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Introduction

The problen of iJentif ying outliers in a s3~’plc is a very old one,

but is nevertheless not yet solved entirely. A considerable ~~~~~~~~

of work has been dcvote:~ to t.~e situation in which the underlying dis-

tribution is normal , and at nost one cu~~ier is b2lieved to be present.

It is ~~own (Paulsen 152 , icudo l~S6) that this oitlier is iaiown

a priori to be on the ripht , then the optir!ai test statistic is the

lar~~st stu~entized deviation. tin early r r.jcr by Pearson and Chandraselar

(1936) ~~~~~~~~~ a severe nrob~c;.~ asscclatr’r.. with Lhe use of this

statistic — the ‘: askin~ cffect.~’ This effect occurs when in fact norc

than one outlier is oresent. The addi~ ior.al outliers mash each others1

presence by so inflating the sanpie variance as to red3 ice the power oC

the test severely -- in some cases driving it to zero as the outliers

‘~ove further to t:~ right.

This ra s iu ,~ effect has led to the ~~~~~~~~~~ of several outlier

test statistics aimed at testing specifically for the prese;:Ice of :-:>i

outliJi’s in the s.3r1’~ile (CrInbs 1~ SC . :~c h y 1~~l , Per~~sen l~ftl , Pixon

l~) 5 O) . These K-outlier sta~i’. :ics ~u-~ comoetitors to the recursive

procedure : Compute ti~c sin~le-outliec srntist ic for the fnll sample ,

and for caci~ of the subsarr~ples obtained by ‘~1eti r ,~ the 1 ~~~ .. ,~~~

most extreme observations , ax1. decide on tho b’~~is of so~e rule using

this 4;e~’~~r:ce whether outliers are present, and how ma~v and which obser-

vations they are.

The obj ect of this ‘aoer is to propose a r~o~ ificacion to tnis recur-

sive nrocer~’rc , and to cor~ are its pei Tor~ance with that of the Grubbs

-~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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and i urphy statistics.

;ctation

Let x1,x2 . . ., x~ be n observations believed to come from a nornal

distribution N(~,a
2
)1 ~~~, c unknown , ~Th let Y1 � Y~ � ... � be

the corresponding order statistics. ‘~Jc ‘1111 also suppose that there

is at hand some aJditional information on in the form of an indepen-

dent variate U. If there is no such U, theui set ~-T = v = 0.

Define I = ) Y~/n
i=1

p

= ~ Yj j (n-1)
i= 2

a

i~3 
Y
~
/(n-2)

a

~ 
(Y1 - ?) 2

i=1

s~ ~~ + 
~~~~~~~ 

(~~ 
-

• a
S12 1. + 

~~ (Y1 - 119)

Initially nahe t i c  :om~~hat artificial 3~~~~,tion that it is ~~own

a priori that , i~ outliers are nresent , there are exactly two, one a
1 2

+ Ac , as’) and the other a ~‘(~ ÷ &i . a ) variable with X ,~ > 0.

The two-outlier test statistics to be considered are C =

T =  (V1
+y~, - 2Y)/i~; and ~ (Y

2 
‘T.~)~’S1

_ 
~~— - ~~~~~~-~~~~~~~---• - - -
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The statistic C is a slight generalization of one proposed by

Grubbs (1950) (in the original definition , = = 0 ).  It seems to

have no proven optiinality properties, but corresponds to th2 F test

of the Anova model for comparing the three - sainp1es~ Y1 Y2 and

{Y3,... ,Y~}. For this reasc.~ it seems likely to be effective when

it is not known a priori that A = 6.

i;~irp:iy (1951) defined the statistic ~ for the case U = v = 0 ,

and proved its optinality when it is known a priori that A = 6.

note that this statistic is equivalent to the Pnova test for cou~aring

the two ~ssnrn1es ’ {Y1,Y2} and {Y3~. .. which in turn is equiva-

lent to the two-sample t statistic. Of course neither C nor U

has a distribution which can he derived from the conventional Anova

distributions , since the san~ les are obtained by ranking the X~

Both statistics are extensions of the single-outlier statistic

= (Y1 
- 7)/ /S to the two-outlier situation . For the single-outlier

case, Grubbs proposed the statistic S1 /S {l - nB2/(n-l)}.

The recursive statistic R is clearly not opt i~ai since it does

not use the sufficienc statistics 11 i’
2 ~ 

and 
~12 

, hut is

• a nnt’irai one to consider since , if Y 1 is nn outlier, it corresponds

to the Paulson ontii~a1 statistic for t~’c suhs~vmie {Y2;Y3,.. .

The three test statistics are related~. In that G and U may he

expressed as functions of i~ and R. The relationshi s nap be estab-

lished by use of some algebraic identiti:~ from Quesenberry and David

(l9~l) and ~re
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C = {1 - nb’/(n-l)}{l - (n- i~
2/(n-2) }

I

11 = (n-2)B/ (n-l) + ?~{l - rh”’/(n-1)12 (1)

The null joint distribution o~ ~ ~ is given in ~iawkins

(1973) , waere it is shown that if denotes the cur~ulative clis-

tribution function of B based on a sar :-~.e of size n , then the proba-

hility

< b÷db) ~ (x�~�B)] nf(b)[F
~~1~~

{t (b) } - F
~~i~~

(x)]db + o (db) (2)

where t~b) = nb/ [ cn-1) {l  -

f(b) = ~ {n/ (n~l)1r}½{i - 
2~ 

