
Letters to the Editor 

Discussion of "Results of a Study to Determine the Probability of Chance Match 
Occurrences Between Fibers Known to be from Different Sources" 

Sir: 
In the January 1986 issue of this journal, Fong and Inami reported on a very interesting 

and worthwhile study [1]. Unfortunately, the section of their paper entitled "Computation of 
Probabilities" contains many errors which this letter will attempt to point out and correct. 

The errors begin with Fong and Inami's Table 3 which is reprinted here for ease of refer- 
ence. Although Fong and Inami make no mention of how they calculated the figures pre- 
sented for the probability of chance match occurrences, we suspect that they merely divided 
the number of match occurrences found by the number of fibers in the study. This is not the 
correct way to do this calculation. 

For the proper calculation, three numbers are required: the number of match occur- 
rences, the number of fiber comparisons made, and the average number of distinguishable 
fibers from each source. We are somewhat hampered in our attempt to correct Table 3 by 
certain problems with Fong and Inami's data. First, the number of match occurrences they 
found is unclear. Their Table 1 shows a total of 20 matches, 9 of which involved fibers other 
than blue cotton. In Table 3, the numbers 17 and 6 are used and i,t is stated in a footnote that 
2 matches involving colorless delustered polyester control fibers were not included. No rea- 
sons for this are given and such an exclusion does not, at first glance, appear to us to be 
justified. The remaining discrepancy between Tables 1 and 3 is still unexplained. Thus, it is 
unclear which of the following three sets of numbers of matches should appear in a revised 
Table 3: (0,6,17), (0,8,19), or (0,9,20). For purposes of the subsequent calculations, we will 
use the middle set, (0,8,19). 

The second problem concerns the effective number of fiber comparisons performed cor- 
rected for source, which Fong and Inami state in a footnote to their Table 3 is 283 882. 
Unfortunately, they do not show how they arrived at this number. Our calculations I indicate 
that for Class 3 there would have been less than 283 806 comparisons. However, since the 
numbers are reasonably close, we will use their number in the calculations that follow. Let us 
now consider the effective number of fiber comparisons performed with the "Class 2 fibers" 
when the 59 blue cotton fibers are excluded. This would leave a total of 763 -- 59 ---- 704 

ISuppose 3 garments had 20 fibers and 37 garments had 19 fibers for a total of 763 fibers. Now the 
number of comparisons is 

(763)(762)2 ( 3 ) I ~  ] -- (37)I(19~18) ] -  = 283806. 

We do not think it is possible to obtain more than 283806 comparisons. For example, if 1 garment has 
21 fibers, 2 have 20 fibers, 36 have 19 fibers, and 1 has 18 fibers, we would have 

(763)(762)2 (21)(20)2 ( 2 ) I ~  ] -- (36) [ ~ ]  (18)(17~)- 2 8 3 2 8 0 4 .  

Therefore, there must have been less than 283806 comparisons, because the reported standard devia- 
tion was 6.4, whereas the case of 3 garments with 20 fibers and 37 garments with 19 fibers yields a 
standard deviation of only 0.27! 
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TABLE 3--The number of match occurrences and the probability of chance match 
occurrences determined from the intercomparison of 763 fibers from 40 different 

sources given by probability class." 

Calculated Probability 
Probability Class Match Occurrences Found by Source 

1. Fiber type 
Incidence less than 
10% b 0 1/1000 

2. All fibers less blue 
cotton 6 c 1/130 

3. All fibers 17 c 1/46 

OAverage number of fibers from each source = 19.1, standard deviation = 6.4. 
Effective number of fiber comparisons performed corrected for source = 283 882. 

bSee Table 1 for fiber types having incidence less than 10%. 
CTwo matches involving colorless, delustered polyester control fibers not included. 

fibers for an average of 17.6 fibers per garment. If these are evenly distributed, we would 
have 16 garments with 17 fibers each and 24 garments with 18 fibers each to yield 

(704)(703) 
(16) I. (17)~16)-] -- (24) [ (18~17) I = 241 608 comparisons. 

With the "Class 1" fibers, since 0 matches were found, the number of comparisons is 
immaterial, as is the average number of distinguishable fibers from each source. In the cal- 
culations for the "Class 2" and "Class Y' fibers, we will use the whole numbers 18 and 20, 
respectively, as the average number of fibers from each source. 

