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Universit y  o f  Edinburg h 
2 Buccleuc h Place ,  Edinburg h eh 8 9lw ,  Scotlan d 
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Abstrac t 

Hyperproof is a computer program created by Barwise and Et-
chemendy fo r  teachin g logi c usin g multimoda l  graphica l  an d 
sententia l  methods ,  inspire d b y thei r  theorie s o f  heterogeneou s 
reasonin g (Barwis e an d Etchemend y 1994) .  Elsewhere ,  w e 
have propose d a  theor y o f  th e cognitiv e impac t  o f  assignin g 
informatio n t o differen t  modalitie s (Stennin g an d Oberlande r 
1992) .  Ou r  vie w i s tha t  wher e diagram s ar e advantageous ,  i t  i s 
becaus e the y enforc e th e representatio n o f  information ,  leadin g 
t o wea k expressiveness ,  thereb y facilitatin g inference .  Th e pre -
sent  stud y test s an d develop s thes e claim s b y comparin g th e ef -
fect s o f  teachin g undergraduat e logi c classe s usin g Hyperproo f 
and a  conUx) l  syntacti c teachin g method .  Result s indicat e tha t 
ther e i s significan t  transfe r  fro m th e logi c course s t o logica l  an d 
analytica l  reasonin g problems .  Ther e ar e als o significan t  in -
teraction s betwee n theoreticall y motivate d pre-cours e aptitud e 
measure s an d teachin g mediod ;  th e interaction s influenc e post -
cours e reasonin g performanc e i n transferdomains .  Hyperproo f 
boost s student s previousl y wea k o n item s whic h benefi t  fro m 
diagra m use ,  wherea s th e syntacti c cours e appear s t o degrad e 
th e sam e grou p o f  students '  graphica l  strategies .  A s wel l  a s 
bein g theoreticall y interesting ,  thes e result s provid e suppor t  fo r 
th e importan t  practica l  conclusio n tha t  individua l  difference s 
i n aptitud e shoul d b e take n int o accoun t  i n choosin g teachin g 
technique . 

Theoretical Background 

I s reasonin g teachable ? Wha t  i s th e impac t  o f  learnin g logi c 
upo n genera l  reasoning ? Ca n graphica l  materia l  b e use d ef -
fectivel y i n teachin g abstrac t  subjects ? Thes e ar e importan t 
pedagogica l  questions ;  th e issue s ar e als o centra l  t o th e de -
velopmen t  o f  theor y withi n cognitiv e science .  I n particular , 
ho w ar e w e t o relat e symboli c an d heterogeneou s logic s t o 
human reasonin g an d learning ? Wha t  i s graphica l  represen -
tatio n goo d fo r  an d why ? Th e presen t  stud y seek s t o explor e 
suc h theoretica l  concern s i n a  highl y practica l  setting—rea l 
logi c courses . 

Hyperproo f  (HP )  i s a  compute r  progra m fo r  teachin g first-
orde r  logi c (FOL )  whic h Barwis e an d Etchmend y (1994 )  de -
signe d an d implemente d o n th e basi s o f  thei r  situatio n theo -
reti c approac h t o reasoning .  H P build s o n a n earlie r  progra m 
Tarski' s  World ,  whic h use s graphic s t o teac h th e synta x an d 
semantic s o f  F O L ;  H P add s th e teachin g o f  inferenc e b y in -
corporatin g heterogeneou s reasonin g rule s whic h mov e infor -
matio n bac k an d fort h betwee n graphica l  representation s o f 
blocks-world s an d sentence s o f  F O L .  Compute r  base d course s 
offe r  a  uniqu e platfor m fo r  assessin g cognitiv e theories ,  sinc e 
the y involv e rea l  learnin g ove r  sustaine d periods ,  an d permi t 
detaile d observatio n o f  students '  reasonin g processes . 

Our  o w n motivatio n wa s t o exten d a  genera l  theor y o f  th e 
cognitiv e impac t  o f  assignin g th e sam e informatio n t o diffe -
ren t  modalities .  Graphica l  logi c teachin g method s provid e 
a domai n i n whic h informatio n i n differen t  modalitie s (sen -
tence s an d diagrams )  ca n b e accuratel y equate d an d wher e 
ther e i s a  wel l  define d tas k (learnin g an d performanc e o f  rea -
soning) .  Th e theor y (describe d i n Stennin g &  Oberlande r 
1992 ,  (submitted) )  see s th e distinctiv e propert y o f  graphica l 
semantic s a s th e enforcemen t  o f  th e representatio n o f  certai n 
classe s o f  information .  Thi s curtailmen t  o f  abstractio n lead s 
t o wea k expressivenes s (i n th e logical/computationa l  sense ) 
but  tractabl e inference .  Th e theor y connect s thi s propert y t o 
usabilit y  throug h relation s between :  th e abstraction s require d 
by tasks ;  th e abstraction s expressibl e i n graphica l  systems ; 
and th e availabilit y  o f  knowledg e o f  thes e expressivenes s pro -
pertie s t o differen t  classe s o f  users .  Th e fewe r  superfluou s 
abstraction s a  syste m expresses ,  th e mor e usefu l  i t  wil l  b e 
fo r  a  task ,  bu t  a  use r  mus t  b e i n a  positio n t o exploi t  thes e 
constraints .  O n th e othe r  hand ,  i f  a  tas k require s abstrac -
tion s whic h canno t  b e expressed ,  the n th e syste m wil l  hampe r 
performance . 

