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Lies, Damned Lies and Expert 

It  we itssume that C F? , which is construction~illy cli~ite p- - 
likely, then we can determine ;in upper hoilnd for 1 pu. We  
hitvc the diitgri~m helo\\r. We conclude from this diagram 
thitt 

19.986"s 1 puS20.354" if O S F ~ S F ~  

itnd these hoilncls arc consistent with the previously stated 
view regitrcling the cuhit. 
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The value of scientific evidence presented by an  
expert witness may be  misrepresented by both 
prosecution and defence. Consider evidence that a 
trace of a genetic marker, which occurs with low 
probability in the population, found at a crime scene 
has also been found in a suspect. The prosecution 
may use this to infer a low probability that the 
suspect is innocent of the crime. Conversely, the 
defence may argue that, even though the marker is 
rare, the size of the population from which the 
criminal may have come  is s o  large that there may 
be  several hundred people in it with such a marker. 
The suspect is one of these but there are many 
others with the marker also. Hence the evidence is 
not relevant for assessing the guilt of the suspect. 
These conflicting arguments are reconciled through 
consideration oi the issues involved in evaluating 
evidence. 

very contitct leitvcs it tritce. This is it fiilnoi~s principle 
in forensic science known as Locnrd's principle. A 
crime is commitre~l ;tnd the criminiil tniikes contiict 

\ V I ~ I I  the sccnc of the crime. The tritces \\-hicl) mity he left 
arc, for cximple, tihres from the criminal's clothing at the 
sccnc itncl fr;lglncnts of gl;tss from it hrokcn win~low on the 
criminitl's clothing. Evidence may he transferred in t\trc> 
directions, from the crirniniil to the crime scene iind from the 
crime sccnc to the crirninitl. Such evidence is known as 
transfer cvi~lencc, for ohvious rciisons, or triice evidence, 

since it is concerned with traces of material. The  purpose of 
this paper is to descrihc iispects of the evi~li~iition of such 
evidence. First, two well-known fallacies are illustrated. 
Then a formal approach to evaluating evidence, hased on the 
likelihood riitio, is descrihcd with ;in illustration hiised on 
c\~iclcnce of hlood grcJirping. The next section considers DNA 
pwtiling. This is an extremely powerful tool in the 
invcstigntion of crime, hut is ;~lsc> tlie source of much 
controversy. It is not possihle in the space avitilahle to give 
more than a hrief description of some of the issues involved. 
In piirticuli~r, it is not possihlc to give it clefinitive approach 
hiised on likelihood riitios its this does not yet exist. Fuller 
details of all the issues outlined here are available in [ l ] .  

FALLACIES 
There are two fallacies in the e\~alu:ition of evidence which 
1i;ivc achieved i i  certilin notoriety. Thcse are known as the 
proscci~tor's a n ~ i  defender's fiilli~cie~. The  former is also 
known as the fallacy of the transposed conditional. Suppose a 
crime h;is heen committed. Blood is founci itt the scene for 
which there is no  innocent explitn;ttion. It is of it type which 
is present in l'%) of the population. The prosecutor may then 
st;tte 

"There is ii l'%, c11:ince that the ~lefendiint would have 
the crime hlood type if he were innocent. Thus, there 
is it 99%) chitncc thitt lie is guilty." 

Altern;itively, the defender may state 

"This crime occurred in n city of 800,000 people. This 
hlood type would he foirn~t in approximately 8,000 
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people. The evidence has provided ii prohahility of 1 in 
8,000 thiit the dcfen~l;int is guilty ;incl thus hiis no  
relevance." 

Both these statements ;ire wrong. In order to uncierstand 
why, it is necessary to consider n ~niithcm;itic;il formuliltion 
of the evaluation of evidence. 

