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H u m an Communicat io n Researc h Centre ,  Universit y o f  Edinburg h 

2 Buccleuc h Place ,  Edinburg h E H 8 9 L W ,  U K 

Abstrac t 

Individual differences in the abilities and preferences of stu-
dent s hav e a n influenc e o n thei r  response s t o informatio n pre -
sente d i n alternativ e ways .  Explanation s ma y appea l  t o differ -
ence s i n representatio n o r  i n strategy .  Thi s pape r  report s a n ex -
perimen t  tha t  compare s th e respons e o f  student s t o tw o compu -
tationall y simila r  method s o f  teachin g syllogism s tha t  rel y o n 
ditTeren t  externa l  representation s o f  th e premis s information . 
The us e o f  bot h representation s ca n b e broke n dow n int o th e 
same stages :  translating-in ;  manipulating ;  an d translating-out . 
We sho w tha t  th e eas e o f  acquisitio n an d th e understandin g o f 
th e method s relat e t o a  measur e o f  spatia l  abilit y  an d als o t o 
preference s fo r  serialist/holis t  style s o f  learning .  W e fin d tha t 
spatia l  abilit y  an d learnin g styl e relat e t o differen t  stage s i n th e 
tw o teachin g methods ,  an d ar e therefor e complementar y con -
tributor s t o effectiv e learning .  I n addition ,  a  furthe r  tes t  tha t 
predict s divers e response s o f  student s t o learnin g th e sam e in -
formatio n fro m differen t  modalitie s wa s used .  Thi s i s foun d t o 
relat e specificall y t o stage s o f  translating-i n an d manipulatio n 
of  representations .  Th e result s o f  thi s stud y suppor t  th e vie w 
tha t  providin g a  computationa l  accoun t  o f  reasonin g an d learn -
in g require s a n acknowledgemen t  o f  individua l  difference s i n 
th e 'startin g state '  o f  th e individual .  Thes e difference s ca n b e 
explore d throug h measure s o f  abilit y  an d learnin g style .  Thi s 
stud y als o support s account s o f  problem-solvin g tha t  distin -
guis h modalit y an d strateg y o f  informatio n processing . 
I n t r o d u c t i o n :  P r o c e s s i n g m o d a l i t y a n d styl e 

F r o m th e educationa l  perspective ,  knowin g wha t  style s o f  in -
formatio n presentatio n ar e effectiv e fo r  learnin g i s a  practi -
cal  imperative .  Bu t  t o characteris e th e cognitiv e processe s 
tha t  ar e invoke d b y differen t  presentation s o f  informatio n i s 
als o a n importan t  theoretica l  aim .  T h e individua l  difference s 
whic h ar e o f  suc h practica l  importanc e t o educatio n m a y pro -
vid e a  too l  fo r  analysi s o f  menta l  processes .  Assessin g th e 
influenc e o f  modalit y o f  informatio n o n learning ,  an d provid -
in g computationa l  description s o f  th e processes ,  invariabl y 
lead s t o th e well-publicise d problem s associate d wit h study -
in g interna l  representation s (Pylyshyn ,  1973) .  Paivi o (1986 ) 
has argue d tha t  th e styl e o f  processin g associate d wit h a  strat -
eg y rathe r  tha n th e representatio n modalit y i s th e mor e fun -
damenta l  issu e i n providin g computationa l  account s o f  infor -
matio n processing .  T h e modalit y an d styl e perspective s hav e 
remaine d independen t  account s o f  performanc e i n comple x 
tasks . 

O ne approac h t o studyin g individua l  difference s i n com -
ple x proble m solvin g ha s concentrate d o n issue s o f  modality . 
Accordin g t o Kirby ,  M o o r e an d Schofiel d (1988) ,  som e stu -
dent s prefe r  t o proces s informatio n visuall y throug h graphics , 
diagram s o r  illustrations ,  wherea s other s prefe r  t o proces s in -

formatio n verbally .  Preference s fo r  visuo-spatia l  represen -
tation s o f  problem s hav e bee n linke d t o hig h spatia l  abilit y 
i n th e sentence-pictur e verificatio n tas k (MacLeod ,  Hun t  & 
Mathews ,  1978) .  Individual s als o var y i n thei r  abilit y  t o pro -
ces s informatio n presente d i n th e verba l  o r  th e spatia l  modal -
ities ,  indicate d b y factor-analyti c studie s o f  th e independenc e 
of  verba l  an d spatia l  abilit y  (Guilford ,  1967 ;  Poltroc k & 
Brown ,  1984) .  Tha t  verba l  an d spatia l  processin g resource s 
are ,  a t  leas t  partially ,  distinc t  i s  supporte d b y theorie s o f 
workin g m e m o r y tha t  posi t  differen t  component s fo r  phono -
logica l  an d visuo-spatia l  storag e an d processin g (Baddele y & 
Gathercole ,  1993 ;  Sha h &  Miyake ,  1996) . 