So,  th e cognitiv e theor y o f  graphica l  reasonin g place s a 
specia l  emphasi s o n th e skill s  involve d i n exploitin g th e in -
formatio n enforcement s whic h ar e inheren t  i n graphica l  re -
presentations .  HP ,  fo r  example ,  use s variou s device s t o over -
c o me graphica l  specificities :  (a )  a  singl e diagra m ca n contai n 
symbol s representin g object s o f  unknow n siz e an d unknow n 
shape ;  (b )  b y th e us e o f  a  specia l  par t  o f  th e diagram ,  object s 
wit h unknow n locatio n ca n als o b e represented ;  (c )  arbitrar y 
disjunction s o f  informatio n abou t  a n objec t  (fo r  instance ,  th e 
fac t  tha t  i t  i s  eithe r  a  dodecahedro n o r  a  tetrahedron )  ar e captu -
re d b y multipl e diagrams .  Devic e (a )  i s illustrate d i n Figur e 2 . 

Our  approac h als o provide s a  basi s fo r  distinguishin g type s 
of  reasonin g proble m an d s o fo r  classifyin g reasonin g apti -
tudes .  S o m e problem s provid e premisse s whic h determin e a 
uniqu e (o r  nearl y unique )  logica l  model ,  fro m whic h nume -
rou s conclusion s ca n b e drawn .  Othe r  problems '  premisse s d o 
not  provid e sufficen t  informatio n t o specif y a  uniqu e mode l 
and mus t  b e approache d b y isolatin g relevan t  premisse s an d 
exploitin g differen t  inferentia l  techniques .  W e cal l  thes e pro -
blem s determinat e an d indeterminat e problem s respectively . 
The y ar e closel y relate d t o wha t  th e graduat e recor d exa m 
( G R E)  analytica l  tes t  call s th e analytica l  reasonin g an d logi -
ca l  reasonin g subscale s respectivel y (Duran ,  Power s &  Swin -
ton ,  1987) .  Determinat e (o r  nearl y determinate )  problem s 
len d themselve s t o graphica l  representatio n becaus e repre -
sentatio n o f  a  singl e mode l  doe s no t  requir e inexpressibl e 
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Drlerminat e p r o b k m A n ut'tic e manage r  mus t  assig n office s t o si x staf f  members .  Th e 
availabl e office s ar e numbere d 1  - 6 an d ar e arrange d i n a  row .  .separate d b y si x foo l  hig h 
dividers .  Therefor e sound s an d smok e readil y pas s fro m on e t o other s o n eithe r  side . 
Ms Braun' s wor k require s he r  t o spea k o n th e phon e throughou t  th e day .  M r  Whit e an d 
Mr  Blac k ofte n tal k t o on e anothe r  i n thei r  wor k an d prefe r  t o b e adjacen t  M s Green , 
th e senio r  employee ,  i s endtle d t o Offic e S ,  whic h ha s th e larges t  window .  M r  Parke r 
need s silenc e i n th e adjacen t  offices .  M r  Allen ,  M r  While ,  an d M r  Parke r  al l  smoke .  M s 
Gree n i s allergi c  t o tobacc o smok e an d mus t  hav e non-smoker s adjacent .  Al l  employee s 
majniai n silenc e i n thei r  office s unles s state d otherwise . 

• The best office for Mr White is in 1, 2. 3.4, or 6? 
*  Th e bes t  employe e t o occup y th e furthes t  offic e fro m M r  Blac k woul d b e Allen . 