~~~~~~~~ 
}~~~1+f ~~4)

The range is 0 � x � t(b ) � {(n-1)/ :~}’~ the constraints R�B anc~.

x � t(~) beim-~ ii~nosed by the condition. Y1 �

• The Grubbs test h.is critical region ~ , whose size is

~~f
( f ~ < (~~~

‘
~ = 7n[~1 - ~~

2,( 1)}{1 - (n-1)~ 4/(n-2)} < C01

= Prr {l - n~
2/(n-1)) < ~~{l - (n - i) R 2/ ( n - 2 ) } 1] . (3)

For any C~ , ~~ ~‘~y interrate (2) over the rec~ion defined by (3),

ari~ so get this probability . In this w~~’, the ~istri:etion f~nction

of (~ r~ay be found an-~ fractile~ dcduce h ~.: the case ~~ = =

fractiles were found ~--y Gr~bhs , w;io found tb? :½~:s ity of ~ directly,

though in tcr~s of a rziitiple integral over -
~ co~plic~ ted region.

The ~ur7hy test has critical rcg ior~ > :~ , ~-~-OSe size is

= N~ (n-2)h/ (n-i) + ~~ - n~~ / (n- ’) }~ > (4)

_ _ _ _ _ _ _ _  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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anci so the null distribut ion of ray  h~ found in the same way.

Finally, the size of the region > R0 r~ay be four~ fro:; (2),

and its fractiles deduced.

Some fractiles of G , U an~ I~. a~~ listed in Table 1. Those

fractiles listed both here and in ~r~bhs (1950) ac~ree. So far as this

author is aware , this is the first table of exact fractiles of and ~~~~

Figure 1 shows tne critical reg ions of ~‘ach of these tests for

t~e case a = 10 , v = C , ~ = .05. ~ecaliin~’ that a large value of

B suc;gests that Ii is aberrant , whi)e a la.ree value of ~~. indicates

tnr~t ~
‘2 is anerrant , we can inter r’n~ t~iese regions as follows :

i) Fac~ cost is cest ~~~ so~-c~ n , ion a:. (B ,~.) in the sense

of r :~cc1 i~ t~ e nulj  ~~~~~~~~~~ • r ~uIe both other tests

acce~t it .