A n alternativ e approac h ha s focusse d o n individua l  differ -
ence s i n strateg y us e durin g reasonin g tasks .  Researc h int o 
students '  response s t o Hyperproo f  (HP) ,  a  multimoda l  logi c 
too l  whic h enable s proofs  t o b e constructe d a s hybrid s o f 
graphica l  situation s an d first  orde r  logi c expression s o f  thos e 
situations ,  allow s detaile d analysi s o f  strategie s o f  usin g ex -
terna l  representations .  Cox ,  Stennin g an d Oberlande r  (1994 ) 
compare d students '  performanc e o n a  G R E Analyti c Reason -
in g tes t  befor e an d afte r  followin g eithe r  th e H P course ,  o r  a 
versio n o f  th e cours e tha t  use d H P wit h th e graphica l  interfac e 
disabled .  Althoug h th e relevan t  G R E question s ar e verball y 
set  an d answered ,  the y ar e usefull y solve d b y constructin g a 
diagra m t o suppor t  reasoning ,  a s th e premisse s constrai n a 
unique ,  o r  nearl y unique ,  logica l  model .  The y foun d tha t  o n 
on e measur e o f  near-transfer ,  thos e tha t  score d hig h o n th e 
G RE improve d thei r  reasonin g performanc e b y followin g th e 
H P course ,  bu t  performe d wors e i f  the y followe d th e non -
graphica l  H P course . 

Thes e difference s i n respons e t o diagrammati c presenta -
tion s ca n b e bette r  accounte d fo r  b y students '  strategi c skil l 
i n knowin g whe n t o translat e fro m sentence s int o diagrams , 
and w h e n i n th e revers e direction ,  tha n b y preference s fo r 
on e modalit y o r  anothe r  (Oberlande r  e t  al. ,  1996) .  I n fac t 
thei r  "verbal '  student s w h o faile d t o gai n fro m diagrammati c 
presentatio n di d s o becaus e the y translate d int o th e diagram -
mati c m o d e mor e ofte n a t  inappropriat e junctures . 

M o n a g h a n (1998 )  show s tha t  differen t  proo f  style s exhib -
ite d i n th e H P cours e ca n b e relate d t o th e individua l  differ -
ence s literatur e throug h th e holist-serialis t  dimensio n (Pask , 
1988) .  Holist s ten d t o us e strategie s tha t  formulat e connec -
tion s betwee n al l  aspect s o f  th e situatio n a t  once .  Serialist s 
ten d t o us e strategie s wher e th e situatio n i s broke n d o w n int o 
unit s o f  information ,  an d connection s ar e forme d betwee n 
thes e units .  I n HP ,  holist s us e th e graphica l  interfac e t o grad -
uall y buil d u p concret e situations ,  usin g neste d assumptions . 
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Serialisti c proof s us e a  serie s o f  full y  concret e situations , 
wher e littl e o r  n o nestin g o f  assumption s i s used .  Hig h G R E 
scorer s us e holisti c strategies ,  lo w G R E scorer s construc t  se -
rialisti c  proofs . 

The presen t  stud y se t  ou t  t o explor e thes e aptitud e irea i 
ment  interaction s i n th e teachin g o f  reasonin g i n a  radi -
call y differen t  domai n i n whic h ou r  understandin g o f  th e 
equivalence s an d difference s betwee n graphica l  an d senten -
tia l  reasonin g method s hav e recentl y bee n clarified .  Stennin g 
and Yul e (1998 )  sho w tha t  fo r  categoria l  syllogisms ,  Euler' s 
graphica l  metho d ca n b e emulate d operation-for-operatio n b y 
a simpl e natura l  deductio n metho d i n a  fragmen t  o f  proposi -
tiona l  calculus .  Thi s enable s component s o f  reasonin g strate -
gie s t o b e equate d acros s modalitie s o f  externa l  representa -
tion . 

Thi s simple r  domai n allow s th e separatio n o f  translation -
in ;  manipulation ;  an d conclusion-formin g stages ,  eac h o f 
whic h ca n b e identifie d i n bot h diagrammati c an d senten -
tia l  presentations .  Sinc e teachin g thi s domai n ca n b e accom -
plishe d i n abou t  hal f  a n hour ,  (a s oppose d t o th e 1 0 week s o f 
th e H P course) ,  i t  i s  possibl e t o stud y th e detail s o f  th e tutor -
in g proces s an d it s impac t  o n immediatel y successiv e perfor -
mance.  A s th e teachin g wa s videoed ,  th e materia l  provide s 
detaile d ne w dat a o n th e effect s o f  teachin g wit h differen t  ex -
terna l  representations .  W e als o sough t  t o explor e th e relation s 
betwee n establishe d measure s o f  'strategy '  use :  th e G R E An -
alytica l  Reasonin g test ,  an d th e serialist-holis t  test ;  an d a  tes t 
of  processin g abilit y  withi n th e spatia l  modalit y (th e pape r 
foldin g tes t  (PFT)) ,  an d t o se e whethe r  thes e differen t  test s 
migh t  b e sensitiv e t o performanc e o n differen t  component s 
of  th e reasonin g process ,  o r  distinguis h betwee n representa -
tiona l  an d strategi c differences .  T o th e exten t  whic h simi -
la r  individua l  difference s ar e show n t o distinguis h learnin g i n 
thi s domai n an d th e H P domain ,  th e stud y provide s evidenc e 
of  th e generalit y o f  thes e aptitud e treatmen t  interaction s i n 
learnin g t o reason . 

