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Abstract

Outside  of  cogni t ive  neuropsychology,  i t  i s  of ten
assumed that  di f ferences  among individuals  in
cogni t ive  act ivi ty  may be adequately represented
theoret ical ly  in  terms only of  quant i ta t ive
var ia t ion across  a  populat ion.   A possible
except ion to  the  presumpt ion of  homogenei ty
wi thin cogni t ive  process ing i s  explored here .   I t
i s  shown that  lef t -handed and r ight -handed
populat ions  exhibi t  consis tent ,  qual i ta t ive
di f ferences  in  thei r  remember ing of  or ientat ional
informat ion.   I t  i s  concluded that  the  subject
mat ter  of  cogni t ive  sc ience may be more
heterogeneous than i s  commonly assumed.

Assumption of Homogeneity

A widespread implici t  assumption in cognit ive
science is  that  i ts  subject  matter  is
homogeneous,  in the sense that  dif ferences in
cognit ive processing among individuals may
general ly be expressed in terms of  merely
quanti tat ive var iat ion.   A major  exception to this
assumption is  commonly recognised in the f ie ld
of  cognit ive neuropsychology,  where the
cognit ive processes of  individuals  have been
shown to exhibi t  a  range of  idiosyncrasies
associated with different  forms of  physical
damage to the brain (e .g. ,  Jones & MacAndrew,
1990) .   For  this  f ie ld,  the occurrence of  a  double
dissociat ion of  function is  general ly held to
indicate  heterogeneity of  populat ion (e .g. ,
Jones,  1983) ,  a l though the val idi ty even of  this
inference has been chal lenged within cognit ive
science (e .g. ,  Juola & Plunkett ,  1998)   But  for
those without  brain damage,  dif ferences among
individuals  are of ten viewed within cognit ive
science as essential ly random, with var iat ion in
cognit ive activity among individuals represented
theoret ical ly in terms of  dispersion around a
central  tendency.   I f  this  is  a  correct
character isat ion of  much of  cognit ive science,

then i t  ra ises the quest ion of  whether  the
assumption,  outside cognit ive neuropsychology,
of  homogeneity among individuals is  just if ied in
part icular  c ircumstances.
   Where may quali tat ive differences in
cognit ive processes among individuals be
manifested?  A classical  area of  invest igat ion is
that  of  personali ty (e .g. ,  Martin,  1985) .
However ,  the domain of  handedness is  a lso an
appropriate  area to consider .   Can the models
and descr ipt ions of  cognit ive science be applied
indifferently,  as  is  general ly assumed,  to the
r ight-handed major i ty and to the lef t-handed
minori ty?  Or  do f ields of  heterogeneity exist  in
which people’s handedness inf luences their
cognit ive performance?  Empir ical  evidence that
al lows these quest ions to be addressed is
considered here.   First ,  however,  i t  is
appropriate  to consider  br ief ly the dist inct ive
character ist ics of  handedness i tself .

Handedness Populations

Most human beings exhibi t  a  preference for  the
use of  one or  other  hand.   This preference is  not
evenly distr ibuted between lef t  and r ight ,  as i t  is
for  most  animals.   Instead,  the predominant
pattern of  l imb preference is  for  use of  the r ight
hand.
   Although hand preference can be inf luenced
by social  pressures (e .g. ,  Harr is ,  1990) ,  i t  has a
number  of  features which suggest  that  i t  is  a lso
under  genetic  inf luence (e .g. ,  Corball is ,  1997;
Laval ,  Dann,  Butler ,  Loftus,  Rue,  Leask,  Bass,
Comazzi ,  Vita,  Nanko,  Shaw, Peterson,   Shields,
Smith,  Stewart ,  DeLisi ,  & Crow, 1998) .   For
example,  Klar  (1996)  has reported that  the
l ikel ihood of  a  person being lef t-handed is
increased if  one of  the parents of  the person,
al though r ight-handed,  in turn had two lef t-
handed parents.   We have shown (Jones &
Martin,  2000)  that  a  genetic  model  for



