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Chira l  Cognit iv e Scienc e 

Gregor y V ,  Jone s ((J.V.Jones@warwick.ac.uk ) 
Deparlmen i  o f  Psychology ;  Universit y o f  Warwic k 

Coventr y C V 4 7 A L ,  U K 

Maryanne Martin (maryanne.tnartin@psy.ox.ac.uk) 
Departmen t  o f  Experimenta l  Psychology ;  Universit y o f  Oxfor d 

Sout h Park s Road ,  Oxfor d 0 X 1 3 U D ,  U K 

Abstrac t 

Development of powerful brain imaging techniques has 
revolutionise d ou r  knowledg e o f  th e pattern s o f  cerebra l 
activatio n whic h underli e th e performanc e o f  cognitiv e 
tasks .  Particularl y strikin g i s th e exten t  t o whic h 
cognitiv e performanc e ha s bee n show n t o b e accompanie d 
by moto r  processin g eve n i n th e absenc e o f  physica l 
movement ,  consisten t  als o wit h considerabl e behaviora l 
evidence .  B y definition ,  left-hande d an d right-hande d 
peopl e exhibi t  systemati c difference s i n moto r  processing . 
I t  i s  thu s possibl e i n principl e tha t  handedness-dependen t 
difference s i n pattern s o f  moto r  activatio n ma y exer t 
observabl e effect s upo n cognitiv e performance .  N e w 
evidenc e suggest s tha t  thi s i s indee d th e case .  I t  ha s bee n 
shown tha t  people' s handednes s ca n significantl y influenc e 
th e accurac y o f  wha t  the y remember .  Cognitiv e Scienc e 
thu s need s a  chira l  component .  Th e result s o f  experiment s 
suppor t  th e hypothesi s tha t  handednes s effect s ar e linke d 
directl y t o specifi c  pattern s o f  moto r  activation ,  rathe r 
tha n indirectl y t o genera l  difference s i n hemispheri c 
processing . 

Motor Activation in Cognition 

I n recen t  years ,  neuroimagin g an d behaviora l  method s o f 
investigatio n hav e provide d tw o separat e line s o f  evidenc e 
fo r  moto r  activatio n durin g cognitiv e perfonnance . 

Brain Activation 

The mappin g o f  pattern s o f  brai n activatio n ha s produce d 
evidenc e o f  th e occurrenc e o f  moto r  processin g durin g th e 
perfonnanc e o f  task s whic h hing e upo n menta l  activit y 
rathe r  tha n upo n physica l  movement .  Fo r  example ,  Decet y 
and colleague s hav e show n i n positro n emissio n 
tomograph y (PET )  studie s tha t  whe n a  perso n imagine s 
graspin g a n objec t  (Decet y e t  al. ,  1994 )  o r  observe s a  han d 
actio n tha t  the y hav e bee n aske d t o imitat e (Decet y e t  al. , 
1997 )  ther e i s stron g activatio n o f  cerebra l  region s involve d 
i n th e plannin g an d generatio n o f  movements . 

Similarly ,  Cohe n e t  aJ .  (1996 )  use d functiona l  magneti c 
resonanc e imagin g ( fMRI )  t o examin e cortica l  activit y 
durin g th e performanc e o f  menta l  rotation ,  employin g th e 
classi c ta.s k o f  Shepar d an d Metzle r  (1971) .  Participant s 
wer e show n pair s o f  two-dimensiona l  picture s o f  three -
dimensiona l  bloc k shapes ,  an d ha d t o decid e whethe r  th e 
shape s wer e identica l  o r  mirror-images .  I n th e experimenta l 
condition ,  th e member s o f  eac h pai r  o f  shape s wer e presente d 

at  differen t  orientations .  Participant s wer e instructe d "t o 
visualiz e th e right-hand  stimulu s rotatin g unti l  i t  wa s 
aligne d wit h th e left-han d stimulus ,  an d the n wer e t o decid e 
whethe r  th e tw o shape s wer e identica l  o r  mirro r  reversed " 
(Cohe n e t  al. ,  1996 ,  p .  92) .  I n a  contro l  condition ,  th e 
members o f  eac h pai r  o f  shape s wer e presente d a t  th e sam e 
orientation ,  an d participant s thu s di d no t  hav e t o perfor m 
menta l  rotatio n prio r  t o makin g th e sam e decision ;  a s 
before ,  th e respons e conveyin g th e outcom e o f  th e decisio n 
(i.e. ,  identica l  vs .  mirror-image )  consiste d o f  pressin g on e o f 
tw o buttons .  Cohe n e t  al .  compare d th e f M R I  dat a yielde d 
by th e tw o condition s fo r  eac h participant .  The y foun d that , 
fo r  a t  leas t  hal f  th e participants ,  menta l  rotatio n wa s 
associate d wit h increase d activit y i n han d somatosensor y 
corte x an d i n premoto r  corte x (thoug h i t  shoul d als o b e 
note d tha t  increase d activit y i n som e othe r  cortica l  area s wa s 
eve n mor e widesprea d amon g participants) . 