Two methods of solving syllogisms 

Syllogism s ar e reasonin g problem s abou t  thre e properties .  A , 
B.  an d C .  Th e A  propert y i s relate d t o th e B  propert y b y th e 
first  premiss ,  th e B  an d th e C  propertie s ar e linke d b y th e 
secon d premiss .  Th e subject' s tas k i s t o sa y what ,  i f  anything , 
follow s fro m th e give n information . 

Stennin g an d Yul e (1998 )  describ e tw o method s fo r  solvin g 
syllogism s tha t  depen d o n differen t  representation s o f  th e pre -
misses .  Thes e tw o method s ar e 'computationall y similar' ,  i n 
tha t  fo r  eac h stag e i n on e metho d ther e i s a  reciproca l  stag e i n 
one-to-on e correspondenc e i n th e othe r  method .  O n e metho d 
relie s o n graphica l  representation s base d o n Euler' s Circle s 
(EC) ,  th e othe r  metho d i s base d o n sententia l  form s o f  th e pre -
misses ,  derive d fro m a  fragmen t  o f  natura l  deductio n ( N D ) . 
Figur e 1  show s th e E C representation s o f  th e fou r  kind s o f 
syllogisti c premisses .  Tabl e I  show s th e N D translation s o f 
th e premisses . 

The E C metho d relie s o n a  fe w simpl e rule s fo r  puttin g 
th e separat e premis s diagram s together ,  addin g crosse s t o in -
dicat e existenc e i n area s o f  th e resultin g diagram ,  an d read -
in g of f  a  conclusion .  Th e N D metho d utilise s a  fragmen t  o f 
prepositiona l  calculu s i n orde r  t o reac h a  conclusion .  T o for m 
a conclusio n eithe r  modu s ponen s o r  modu s tollen s i s used . 

Some A s ar e B s Al l  A s ar e B s 

r 

• Q 

Some A s ar e no t  B s No A s ar e B s 

Figur e I :  E C representation s o f  syllogis m premisses . 

Tabl e 1 :  NDrepresentationso f  syllogis m premisse s 

premis s 

Al l  A  ar e B 

S o me A  ar e B 

No A  ar e B 

S o me A  ar e no t  B 

translatio n 

A-> B 
A &B 
A ^ - B 
A&-^ B 

Combinin g th e E C premisse s int o a n integrate d representa -
tio n correspond s wit h us e o f  on e o f  thes e tw o rules .  Corre -
spondence s betwee n thes e tw o method s emerg e throug h con -
sideratio n o f  th e propert y o i  case-identifiability :  eac h metho d 
isolate s critica l  type s o f  individual s an d the n make s conclu -
sion s abou t  the m wit h respec t  t o th e A  an d C  properties .  I n 
th e N D method ,  thi s i s don e serially ,  wit h eac h premis s be -
in g treate d separately .  I n th e E C method ,  al l  th e premis s 
informatio n ha s t o b e integrated ,  an d al l  individual s treate d 
simultaneously .  Thre e stage s ar e easil y isolate d an d compa -
rabl e betwee n th e methods :  (I )  translatio n fro m th e premisse s 
int o th e represente d form ;  (2 )  manipulatio n o f  th e represente d 
form s i n orde r  t o isolat e th e critica l  individuals ;  an d (3 )  trans -
latio n fro m th e final  representatio n t o for m a  conclusion .  Th e 
correspondenc e o f  thes e stage s i n th e tw o method s mea n tha t 
differen t  ke y stage s i n th e us e o f  externa l  representation s ca n 
be assessed . 