LIKELIHOOD RATIOS 
First, some notiition hiis to he introduced. In a trial, there ;me 
two hypotheses under consideriition: that of the prcaecutor, 
which will he denoted H,,, and th:it of the defenclcr, which 
will be denoted H I .  For the statisticiilly minded, note that 
H, is not used here to denote the null liypc>thcsis; the dictum 
that a defendiint is innocent until proven guilty prevents 
such an interpret;ltion. Nor do H,, and HI necessarily need to 
refer to guilt iind innocence. Another possibility is tli;it H,, is 
the hypothesis that the suspect was ;it the crirne scene iinci 
HI is the hypothesis that tlie suspect was not a t  the crime 
scene; these hypotheses ;ire the ones thiit ;ire implied in any 
discussion of transfer evidence. Obviously, presence ;it the 
crime scene is not synonymous with guilt. It will he assumed, 
further, that Hi, and HI :ire mutu;illy excli~sive and 
exhaustive so that Pr(H,) + Pr(HI)  = 1 .  Let the evidence to 
be evaluated he denoted hy E. All other information, which 
may include other evidence, is Jcnoted hy I. 

A fundamental assumption is then miicie. It is nssumcd 
that in evaluating evidence, only two prohahilities are of 
relevance, namely the prohahility of the evicience given the 
truth of the prosecutor's hypothesis ;ind ;ill other 
information, l ,  denoted Pr(E I H,, , I ) ,  and the prohiihility of 
the evidence given the truth of the defender's hypothesis ;ind 
l ,  denoted Pr(E ( HI  , l ) .  Even such ;I seemingly ohvious 
assumption is novel since it is often assumed that if 
Pr(E I H I ,  I )  is small then the suspect is guilty; this is the 
prosecutor's fallacy. The  value of Pr(E I H,,, I )  is not 
considered. Nor is it recognised that Pr(E I HI , I )  is not the 
same as Pr(HI I E ,  I) ;  this is the origin of the term "the 
fallacy of the transposed condi rional". 

It can also he shown that the value, V say, of the evidence 

The value of the comhined evicicncc (E.  T )  is cqu;ll t o  tlic 
viilue of E ,  since T hiis hcen ;~ssu~nc~ l  irrelev;int. ThC \,illt~e 
of ( E ,  T )  is f(d,s ,  d,?) iind the v;~lue of E = V  = f ( s ,  ?) .  
Thus, 

f(&s, d,?) = f ( s ,  ?)  

for all d, in the interval 10, 11 of all pclssihlc v;ilucs of I'r(T). 
It Alllows that f is ;I function of X/? ;ilonc~ ;1nc1 hencc t l i ; ~ t  L' is 
ii function of 

Pr(E I H,)/Pr(E I HI). 

n;imely, the likclihoo~l ratio. 
Thus, repliicing I for completeness, 

C'=  l'r(E 1 H,, , l )  
/%(E 1 H I ,  l )  ' 

From the odds version of J3;iyc.s' Theorc,m, C' is the, fiictor 
\vhich converts the prior o ~ l ~ l s  in f;~\.our o f  H,, into the 
p~sterior o~icls in fiivour of H,,, ni~mely, 

Such n representation nc;itly sep;ir;itcs out the roles o f  the 
scientist, or expert witness, ;incl tlie invcstigiitor. The cxpcrt 
witness is concerned with the value of the cvi~lencc, \vliicli is 
represented hy V ,  the likclihoo~l r;itio. The investinitor is 
concerned with the prior and posterior odcls in f;ivour of H,, 
and the effect that V has in cclnverting tlie former into the 
I;itter. 

A viilue of V greiiter thiin 1 Iencls support to the 
prclsecutor's hypothesis, ii value less thiin I lends support to 
the defender's hypothesis. I f  log;irith~ns ;ire used, then the 
effect of E is ;in :i~l~iiti\,e one. This has ;in intuitively 
attractive an;ilogy with tlie scales cif justice ;ind the weighing 
of evidence. Also, the posterior o ~ l J s  for one piece of 
evidence, E siiy, m;iy he taken ;is the priclr o~lds for the next 
piece of evidence, F say. Ciire hiis to he taken then when 
ev:iluating F th;it clue ;ittention is p ; ~ i ~ l  to tlie ~lepcndcncics 
there miiy he hetween E iinJ F. 

is a function of the ratio of the two prclhahilitics, that is, the EXAMPLE 1 
likelihmd A pmof kseli (ln given in 121 is GlnSiLler ;In nillnple in\r,lving hltxxl rypinC systel,l. A 
given here. The 1 is dropped for convenience. crime has heen committed ;ind hlood of typc r liiis hcen 