Inner Scribe 

Brai n activatio n finding s rais e th e questio n o f  whethe r  i t  i s 
possibl e t o detec t  th e influenc e o f  moto r  processe s withi n 
behaviora l  dat a tha t  emanat e fro m cognitiv e task s fo r  whic h 
performanc e i s ostensibl y determine d b y abstrac t  processe s 
unrelate d t o movement .  A  paradigmati c cas e i s tha t  o f  recal l 
fro m memory .  Here ,  ther e i s  indee d evidenc e tha t  th e 
retentio n o f  spatia l  informatio n ca n b e influence d b y 
underlyin g moto r  processes ,  sinc e i t  suffer s interferenc e fro m 
concurren t  lim b m o v e m e n t  (e.g. .  Farmer ,  Berman ,  & 
Fletcher ,  1986 ;  Quinn ,  1994 ;  Smyt h &  Pelky .  1992) . 

T o accoun t  fo r  suc h findings ,  Logi e ha s develope d furthe r 
th e concep t  o f  th e visuo-spatia l  store ,  hypothesise d b y 
Baddele y (1986 )  t o b e on e o f  th e thre e principa l  component s 
of  workin g memory .  I t  i s  propose d (e.g. ,  Logie ,  1995 ; 
Logi e &  Pearson ,  1997 )  tha t  th e visuo-spatia l  stor e itsel f 
has tw o parts ,  th e inne r  scrib e an d th e visua l  cache .  Th e 
inne r  scrib e i s a  dynamic ,  motor-linke d syste m whic h allow s 
th e content s o f  th e visua l  cache ,  a  stati c visua l  store ,  t o b e 
redrawn .  B y thi s means ,  th e inne r  scrib e support s th e 
rehearsal ,  manipulation ,  an d transformatio n o f  visua l  an d 
spatia l  informatio n (cf .  als o Kossly n e t  al. ,  1988) .  Th e 
concep t  o f  th e inne r  scrib e provide s a  bridg e betwee n th e 
genera l  indication s fro m brai n activit y mappin g o f  a  moto r 
componen t  i n cognitiv e performanc e an d a  specifi c  issu e t o 
be focusse d o n here .  Th e possibilit y t o b e investigate d i s 
tha t  th e outcom e o f  som e form s o f  m e m o r y retrieva l  m a y 
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depen d upo n th e hiuidedncs s o f  th e perso n concerned . 

Handedness and Cognition 

A strikin g characteristi c  o f  th e huma n specie s i s th e 
predominan t  preferenc e fo r  movement s o f  on e limb ,  th e 
right  hand ,  rathe r  tha n it s symmetri c counterpart ,  th e lef t 

hand .  Preferenc e fo r  th e us e o f  a  righ t  o r  lef t  lim b i s 
widesprea d amon g individua l  member s o f  nonhuma n species . 
For  thes e species ,  however ,  th e preferenc e appear s i n genera l 
t o reflec t  chanc e factors ,  sinc e left-limbe d an d right-limbe d 
members o f  a  specie s occu r  wit h approximatel y equa l 

frequencie s (thoug h evidenc e o f  th e exceptio n provide d b y 
primatolog y i s considere d later) .  I n contrast ,  approximatel y 

9 0 % o f  human s ten d t o favou r  us e o f  th e righ t  hand .  Th e 
ubiquit y o f  th e preferenc e fo r  th e right  han d acros s tim e an d 
plac e suggest s tha t  i t  ha s a  geneti c origi n (e.g. ,  Corballis , 
1997 ;  M c M a n u s &  Bryden .  1992) ,  althoug h socia l  an d 
cultura l  factor s als o pla y a  rol e (e.g. ,  Harris ,  1990 ;  Provins , 
1997) . 

