above equation.

The Aerospace report presented a Fortran computer program which was written to
make the above calculations. This program was used to produce the table of probabilities
provided in the report as Table 10. Although the statistical analysis itself may be inherently
sound, on close examination it was found that a minor error was made in the computer
program. The error resulted in erroncous calculated probabilities for all values of K
(number of columns searched) greater than ten. The programming error is described and
corrected results are provided in the following section.

Programming of the Statistical Analysis

The Aerospace report’s original computer program and the resultant table of proba-
bilities are reproduced in Appendix I. The general structure of the program can be
described with reference to the three program loops (Do 1, De 2, and Do 5). The purpose
of the outer loop (Do 1) is to set the value of N, the total number of particles on the
disk, for subsequent calculations. The next loop (Do 2), nested within Loop 1, sets the
value of K, the number of columns to be searched. In the original program, the parameter
K is set to 1, 10, 20, 30, 40, and 50 in successive Do 2 loops to produce a table of
probabilities for various numbers of searched columns. Using the values of N and X set
in the previous loops, the final loop (Do 5), which is nested within the Do 2 loop,
computes the value of P. More specifically, the probability of finding the first column
empty is calculated in the first loop at program Line 15 as the variable PRO (see Appendix
I). The third loop (Do 5) then uses the probability equation to successively “update”
this variable as Columns 2 through K are searched (in the original program, K is rep-
resented by the Do 5 loop index IC).

The computational error occurs during the third and successive iterations of the Do 2
loop (which, as stated above, progressively increments the value of K). In these successive
loops the value of PRO is not reset to its original value calculated at Line 15, but remains
set at whatever probability value was calculated for the previous values of N and K. It
is this value which is then incorrectly used in the computational loop (Do 5). The nature
of the programming error causes the magnitude of the error in calculated probability to
increase as the number of columns searched (K) increases. A corrected version of the
original program as well as the resultant table of probabilities is given in Appendix II.
In this corrected table, the results have been extended to a search of up to 70 columns
with as few as 3 total GSR particles on the sample disk.

Comparison of Corrected and Uncorrected Results

As stated above, the results of the original program are correct in the first two rows
of the probabilities table. The following discussion applies only to searches of more than
ten columns. The magnitude of the error varies greatly, but systematically, from a min-
imum error of about 30% to errors which exceed ten orders of magnitude. Since the
error is rapidly compounded in successive iterations of Loop 2, the magnitude of the
error increases rapidly as the number of columns searched increases. The magnitude of
the error also increases as the number of particles assumed present increases.

An example of the typical error can be given with reference to the search procedures
used in the Aerospace report. In their project, an upper limit of 25% (about 30 columns)
was set on the area to be surveyed. The original table indicated that this procedure left
an 8% probability that 5 particles remained on the unsearched portion and a 0.6%
probability that 10 particles remained. The corrected results show that this procedure
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actually leaves a 27% probability that 5 particles remained to be found and about 7%
probability that 10 particles remained.

Discussion

A quick survey of the tables of probability confirms what is intuitively obvious. The
probability of finding all searched columns empty decreases (1) as more columns are
searched and (2) as the total number of particles present in the sample increases. Since
the investigator cannot know in advance the number of particles that are present, a logical
way to proceed would be to assume the worst case (that is, assume a small number of
particles). In many cases, the identification of three unique gunshot residue particles has
been considered significant, especially for those cases in which sample collection took
place after a long post-firing interval. For this reason, the corrected table of probabilities
was extended to searches for 3 total particles. As the number of particles decreases, the
probability of not finding them increases rapidly. For instance, using the Aerospace report
procedure of searching 25% (30 columns) of the sample area, we find almost a 50%
probability of not finding the 3 particles which are present. Put a different way, given a
sample with 3 randomly distributed GSR particles, in approximately 1 out of every 2
searches on such samples none of the particles will be found (that is, about 1 of every 2
such searches will lead to a false negative report). Indeed, even if over half the sample
is searched (70 columns), 1 of every 10 such searches will find none of the particles,
resulting in false negative reports.

As already stated in a previous section, these probabilities are calculated with the
assumption that no clustering occurs and are thus minimum probabilities. If five total
GSR particles lie in only three columns, then the above discussion for the case of three
particles will apply. When only a few particles are present, the potential effect of such
clustering becomes significant because the probability of not finding them after long
searches increases rapidly. For example, let us assume that the three particles discussed
above were to fall in one sample column in a particular case. There will be a 75%
probability that none of the particles will be found after searching 25% of the sample.
Indeed, to reduce this to a 10% probability (of finding none of the particles), it would
be necessary to search 90% of the sample.

The conclusions we may draw from the above calculations and discussions can be stated
simply: much caution should be exercised when applying statistical considerations to
determining the fractional area of a sample to search and in formulating one’s conclusions
based on the results of such a search. If the goal is to obtain a “satisfactorily high
probability that nothing would be found in the remainder” of the disk, which was the
original intent of the Aerospace report, then it would seem from their own (corrected)
analysis that most of the sample must be examined.
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