Hypotheses of the study 

If the GRE test is a general measure of aptitude in using 
graphica l  representations ,  the n i t  i s  predicte d tha t  hig h G R E 
scorer s woul d bette r  lear n th e E C metho d ove r  al l  stage s o f 
it s  use .  I n accordanc e wit h th e H P data ,  i t  wa s predicte d tha t 
hig h G R E scorer s woul d perfor m wors e o n th e N D method . 
Th e P F T tes t  wa s predicte d t o relat e t o th e stag e o f  manipu -
latin g th e graphica l  representations ,  a s th e tes t  involve s onl y 
manipulation s o f  spatia l  representations ,  therefor e translatin g 
betwee n modalitie s i s unimportant .  Th e serialist/holis t  pref -
erenc e wa s predicte d t o relat e t o al l  stage s o f  th e methods , 
holist s learnin g bette r  fro m th e E C metho d a s graphica l  rep -
resentation s promot e holisti c processing ,  an d serialist s bein g 
bette r  fitted  t o th e N D metho d whic h support s seria l  strate -
gies . 
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M e t h o d 

17 firs t  yea r  undergraduat e student s fro m a  wid e variet y o f 
academi c background s too k par t  i n th e experiment .  Eac h stu -
dent  wa s pai d to r  participatin g i n th e experiment . 

Pre-tests 

AbiUt y t o proces s i n th e spatia l  modalit y wa s assesse d b y th e 
pape r  foldin g tes t  (PFT )  (French .  Ekstro m &  Price .  1963) . 
Thi s require s th e subjec t  t o imagin e th e arra y o f  hole s result -
in g fro m a  piec e o f  pape r  bein g folded ,  the n havin g hole s 
punche d i n i t  befor e bein g unfolde d again .  Hig h an d lo w spa -
tia l  abilit y  student s wer e discriminate d alon g a  media n split . 

Processin g styl e wa s assesse d b y usin g Ford' s (1985 )  mea -
sur e o f  serialist/holis t  learnin g style .  Thi s distinctio n ha s bee n 

shown t o discriminat e differen t  strateg y use s an d response s i n 
a numbe r  o f  domains ,  includin g human-compute r  interactio n 
(Helande r  1990) . 

The G R E tes t  wa s constructe d fro m th e "analytical '  sub -
scal e o f  th e analytica l  reasonin g test .  Hig h an d lo w G R E 
scorin g student s wer e agai n discriminate d b y a  media n split . 

The syllogistic reasoning task 

Al l  student s wer e give n 8  syllogism s t o solve ,  includin g fiv e 
wit h vali d conclusion s an d thre e wit h n o vali d conclusion . 
Thes e syllogism s wer e selecte d t o cove r  a  rang e o f  difficul -
tie s accordin g t o th e findings  o f  Johnson-Lair d (1983) .  I n 
addition ,  th e syllogism s wer e selecte d t o includ e som e item s 
tha t  "spatial "  reasoner s foun d easie r  t o solv e tha n di d 'verbal ' 
reasoners .  an d vic e versa ,  accordin g t o Ford' s (1995 )  criteri a 
and data .  Whil e solvin g th e problem s student s wer e requeste d 
t o voic e thei r  though t  processes .  Th e teachin g session s wer e 
videoe d an d transcribed .  Student s wer e paire d accordin g t o 
scorin g similarl y o n th e pre-tests ,  an d the n eac h assigne d t o 
a differen t  teachin g group ,  wher e the y ha d t o solv e th e sam e 
eigh t  syllogism s usin g eithe r  th e E C o r  th e N D method .  Nin e 
student s wer e instructe d i n th e E C method ,  an d eigh t  followe d 
th e N D method .  Al l  student s wer e taugh t  fo r  th e sam e lengt h 
of  tim e (th e sessio n ende d afte r  on e hour) ,  an d no t  al l  student s 
finished  al l  th e problems . 

The vide o protocol s wer e marke d fo r  error s tha t  th e studen t 
made i n applyin g th e metho d t o solv e th e syllogisms ,  an d fo r 
th e numbe r  o f  correctiv e o r  directiv e intervention s tha t  th e 
instructo r  ha d t o mak e durin g th e cours e o f  solvin g th e prob -
lems .  A  pilo t  experimen t  indicate d tha t  th e numbe r  o f  syl -
logism s solve d b y th e studen t  wa s relate d t o genera l  pac e o f 
workin g rathe r  tha n t o th e eas e o r  accurac y o f  acquisitio n o f 
th e method .  Numbe r  o f  error s measure s th e abilit y  o f  th e stu -
dent  t o utilis e th e metho d correctl y wherea s intervention s ar e 
mor e a n indicatio n o f  th e student' s understandin g o f  th e ap -
plicatio n o f  th e metho d t o th e problem . 

Results 

The P F T an d G R E score s wer e no t  significantl y correlate d 
(r(15 )  =  0.32 ,  p>0.2) .  Holist s score d highe r  tha n serialist s 
on th e P F T (t(14) '  =  3.79 ,  p<0.005) ,  an d holist s als o score d 
highe r  o n th e G R E tes t  (t(14 )  =  2.47 ,  p<0.05) .  Thes e re -
sult s suppor t  genera l  hypothese s tha t  spatia l  informatio n i s 

conduciv e t o holisti c processing ,  an d tha t  th e G R E relate s t o 
abilit y  t o us e spatia l  representation s t o suppor t  reasonin g pro -
cesses . 