By definition ,  left-hande d an d right-handed  peopl e diffe r  i n 
some o f  thei r  pattern s o f  moto r  processing .  The y ten d als o 
t o diffe r  i n th e exten t  t o whic h languag e function s ar e 
lateralise d withi n th e cerebra l  hemisphere s (e.g. ,  Lorin g e t 
al. ,  1990) .  Bu t  th e questio n t o b e examine d her e i s tha t  o f 
whethe r  the y diffe r  i n thei r  norma l  pattern s o f  cognitiv e 
performanc e a s well .  I t  ha s bee n argue d tha t  i t  i s difficul t  t o 
establis h an y empirica l  lin k a t  al l  betwee n handednes s an d 
cognitio n (e.g. .  Bishop ,  1990) .  thoug h a n associatio n 
betwee n left-handednes s an d developmenta l  readin g 
difficultie s ha s ofte n bee n hypothesised .  Thi s associatio n 
has als o bee n hypothesise d t o exten d t o a  numbe r  o f 
manifestation s o f  immun e diseas e (e.g. ,  Geschwin d & 
Behan ,  1982 ;  Geschwin d &  Galaburda .  1987) ,  althoug h 
agai n a  numbe r  o f  problem s i n assemblin g empirica l 
suppor t  fo r  th e proposa l  hav e bee n note d (e.g. ,  Bryden , 
M c M a n u s,  &  Bulman-Fleming .  1994) . 

What  o f  th e cor e cognitiv e domai n o f  memory ? Unti l 
recently ,  memor y performanc e ha d generall y bee n assume d 
t o b e independen t  o f  handedness .  However ,  ther e i s no w 
reliabl e evidenc e that ,  a t  leas t  i n on e area ,  wha t  a  perso n 
remember s i s influence d b y th e person' s handedness . 

Handedness and a Mnemonic Illusion 

The coi n hea d illusio n (Jones ,  1990 ;  Jone s &  Martin ,  1992 ; 
Marti n &  Jones ,  1995 )  wa s identifie d whe n participant s 
attempte d t o recal l  th e directio n tha t  th e hea d o f  Quee n 
Elizabet h I I  face s o n Britis h coins .  Al l  coin s currentl y i n 
circulatio n (an d al l  thos e minte d sinc e th e star t  o f  he r  reig n 
i n 1953 )  depic t  th e Queen' s hea d facin g t o th e viewer' s right. 
However ,  th e majorit y o f  peopl e recal l  incorrectl y tha t  th e 
hea d face s t o thei r  left ,  wit h overal l  performanc e s o ba d tha t 
i t  constitute s systemati c misremembering .  Tha t  is , 
performanc e i s significantl y wors e eve n tha n th e baselin e 
leve l  o f  5 0 % correc t  recal l  whic h i s expecte d t o occu r  b y 
chance .  Rubi n an d Konti s (1983 )  ha d earlie r  propose d tha t 
coi n recal l  i s  schem a based ,  an d thu s th e explanatio n o f  th e 
illusio n initiall y  offere d (Jones ,  1990 ;  Jone s &  Martin , 
1992 )  wa s tha t  th e Britis h coi n hea d schem a wa s influence d 
by experienc e o f  postag e stamps ,  o n whic h th e Queen' s hea d 
face s i n th e opposit e directio n (i.e. ,  t o th e viewer' s  left) .  I t 

no w appears ,  however ,  tha t  thi s explanatio n wa s incomplet e 

becaus e i t  di d no t  allo w fo r  th e inlluenc e o f  a  person' s 
handedness . 

The norma l  procedur e i n huma n memor y researc h i s o f 
cours e t o tes t  a  populatio n unselecte d a s t o handednes s an d 
thu s i n practic e almos t  entirel y right-handed .  However ,  tw o 

recen t  studie s (Jone s &  Martin ,  1997 ;  McKelvi e &  Aikins , 
1993 )  hav e examine d coi n hea d recal l  separatel y fo r  left -
hande d an d right-hande d participants .  Bot h studie s foun d tha t 
left-hande d participant s wer e no t  pre y t o th e coi n hea d 
illusion .  Th e proportion s o f  left-hande d participant s wh o 
incorrectl y recalle d tha t  th e hea d face d t o thei r  lef t  wer e 

