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ABSTRACT
Two alternative methods of evaluating a discrepancy index are discussed, with a view
to match crime/clue  material with a  comparison/source sample. Ope is put as
N N
§ = Z (Q; ~— 1)2/42 (¢f Parker's C) and another, I'=IIQ, (1 — :, g:) based on the
i=1 i=1

discrepancy quotient Q and the overall coefhicient of variation 4.

A simple cvalvation of

the uniqueness of a crime material 1s described on the basts of attributes measured in the
source and the population, their mean values and the respective standard deviations.

FORENSIC comparison analyses are undertaken
to determune 1f a “crime sample” has originated
from an alleged source. The inference drawn from
non-numerical analyses like tool marks examina-
tion, e.g., in forensic ballistics or hand-in-glove fit
of a critne sample with its remnant available else-
where, can (when good characteristic matches are
observed) be interpreted directly without “any
reasonable doubt”. This however is not possible
in (numerical) material analysesl!., In the former
the characteristic match is obvious, but in the
latter one has to cautiously interpret the results.
Forensic analytical data have been evaluated by
Parker? (human hair), Hoffman3 (soils) and Lawson
and Framan4 (general).

Evaluation of analytical data in forensic prob-
lems is considered here firstly to establish if the
crime and comparison (alleged source) samples
match and secondly, that if these do so, then what
proportion of the population of such material in
question attain the levels of the attributes analysed.
The lower it 1s, the more weighty is the evidence.

1. CRITERIA FOR IDENTITY

For matching or otherwise of a crime sample
with the source, Parker2 defined the discrepancy
mdex, C, as:

N N
C= 2D =2 (X; — YN (1)

i=1 £==1

where X, and Y, are the values for the i-th attri-
bute measured in the crime sample and the alleged
source respectively. X, is the combined standard
deviation resulting from the standard deviation &,
it the crime sample, due to the measurement eryors
and the standard deviation 4, in the source, mainly
due to the intrinsic variability ; A2 =6.= 48,2 If
N uncorrelated attributes are measured, C 1s distri-
buted as x2 with N degrees of freedom, if the crime
sample originates from the alleged source. The
observed C may be compared with the critical valuc
for C, viz,, C , from the statistical x* tables. At
a given chosen probability value, say 0-01 (Parker),

if C < C, then the crime sample could stermn from
the alleged source, and if in fact it does, the proba-
bility of finding C > C, is as low as 0-0l.

An alternative to Parker’s C is described here,
based on discrepancy quotient (vide infra) which
1s significant to the forensic analyst. Moreover,
Parker used /i ¢ as against ¢ (concentration); this
is laborious, without making any significant difference
in the results using ¢ conveniently.

Let the values of a given attribute in the crime
sample and the alleged source be: X, #+3&, and
X, =8, respectively, and Jet &,/X;=gqg, and
5 . We define discrepancy quotient, Q, as
Q = X,;/X,, we have (X; =+ 8)/(X, + 8,)
=Q=k where k/Q=1/¢;2+4g2= (let).
Parker’s element of discrepancy index, viz, D2 =
(X; — X5)2/ (8,2 4 8,2) can now be put as : D 2=
(Q —1)2/(Q%q,2 4 q,°). Discrepancy quotient, Q,
will be useful 10 our discussion, 1f we impose the
condition that Q =1, no matter whether the
attnbute m the crime sample is greater than that
in the source or vice versa. It will indicate a Q-
fold discrepancy in the value of the attribute in
the crime sample and source and calculations of the
discrepancy index (vide infra) will be to the benefit
of the accused. We now define A, a normal

deviate with unit standard deviation as

AZ2=(1/Q — 1)2/(k")2, where k'/(1/Q) = gq.
o if (X x£8,)/(X, =38,) =(1/Qx k). we have.
k'/(1/Q) = q. For identity of crime sample and
source, we have Q— 1, (1/Q — 1) -—~0. From ihe
above we get

Ad = (Q — 1)¥g® (2)

The modified discrepancy index, #. may now be
compared with the critical value 6, from x* tables
to test the match,

N N
0 =2 A8 =2 (Q - D¥at )

fm] {1
when
Q'—" ], ff\li* et D;a.
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e mun appear that when X and X, are {presumed
0 ber pormaliy Jdistnibuted, D2 s x2  distributed,
then A~ cannm he 7 distributed.  In fact “n
Gaussian  Jdistribution mav  be  mappropriate for
nicasurements, such ay chemical composition, which
must be alwans non-negative, a functional trans-
form whereby the noew  variate is brought into
closer ahgnment with the Gaussian distmbution
mayv be used nstead. The togarithm of the chemi-
cal composttion could be wused rather than the
chemrcal composition itself2¢) Tndeed the log-
concentration of elements in human haw has been
found to be closely Gaussian2(®.  On the first
presumption N., — X, is a Gaussian variate with zero
mean and standard deviation \ - 8,24 3,2 Now.
if on the other hand /n X, and in X, are admittedly
better Guaussian distributed, and if the samplie could
«temt from the alleged source,

In (X./X,) = iIn (1 4 X ;_Xl\_
.
15 a Gaussian variate with zero mean and standard
deviation &" = ¢ Q. and A2 is x? distributed. The
appron'mation  invoived s valid at lower discre-
pancies where the test for matchung is sought.