Braun ,  Green ,  Parke r  o r  White ? 
*  Th e thre e smoker s shoul d b e place d i n office s 1 ,  2 ,  &  3 .  o r  1 ,  2  &  4 ,  o r  1, 2 &  6 ,  o r 

2 . 3 ,&4 ,  o r 2 , 3 & 6 ? 
Indeterminate problem Excessive amounts of mercury in drinking water, associated 
wid i  certai n type s o f  industria l  pollution ,  hav e bee n show n t o caus e Hobson' s Disease . 
Islan d R  ha s a n econom y base d endiel y o n subsistenc e leve l  agricultur e wit h n o industr y 
or  pollution .  Th e inhabitantso f  R  hav e a n unusuall y hig h incidenceo f  Hobsons '  Disease . 
Whic h o f  th e followin g ca n b e validl y inferre d fro m th e abov e statements ? 

i. Mercury in die drinking water is actually perfectly safe. 
li .  Mercur y i n th e drinkin g wate r  mus t  hav e source s othe r  tha n industria l  pollution ;  o r 

lii .  Hobson' s Diseas e mus t  hav e cause s othe r  tha n mercur y i n th e drinkin g water . 
• (ii)only? 
•  (iii)only ? 
*  (i )  o r  (iii )  bu t  no t  bodi ? 
*  (ii )  o r  (iii )  bu t  no t  bodi ? 
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Figur e 1 :  Example s o f  tw o type s o f  reasonin g problem . 
Determinat e problem s provid e premisse s whic h determin e a 
(nearly )  uniqu e logica l  model ;  indeterminat e problem s d o not . 

abstractions .  GRE-typ e example s ar e illustrate d i n Figur e 1 . 

Evaluating Teaching Outcomes 

The evaluatio n wa s performe d usin g a  rang e o f  outcom e mea -
sures .  Educationa l  compute r  softwar e i s rarel y evaluate d i n 
term s o f  effect s upo n learnin g outcomes ,  o r  wit h respec t  t o ge -
nera l  theorie s o f  cognitiv e representatio n an d process .  Ther e 
hav e bee n severa l  call s  fo r  mor e evaluativ e studie s  (e g Littma n 
and Soloway ,  1988 ;  Shute ,  1990) .  Severa l  computer-base d 
F OL teachin g program s hav e no w bee n develope d (Goldson , 
Reeves &  Boma t  (1992 )  provid e a  recen t  review) ;  bu t  fe w 
hav e bee n evaluate d i n controlle d comparisons . 

The outcome s w e examin e her e ar e chose n t o hav e som e 
plausibilit y  a s test s o f  reasonin g i n domain s beyon d logi c cour -
ses .  W e expec t  the m t o cas t  som e ligh t  o n th e vexe d questio n 
of  th e transferrabilit y  o f  reasonin g skills .  W e use d GRE-typ e 
pre -  an d post-tests ,  an d 'block s world '  pre -  an d post-tests , 
as detaile d i n sectio n .  Th e forme r  involv e somewha t  farthe r 
transfe r  tha n th e latter ,  a t  leas t  fo r  th e H P students .  T o b e sure , 
th e problem s ar e verball y stated ;  nonetheless ,  a s ca n b e see n 
fro m Figur e 1 ,  the y ar e differen t  i n bot h for m an d conten t 
fro m Hyperproo f  problems .  Th e G R E analytica l  reasonin g 
scal e i s widel y recognise d t o b e predictiv e o f  graduat e schoo l 
succes s an d s o ma y la y som e clai m t o b e on e tes t  o f  'rea l 
world '  reasonin g skill . 

Amongst  teacher s o f  logic ,  graphica l  method s remai n con -
troversial .  Par t  o f  th e disput e ma y hing e o n whethe r  teachin g 
elementar y logi c  i s undertake n t o improv e genera l  reasoning , 
or  t o prepar e student s fo r  furthe r  advance d symboli c logi c 
course s an d thei r  application s in ,  say ,  compute r  science .  Th e 
presen t  stud y shoul d therefor e b e viewe d a s investigatin g th e 
effect s  o f  th e course s o n cognitiv e processe s relativ e t o theory , 
rathe r  tha n decidin g whic h approac h i s 'best' .  W e focu s o n 

Figur e 2 :  Th e Hyperproo f  interface .  Th e mai n windows — 
graphica l  an d calculus—ar e supplemente d b y contro l  palettes . 
The situatio n bein g viewe d i s th e fifth  i n th e cours e o f  th e 
proof ,  an d correspond s t o th e fifth  diamond-shape d 'situation ' 
ico n i n th e bod y o f  th e proof .  Th e graphica l  windo w contain s 
thre e symbol s o f  varyin g degree s o f  abstraction . 

effect s o f  teachin g o n differen t  problem s an d differen t  group s 
of  students ,  an d w e concentrat e o n effect s  fo r  performanc e o n 
problem s whic h ar e externa l  t o th e courses . 