41 .3 % (McKelvi e &  Aikins) ,  53 .7 % (Jone s &  Martin , 
Experimen t  I) ,  an d 55.1 % (Jone s &  Martin ,  Experimen t  2) , 
and correc t  recal l  di d no t  fal l  significantl y belo w th e baselin e 
of  5 0 % i n any  instance .  I n contrast ,  fo r  right-hande d 
participant s th e correspondin g proportion s o f  incorrect ,  left -
facin g recal l  wer e 61.9% ,  73.7% ,  an d 65.9% ,  respectively . 
For  thes e right-hande d participants ,  correc t  recal l  di d fal l 
significantl y belo w th e ba.selin e o f  5 0 % i n eac h instanc e 
(marginall y s o i n th e cas e o f  th e McKelvi e an d Aikin s 
study) ,  an d als o fel l  significantl y belo w th e correspondin g 
left-hande d percentag e i n eac h o f  th e thre e cases . 

I f  w e aggregat e th e thre e set s o f  data ,  th e proportion s o f 
left-facing ,  incorrec t  recal l  (weighte d averages )  ar e 52.1 % fo r 

left-hande d participant s an d 6 7 . 0 % fo r  right-hande d 
participants .  Thi s differenc e i n performanc e betwee n left -
hande d an d right-handed  participant s i s highl y significant , 
X ^ d ,  N  =  679 )  =  15.48 ,  p  <  .001 .  Also ,  wherea s 
performanc e fo r  left-hande d participant s di d no t  diffe r 
significantl y fro m 5 0 % ,  x^(l ,  A ^  =  328 )  =  0.60 ,  performanc e 
fo r  right-handed  participant s wa s significantl y wors e tha n th e 
5 0 % baseline ,  x H h N  =  351 )  =  40.34 ,  p  <  .001 . 

I n chemistry ,  a  chira l  compoun d (Gree k x^ip .  hand )  i s 
one whic h exist s i n tw o differen t  form s (enantiomers )  tha t 
are ,  lik e pair s o f  hands ,  mirro r  image s o f  eac h othe r  bu t  ar e 
not  superimposable .  I n th e presen t  context ,  w e ma y thu s 
refe r  t o th e variatio n i n coi n hea d recal l  wit h handednes s a s 
an instanc e o f  chira l  cognitiv e performance :  Onl y right -
hande d peopl e reliabl y displa y systemati c misrememberin g 
of  hea d orientation .  Wha t  i s th e origi n o f  thi s phenomeno n 
and wha t  ar e it s implications ? T o addres s thes e issues ,  w e 
need bot h t o investigat e ho w widesprea d ar e th e effect s o f 
handednes s upo n cognitiv e performanc e an d als o t o evaluat e 
possibl e explanation s fo r  suc h effects .  W e need ,  i n short ,  a 
chira l  cognitiv e science .  Here ,  w e repor t  som e initia l  step s 
i n thi s direction . 

Theoretically ,  a t  leas t  tw o genera l  mechanism s b y whic h a 
person' s handednes s coul d influenc e th e outcom e o f  thei r 
though t  processe s ma y b e distinguished .  The y wil l  b e 
referre d t o her e a s th e hemispheri c an d th e moto r  activatio n 
hypotheses . 

Hemispheric Hypothesis 

The hemispheri c hypothesi s note s tha t  left-hande d an d right-
hande d peopl e ten d t o hav e differen t  pattern s o f  cerebra l 
dominanc e (e.g. ,  M c M a n u s &  Bryden ,  1993) .  Th e 
performanc e o f  a  cognitiv e tas k ma y rel y upo n processin g 
whic h i s predominantl y supporte d b y a  singl e cerebra l 
hemisphere ,  an d th e hypothesi s assert s tha t  i t  i s  th e 

538 



differenc e betwee n left-hande d an d right-hande d peopl e i n 
thei r  utilisatio n o f  th e hemispher e whic h i s responsibl e fo r 
difference s i n overal l  tas k performance .  Thi s explanatio n 
has bee n advance d concernin g handednes s effect s bot h i n 
memory performanc e (McKelvi c &  Aikins .  1993 )  an d als o 
i n chimeri c perceptio n (e.g. .  Gilber t  &  Bakan .  1973 ;  Lev y 

et  a!. ,  1983 ;  Luh .  Redl ,  &  Levy .  1994) . 
I n th e chimeri c perceptio n paradig m introduce d b y Gilber t 

and Baka n (1973) ,  participant s ar e presente d wit h picture s 
whic h combin e th e lef t  sid e fro m on e fac e wit h th e righ t  sid e 
fro m anothe r  face ,  an d aske d t o matc h the m t o face s 
compose d o f  eithe r  th e lef t  sid e plu s it s mirro r  imag e o r  th e 
right  sid e plu s it s mirro r  image ,  Gilber t  an d Baka n foun d 
tha t  right-hande d participants ,  bu t  no t  left-hande d 
participants ,  displaye d a  significan t  tendenc y t o selec t  a s a 
matc h th e fac e tha t  ha d bee n constructe d fro m th e lef t  sid e o f 
th e origina l  stimulus . 