handedness may be formulated which accounts
sat isfactor i ly for  this  and a  number  of  other
similar  effects .
   I t  has f requently been suggested (e .g. ,  Day &
MacNeilage,  1996)  that  asymmetry in l imb use,
via  an accompanying special isat ion of  funct ion
in the cerebral  hemispheres,  played a decisive
role  in the evolut ion of  language.   Similar ly,  the
degree of  la teral izat ion of  language function
between the hemispheres is  known to differ
between lef t-handed and r ight-handed
populat ions (e .g. ,  McManus,  1999) .   However ,  i t
is  less  clear  that  cognit ively based performance
itself  dif fers between the lef t-handed and r ight-
handed populat ions.   Thus,   despite  considerable
research,  i t  has proven diff icul t  to establ ish
rel iable  associat ions between handedness and
either  developmental  reading disorder  (e .g. ,
Bishop,  1990)  or  a  var iety of  symptoms l inked
to immune disorders (cf .  Geschwind &
Galaburda,  1987;  Bryden,  McManus,  & Bulman-
Fleming,  1994) .   Indeed,  unti l  recently there has
been suggest ive evidence of  a  heterogeneity in
cognit ive funct ion between lef t-handed and
right-handed populat ions in only one f ield,  that
of  chimeric  percept ion.

Heterogeneity for Cognitive Function

Chimeric  faces may be constructed by
ar t i f icial ly pair ing their  lef t  and r ight  halves.   I f
people are  asked to match a  control  face to
ei ther  a  chimeric  face composed only of  the lef t
half  (and i ts  mirror  image)  or  a  chimeric  face
composed only of  the r ight  half  (and i ts  mirror
image) ,  i t  has been rel iably demonstrated (e .g. ,
Levy,  Heller ,  Banich,  & Burton,  1983;  Luh,
Redl ,  & Levy,  1994)  that  r ight-handed people,
but  not  lef t-handed people,  have a  signif icant
tendency to select  the lef t  half  (plus i ts  mirror
image)  face as the bet ter  match.
   The chimeric  f inding appears to represent  a
genuinely cognit ive,  not  hemispheric ,  effect
since i t  occurs with unrestr icted f ixat ion and
therefore is  not  related to visual  f ie ld (and
hence hemispherical i ty) .   However ,  i t  may also
be noted that  the effect  is  a  relat ively narrow
one.   I f  the assumption of  homogeneity of
cognit ive processing broke down only in this
l imited f ield,  then the case for  a  wider
considerat ion of  heterogeneity in cognit ive
science would be relat ively weak.   I t  is  now
becoming apparent ,  however ,  that  heterogeneity
is  demonstrable in the wider  area of  memory for
or ientat ion (e .g. ,  McKelvie  & Aikins,  1993;
Mart in & Jones,  1998) .   Two fur ther  studies of
memory for  or ientat ion,  which are descr ibed
next ,  confirm this  f inding.   The f irst  a lso
invest igates whether  the heterogeneity extends
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to memory for  other  types of  information,  and
the second also invest igates whether  i t  resides
genuinely in memory or  al ternat ively in
strategic  behavior .

Extent of Heterogeneity

Are differences between lef t-handed and r ight-
handed populations in cognit ive functioning
confined to memory for  or ientat ion,  or  do they
extend to memory for  abstract  information?
This quest ion was invest igated by examining
people’s memory for  Comet Hale-Bopp,  selected
as subject  because of  the long history of  popular
interest  in cometary appearances (see Schechner
Genuth,  1997) .
   Approximately equal  numbers of  lef t-handed
and r ight-handed par t ic ipants were tested (N =
401) .   Test ing occurred approximately six
months af ter  the comet’s  vis i t .   Par t icipants  were
tested on a  ser ies of  i tems "about  the comet
which was visible  to the naked eye over  the
Easter  per iod."   Quest ions probed both abstract
and concrete  knowledge.   Binary handedness
classif icat ions were made on the basis of  the
hand which the par t ic ipant  used for  drawing.
   Figure 1 shows memory for  or ientat ion for
lef t-handed and for  r ight-handed par t ic ipants.
Recal l  of  the direct ion of  the head of  the comet
was classif ied into eight  different  sectors,