Let X = Pr(E I H,) ancl = Pr(E I H I ) .  The assumption found iit the scene of the crime. It h;~s been ;iscert;iine~i tli;it 
above states that this hlood can only have come from the crimin;il. There is 

V = f ( x , y )  eyewitness evidence that the crimin:il is Ciiuciisiiin i~nd  the 

for some function f.  frequency of hlood of type r in the relcv;int (:;iuc;~siiin 

Consider another of evidence, T say, \r,l,icll is populiition is y .  A suspect has been i~lentihrcl u,ho is o f  

irrelevant to, and hence independent of, E ,  H,, iind H I ,  and hlooci type r. The v:alue of tlie evidence 1n;iy he cietcrminc~l 

which is such that Pr(T)  = d,, say. Then ;is follows. In the nhovc not;ition: 
I :  The cri~niniil is the source o f  tlie c r i ~ n ~  sti~in 

P d E ,  T I H,) = Pr(E I H,)Pr(T I H,,) there is eyewitness evidence tli;it the crimin;~l is 
C:iuciisiiin; 

hy the in~lependcnce of E and T H,,: Suspect wiis the source of the st;lin ;it the crimc 
= Pr(E I H,)Pr(T) scene; 

hy the independence of T iind H,, HI :  Suspcct w;is not tlic source of the stain ;it  the 
crime scene; 

= 4.u. E: ( E l  , E:) where: 
E l :  the suspect is of typc I'; 

Pr(E, T I H I ) =  C$?. E:: the stain ;it the crime scene is of type l'. 
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For the moment I is omitted for clilrity. Then 

- - I'r(E, , E: 1 HL,) 

W E ,  , E? 1 H , )  

- l 1 E , H X Pr(EI I H,) 
l ' r ( E l ~ E l , H l )  P r ( E l l H l )  

TIic s~~spccr's h l o ~ ~ l  typc is in~lcpe1111ent of \\~Iiether he \vils or 
\\.;IS nor at tlic crime sccnc. Tlicreforc Pr(EI I H,) = 
I'r(E, I H , ) .  Also, if HI  is true ilnd the suspect was not at the 
crime sccmc tlicn the hlood typc of the stain i ~ t  the crime 
sccnc (E,) is in~lcpcnclent of the hlood typc of the suspect 
( E , ) .  Tlicreforc, /%(E2 I E l  , H I )  = Pr(E2 I H , ) .  Thus 

The present;~tion ($ this result is \.cry simple nnd this 
si~nplicity provi~lcs ii very iittrircti\~c fc;lture of this ;rppro;rcIi. 
The result Inay he presented hy siiying tliilt 

"the 0~1~1s in f;l\,cwr of rlic prcscncc o f  the dcfcn~tirnt ;It 

the crime scene ilrc incrcilsc~l hy ;I filctor of 32 I3ccili1se 
of the evidence of the hlood stirin." 

A qualitative scale 
A qu~litat ive scale has heen s i~gges te J '~~  for reporting 
the ~ill11e of the sirpport given hy V for H,,, ilnd is given in 
Tahlc 1.  

DNA 
1)NA is il \.cry pc>wcrfirl tool in forensic science. It 
may he thought that it would prc>\viclc ;I good exijmple of the 

C o n s i ~ l ~ r  the nirmerntor of (2). If the suspect \if;ls the source 
of tlic cr i~ne sririn (H,, is true) i ~ n ~ l  the suspect H ~ ~ I S  of type 1' 
( E l )  then the crime stain is of type r with prohahility 1 ;  thus 
I'r(E I E ,  , H,,) = 1. Consiiler the clenomin;~tor of (2). The 
criminirl is (:;rt~c;rsiiln i~ncI is the source cif the crime stain 
( I ) ,  a~liicli is of typc I'. The  rcliltive freclucncy of blood of 
this type in the rele\lilnt popirlation is y ;  thus 
I ' r (6  I H I )  = y. Hence 

v = 117. 