The hemispheri c hypothesi s whic h ha s bee n advance d t o 
accoun t  fo r  th e influenc e o f  handednes s upo n memor y an d 

chimeri c perceptio n ha s severa l  distinc t  components .  I t  i s 
hypothesise d tha t  th e visua l  worl d t o th e lef t  o f  th e observe r 
tend s t o b e processe d b y th e righ t  hemisphere ,  tha t  facia l 
informatio n als o tend s t o b e processe d b y th e righ t 
hemisphere ,  tha t  thi s join t  utilisatio n o f  th e righ t 
hemispher e i s advantageous ,  an d finall y tha t  th e advantag e i s 
more pronounce d fo r  right-hande d peopl e becaus e the y ten d 
t o hav e greate r  lateralisatio n o f  functio n tha n d o left-hande d 
people . 

A majo r  weaknes s o f  th e hemispheri c hypothesi s concern s 
it s firs t  premise ,  namel y tha t  th e visua l  worl d t o th e 
observer' s lef t  tend s t o b e processe d b y th e right  hemisphere . 
The handednes s effect s aris e unde r  fre e presentatio n 
conditions .  Thi s unrestricte d mobilit y  i n ey e fixatio n mean s 
tha t  bot h th e lef t  an d right  side s o f  stimul i  ar e encountere d 
i n bot h th e lef t  an d righ t  visua l  field s o f  th e observer .  Thu s 
th e premis e doe s no t  refe r  t o th e well-establishe d relatio n 
betwee n righ t  hemispher e an d lef t  visua l  field .  Instead ,  i t  i s 
necessar y t o posi t  th e existenc e o f  a n additiona l  tendenc y 
induce d b y th e righ t  hemispher e t o atten d mor e t o th e lef t 
side s o f  stimuli ,  irrespectiv e o f  th e stimuli' s  position s i n th e 
visua l  field . 

Motor Activation Hypothesis 

The moto r  activatio n hypothesis ,  i n contrast ,  note s tha t  th e 
performanc e o f  cognitiv e task s m a y b e accompanied ,  a s 
indicate d earlier ,  b y activatio n o f  area s o f  th e brai n associate d 
wit h moto r  processes .  Left-hande d peopl e an d right-hande d 
peopl e diffe r  b y definitio n i n som e o f  thei r  majo r  pattern s o f 
movement  an d associate d neura l  processing ,  an d th e proposa l 
i s  tha t  i t  i s  thi s differenc e i n pattern s o f  moto r  activatio n 
betwee n th e tw o group s whic h i s responsibl e fo r  difference s 
i n memor y an d perceptio n betwee n them .  O f  course ,  thi s 
moto r  activatio n durin g th e performanc e o f  m e m o r y o r 
perceptio n task s doe s no t  necessaril y  resul t  i n actua l 
physica l  movement .  Moto r  activatio n i n th e absenc e o f 
physica l  movemen t  i s characteristi c o f  moto r  imager y (e.g. . 
Jeannerod .  1994 .  1997) .  thoug h ou r  introspectiv e awarenes s 
of  moto r  imager y appear s t o b e considerabl y les s extensiv e 
tha n i n th e cas e o f  visua l  imagery . 