It will now be shown that the use of ¢ in place
of In ¢ (¢f. Parker) does not make any significant
difference where a critical examination is nec¢ssary.
For large discrepancies. the difference in the crime
sample and the alleged source s oObvious; an
inspection of data is sufficient. The use of ¢ units
makes evaluation of data less laborious.

Using ¢ un®ts, we havs a series of measurements :

—
—

In X, —In X,

-—--_ A . l,
cy=¢c+x5. ..., c,=c+x,  where x’s can be

+ ve — ve, yielding the resul: : ¢ = 5, where ¢ is the
standard deviation, calculated using ¢ units directly.
To convert the measurements into fn ¢ units. we

have, In ¢, =1n (c + Xy) = In ¢+ x,/c, etc,

showmng that ¢, = 3 /¢ where 3,, . is the standard
deviation calculated using /n ¢ units. Parker’s dis-
crepancy ndex clement, D2 using /n ¢ units, can
now be readily shown == D2 using c units, at lower
disCcrepancies.

D= (nX, = nX)%{( 3., UX1)? + (O, 2/ X2)*]

can be shown, at lower discrepancies, = (X, — X,)2/
(8%, + 8%,). Thus in Parker’s eqn. (1) whether

In ¢ values or ¢ values are taken, these reduce to
the same form and magnitude at lower discrepancies,
where the test i1s necessary,

Alternative Method Jor Coensiruciing a Discre-
pancy Index.—The discrepancy quotient, Q,(Q = 1)
may be suitably modified 10 yield a minimom value,
Quis. Thus at a given chosen probability level
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Q,... =Q—1t k where /—tlimes the standard
deviation is subtracted on the basis of Student’s ¢
value for the given desired probability level and for
the g¢iven degrees of freedom. Thus for a series
of 10 measurements (9 degrees of freedom) for
i-th attribute the probability of a chance devia-
tion in Q not exceeding 2:26 £ is 95% (1 —=2-26).
Having obtained Q .  values for each atlribute.
(Q,. =1)., we have the alternative discrepancy
index. which may now be denoted by [, simply
given by !

N N
= I1 Qmirr, i = IT (Ql o rjki)

i=1 i=

N
= {1 Q; (1 — ¢t; . ¢g;).
$=1

(4)

Q... Vvalues =1 only are considered ; those work-
mg out 1o < 1 are ignored. as these mean that there

S ()

X

i no  significant
given attribute,

—-—
—
—_——

in the values of the
I’y for identity between
the crime sample and the alleged source shonld
be unity. Values of I in excess of unity would
therefore indicate the extent of discrepancy between
the two.

Application of the above criteria to typical litera-
ture data 1s given 1n Tables T to III. While I is
well smted to the evaluation of data on chemical
composition it will be apparent that in the evalua-
tion of data on physical properties like density,
refractive index, etc.,, in the event of high discre-
panctes (owing to very low ¢g’s), I will not suit-
ably reflect these. The discrepancy indexes ¢ and 6
have therefore general applicability.

2.

Once the questioned matertal is shown indistin-
guishable from the alleged source, the next consi-
deration arises as to what significance or evidential
value this agreement has. Let p, be the proba-
bility of finding the level of the (-th attribute in
the entire population similar to that in the alleged
source then the probability of finding N uncorrelated

attributes (which may be measured) in levels
N
simnlar to those in the alleged source is P =1 p

The smaller the value of P,. the more weighty
15 the evidence. The value of an attribute towards
identification depends on “the ratio of the measure-
ment error to the spread of the atiribute over the
population and alsc on the value of the sample
measurement when referred to the peak of the
frequency distribution”2{®  In the case of normal
distributions the probability p, of finding the level
of the attribute { in the entire population similac

difference
Ideally.

ASSESSMENT OF EVIDENTIAL VALUE
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TABLE |

Sample 1 w.r.t. “control” (NAA of human hagir)2¥

L et L I T P —— —— _
-

Dg‘ Qrﬂin. |
" —— - .
Attribute (estimated) —— Y Q1 (P=807;) (P’=-9570)
Using Using =Q (1-1-38¢q) =Q(1-2-264)
in ¢ units C Units
Na 024 41 25 62 1-60 1-07 —¥
Likewise for Cl. Mn, I, Cu, Br, Au, Hg
Zn 0-10 26 29 29 1-17 1:0] —-
N=0 =151 Z2=12-4 £=22-8 —=1-22 IT ==1-0
ta dash denotes Q,,., =1 00. ) ) ]
TasBLE [I

Summary of analysis of dala on samples Nos. 1, 4,15. 30 w.ari. “control” (NAA of human hair)2t?)