ii) If Y1 •ihile {Y~ ,Y.. , . . . ,Y .)  rcn ’•in constant, then

uiti~ ~-itei.v {~ .i- •} ~~11s in ~~ iccn~tance r o n  of t.~e

tast o~set c -i 
~, ant~ t ;ic cr~ tic2j . region o: tnat o~sed on

h This r.~e-m s th~it C ::cn-Ls to ~~ significant ‘~hcn in fact

only a sin~1e outlier is ~r~’s~’n~ . This nay be a shortcoming

~~~ use of C. The fac~ that ~~ beco~e nor~-.;ignifi-

cant ~hcn becomes more aherr~nt is interesting , and

possibly surprising. In fact , if we let Ii -

~~ 
~~, {Y 2 , Y3, . . .

rcI dini~~ fi~;ed , it can ii~ s O%i’~ nuitc easily that U C =

(n-2)/ {n(n-l) 12 . Thus t :~o fractile U0 > C , then U

‘‘ill u1~i~:~t~1y Leco~.o n -s:. ;~r i f i c~r t .  Thi3 means that

L . 
suffers fro~, a type ~ naskin~i effect • in that i2 > C -

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ____ J
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it is not effectiv e for f i v ~~n~ two o~t!iers whose

• are markedly dissimilar.

iii) B
~ 

contrast, the critical region of h is s ;ecif Ic for two

outliers , and is not affected by the relative magnitude of

fl ~md P.

Parforn~nce of the tests.

In this section , neasures of the ~cvforoance of the t:~ree tests

in locating exactly two outliers are consi~ieref. The best criterion

woul~ be the probability of a correct decision — that is the probability

that t ~e two contar~inants are the first t.’o orfer statistics of the

• S L r ) le , and that (~~2) falls in the criti~nil region. The evaluation

of this nrobubility ~o~’e-~rer see~is to involve som e rather difficult dis-

• t r -~~ i~bnai p~-o~ ier.s f~ni~iar from the single-outlier case (~avid

and Paulson 1965), ant. so an a~~rox~~at ion similar to that of bavid

and Paulson is pro ioscc~.

As a nreli ~inary suppose tha~

‘-•-

V —

~ill three teris being ~utuaU y im•~e - ‘ b~nZ. Let

-
~~

Z = T2/ {v( l+u Z ) } a
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S~~~-~arg transfo~~~tion e lo(~~~t;-~op 
~~~~~~~~~ that the joint tensity of

U and Z is • • • • • -

£ - I’ ___(

~

K?)r \In r FE~(+i~~+2)~ (y/2)’z’(i z) - 

r~~0 ~ ! (1~~~3~~~~
;
~~1) j~ ) +z 2) ½(~

4i+EL+2)

= cxc ~½(~
2 

+

From this cr~ (U>b) a {Z > a ( i ) }~ is

• ~ 1

(1+b 2Y~ 
~ (~/2)~ ~~(:~; - 2) (l-v)~~~~~~ 

r{½ ( +~
-
~÷l)}

v=3 n=0

~ (y/2) ’ ÷ 
~ 2 f ’~(N+m+l ) , 1

~(i+l)}dv (5)
i=O {l+a~ (v) }

~~~~~~~~~ 

~~~~~ de.~otes the incoi~~1ete beta ratio . and the variable
o~ i~~cgration v = (1 + u2) ’

•!u~ai;~; to the ‘ro~1n~ a~ an~f sU~’)Q3e at

— ;~ (~~+~~r~ a~)

~~~~~~~~°; ° )

P. 
~~~~~ i. = 3 ... ~fl
2

Let P• = X./n

= 
~ 

x ./ (T ~~j ) .

;ia:~e ;-Lo ilelnert or~~ogonal transf-~r~ation, defining

= (n/(n_l)}½(x1 
- 

V•
)