The dat a wer e analyse d wit h two-wa y unrelate d A N O V As 
wit h th e numbe r  o f  error s mad e i n applyin g th e taugh t  metho d 
on eac h stage ,  an d th e numbe r  o f  intervention s mad e b y th e 
instructo r  i n th e cours e o f  th e stag e a s th e respectiv e depen -
dent  variables .  Th e tw o independen t  variable s wer e th e taugh t 
strateg y an d on e o f  th e thre e pretes t  measure s (serialist/holis t 
learnin g preference ;  high-lo w PF T score ;  o r  high-lo w G R E 
score) .  Onl y significan t  interaction s ar e reporte d i n th e re -
sults . 

Translating-in stage 

I 

I  5- ' 

1 -

0.5 -

__ 

n GR E lo w 

Ehig h 

EC ND 

'On e studen t  coul d no t  b e classifie d a s serialis t  o r  holis t  a s sh e 
demonstrate d n o preferenc e fo r  eithe r  learnin g style ,  s o wa s omitte d 
fro m thes e analyses . 

teachin g metho d 

Figure 2: number of interventions for translation-in stage by 

G RE scor e fo r  th e teachin g methods:F(l ,  13 )  =  5.30 .  p<0.05 . 

N.b. ,  differen t  x-axi s scale . 

On the translation-in stage, there were few errors made or 
intervention s required ,  a s thi s stag e i n th e procedure s ca n b e 
accomplishe d b y readin g of f  th e translations .  On e interac -
tio n was ,  however ,  significan t  fo r  thi s stage :  G R E grou p b y 
taugh t  metho d o n th e numbe r  o f  intervention s require d (Fig -
ur e 2) :  F(l,13 )  =  5.30 ,  p<0.05 ,  wit h n o mai n effects .  Thos e 
who scor e hig h o n th e G R E tes t  requir e mor e intervention s 
fo r  thi s stag e i n th e N D method ,  bu t  fewe r  intervention s fo r 
translatin g int o th e E C representations . 

Manipulation of representations stage 

For  th e manipulatio n o f  representation s stage ,  bot h G R E 
scor e an d serialist/holis t  styl e interacte d wit h taugh t  metho d 
fo r  bot h dependen t  variables . 

G RE an d taugh t  metho d interacte d bot h fo r  numbe r  o f  er -
ror s (Figur e 3 )  (F(l ,  13 )  =  7.45 ,  p<0.02 ,  wit h n o mai n ef -
fects )  an d intervention s (Figur e 4 )  (F(l .  13 )  =  5.50 ,  p<0.05 , 
wit h a  mai n effec t  onl y o f  taugh t  metho d (F(l ,  13 )  =  11.84 , 
p<0.01)) .  Hig h G R E scorer s mad e fewe r  error s an d require d 
fewe r  intervention s o n th e E C method ,  bu t  mad e mor e error s 
and require d mor e intervention s o n th e N D method . 

For  th e serialist/holis t  variable ,  numbe r  o f  error s b y taugh t 
metho d o n thi s stag e wer e significan t  (Figur e 5) :  F(l .  12 )  = 
5.89 ,  p<0.05 .  wit h a  mai n effec t  onl y o f  learnin g styl e (F(l . 
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Figure 3: number of errors for manipulation stage by GRE 

scor e fo r  th e teachin g methods :  F(l ,  13 )  =  7.45 ,  p<0.02 . 
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Figure 4: number of interventions for manipulation stage by 

G RE scor e fo r  th e teachin g methods :  F(l ,  13 )  =  5.50,p<0.05 . 

12)  =  7.12 .  p<0.05) .  Fo r  numbe r  o f  intervention s (Figur e 6) , 
F(l ,  12 )  =  5.46 ,  p<0.05 ,  wit h a  mai n effec t  onl y o f  taugh t 
metho d (F(l ,  12 )  =  15.05 ,  p<0.01) .  Serialist s mad e mor e er -
ror s an d require d mor e intervention s tha n holist s o n th e E C 
method .  Th e serialist/holis t  distinctio n doe s no t  see m t o dif -
ferentiat e performanc e o n th e N D method . 

Translating-out stage 

For  th e translating-ou t  stages ,  bot h serialist/holis t  styl e an d 
PFT scor e interacte d wit h taugh t  method . 