L S e . . Ep—

. L ik " — il e

S l I\?Gt; of N
ample attributes 2 A N Remarks
No. measured _ < D; _ oFAY ITQ; (1-2-26,;)
using {7 ¢ units
l 9 151 {12-4)% 22-8 (12-3)* 1-0 Source similar to control
§ 10 42-9 (33-9)¢ 111-0 (34-0)* 1-28  Source different, significant dis-
crepancy
13 10 209-2 2760- 17-2 Source different, large discrepancy
30 G 2-61,. 103 230, 10° 108-3 Source difterent. v. large discre-

pancy

T recalculated values, using ¢ units, nstead of In ¢ units.

9 10
2y=27-8, X,=29-6 (at 0:1%, probability level for C > C, or 6 > {,)
* Caled. without imposing the condition Q > 1: Q=(X,/X,) i 1.

TABLE 1IN

So!ls (F gnd K-1)— Evaluation of spectrographic (Seidel function) daigh

1 .- r 4 Qm no.
Attribuie gi g2 g L% AY Q-1 = Q{]f—-z‘zﬁq}
Mn 020 0-21 0-29 11-6 92.9 3:79, | -31
Iikewise for Al, 81, Cr, Na, Fe, Mg, Cu, Ca
Tt 0-25 0-21 0-32. I5-35 2595 6-26- 1-63,
L0 1@ 1
N=10 S=108-1 X=629-5 11=4-10
Conclusion: Soils from different sources. .
to that in the crime material or the alleged source, ¢ Curve (Fig. 1) such that the normal distribution

for which the intrinsic variability of the mater:al
and the measurement errors are determined would
simply be given by the rate of areas under the
respective distribution curves, a/A, where g is that
under the source curve and A s that under the
population curve. If the latter is plotted as ¢ vy

Curr Sci—3

18 valid ¢ = (}/ 27) exp (— x2/2) where v Is
meaasured tn standard deviation ¢ units., we have, by
definition, arca wunder population curve (PQR.
Fig. 1), A=1. Thercfore p ==a. the arca under
the distribution curve for the source {(xayv. ARBU
or DEF)} which s properly constructed within the
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SORPLATION

Fic. 1. Construction of a typical normal disiri-
bution curve for the alleged source material (ABC
or DEF) within that of the population (PQR). p,,
t in Tpopulation  UMILS, Oznurce, O population == 0'047.
— 1-17.0-1 and 0-14, 4+ 0-75, 0-2 tfor curves ABC
and DEF respectively.
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The approximation in the above equation may be
corrected tor by utilizing :

P = (5)

with benefit to the accused. ¢, (¢ corresponding
to ¢ = 1) = 0-3989, is equivalent to area, A =1
(vide supra). Therefore, arca equivalent 10 ¢ ¥ —
(lrt}-3989)¢>*: the same as
. eqn. {4).

{iustralion.—The calculation of P for a sample
human hair2t® s jllustrated in Table 1V. The analysis
wtilizing eqn. (5) would thus reveal, granted that
our assumption of (log —) normal distribution over
the population is valid and that the attributes are
uncorrelated. that there is 1 in ~ 107 chance of
finding such hair in the population in gquestion,
with levels of the ten attributes in question simlar
to those In the given sample. The magnitude of
P, s indicative of the uniqueness of the given
physical evidence material. It is an attempt to
quantitate the evidential value.

2' 5‘ ‘i!'-"“lr_g-.r i {Umurcsfﬂ;mpul.ttinn)i,

( H:ﬁrm'v t / Upnnul:t rio n:l 4

TABLE IV

Un:queness of crime material-—Human

hair in “control” sample2t®)

—

) Heontrol — Mpopulation 4+ gcontrol
Attribute —— 7 — ————— , =236 ¢* (__-__,-- .
‘population (corresponding to t) ¥ Napopulation
= [
Na 0-442 0-362 (-201
Likewise for Cl, Mn, I, Cu. Br., Au. He. Zn
Sb 0-855 0277 0-284
Lk
P.=1-1:10"7 (Eqn. 5) P. = Ilp,=0-58 > 107
DGPUIaHUn curve. E.:Vﬂll.lﬂtﬂ U= i#ﬂﬂlllllﬂlitmHH’EIHH‘E‘E[/ ACKNOWLEDGEMENT
O papulations WNETE x is the mean value. The crime

malerial or the source is therefore t units of popu-
'ation-standard deviations removed from the popu-
ation mean value, Construct a normal curve on
fht’{ ordinate at t converting ¢ into & o
units. by the factor (g ce / Tropuration ) ThHE
area under the source curve., d, can be evaluated
as a-== ¢~ (H.LLB.W.) where ¢ _*“ is the ordinate
corresponding ta the t value (e¢.g., Bb or Ee) which
can be directly read from the normal error curve
tables. The half-intensity band width, H.L.LB.W.,
(e.n., Wl or hehv) = 2-36 (ﬂ-snurre /Jﬂliﬂtllutiurr) for
the source curves. H.LB.W. = 2-36 ¢ units for any
normal curve.

We have, therefore,

LA ¥ S

p, =a;,= 236 95"‘:' i (Usaurutjﬂpﬂpﬂht on) 4
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