Ar e handednes s effect s explaine d bette r  i n term s o f 
hemispheri c difference s o r  i n term s o f  moto r  imagery ? 
Recen t  wor k provide s considerabl e corroboratio n fo r  th e 
latte r  possibility .  Fo r  example ,  i n a  neuropsychologica l 
stud y o f  a  grou p o f  patient s w h o suffere d fro m asymmetrica l 
Parkinson' s disea.s e whic h affecte d onl y on e sid e o f  th e body , 
Dominc y c t  al .  (1995 )  showe d tha t  no t  onl y rea l  bu t  als o 
imagine d movemen t  o f  th e han d o n tha t  sid e wa s slowed . 
Similarly ,  i n a  P E T stud y Marti n e t  al .  (1996 )  reporte d 
activatio n o f  th e cerebra l  lef t  premoto r  are a a s a  resul t  no t 
onl y o f  imaginin g han d movement s bu t  als o o f  generatin g 
th e nam e o f  a  tool ,  an d i n anothe r  P E T stud y Parson s e t  al . 
(1995 )  reporte d activatio n o f  fronta l  moto r  corte x a s a  resul t 
not  onl y o f  rea l  an d imagine d movemen t  bu t  als o o f  visuall y 
di.scriminatin g pair s o f  mirro r  shapes ,  suc h a s pair s o f  hands . 
Corroboratio n o f  th e hemispheri c hypothesi s appear s mor e 
difficult .  Fo r  example ,  Kossly n e t  al .  (1993 )  studie d a  split -
brai n patient' s identificatio n o f  previousl y see n picture s fro m 
among distractor s consistin g o f  thei r  mirror-reversals ,  an d 
foun d n o consisten t  differenc e betwee n th e patient' s tw o 
hemisphere s i n thei r  recognitio n performance . 

Althoug h suggestive ,  th e previou s wor k cite d bear s onl y 
indirectl y o n th e issu e o f  handedness .  I t  ca n b e argue d 
therefor e tha t  i t  doe s no t  allo w a  conclusiv e choic e t o b e 
m a de betwee n th e hemispheri c an d moto r  activatio n 

hypotheses .  Th e issu e o f  contralaterality ,  however ,  appear s 
mor e promisin g i n thi s respect . 

Contralaterality 

A basi c featur e o f  th e hemispheri c hypothesi s i s it s 
predictio n that ,  becaus e cerebra l  lateralisatio n o f  functio n i s 
les s pronounce d i n left-hande d tha n i n right-hande d people , 
any asymmetr y i n cognitiv e performanc e fo r  left-hande d 
peopl e shoul d b e o f  reduce d magnitud e bu t  th e sam e 
directio n compare d t o tha t  fo r  right-handed  people .  I n 
contras t  t o thi s predictio n o f  ipsilateralit y b y th e 
hemispheri c hypothesis ,  th e moto r  activatio n hypothesi s 
predict s tha t  contralateralit y m a y b e observe d (i.e. ,  a  chang e 
i n handednes s produce s a  reversa l  i n th e sig n o f  a n associate d 
effect) .  Fo r  example ,  rathe r  tha n possessin g a  les s stron g 
versio n o f  a  right-handed  person' s tendenc y t o produc e a  left -
facin g response ,  a  left-hande d perso n m a y posses s a  tendenc y 
of  comparabl e strengt h t o produc e a  right-facin g response . 
Moto r  activatio n pattern s underlyin g suc h response s m a y 
ech o a  tendenc y i n physica l  drawin g t o avoi d obscurin g 
eariie r  detail .  Ther e i s evidenc e (Shanon ,  1979 )  tha t  right-
hande d peopl e ten d t o dra w head s facin g t o th e left ,  an d vic e 
versa ,  an d i t  m a y b e tha t  thi s i s becaus e facia l  detail s ar e 
entere d firs t  and ,  t o avoi d obscurin g th e fac e whe n drawin g 
th e bac k o f  th e head ,  a  righ t  han d i s the n move d awa y t o th e 
right,  an d a  lef t  han d awa y t o th e left . 

Recentl y complete d wor k (e.g. ,  Marti n &  Jones ,  1998 ) 
provide s considerabl e evidenc e o f  th e occurrenc e o f 
contralaterality .  I n on e experiment ,  participant s wer e 
instructe d t o recal l  tw o Britis h road-signs ,  on e depictin g a 
left-facin g perso n diggin g (roa d works )  an d th e othe r 
depictin g a  right-facin g perso n walkin g (pedesuia n crossing) . 
The percentag e accurac y o f  verba l  recal l  o f  figur e directio n 
fo r  eac h stimulu s a s a  functio n o f  participan t  handednes s i s 
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Tabi c 1 :  Recal l  o f  figur e dircclioi i  ( % correct ) 

Figur e directio n 

Left-facin g 
Right-facin g 

Participan t  handednes s 

Left-hande d Right-hande d 

44. 2 
59. 6 

64. 0 
48. 2 

show n i n Tabl e 1 .  Statistica l  analysi s confirme d tha t  th e 
accurac y o f  right-hande d participant s wa s significantl y highe r 
tha n tha t  o f  left-hande d participant s (an d significantl y abov e 

th e 5 0 % ba.selin e level )  whe n recallin g th e orientatio n o f  th e 

left-facin g figure ,  wherea s th e accurac y o f  left-hande d 
participant s wa s significantl y highe r  tha n tha t  o f  right -
hande d participant s (an d significantl y abov e th e 5 0 % 
baselin e level )  whe n recallin g th e right-facin g figure . 