T2 
= i-l)/(n-2)} 1(~K2 - 

~~~~) 
N(ya a2)
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where = {n/ (n-l)i’~ - {n (n- l) } ~~A 

- ,. • • y .= ..{~~~~~j .(a~f l) :~ . . • •

• n• • Letting S = ‘ ‘ + 
~~ 

(f~ -

1=1 —

we identify T1 an~ ~2 with the T1 and T 7 of the preceding theory ,

V with S - - T~ and ~ with n~v- 2.

Then U = T2/ (S - -

Z = T./ (~ - T~)~

• = Z/ ( i  + Z 2 )~
2 ’ -

T2/(3 
- T1

) 2  = u/ (l +

= {(n ~l)/n}½T1/S~

= {(n_ 2) / (n_ l) }½T2/ (S - T~)~

are s imnly the B and ii statistics obtained by suhstiznting h~
for and P~, for Y2 .

Let C be the critical rcc~io:i •
- any particular test , and let

:~~ 5 , x) = Pr [(h : ,P~ ) C~ .

This differs fron Pr~{(P~,R ) ~ C} a {X1=Y1 ; Y.,}~ by the factor

Pr~ (X1=Y1) a (U~ Y2 ) 1 ( ~’ R ’) ~ C]. (6)

;~ow we may o~ -~ue , as in k~scor~be (i)Ui) that if ~ > X >> 0 , this condi-

tio~~l probability is close to 1. JTter -atively , we nny note as in

)avid and Paulson that if h’ � t (n-~ )/ 2n]~ , ~~~~ 
�

— — •.-.—---- — - ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~
-.-~-
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• I
.4.

~ (x2=Y 2)~ ( :~ fl = 1.

hither reasoning shows ~hnt t-~~ •:-oU~bilicy of a correct decision :

a (X2=Y 2) ~ ~~ ,h’) ~ c + P~~(= Y ~,) ~ (h~=Y1) ~ (~ ‘ ,~~) € C]

is well-:~~roninaenii by E(6,A) + H(A ,~S).

Table 2 s~c~rs the values of h~ 5 ,A) + h(X ,f)  f-o r the case n = 10,

= 0.. = . OS wnose critical region s were sketched in Fic~ure 1

These valee s confira the L’aarnssions •~~~ r~n ny Figure L If 6 X , ~

is the Lest test statistic, but its •~ci er deteriorates if ~ is ~iarhec 1y

different f non A. (if interest is the ocod ~erforrr~ance of C hoi iever

its mower when A=O is a warning 0
r the possibility of rejoc~ing h ,~

when in fact only one cutlier is present. The recursive test is never

)est but is never ~ocr ~-rhen~ in fact . two o~tlicns are present .

fx t :~~sio~ te aa uthri owr~ cu mer of c~ t1 I ors

~~~~~~~~ i~-~-~ t:~at it is rio :. :n~o~:~ a mn~ori he:•:~er the sa~~le contains

0, 1 or 2 outliers , P. c~ o~~~ea t a i  sa ise~ of ~ow to ~:-: aut the test

:~roccJ~res,

: .C- Cruh~s 5t~ L:~s~ 1c is ec~uiva1ei-:e to an ~nova for ~ :e t ree groups

aan {Y3 - . . . y . - :~,~rc ~e a~m~ h’~ s ~tt ing x~ the !~ncva

hn- cc~- --arin~’ Y1 with {Y~ ,. .. ,Y ,} ihc~~ :est statistic is e~ui~~lent

to S1/S 11 - ~iU/ ( a - l ) } .  ‘ ea ~ is iP~rther partitioned for testing

Y~ a~nirst fY~ ,.. . ~Y } y~ei~• ing a t’~st stntistic eouiva lent to

= {l - (r1-l)~
2/ (n-2) }.  The ecisio:i as to the ni~ tbe r of outliers

would tnoa ~c eouivalent to a seeuential test ~~isa on B an1 ~~~. 

-rn- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~ --•~- —•- ,-—— - ---- — - •- -~~~ -• -
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The recirsive test - -~-~~ch bos rec~~~ef most attention (~~~1ii3 ari

1971 , hawhin s l~ 73) is~
i) Co~: etc e. If this is non-sin~ificaa~. canclufe that there

are no outliers .

ii) Ot•~er.i ise coa~ute ‘, ai~J c onco :inp on its sth~ific~ncc , conclude

n~u there are one~ or r’:e c •:~•icrs.

It ~s ;sOu we1l-:~~own t~;a t tnis ~)rocecu n~ iS det ective L ecausc of toe

!: shing cffec~ . however this i:y-mc of crot)ieal is very fa :IJ  ion in other

contexts — for cr~nn 1e Jccicin-~ by ~- :~it ord~r ro~yocni~ 1 to :‘ : trcnc~
a. tin~e series (1 arsc~i~ 1971) . and nay be r sc’l i-a I very sim4y by reversing

a 
~~a or er of tcst ir~ . This ym Lds the mro ca:n r a .

i) ~o~i~’•~ce P. If it is si ir~ific n:t coP.cL!~e at there are

c~rc oat~ iers.