As ;I numc,ric;rl cx;rmplc, consider r to he typc AI3 in the 
AI30 system ancl the rcl;ltivc frccli~cncy y in the rcle\r;lnt 

use of statistics in the e\,illuntion of scientific evidence. 
However, there is still ~ i i i~cl i  controvcwy surroundink ' Its LISC 

and ;I definitive ;~ppro;ich hasec1 cm likelihood ratios does not 
exist. However, it is possihlc to clerermine \.i~lircs for the 

A qualitative scale for reporting the value crf the support of 
the evidence for H,, a~ainst H, 

l < ' 5 I SliKhr incrC;lw in \ulyx,rr 
I < L 5 I It>crc;~\c i t )  \upport 
10"' \ '  5 lpl. '  C;rwr i~icrc*;~~c in \ttpptlrr 
1o5l-'< \, Very grc;~t iticrc;lw ~n \uppttrr 
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evi~ience, h;isccl on I simpler ;tppro;~ch known as 
match-hinning ~lcscrihr~i Iiiter. Even this simpler :~pproach 
has its critics, ho\vever, and some criticisms are given helow. 
First, lio\ve\.cr, there is ;I hrief description of the techniclue. 

DNA (l)eoxyril~ontrclcic ;icici) is cc>mpose~i of two we;~kly 
connecte~i str ;~n~ls of molect~les that spiral to form a doi~hle 
helix. Ei~ch str;ind of DNA consists of ;In ;ilmost endless 
chain of four different chcmic;~l huiltiing hlocks or bases, 
often referred to hy their initials: A for :ldenine, C for 
cytcainc, C; for guilnine and T for thymine. The C on cme 
striind ;ll\vi~ys pairs with tlic (; on its complcmcnt;iry str;ln~l; 
the A on one s t r i~n~ i  al\v;iys pairs with the T on its 
complement;1ry str;lnci. There is ;I very large numhcr of 
possible or~lerings of tliese so-ciille~i has~-/>airs in ;I lengthy 
stretch o f  1)NA. A s;imple of DNA may he cut hy a 
restriction enzyme ; ~ n d  friigmcnts are separ;iteJ hy an electric 
field, ;I process known ;is elcctrophoresis. Fragments of 
particuli~r interest are iJentified hy a lahellcd prohe which 
fuses to the fr;lgments since it has ;I DNA sccluencc 
complementary to them. 

The final proJuct from ;I single-loci~s prohe (a prohe which 
att;iclies itself to ;I single locus) is ii m:ixirnum of two hands 
\\phicl> ;ire rcpresente~l on ;in iiirtori~diogr;~ph, ei~ch hand 
representing ;I scpilrnte fragment of DNA. The hands 
corresponJ to tlic t\\v ;llleles, one from c;~ch parent, at the 
p;~rticul;ir locus specific to the prohe. The ~iistancc the hand 
has migr;~teJ on the ;iutor;~ciiogr;~ph is measi~re~i in numhers 
of hascpnirs (hp) or kiloh;lsep;~irs (kh). A comp;1rison of a 
s;~mple cd DNA ;issi~rne~i to he from the criminal (known 
here as the crime s;imple) and a sample of DNA from a 
suspect, \vho m;iy or Inay not he the crimin:il, is made hy 
comp;iring the positiclns of the h~ncis on two ;~ i~ to r ;~~ i iogr~phs  
(one for the crime s;~mple, one for the siitnple from the 
suspect ). 

DNA profiles Inay he ev;iluntc~i hy using one of two 
metliocis, 1n;itch-hinning or likelihood ratios, though hoth 
are ;I long way from t~ni\,ersiil ;lcccpt;ince. 

Match-binning 
Consider onc fr;lgment \\it11 ;in estimated length X.  

Construct ;in interv;il s f 8 centred on S .  Two fragments, 
each with ;in ;lppropri;ltcly constructed interval centred on 
their estimnte~i length, are said to mi~tch if these intervals 
clverlnp, otherwise they ;ire said not to match. There is 
measurement error ;~ssoci;lte~i with the determination of the 
lengths of these friigmcnts ;~nd  the stan~i;lrd deviation of any 
me;~surcrncnt is taken to he proportioni~l to the fragment 
length. For ex;implc, the FBI take S I- 2.5% of X ,  Lifecodes 
take S - 1.8'%, oi x and Cellm;lrk take S to correspond to a 
cell rnigr;ltion ciist;lncc of 1 

The rel;~tive frequency of fragments which will he found to 
match the sample (with estirn;lteci length x say) under 

, \e rom a consideration is ~ictcrmincd hy reference to a datah?: f 
relevant pc>pulation and consideration of the interval which 
will cont;~in si~ch matching fragments. This interval is known 
as ;I hin i1nJ corresponds to ;I cell in ;I histogram. This is the 
hinning procedure of match-hinning. 