def ined by the combination of  i t  point ing
lef twards,  central ly,  or  r ightwards;  and
downwards,  level ,  or  upwards.   There was a
signif icant  dif ference between the f requency
distr ibutions of  responses for  lef t-handed and
right-handed par t ic ipants,  χ 2 (7)  = 20.29,  p < .01.
In par t icular ,  r ight-handed par t ic ipants produced
a signif icant ly greater  number than lef t -handed
part ic ipants of  responses with the comet facing
down to the lef t  ( the or ientat ion most  f requently
encountered) ,  χ 2 (1)  = 7.86,  p < .01.   Similar ly,
consider ing downward and level  responses
overal l ,  i t  can be seen from Figure 1 that  there
was a  contralateral  tendency which associated
r ight-handed par t icipants  with lef t- facing
responses,  and vice versa;  this  tendency also
was signif icant ,  χ 2 (1)  = 12.97,  p < .001.   Similar
results  were found with recognit ion rather  than
recal l  responses.
   Figure 2 shows the distr ibutions of  wri t ten
name responses which were made by lef t-handed
and by r ight-handed par t ic ipants.   Recall  was
classif ied as ei ther  (a)  completely accurate  (both
Hale and Bopp) ,  (b)  par t ial ly accurate
( incomplete  or  misspelled) ,  (c)  Halley (ei ther  a
semantic  error  or  an approximation to Hale) ,  (d)
unrelated name,  or  (e)  no response.   There was
no signif icant  dif ference between the two
frequency distr ibutions,  χ 2 (4)  = 3.08.   Similar
results  were found for  the recall  of  other
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abstract  information,  such as the length of  t ime
since the comet’s last  visi t  to Ear th (about  four
thousand years) .
   The present  f indings suggest  therefore that  the
assumption of  homogeneity,  which breaks down
in the case of  memory for  or ientat ion,  continues
to hold in the case of  memory for  more abstract
information.

Heterogeneity for Memory
or for Strategy?

Although overt  responses concerning memory
for  information have been shown to differ  for
lef t-handed and r ight-handed populat ions,  i t  is
possible  in pr inciple  that  the underlying
difference between these populat ions relates not
to their  memory processing but  instead to their
strategic  behavior .   That  is ,  i t  is  possible  that
lef t-handed and r ight-handed populat ions differ
not  in their  l ikel ihoods of  retr ieving information
about  or ientat ion,  but  instead in their  strategies
of  producing responses when memory fai ls .   To
invest igate this  possibi l i ty,  the confidence with
which responses are  produced can be examined.
If  heterogeneity is  confined to s trategic
behavior ,  then differences between populat ions
should ar ise  only for  responses that  are  made
with relat ively low confidence.   But  i f
heterogeneity applies  to memory i tself ,  then
differences should be observed in those
responses which are made with high confidence.
   Approximately equal  numbers of  lef t-handed
and r ight-handed par t ic ipants were tested (N =
230) .   Each par t ic ipant  was shown a sequence of