11) ~~~~~~~~~~~ co~~~cc B ank a~ •-c-n~La~ on its si•~~-if~cence,

coac~’:Jo that then:- ~‘a? oae, or no ou tliers .

ilie fractiles moe—~n•1 for this nroc~thro nay be con ~ted by integrat n~

(2) over the two re~ions - C~ and C- - . The test

nrc -mtfure is mc’ c ful Ly ~~fir •ed until cue rLahes a fec ision as to hai— —

to , arci :ion a , the overal l gro~a :  it /  tync I error , bet -reen these

two re’ ioas. Unc rceso~a~~e aart~~ ie-: is to let each have size a/2.

A san~ Le calculation for the cas~ n = l~’, v = 3, a = .05 yicl is

the fractiles -

~~~~ 

= 0.74~ 4 ; P~ = ~~~~~~ Let I-h (6~ A) ienoce

r Pr (P ,~~
) € C .~ i. l~ 2 when in fac t  outflcrs are mre s ’n~~ then

+ ~(A , o) amproxir~atcs the ~robab i~ i t ’  cf L’entif yir~; two outliers

(i=2) or one outl ier  ( i=l) .  

~~ -•- -~~--~~~~~~~~~~* --••-- ~~~~~~~~~~ -•----- —--•~~~- 
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Tablo 3 lists these a: j roxin~tieas for t~üs sa~:~le case and shows

that the perf ornance of the recursive proce~.h~re is i:~:’eod satisfactory.

The recursive mrocedure extends in a a n-al way to test for the

n’ossibility of 1 2 ,... ~:f outliers . The se~uence of recursive statistics

ordttin~ the nost aberrant 0 ;l ,2 ~(-1 observations is c~ oputed ,

and te~t~u ~or si~-nificanc o in reverse order. ~- -o fractiles for the

c~~ >2 are as yet avail ‘
~ ~~~ ~ 

i ~ i ci ’ t~ at  the a~DproaCh

usee in ~aw:ins (1?7.’) c-ouV ~:e ex~~ n-e: . It w~.ll be seown bej ow taat

co-’servazi. e ‘h-ac i1c~s -‘y ~e o5taL~ea by t e use of tie oulferroni

ineq’ ~al itv.

a Fhe - iirn;-iy statistic ex~cnds in aii obviou s way to accomodate an

un~~o’.~ ’ nurber of outliers : For k , . . .~ K , find the two-samole

t statistic for Lounar~n.~ ~~~~~~~~~~~~~~~ ,~~~
) with 

~~~~~~~ ~~~~ 
If the

lar 1”est of these , corres~o:idiu~ to b k -~ , say , i s si~2ificant, tuen

conclude that outliers are ~reseat . T~iis statistic in the case

~=n corree ’.on~s to a test stet~st1c use’ i .  ±ntom.at~c Intcract~on ,~ tecr~o~
(see for exarnC e ::~~ 3~ 7S fcoL : ani ~~oti: 1Y76) .

~-to~rever sirac babie 2 sa’.~ests that is ncver narhcdly s~oenior

I to ~~~~ and ia~~’ in f a t  ~ae i~ t rbe-~~v •~Y o r ior no atce nt as been na~- .~
• to StU.~y the aerfornance cf thi ; ~~ • c :.  hote that for K 2  its

f rocti~~s coul ’ he deducc :. ~rcm the U i :  ~o in -  ( - !stri~)ut ? cn (2) .