For  th e .serialist/holis t  learnin g style ,  numbe r  o f  error s wer e 
significan t  (Figur e 7) :  F(l ,  12 )  =  5.23 ,  p<0.05 ,  wit h a  mai n 
effec t  onl y o f  learnin g styl e (F(l ,  12 )  =  5.23 ,  p<0.05) .  Als o 
fo r  numbe r  o f  intervention s (Figur e 8) ,  F(l ,  12 )  =  9.82 , 
p<0.01 ,  wit h a  mai n effec t  agai n onl y o f  learnin g styl e (F (  1 , 
12)  =  5.89 ,  p<0.05) .  A s wit h th e manipulatio n stage ,  seri -
alist s mad e mor e error s an d require d mor e intervention s o n 
th e E C metho d tha n di d th e holists .  Th e N D metho d wa s no t 
distinguishe d b y thi s pre-tes t  grouping . 

For  P F T scor e ther e wa s a n interactio n wit h taugh t  metho d 
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Figur e 5 :  numbe r  o f  error s fo r  manipulatio n stag e b y seri -

alist/holis t  preferenc e fo r  th e teachin g methods :  F(l ,  12 )  = 

5.89,p<0.05 . 
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Figure 6: number of interventions for manipulation stage by 

serialist/holis t  preferenc e fo r  th e teachin g methods :  F(l ,  12 ) 

= 5.46 ,  p<0.05 . 

bot h fo r  numberoferror s (Figur e 9) :  F(l ,  I3 )  =  4.90,p<0.05 . 
wit h a  mai n effec t  o f  taugh t  metho d (F (  1 ,  13 )  =  9.96 ,  p<0.01 ) 
and P F T grou p (F(l ,  13 )  =  9.31 ,  p<0.01) )  an d numbe r  o f 
intervention s (Figur e 10) :  (F(l ,  13 )  =  7.16 ,  p<0.02 ,  wit h a 
mai n effec t  onl y o f  P F T grou p (F(l ,  13 )  =  6.66 ,  p<0.05)) . 
Hig h spatia l  abilit y  student s requir e fewe r  intervention s o n 
th e E C method ,  an d lo w spatia l  abilit y  student s mak e mor e 
error s o n th e E C metho d fo r  thi s stage . 

Discussion 

The absenc e o f  mai n effect s o f  teachin g metho d fo r  mos t  o f 
th e A N O V A result s provid e importan t  evidenc e tha t  ou r  im -
plementation s o f  thes e tw o teachin g method s ar e comparabl y 
good . 

As anticipated ,  spatia l  abilit y  (PF T score )  influence d per -
formanc e o n th e E C method .  However ,  i t  i s  perhap s sur -
prisin g tha t  P F T scor e onl y influence d th e conclusio n form -
in g stage .  Thi s suggest s tha t  th e P F T measure s a  student' s 
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Figur e 7 :  n u m b e r  o f  error s fo r  translating-ou t  stag e b y serial -

ist/holis t  preferenc e fo r  th e teachin g me thods :  F (  1,12 )  =  5.23 , 
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Figur e 8 :  numbe r  o f  intervention s fo r  translating-ou t  stag e b y 

serialist/holis t  preferenc e fo r  th e teachin g methods :  F(l ,  12 ) 

= 9.82.p<0.05 . 

abilit y  t o translat e accuratel y an d wit h littl e assistanc e fro m 
th e graphica l  modalit y int o sententia l  form .  P F T abilit y  i s 
therefor e mos t  influentia l  a t  th e poin t  wher e graphica l  repre -
sentation s hav e t o b e interprete d int o language .  Thi s rathe r 
suggest s tha t  fa r  fro m measurin g 'purel y spatia l  operations ' 
th e P F T measure s comparison s betwee n verba l  'foldin g nar -
ratives '  an d spatia l  pattern s (se e Snow ,  1978) ,  an d i s ope n t o 
strategi c interpretation s a s oppose d t o representationa l  ones . 

Th e serialist/holis t  styl e distinctio n predict s differen t  re -
sponse s t o bot h th e manipulatio n stag e an d th e translation -
out  stage .  Student s wit h a  preferenc e fo r  holisti c strategie s 
m a ke fewes t  error s an d requir e fewes t  teachin g intervention s 
o n th e manipulatio n stag e o f  th e E C method ,  an d mos t  er -
rors/intervention s fo r  th e N D method .  Thi s resul t  i s  con -
sonan t  wit h expectation s abou t  th e representationa l  styl e o f 
th e E C metho d bein g conduciv e t o holisti c strategie s i n tha t 
th e premis s informatio n ha s t o b e integrate d int o on e dia -
gram .  Fo r  th e translation-ou t  stage ,  serialist s m a k e mor e er -
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Figure 9: number of errors for conclusion stage by PFT score 

fo r  th e teachin g methods :  F (  1 ,  13 )  =  4.90 ,  p<0.05 . 
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Figur e 10 :  numbe r  o f  intervention s fo r  conclusio n stag e b y 

P FT scor e fo r  th e differen t  teachin g methods :  F(l ,  13 )  =  7.16 , 

p<0.02 . 

ror s whe n formin g conclusion s fro m th e E C method ,  perhap s 
du e t o th e simultaneou s consideratio n tha t  ha s t o b e give n t o 
al l  th e propertie s i n orde r  t o describ e th e critica l  individual , 
a tas k tha t  thes e student s find  difficult .  Th e holist s requir e 
fewes t  intervention s fo r  th e E C metho d o n thi s stag e fo r  simi -
la r  reasons :  th e processin g o f  al l  th e informatio n concurrend y 
i s advantageou s t o thes e students .  W h e n thi s styl e o f  infor -
matio n i s no t  availabl e (a s i n th e N D method) ,  neithe r  grou p 
i s advantage d o r  disadvantaged . 