As an example cd match-hinning in practice, consider not 
one hut k loci, fillly hcterozygose, with k prohes used for a 
crime sample of L)NA (ie a sample known to he associated 

with a criminal). There are then 2k ;~lleles. Let p, 
( i  = 1 , . . . , 2k) he the pop11l;ition reli~tivc frequency of 
matching ;llleles for the it11 allele ohserved in the crime 
sample profile, ;IS determined from the hinning procedure. 
The over;tll profile relative frecluency I' for these prohes is 
then 

?L 

P = 2" p,. 

This rcsillt assumes Hardy-Weinherg ecluilihrium ;incl linkage 
equilihrium, ;issumptions which h:ivc hccn shown to he 
re:~sonahle. The value P ,  given in (3), may he taken to he 
the prohahility ;I person chosen at random from the relevant 
population mi~tchcs the crime sample. 

Suppose, for one prohe, the relative frequency 2pl p? is 
taken to he approximi~tely 1/50. Then, for four independent 
prohes, the frecluency is ;ipproxim;itely ( 1/50)' which cqu;~ls 
1 in 6.25 million. It is not difficult to see how very small 
prohahilities of a match hy chance can ;>rise. 

Note that the p, are not well-defined ;~llclic freclucncics. 
They are population relative frequencies of hands which fall 
sufficiently close to the crime sample DNA to match, under 
whichever definition of ;I match is heing used. Also, different 
frecluencies may he derived from d;~tahi~ses of different racial 
types present in the population. Thus, several different values 
for P may he cluote~i, one for e;~ch of scver;il ~iifferent ethnic 
groups such as Caucasians, Rlacks ; ~ n d  Hispanics. It is a 
matter for judge and jury to ~iecide which group is relevant 
for the case in hand. Note that it is the raci;~l structure of the 
population from which the criminal is thought to h;ive come 
that is relevant. The racial structure of the suspect cannot he 
i~scd on its own to determine the relev;lnt population. 

The method is very easy to use hilt it is open to criticism 
on two counts. One  is the prohlem of defining a match; three 
different definitions hi~vc hcen given  h hove. The other 
prohlem is the dichotomy hetween the presence and ahsence 
of ;i match. A match occurs if two hands have overl;~pping . . 

interv;lls. St~ppose two hands just fail to match under this 
criterion. Then the suspect, who has provided one of the 
hands, will he removed from suspicion. However, two hands 
which just do match will result in the suspect remaining 
under si~spicion. A very small difference in me;1surements can 
lead to a very large difference in consequences for the 
suspect. 

Likelihood ratio 
The match-hinning approach can provide ii crrrJe valrre for 
the likelihood ratio (1). This is done hy taking the 
numerator to he 1 and the denominator to he P from (3). 
However, another approach has hecn d e v e l ~ p e d " ~ ~  in which 
the numeratclr uses known variation in me;~surement errors 
and the denominator uses the variability over ;I datahase 
from a relevant pclptrlation. The likelihood ratio in this case 
is then a comyarison of prohahility density fi~nctions. It is a 
continuous measure and is not suhject to the dichotomy of 
the match-hinning ;ipproi~ch. Note, however, that the 
prohahility density firnctions are not nccess;irily Normill. The 
denominator is a smoothed version of an appropriate 
histogram of relative frequencies. 

Finally, consider correlation of measurement errors. The 
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match-hinning i l p p ~ ( ~ > ~ h  h i l ~  considered individui~l hands and 
no account is taken of ilny corrcl;ltion in mc;lsurement error 
that may exist when combining results from the two hands of 
a single-locus prohe. Note that the positions of the two hands 
from ;I single-locus prohe arc independent hilt i t  is the 
measurement error which is correl;lted he twen  the two 
hands from ;I single-locus prohe. A rnethoci which ilccoitnts 
for this correlation is given in 171. 

Note: The National Research Council of the USA set up a 
committee on DNA Technology in Forensic Science in cwdcr 
to resolve the issues surroun~iing its ttse. This committee 
reported in 1992." However, the report raisecl more new 
issues than it resolved. A second committee was set up iind ;it 
the current time its report is still a\vaitc~l. 

