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I N T R O D U C T I O N
A nal y zi ng  f M R  i m ages  usi ng  data-dr i v en, bi as-  an d
m odel - f r e e  ex pl oratory  data  anal y si s  m ethods, such  as
the  Fuz zy  C l uster i ng  al gor i t hm i  has  becom e  essent i al  f or
the  i ncreasi ngl y  com pl ex  ex per i m ental  desi gns  that are
dev i sed  to  pro be  brai n  f unct i on. A l l  such  m ethods  hav e
to  de al w it h  the  l ow  l ev el  o f  act i v at i on  ab ov e  the  resti ng
state, the  l ow  SN R , an d  m ost i m p or tant l y , w it h  the  f a ct
that on l y  a  rather  sm al l  f r act i on  of  the  total  n um ber  of
v ox el s  are  act i v ated  by  m ost st i m ul i .  T he  f ol l ow i ng
p re se le c tio n  m ethod  i s  one  of  sev eral i i  that w e  hav e
dev i sed  to  ex cl u de  “ u ni nterest i n g”  v ox el t i m e-courses
(T C s)  an d  f ocus  onl y  on  the  p o te n tia lly  in te re s tin g  ones
b e fo re  c ar ry i ng  out a  Fuzzy  C l uster i ng  A nal ysi s  (F C A ).
M E T H O D S
C onsi der the  k th  vox el T C , X k(t ) , k  =  1,2,… ,N , def i ned
onl y  at di screte  t i m e  poi nts: X k(n), n  =  1,2,… ,T , w here  T
i s  the  total num ber of  scans. W e def i ne  X k(n ) ’ s  tim e-
sh ifted  se lf-s im ila r ity , SSk(�) ,  as  the  Pearson  prod uct-
m om ent correl ati on  coeff i ci ent betw een  X k(n) an d  Y k(n )
�  X k (n+ �) .  (T he  sum  w raps  arou n d, i .e., n  +  � i s  m od(T ) ,
an d  �  i s  the  tim e  sh ift ( l ag). T he  w rap-arou nd  choi ce
si m pli f i es  subsequent com p utati ons; e.g., the  m ean  val ues
an d  var i ances of X k an d  Y k coi nci de.)  T he  presel ecti on
test is  si m pl e: f or the  k th  T C  w e  com p ute  S Sk(�)  ( w hi ch
m ay  be  v i ew ed  as a  v ar i ant of  the  se r ia l a u to -c o rre la tio n
fu n c tio n ) . Sup pose  that there  i s  no  acti v ati on  present in
X k, i .e., X k i s  a  T C  of uncorrel ated  G aussi an  noi se. T hen
S Sk( �)  �  0  f or all � ,  and  f or l arge  T  it can  be  assum ed i i i  to
ar i se  f rom  a  norm al di str i buti on  w it h  m ean  � - 1 / (T -1) an d
v ari ance  �  1 /T . f M R I noi se  T C s are  not ne cessari l y
G aussi an, nor  are  they  u ncorrel ated; nev erthel ess, as
ex pected, w e  f i n d  SSk( �)  to  be  sm all . I n  contrast, w hen  a
si gnal (“ acti v ati on” ) i s  present in  the  T C , SSk(�)  f or  sm all
�  ( e.g., 1  or 2) i s  si gni f i cantl y  di f f erent f rom  zero.  For
our purp oses SSk(1) ( �  =  1) i s  suff i ci ent an d  w orks w ell .
T he  rati onal e  f or usi ng  S Sk(1) i s  that it i s  easy  an d  f ast to
com pute  and  yet w e  can  control stati sti cal si gni f i cance  by
setti ng  a  pro babil i ty  thresh ol d  � v i a  the  standard  rel ati o n
betw een  � ,  � ,  the  Pearson  correl ati on  coeff i ci ent, an d  the
correspon di ng  Student’ s  t v al ue: t =  �{ ( T -2) /(1  -  �2) } 1 /2.
B ecause  S Sk(1) i s  a  correl ati on  coeff i ci ent, i t  m ay  be
su bstit uted  f or �  i n  the  abov e  ex pressi on. Si m il ar l y , f or a
gi ven  �  v al ue  there  i s  a  correspon di ng  threshol d  �S S .
O f course, passi ng  the  S S(1) test at a  gi ven  conf i dence
l ev el � 1  ( i n  Ev Ident™ , our ex pl oratory  data  anal ysi s
sof tw are, w e  typi cal l y  use  �1 =  0 .01) does not guarante e
that the  succ essf ul T C  i s  actual l y  “ i nteresti n g” ; T C s w i th
te m p o ra l tren d s  ( l i near or nonli near) but no  acti v ati on
w o ul d  al so  pass the  S S(1) test. T heref ore, pr i or to  the
S S(1) presel ecti on  step  w e  test all T C s f or tren d, an d
te m p o ra rily  e x c lu d e  those  that f ai l  an  i ndepen dent
stati sti cal tr en d  test, w it h  si g ni f i cance  �2.  T he  def ault
v al ue  i n  Ev Ident is  � 2  =  0.0 5. W e hav e  i m pl em ented
tren d  ex cl usi on  as a  tw o-stage  process. F i rst w e  correlate
each  T C  w it h  a  strai ght l i ne. T he  T C s i denti f i ed  as
“ trendy ”  are  then  av eraged  to  create  a tren d  c en tro id
C trend. W e then  repeat correl ati ng  all T C s, n ow  w it h  C trend.
C onsequentl y , the  shape  of C trend i s  created  by  the  data; i t