I f  th e effect s o f  handednes s upo n cognitiv e performanc e ar e 
indee d bein g exerte d b y mean s o f  moto r  activation ,  the n a 
furthe r  implicatio n i s tha t  simila r  effect s m a y b e expecte d t o 
occu r  i n over t  moto r  behavio r  a s well .  I n free-drawin g 
experiments ,  thi s predictio n als o ha s bee n confirmed .  Th e 
result s o f  othe r  experiment s hav e demonstrate d tha t  th e 
observatio n o f  contralateralit y i s no t  confine d t o semanti c 

m e m o r y ,  i f  multipl e m e m o r y system s ar e distinguishe d (se e 

Gardine r  &  Java .  1993 ;  Tulving ,  1995) .  No r  i s i t  confine d 
t o recall ,  a s oppose d t o alternativ e method s o f  retrieva l  (se e 
Jones ,  1987) . 

I t  shoul d i n additio n b e confirme d tha t  th e presen t  result s 
ar e robus t  wit h respec t  t o th e wa y i n whic h a  participant' s 
handednes s i s established .  Th e result s show n i n Tabl e 1 
relat e t o a  dichotomou s measur e o f  handednes s (namely , 
preferre d han d fo r  drawing) .  A s a n alternative ,  th e 
questionnair e o f  Annct t  (1985 )  wa s u.se d t o obtai n a 
pseudocontinuou s measur e o f  handedness .  Thi s instrumen t 
elicit s on e o f  thre e response s (right ,  cither ,  an d left ) 
concernin g han d preferenc e fo r  eac h o f  1 2 activities ; 
allocatin g score s o f  1,2 ,  an d 3 ,  respectively ,  t o th e thre e 
response s yield s overal l  handednes s score s rangin g fro m 1 2 
t o 36 .  Usin g Annet t  scor e t o predic t  percentag e correc t 
recall ,  logisti c regressio n analysi s confirme d tha t  fo r  bot h 
left-facin g an d right-facing  figure s ther e wer e significan t 
relationships ,  an d tha t  thes e wer e o f  opposit e polarity . 
Dichotomou s an d pseudocontinuou s measure s o f  handednes s 
hav e yielde d consisten t  conclusion s i n a  scrie s o f 
experiment s providin g evidenc e o f  conu-alatcrality . 

Finally ,  i t  i s  interestin g t o not e tha t  th e presen t 
observatio n o f  conualalcralit y  i n cognitiv e scienc e find s a n 
apparen t  paralle l  i n chemica l  science .  A  cardina l  featur e o f  a 
chira l  molecul e i s it s  effec t  upo n th e orientatio n o f  polarize d 
light ,  tw o enantiomer s rotatin g th e plan e o f  polarizatio n b y 
an equa l  amoun t  i n opposit e directions .  Nevertheless ,  th e 
apparen t  similarit y betwee n thi s effec t  an d tha t  o f  handednes s 
upo n m e m o r y fo r  orientatio n presumabl y doe s no t  attes t  t o 
an y commonali t y i n mechanis m beyond ,  perhaps ,  th e 
abstrac t  geometrica l  lin k betwee n mirro r  reflectio n an d 
angula r  displacemen t  exemplifie d b y left-hande d an d right-
hande d helices . 

Scope of Chiral Cognitive Science 

I n additio n t o th e area s focusse d o n here ,  th e rol e o f 
handednes s m a y b e explored  no t  onl y amon g othe r  form s o f 

human cognitiv e performanc e bu t  also ,  potentially ,  amon g 
nonhuman primates . 