Once we have the required three numbers, the calculations for Table 3 can be done in 
three ways. Since it does not require any assumption of independence, the preferred method 
involves use of the Bonferroni Inequality [2] to obtain a conservative upper bound on the 
probabilities. (For an example of the use of the Bonferroni Inequality in connection with a 
similar problem, see Ref 3.) We then get the following results: 

Probability Class Probability 

1. Fiber type incidence less than 10% 

2. All fibers less blue cotton f 8 l - -  1 (18) ~ 1678 

3. All fibers I 19 1 - -  1 
(20) ~ 7,~7 

Similar results can be obtained by the other two methods. 
Assuming independence, the binomial probabilities would be: 

Class 2 

Class 3 

__[241 600 1 Is -- 1 

1 1_241 608J 1678 

I 283 863 120 1 

1 1- 283 882 J 748' 

and 
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and the Poisson approximations to the binomial would be: 

1 
Class 2 1 -- exp[--  (18)(8)/(241 608)] -- and 

1678 

Class 3 
1 

1 -- exp[--(20)(19)/(283 8 8 2 ) 1  = - - .  
748 

The five examples discussed by Fong and Inami are also in error for three reasons. First 
there are the previously discussed errors in their Table 3. Second, some of the calculations 
used in the examples are in error. Third, the examples refer to what Fong and Inami termed 
"class 1 and class 2 fibers." Since we are dealing with average probabilities, it is not legiti- 
mate to exclude those fibers most likely to match. Accordingly, the only proper probability 
to use is what Fong and Inami term "Class 3 fibers," that is, all fibers. In the following 
reworking of the examples we will therefore consider only "Class 3 fibers." Since the denom- 
inator used in the probability calculation for our revised Table 3 may be too large, we will 
round the probability of a chance match occurrence down to 1/700. 

E x a m p l e / - - O n e  match between Source 1 and Source 2, each of which has 20 distinguish- 
able fibers by type and color. 
Probability of at least one match, using Bonferroni's Inequality is 20 • 
1/700 = 1/35. 

Example 2--Same as Example 1 except that Source 2 involves only a single distinguish- 
able fiber. 
This is the probability we calculated for Table 3, that is, 1/700. 

Example 3--Same as Example 1 except that both sources yield one distinguishable fiber. 
This is 20/283 882 = 1/14 000. 

Example 4--Same as Example 1 except that 3 matches are found: 
If Source 2 fibers are independent, we would have 

[ F69917 1 
(3)(2)(1) 7 ~  L700J 308 279 

for exactly 3 matches. But wouldn't it be better to ask for the probability of at least 3 match- 
ing fibers? This would give 

_I69912~ I I1 [699 t '9  (20)(19)I~__~] 2 f 6 9 9 ] ' 8  1 
1 LY00J - (20) 1700J 2 L7-~J 306 407  

Example 5--Two matches between Source 1 (20 distinguishable fibers) and Source 2 (40 
distinguishable fibers). 
Let us concentrate on the recommended approach. What is the probability of 
at least 2 matches, assuming only that Source 2 fibers are independent? This 
would be 

__ [699] 40 [ 1 ][-699] 39 1 

- 651" 

Fong and Inami contend in the discussion section of their paper that: "if dependency is 
admitted then the proof that the two articles were in contact is also effectively admitted." 
This is fallacious. If green polyester and blue polyester tend to occur frequently together 
(that is, more frequently than expected under the independence assumption), then finding 
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both green polyester and blue polyester fibers that match would not increase the weight of 
evidence as much as would be implied by the independence assumption. However, if green 
polyester and purple nylon occur together less frequently than expected under an indepen- 
dence assumption and they both match the suspect garment, the weight of evidence is 
stronger that the garment in question was associated with the scene of the crime. However, 
as we have seen, this lack of independence is not a problem when the probability calculations 
are based on the Bonferroni Inequality. 

In the acknowledgment section of their paper, Fong and Inami refer to the risk of courting 
criticism in the publication of studies such as theirs. We wish to emphasize that criticism is 
not the intention of this letter. Rather we write in an attempt~to improve Fong and Inami's 
paper and to make a general contribution to the discussion of statistical evaluation of foren- 
sic science evidence. 

B. D. Gaudette, B.Sc. (Hons.) 
Chief Scientist--Hair & Fibre 
Central Forensic Laboratory 
Royal Canadian Mounted Police 
Box 8885, Ottawa, Canada K1G 3M8 

and 
D. A. Binder, Ph.D. 
Assistant Director 
Social Survey Methods Division 
Statistics Canada 
4-D8 Jean Talon Building 
Ottawa, Canada K1A 0T6 
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Author's Response 

Sir: 
Mr. Gaudette's letter to the editor is appreciated. This is especially so since by providing 

its answer I am given an opportunity to engage in an open dialogue on identified issues. This 
can be helpful to all who are concerned with decision making in the practice of forensic 
criminalistics. 

Independence 

I am bemused by Mr. Gaudette's polemic usage of the term "fallacious" and unpersuaded 
by his argumentation with the hypothetical example of green polyester and blue polyester 
fibers. 