i s  general l y  hi ghl y  nonli near.

R E SU L T S A N D  D I SC U SSI O N
For  m ost EPI data  sets  w it h  T  � 5 0 , 5 0-70%  of all brai n
v ox el T C s seem  to  have  tren ds an d  are  ex cl u ded. (Ev en  f or
FL A SH  data  1 0-30%  of  the  T C s hav e  tren ds.)  From  the
rem ai ni n g  3 0-50%  onl y  the  potenti al l y  i nteresti ng  T C s (as
i denti f i ed  by  S S(1))  are  f i nal l y  subj ected  to  FC A . T he
rem ai n der i s  pl aced  i n  a  “ rej ect”  c l uster. I t is  i m p ortant to
em phasi ze  that w e  do  not perm anentl y  re m o v e  t rends by
f i tt i ng  the  T C s to  som e (typi cal l y  l i near) tren d  m odel
(com mo n  practi ce  i n  other sof tw are  such  as A FN I or S PM ).
T he  adv antage  of tem p orar i l y  ex cl u di ng  m ost of  the
u ni nteresti ng  ( i .e., “ trendy”  an d  noi se) T C s f rom  analy si s  i s
not onl y  the  consi derabl e  gai n  i n  com p utati onal speed;
another adv antage  i s  that these  T C s no  l onger m ask  the
acti vated  ones an d  th us don’ t conf ou n d  subsequent anal ysi s.
W e di spl ay  i n  the  F i gures an  ex am pl e  of w hat T C  groupi ng
thi s  presel ecti on  approach  prod uces ev en  pr i or to  cl uster i ng.
(T he  v i sual task  paradi gm  i s  per i odi c: of f- o n-off- o n-of f , but
Ev Ident is  not gi v en  thi s  i nf orm ati on.)  C l ear l y , the  ex pected
response  i s  al ready  ap parent (F i g.1) an d  i s  the  w ei ghted
average  of all T C s w it h  S Sk(1)  � �S S ,  w i th  w ei ghts  equal to
S Sk(1). T he  correspon di ng  SS(1) m ap  (F i g.2) strongl y
su g gests  the  ex pected  l ocati on  of  the  acti v ati on. ( I n  Ev Ident
all t hese  can  be  v i ew ed  pr i or to  cl uster i ng.)  T hus FC A  has
an  easy  task  i n  ref i ni ng  an d  f urther di f f erenti ati ng  thi s
response, an d  i denti f y i ng  ad dit i onal T C s  (F i g. 3). T he  data
are  f rom  a  v i sual EPI ex peri m ent, 6 4X6 4  w it h  7 sl i ces, 6 1
scans. 7 8 6 7  brai n  T C s are  anal yzed. T otal ex ecuti on  t im e
w it h  Ev Ident ( i ncl u di ng  presel ecti o n  an d  cl uster i ng)  i s  1.5 3
se con ds.

            F ig. 1    F ig. 2        F ig. 3

C O N C L U SI O N S
T he presel ecti on  m ethod  w e  have  presented  i s  one  of sev eral
usef ul w e ap o ns that ought to  be  i n  the  arsenal of  any
p ra c tica lly  u se fu l, i .e., fa s t Ex pl oratory  D ata  A nal ysi s
(ED A ) m ethod  f or f M R I . I t  i s  one  of tw o2 presel ecti on
m ethods  currentl y  i m pl em ented  i n  our ED A  sof tw are
Ev Ident™  v . 4 .3 1. C om bi ned  w it h  tren d  ex cl usi on i v an d
cl uster m ergi n gv, the  ex ecuti o n  speed  of Ev Ident’ s  FC A
approaches real - t i m e: data  sets  rangi ng  i n  si ze  betw een  2  an d
135 M by tes hav e  been  anal yzed  i n  0.5  –  2 1  secs on  our  SG I
R 1 0 0 0 0  1 8 0 M H z  C PU  (w hi ch  i s  som ew hat sl ow er than  a
4 0 0  M H z Penti um  I I PC ).
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