Human Cognition Thus far, handedness has been shown 
t o influenc e people' s performanc e o f  onl y a  smal l  numbe r  o f 
cognitiv e tasks .  I t  i s  possible ,  however ,  tha t  th e smallnes s 
i s deceptiv e i n tha t  i t  ma y primaril y reflec t  th e limite d rang e 
of  task s fo r  whic h handednes s ha s bee n examined ,  rathe r  tha n 

th e actua l  scop e o f  chira l  influence .  Th e limite d rang e i s 
likel y t o reflec t  th e pragmati c circumstanc e that ,  becaus e o f 

thei r  relativ e scarcity ,  i t  i s  relativel y difficul t  t o arrang e th e 
participatio n i n experiment s o f  left-hande d peopl e i n 
number s comparabl e t o thos e o f  right-handed  people .  If ,  a s 
a result ,  th e usua l  procedur e i s followe d o f  plannin g th e 
appropriat e statistica l  powe r  o f  a n experimenta l  desig n i n 
term s o f  a n overal l  numbe r  o f  participant s w h o ar e 
unselecte d a s t o handedness ,  the n th e imbalanc e i n number s 
of  left-hande d an d right-handed  participant s wil l  ten d t o mak e 
th e detectio n o f  an y effec t  o f  handednes s relativel y unlikely . 

I n additio n t o th e basi c element s o f  cognitiv e processin g 
focu-sse d o n here ,  mor e comple x cognitiv e performanc e ma y 
als o b e examined .  Fo r  example ,  i t  ha s bee n reporte d 
(Benbow ,  1986 ;  O'Boyl e &  B e n b o w ,  1990 )  tha t  th e 
incidenc e o f  left-handednes s i s unusuall y hig h amon g 

student s wit h exceptionall y hig h level s o f  scholasti c 
aptitude .  Ther e i s thu s scop e fo r  futur e exploratio n o f  a 
chira l  dimensio n i n a  wid e rang e o f  cognitiv e activity . 

Cognition in Primates Finally, although the research 
considere d her e ha s focusse d upo n handednes s i n humans ,  i t 
has bee n suggeste d (e.g. ,  MacNeilage ,  Studdert-Kennedy ,  & 
Lindblom .  1987 )  tha t  handednes s i s a n attribut e o f  primate s 
i n general .  I n particular ,  MacNeilag e e t  al .  hav e propose d 
tha t  primate s ten d t o posses s a  postur e whic h involve s 
reachin g wit h th e lef t  han d an d manipulatin g wit h th e right 
hand .  Similariy ,  i t  ha s bee n suggeste d b y Da y an d 
MacNeilag e (1996 )  tha t  huma n moto r  asymmetr y ma y als o 
be describe d mor e full y wit h referenc e t o overal l  posture ,  i n 
term s o f  a  combinatio n o f  han d an d foo t  preferences .  Recen t 
wor k ha s provide d empirica l  suppor t  fo r  th e genera l 
hypothesi s o f  handednes s a m o n g primates ,  althoug h no t 
alway s i n accordanc e wit h th e predicte d pattern .  Thu s 
Diamon d an d M c G r e w (1994 )  foun d tha t  cotton-to p tamarin s 
exhibite d a  unifor m preferenc e fo r  usin g th e right  han d i n a 
rang e o f  activities ,  wherea s Lask a (1996 )  foun d tha t  spide r 
monkey s exhibite d a n equall y unifor m preferenc e fo r  th e lef t 
hand . 

I f  nonhuma n primate s shar e wit h human s th e attribut e o f 
handedness ,  th e possibilit y  als o arise s tha t  thei r  cognitiv e 
performanc e i s influence d b y handednes s i n a  manne r  whic h 
i s analogou s t o tha t  fo r  humans .  Practica l  difficultie s i n 
testin g n o n h u m a n primate s suggest ,  however ,  tha t 
exploratio n o f  th e potentia l  chira l  dimensio n i n primat e 
cognitio n ma y prov e les s rapi d tha n i n th e huma n case . 

Conclusion 

Cognitiv e scienc e ha s tende d t o neglec t  th e possibilit y  tha t 
cognitiv e performanc e m a y b e significantl y influence d b y 
handedness .  Ther e i s evidence ,  however ,  o f  a  chira l 
dimensio n t o s o m e aspect s o f  h u m a n m e m o r y an d 
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perception .  Fo r  example ,  i t  appear s tha i  cerebra l  moto r 
activatio n occurrin g i n th e absenc e o f  movemcn l  i s 

responsibl e fo r  th e observe d rol e o f  handednes s i n 
determinin g th e accurac y o f  recal l  o f  oricnialion .  A  chir;i l 
cognitiv e scienc e woul d embrac e furthe r  exploratio n o l  th e 
exten t  an d origi n o f  suc h phenomena . 
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