•:xte~sicn tD t~~’ i i r e ~r
/

Supmose now that athar the h ,. are :’..~. -ri te by -a li nea r

• f lOI C1 

~~~~~~~~• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _
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2 (7)

where ~ is a pxl vector of uaL~-: Ioun rc:’.ression coefficient and
- • 

is unknown. The alternative model that oetliers are -)resent nay be

fornulated as

— N[~~~+x~, 
2-~ (3)

where A1 = 0 for the good observations. The sign of A 4 nay , or

nay not be fixed a priori , depending on circinrstances.

The model 7 nay be rewritten in terms of an indicator vector as

follows: Le: = (w. :  ri G. . .O , )•, C . .. O) ,  the 1 occuring in position
a 

i of t!IC indicator vector , a~f let

= (~~~~‘ 
‘j  ~

Then i1[’q~~~ a21 (9)

On the ~tce of it, there seer. to he two possible aporoaci-ies to the probien

of handiia~- c’ tii- :~rs here . One p:-oc o-: r~s by elininating outliers : any

significant outlier is deleted fro~ the sarçle. and the usual estimates

of ~ and a4 in 7 corn~utc-d fro: : d o  ‘.nrriininr :at :t . i-ic other method

is to use the model (9) estimatinc C , a~ arid th~sc A1 chat tests

F in~ icate to be non-zero .

In fact , the t;-;c annroaclies are i~entic d — the matrix onerations

i voivod in deleting X 4 fror~t the sannie and updntinp the re~’ression

(2ec~:~aj - and Tr’j ssell 197S) are i dentical to those involved in introducing

* A~ to t i C  regression .

Given this e~uiv;iZcmcc of the two r ’cthcds , i t  is convenient for

;ircsc-’t purposes to work in tems of the second ~cruu 1’ttion . 

-- •- •
~~~~~~~~- - -.----- ~~~~~~~

•-- - -- - - - ------~~ -- ~~~~~~~~~~~~~
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In natrix form the ~.~odel is

Y ( T h I~~~~
[

~
] 

a2La].

In solving to find regression coefficients, form
- -~ •

~~ L ~~) ‘~~ : d: I) = :~i~ d’X ~

~ I

Iatro~ucing into the regression by s’.ieepinc on the first p rows

on:! co1tr~ns trans:Fcrns this matrix ct

(~ i~r) l (~J r ) l~;~~, 
(1 ’ f l T) ’ ’ ’~

::‘~ ~
(- X’AX

A
w~ero A = - ~JC~~~ T) ’h T? , so that S2 

= ~‘Ad is the residual s~ri

of s’~nares of t~e re~ression o~ ~ on h’ and e = Ad is the vector

of resi:uials.

bet 
~~ 

:~enote the i j t h  ele . ert of ~~. ann e~ the ith

elem en t of ~~~. Thea ‘anostions anout cie  introduction of one or r:’ore

i nto t:~ r a : ressio n oc.is on the r~ trix

(S’ &

Tao single-outlier test WO !i~ 1€ u a e  en the !La xi T~ mi o~ r~ — the
1

partial correlation between d op -I ~~lica tor variable i. This is

r-: =

a well-Iawwn outlier statistic (~l1enberg 1c7 ). In the case w1 = 1,

Li 
• • • . .  - ~~~~~~~~~~~~~~~~~~~~~~



- .  
•~~~_-~~~~~~~~ r- ~~ ~~~~~~~~~~~~~~~~~~~~~~~~

• I

~=i, r,: = n/(n-l) ?h , so this statistic generalizes d.

Unlike the case ~=1, tne case p>1 ‘oses difficulties for testing

• •

. 

for the presence of two or r:ore outliers: -- the very difficulties that

beset the repression subset :‘.roi;ieT - ni~e1y that the best subset of

size b to include in tie re~;ression does riot necessarily contain the

best subset of size h-I.

if the niii~ber of outliers 1: is s~Decif led a 9riori, then no conce~tua1

difficulty arises. mc. best subset of predictors amongst the is

found by ‘.ising a branch and bound multiple regression algorithm. The

analysis of variance then yields a test statistic equivalent to C.

The use of the recursive procedure is ec~uiva1ent to a stepwise

r, ression in which one mtroccaces of the in order of signifi-

cance , ar~ t:.er~ proceeds to eliriinato ther.:. As in stepwise regression ,

a conservative test may be set up by concluding that there are fewer

tnon h outliers in’ the :- :iartial correlation corresnonding to the kth

is not significant at the a/ {f:(n-i ’.+l)} level . £x ’erience with multiple

regression shows that there is no guarantee that this procedure will

ic~eritify the correct outliers , esnecia~ly since A has rank only n-p ,
* and so is hi’ Lly

For t~&C cISC T~ 1, p=i - the donferroni bound is conservat ive —

for examp le in the test case considered carli er , tue .05 fractile

of k corresponds to a Bonferroni fractile iiit’i a =
~
- .1. Considerable

ex~)crience is still needed to establish ~idc ther this procedure is effective.

4
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