I f  the hypothesis tendered is in fac t  real then its reality should be uncovered by a study 
such as we conducted. This is one of  the reasons that a frequency of occurrence study is 
performed. 
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Calculations 

A reexamination of Table 1 of our paper [I] shows that the total number of matches was 
20. Two of these involved colorless delustered polyester control fibers and were omitted to 
give a total of 18. 

The rationale for the omission was that in an actual case such matches could not be as- 
signed significant meaning. To do so would be mindless especially in consideration that the 
basis of the comparisons in the study was microscopic. I f  there is difficulty in grasping the 

fundamental reasoning involved here one should imagine the foolishness of comparing white 
cotton fibers recovered from two T-shirts in an actual ease when it is known that the control 
fibers from each consist of white cotton fibers! 

We are grateful for having it pointed out that if blue cotton fibers are to be omitted a 
correction must be made. Accordingly, for probability Class 2 fibers the average number of 
fibers per source would be 17.6 and not 19. 

Mr. Gaudette expends extraordinary effort towards reeaIculating the number which we 
give for the number of effective intercomparisons made. For some inexplicable reason he 
finds it difficult to accept the number which we report which was 283 882. 

In our paper and on p. 66 in the third paragraph under Experimental Procedures we state: 
A log was maintained toprovide a source-to-source accounting of the number of fibers char- 
acterized. This was done to permit the accurate computation of the real number of intercom- 
parisons required. The footnote at the bottom of our Table 3 states: Effective number of 
fiber comparisons performed corrected for source = 283 882. 

I am beguiled in my spare time by thoughts of why Mr. Gaudette would think that by a 
calculation he can arrive at a more accurate value than ours when ours was a real number 
arrived at through a log recording by source and subtraction of the comparisons between 
fibers from the same source on an ongoing source-by-source basis. 

We arrived at our value of p by dividing the number of match occurrences found by the 
number of comparisons by source. The latter number is given by: n (n -- 1)/2. Since there 
was 40 sources the number of comparisons by source was 780. Mr. Gaudette is in error when 
he s a y s , " . . ,  we suspect that they merely divided the number of match occurrences found by 
the number of fibers in the study." 

Whether our's or Gaudette's approach towards calculation is applied the answers to be 
obtained are virtually the same. For example, using our approach I calculate the probabili- 
ties of hair matehings based upon data given in the article describing a similar study on hair 
by Gaudette and Keeping [2] as being 1~4950for the chance occurrence of a single hair from 
Source I matching 1 of 9 dissimilar hairs from Source 2, and 1/44 551for the chance occur- 
rence of matching single hairs from Sources l and 2. Gaudette and Keeping give for these 
two situations: 1/4 500 and 1/40 737, respectively. Application of the Bonferroni Inequality 
changes the value of 1/4 500 only minutely (to 1/4 526) as pointed out by Gaudette [3]. The 
value for our p that I would calculate for their hair study would be 1/550. 

I favor our method because it is source oriented (important to the criminalist), flexible, 
readily understood, and the final results differ by an insignificant amount as compared with 
those obtained from the nonsource or&nted and needlessly obscure approach used by 
Gaudette. 

Eleven blue cotton fiber matches were further subtracted to yield a final total of seven 
matches for computation under our Class 2 category of fibers. 

The rationale for this subtraction was based upon intuitive logic and given in our paper. 
The presentation through probability classes was such that workers could use their own 

judgment as to the best approach. Our view is that the assigning of equal weight to all fiber 
matches implicit in the "'average probabilities "" approach favored by Gaudette is contrary to 
good sense. I f  there is difficulty in comprehending the logic of this assertion one needs only 
to consider that strict adherence to his dogma would require that the yellow-green nylon 
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fibers match in the Wayne Williams case [4] be assigned the same evidentiary weight as a 
blue cotton fibers match. 

Also, most of those who do both ha& and fiber comparisons in case work would have a 
difficult time accepting Gaudette's calculation of our Example 5 as having a probability of 
1/651 (as opposed to our calculated 1/500 000) since this would be tantamount to accepting 
that two fiber matches, for example, yellow-green nylon fibers and violet acetate fibers (such 
as found in the Wayne Williams case) have an evidentiary value considerably less than the 
finding of a single hair match according to conditions specified in the work Gaudette co- 
authored with Keeping. In the& work, a probability of 1/4 500 was arrived at for the likeli- 
hood of one match (1 ha&from Source l found to match 1 of 9 dissimilar hairs from Source 
2). The meaning here is that a hair match, according to Gaudette's calculations (under the 
conditions given), has an evidentiary value nearly • 7 that of two of the critical kinds of fiber 
matches in the Wayne Williams case. Now tha t  is really something! 

Wilkaan Fong 
Criminalist 
Laboratory of Criminalistics 
Office of the District Attorney 
1557 Berger Dr., Suite B-2 
San Jose, CA 95112-2704 
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