40 different  black-and-white  photographs for  3
sec each.   In half  of  the photographs a person
faced to the lef t  of  the viewer and in half  a
person faced to the r ight .   Subsequently,  each
photograph was shown alongside i ts  mirror
image (ref lected in a  vert ical  plane)  in a  two-
al ternat ive forced-choice recognit ion task.   In
addit ion,  for  each recognit ion response the
par t ic ipant  assigned a  confidence level  on a
scale  between 1 (guess)  and 5 (cer tain) .
   Figure 3 shows the overal l  levels of
recognit ion.   There was a  signif icant  interact ion
between the effects  of  the direct ion in which the
st imulus faced and the handedness of  the
par t ic ipant ,  F(1,  228)  = 9.18,  p < .01.   I t  can be
seen that  the effect  was a  contralateral  one,  in
that  lef t- facing st imuli  were recognised bet ter
by r ight-handed than by lef t-handed par t ic ipants,
whereas r ight-facing st imuli  were recognised
better  by lef t-handed than by r ight-handed
part icipants .
   To examine the possible  inf luence of
confidence,  fur ther  analyses were carr ied out  on
the recognit ion responses that  were made with
the lowest  level  of  confidence (1)  and those
made with the highest  confidence (4 or  5) .
Confidence level  was found to modify the two-
way interact ion,  yielding a  signif icant  three-way
interact ion,  F(1,  174)  = 4.19,  p < .05.
Decomposing the three-way interact ion,  i t  was
found that  for  those responses made with high
confidence there was again a  signif icant
interact ion between the effects  of  s t imulus
direct ion and of  handedness,  F(1,  201)  = 5.06,  p
< .05.   In contrast ,  for  those responses made
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with low confidence,  there was no signif icant
interact ion.
   Thus i t  is  in memory processing i tself ,  ra ther
than in s trategic behavior ,  that  the assumption
of  homogeneity appears to break down.  Left-
handed and r ight-handed populat ions differ  in
how they remember  or ientat ion,  not  in how they
guess.

Origin of Population Effect
for Memory

I t  is  important  to note that  the results  do not
suggest  that  e i ther  lef t-handed or  r ight-handed
populat ions enjoy a  general  advantage in
memory.   Rather ,  the f inding is  one of
contralateral i ty,  in that  lef t-handed people were
more accurate  than r ight-handed people when
recal l ing r ight-facing st imuli ,  but  less accurate
when recal l ing lef t- facing st imuli .   This  zero-
sum f inding of  contralateral i ty presents  a
problem for  any theorists  (e .g. ,  Luh,  Redl ,  &
Levy,  1994;  McKelvie & Aikins,  1993)  who
attempt to explain the inf luence of  handedness
upon cognit ion in terms of  possible  correlated
differences in hemispheric  special izat ion of
funct ion,  because such a  theory would predict
that  e i ther  lef t-handed or  r ight-handed people
should show a consistent  advantage in
performance.
   In contrast ,  we have recently proposed (Martin
& Jones,  1999)  that  the consistent  dif ferences
among people in pat terns of  over t  motor  act ivi ty
which categorise them as ei ther  lef t -handed or
r ight-handed are  accompanied by correlated
differences in motor  imagery.   I t  is  well
establ ished that  extensive motor  act ivat ion
occurs in the cor tex in the absence of  physical
movement (e .g. ,  Decety,  Grezes,  Costes,  Perani ,
Jeannerod,  Procyk,  Grassi ,  & Fazio,  1997;
Jeannerod,  1994;  Logie,  1995) .   Character ist ic
pat terns of  motor  act ivat ion for  lef t-handed
people  differ  f rom those for  r ight-handed
people,  par t ly in response to the asymmetr ic
nature of  the everyday environment (e .g. ,  lef t-
to-r ight  wri t ing) .   The present  results  suggest
that ,  depending upon the precise detai ls  of  a
cognit ive task,  ei ther  lef t-handed or  r ight-
handed motor  imagery may prove to be the more
effect ive in assis t ing memory for  or ientat ion.

Conclusions

Outside of  cognit ive neuropsychology,  i t  is  of ten
assumed that  dif ferences in cognit ive act ivi ty
between individuals may be adequately
represented theoret ical ly in terms of  random
variat ion around a central  tendency.   One

exception to the implici t  assumption of
homogeneity within cognit ive science has been
character ised here.   Subtle  differences can be
detected in the remembering of  or ientat ion by
lef t-handed and r ight-handed populat ions.   I t
remains to be invest igated,  however ,  how
widespread is  the occurrence of  such
heterogeneity.
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