Th e effec t  o f  G R E scor e o n teachin g differen t  method s o f 
solvin g syllogism s show s tha t  th e result s o f  th e H P researc h 
appl y t o othe r  domain s o f  reasoning ,  an d t o muc h briefe r 
teachin g interventions .  Hig h G R E scorin g student s acquir e 
th e E C metho d mor e easil y an d wit h fewe r  errors ,  bu t  perfor m 
wors e wit h th e N D method .  L o w G R E scorin g student s indi -
cat e th e opposit e tendency :  acquirin g th e N D metho d wit h 
greate r  ease ,  bu t  finding  tli e E C metho d mor e difficult .  Th e 
G RE ca n b e take n a s a  predicto r  o f  th e effectivenes s o f  graph -
ica l  representation s fo r  learnin g t o solv e reasonin g problems . 
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As O R E scor e relate s t o th e translation-i n an d th e manipu -
latio n stage s o f  th e methods ,  effectiv e us e o f  graphica l  rep -
resentation s i s see n t o relat e t o efficien t  translatio n int o th e 
graphica l  mediu m an d manipulatio n o f  th e resultin g repre -
sentation .  Combinin g thes e result s wit h th e H P dat a show s 
tha t  student s wh o ar e goo d a t  solvin g problem s b y construct -
in g graphica l  representation s lear n bette r  fro m graphica l  pre -
sentation s i n mor e tha n on e domai n o f  reasoning ,  an d wit h 
ver y differen t  kind s o f  graphic .  Hig h G R E scorers '  abilit y 
i s  i n term s o f  thei r  effectiv e transfe r  o f  informatio n int o th e 
graphica l  modality ,  an d manipulatio n o f  th e representation : 
when th e representatio n doe s no t  fit  thei r  aptitude s the n thes e 
student s lear n th e tas k les s well . 

The differen t  pre-test s o f  strateg y us e reflec t  differen t 
stage s i n th e us e o f  externa l  representation s durin g learnin g 
t o solv e reasonin g problems .  Thes e strategie s ar e show n t o 
interac t  wit h representationa l  modality ,  an d ca n b e see n a s 
testin g differen t  subprocesse s o f  th e reasonin g task .  Th e re -
searc h o n H P meshe s wit h th e curren t  stud y t o clarif y th e 
ways i n whic h modalit y o f  presentatio n ha s a n influenc e o n 
learning :  thi s influenc e i s manifeste d i n term s o f  effectin g dif -
feren t  strategi c approache s t o proble m solving .  Th e effect s o f 
differen t  modalitie s o f  representatio n o n reasonin g ar e sup -
plemente d b y considerin g th e effec t  o f  presentatio n modalit y 
on strateg y use .  Thes e result s suppor t  Alesandrini ,  Langstaf f 
and Wittrock' s (1984 )  proposa l  tha t  effect s o f  modalit y an d 
strateg y shoul d b e assesse d separately .  I f  ther e i s a  singl e 
fundamenta l  reasonin g mechanis m the n th e representationa l 
form s b y whic h i t  i s  interface d an d th e strategie s o f  reason -
in g thes e representation s invok e ar e o f  equa l  importanc e i n 
providin g computationa l  description s o f  reasoning . 

Acknowledgements 

Thi s researc h wa s supporte d b y E S R C researc h studentshi p 
R00429634206 .  Gratefu l  thank s t o Jo n Oberlande r  fo r  help -
fu l  comment s durin g analysis . 

References 

Alesandrini .  K .  L. ,  Langstaff ,  J .  J. ,  &  Wittrock ,  M .  C .  (1984) . 
Visual-verba l  an d analytic-holisti c  strategies ,  abilitie s an d 
styles .  Journa l  o f  Educationa l  Research ,  77 ,  151-157 . 

Baddeley ,  A .  D. ,  &  Gathercole ,  S .  E .  (1993) .  Workin g Mem-
or y an d Language .  Hove :  Lawrenc e Erlbau m Associates . 

Cox, R., Stenning, K., & Oberlander, J. (1994). Graphical 
effect s i n learnin g logic :  reasoning ,  representatio n an d in -
dividua l  differences .  Proceeding s o f  th e Sixteent h Annua l 
Conferenc e o f  th e Cognitiv e Scienc e Societ y (pp .  237-242) . 
Georgia :  Lawrenc e Erlbau m Associates . 