EXPLANATION OF THE PROSECUTOR~S AND 
DEFENDER'S FALLACIES 
Consider the crime descrihed nt the heginning of the section 
entitled "F;lllncies" where the filllncies arc expoitndcd ; ln~l 
consider ( l ), where 

Let H, he taken to mean guilty ancl HI he taken to mean 
truly innoccnt (not just "fot~nci not guilty"), so thilt 
Pr(H,) + Pr(Hl)  = 1 .  

The evidence E is such that Pr(E 1 H I )  = 0.01 and 
Pr(E I H , ) =  l .  T h u s V  = P r ( E  I H,)/Pr(E I H I ) =  100. 

The prosecutor claims that there is a 99%) chance that the 
suspect is guilty. This is to say that Pr(Ho I E )  = 0.99 and 
hence thilt I'r(H, I E)  = 0.01. The posterior odds in favour 
of H. are then 99, or approximately 100, which is equal to V. 
F n m  ( 1  ), therefore, the prior cnlds also eqiral 1, that is 

In other words, Pr(H,,) = 112, since Pr(HL,) + Pr(Hl)  = 1 ,  
and the prior prohahility of guilt is 112. 

The prosecutor's statement is only true therefore if the 
suspect hits ;I proh;lhility of 112 of heing guilty hefore the 
evidence is heard. This is hardly in accord with the dictum 
that a person is "innocent until proven guilty". The 
altern;ltive terminolow, the fallacy of the tr;lnsposcd 
conditional, arises from the eqi~ation of Pr(E I H I )  with 
Pr(H, I E) .  

Unfortuniltcly, the filllilcy is still heing made. In one 
recent trial, involving DNA evidence, ;I mntch in some sense 
was found hetween the DNA protile of the sample associated 
with the crime and the DNA protile of the defendant, such 
t h ; ~  if the defendant were not the source of the crime sample 
then the prohi~hility of a match was 1 in 3 million. A 
st;~tcment, however, was made hy ;I forensic scientist thilt 

"the likelihood of this [the source of the crime sample] 
heing any other man hrtt [the dcfen~i;lnt] is 1 in 3 
million". 

In other words, the prohahility the defend;~nt is innocent is 1 
in 3 million. Rut this is not i l  viilicl inference from the DNA 
evidence. The prior oclds i~nd  other informiltion, I ,  has to he 

tilken into ;~ccc)ttnt heforc ;I vill~tc mily he ;tssicned to the 
proh;~hility of innocence. 

Consider now the defender's filll;~cy. The clefencler in the 
crime discussed in Section 2 cli~ims thilt the prc)h;lhility of 
guilt is 1 in 8,000, i.e., Pr(H, I E)  = 1/8,000, ilnd thus that 
the evidence is of no rclevilnce tor dctcrmining the guilt of 
his client. Note thnt Pr(Hl I E)  = 7,99918,000 ; ~ n d  the 
posterior 0~1~1s ;\re t l ~ c r ~ f o r c  

The villue of the cvidcncc L' = 100, ;IS hefore. Thus, the 
prior cnlds ;Ire 

In ;I populntion of 800,000 the prior o~lcls of guilt of 1 in 
800,000 imply that n priori the suspect is just as likely to he 
guilty ;IS ;myone else. This seems ;I perfectly rc;lsonahle 
definition of "innocent until proven gt~ilty". The filllacy lies 
in the statement t11;lt the evidence h;~s no relevsnce, for the 
evidence zlocs in filct 11;lvc consiclcri~hlc rclcv;lncc. Refore it 
H'RS presented, the odcls in filvour of the ~lcfendant's gitilt 
were 1 in 800,000; nftcr it was prcsentecl, the cxlds in favour 
of the dcfendilnt's guilt were 1 in 8,000, n change hy ;I factor 
of 100. Such a large cli;~ngc is surely of rclc\.nncc. Of course, 
it may not he enough to tind the suspect gitilty hilt that is 
ilnother matter. It \voulcl he odci inclecJ if ;l person were 
found guilty solely on the e\~iclencc of ;I miltch in ;l hlood 
type which nriIs present in l'%) of the popul;ltion. 
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