Ford ,  M .  (1995) .  Tw o mode s o f  menta l  representatio n an d 
proble m solutio n i n syllogisti c reasoning .  Cognition ,  54 , 
1-71 . 

Ford ,  N .  (1985) .  Learnin g style s an d strategie s o f  postgrad -
uat e students .  Britis h Journa l  o f  Educationa l  Technology , 
16,  65-79 . 

French ,  J .  W. ,  Ekstrom ,  R .  B. ,  &  Price ,  L .  A .  (1963) .  Ki t  o f 
referenc e test s fo r  cognitiv e factors .  Princeton ,  NJ :  Educa -
tiona l  Testin g Service . 

Guilfor d (1967) .  Th e Natur e o f  H u m a n hitelligence .  N e w 
York :  McGra w Hill . 

Hclander ,  M .  (Ed. )  (1990) .  Handboo k o f  H u m a n Compute r 
Interactio n (2n d edition) .  Nort h Holland :  Elsevie r  Scienc e 
Publishers . 

Johnson-Laird ,  P  N .  (1983 )  Menta l  Models .  Cambridge : 
Cambridg e Universit y Press . 

Kirby ,  J .  R. ,  Moore ,  P  J. ,  &  Schofield ,  N .  J .  (1988) .  Ver -
bal  an d visua l  learnin g styles .  Contemporar y educationa l 
psychology ,  13 ,  169-IS4 . 

Macleod ,  C .  M. ,  Hunt ,  E .  B. ,  &  Mathews ,  N .  N .  (1978) .  In -
dividua l  difference s i n th e verificatio n o f  sentence-pictur e 
relationships .  Journa l  o f  Verba l  Learnin g an d Verba l  Be -
havior ,  17,493-501 . 

Monaghan ,  P .  (1998) .  Holis t  an d serialis t  strategie s i n com -
ple x reasonin g tasks :  cognitiv e styl e an d strateg y change . 
(Researc h Pape r  EUCCS/RP-73) .  Edinburgh :  Universit y 
of  Edinburgh ,  Centr e fo r  Cognitiv e Science . 

Oberlander ,  J. ,  Cox ,  R. ,  Monaghan ,  P. ,  Stenning ,  K. .  &  Tobin , 
R.  [1996 ]  Individua l  difference s i n proo f  structure s follow -
in g multimoda l  logi c teaching .  Proceeding s o f  th e Eigh -
teent h Annua l  Meetin g o f  th e Cognitiv e Scienc e Society , 
(pp .  201-206) .  L a Jolla ,  C A :  Lawrenc e Erlbau m Asso -
ciates . 

Paivio ,  A .  (1986) .  Menta l  Representations :  A  Dua l  Codin g 
Approach .  Oxford :  Oxfor d Universit y Press . 

Pask ,  G .  (1988) .  Learnin g strategies ,  teachin g strategies , 
and conceptua l  o r  learnin g style .  I n R.R .  Schmec k 
(Ed.) ,  Learnin g strategie s an d learnin g styles .  N e w York : 
Plenu m Press . 

Poltrock ,  S .  E. ,  &  Brown .  P  (1984) .  Individua l  difference s i n 
visua l  imager y an d spatia l  ability .  Intelligence ,  8 ,  93-138 . 

Pylyshyn ,  Z .  W.  (1973) .  Wha t  th e mind' s ey e tell s  th e mind' s 
brain :  a  critiqu e o f  menta l  imagery .  Psychologica l  Bul -
letin ,  80 ,  1-24 . 

Shah,  P ,  &  Miyake ,  A .  (1996) .  Th e separabilit y  o f  workin g 
memory resource s fo r  spatia l  thinkin g an d languag e pro -
cessing :  a n individua l  difference s approach .  Journa l  o f 
Experimenta l  Psychology :  General ,  125 ,  4-27 . 

Snow,  R .  E .  (1978) .  Ey e fixation  an d strateg y analyse s o f 
individua l  difference s i n cognitiv e aptitudes .  I n A .  M .  Les -
gold ,  J .  W.  Pellegrino ,  S .  D .  Fokkeman ,  &  R .  Glase r  (Eds.) , 
Cognitiv e psycholog y an d instruction .  N e w York :  Plenu m 
Press . 

Stenning ,  K. ,  &  Yule ,  P  (1998) .  Imag e an d languag e i n hu -
man reasoning :  a  syllogisti c illustration .  Cognitiv e Psy -
chology ,  i n press . 

Sternberg ,  R .  J. ,  &  Weil ,  E .  M .  (1980) .  A n aptitud e x  strat -
egy interactio n i n linea r  syllogisti c reasoning .  Journa l  o f 
Educationa l  Psychology ,  72 ,  226-239 . 

721 


	cogsci_1998_716-721