Method 

T h e Hyperproo f  Interfac e 

As ca n b e see n i n Figur e 2 ,  th e H P interfac e contain s tw o 
mai n windows :  on e present s a  diagrammati c vie w o f  a  chess -
boar d worl d containin g geometri c object s o f  variou s shape s 
and sizes ;  th e otherpresent s a  lis t  o f  sentence s i n predicat e cal -
culus ;  contro l  palette s ar e als o available .  Th e mai n window s 
ar e use d i n th e constructio n an d editin g o f  proofs .  Severa l 
type s o f  goal s ca n b e proved ,  involvin g th e shape ,  size ,  lo -
cation ,  identit y o r  sententia l  description s o f  objects ;  i n eac h 
case ,  th e goa l  ca n involv e determinin g som e propert y o f  a n 
object ,  o r  showin g tha t  a  propert y canno t  b e determine d fro m 
th e give n information .  A  numbe r  o f  rule s ar e availabl e fo r 
proo f  construction ;  som e o f  thes e ar e traditiona l  syntacti c  ru -
le s (suc h a s A-elimination) ;  other s  ar e 'graphical' ,  i n th e sens e 
tha t  the y involv e consultin g o r  alterin g th e situatio n depicte d 
i n th e diagrammati c window .  I n addition ,  a  numbe r  o f  rule s 
chec k propertie s  o f  a  developin g proof .  H P shoul d b e viewe d 
as a  proof-checkin g environmen t  designe d t o suppor t  huma n 
theore m provin g usin g heterogeneou s information . 

Subjects 

The subject s wer e 3 5 first-year  Stanfor d undergraduate s atten -
din g course s o n introductor y logic .  Tw o group s wer e compa -
red .  Grou p 1  attende d a  cours e taugh t  usin g H P (2 2 subjects) . 
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A secon d grou p (1 3 subjects )  attende d a  cours e taugh t  syntac -
tically .  Th e H P clas s wa s taugh t  i n th e Fal l  quarte r  o f  199 2 
and th e Syntacti c clas s wa s hel d i n th e Sprin g quarte r  o f  1993 . 
Whil e i t  wa s no t  possibl e t o t o randoml y assig n student s t o 
th e tw o courses ,  th e student s wer e unawar e o f  an y differen -
ces i n th e course s prio r  t o enrolment ,  an d ar e draw n fro m th e 
same genera l  populatio n o f  undergraduate s require d t o tak e 
an elementar y logi c course . 

Teaching 

Hyperproo f  G r o u p Th e cours e consiste d o f  a  1 2 wee k (on e 
quarter )  cours e o n first-order  logic .  Th e H P clas s wer e taugh t 
usin g H P plu s H P curriculu m materia l  (Barwis e an d Etche -
mendy,  1994) .  Th e cours e include d 7 2 computer-base d exer -
cise s coverin g th e us e o f  H P graphica l  rule s and ,  t o a  limite d 
extent ,  th e us e o f  syntacti c rule s i n th e developmen t  o f  proofs . 
Eigh t  o f  3 0 student s (27% )  droppe d ou t  o f  th e H P clas s befor e 
completin g th e course . 

Syntactic Group The syntactic class was taught a course of 
th e sam e duratio n a s th e H P group .  Th e syntacti c cours e wa s 
base d aroun d a  standard ,  traditiona l  (i e syntacticall y oriented ) 
instructiona l  tex t  (Bergman ,  M o o r  an d Nelson ,  1990) .  I n 
orde r  t o contro l  fo r  th e motivationa l  effect s o f  compute r  us e 
and othe r  factors ,  th e syntacti c grou p als o use d HP .  Howeve r 
thei r  versio n ha d it s graphic s windo w disable d (wit h a n empt y 
chessboard) .  Th e 'syntactic '  student s use d onl y th e syntacti c 
rule s o f  H P an d worke d exclusivel y i n th e sentenc e window . 
Twent y thre e o f  thei r  computer-base d exercise s wer e adapte d 
fro m thei r  coursebook ;  a  furthe r  5 4 exercise s i n th e us e o f  HP' s 
sententia l  rule s wer e take n fro m th e H P resourc e book .  Thu s 
ther e wer e 7 7 HP-base d exercise s i n tota l  fo r  thi s group .  Nin e 
of  2 2 student s (41% )  droppe d ou t  o f  th e syntacti c clas s befor e 
completin g th e course .  Th e leve l  o f  attritio n wa s therefor e 
highe r  tha n th e H P group's .  I n bot h cases ,  th e drop-ou t  rat e i s 
attributabl e a t  leas t  i n par t  t o th e genera l  practic e o f  signin g 
on fo r  mor e course s tha n wil l  ultimatel y b e taken . 

Pre and post teaching tests 

The objec t  wa s t o provid e test s o f  reasonin g skil l  whic h wer e 
sufficientl y independen t  o f  cours e conten t  t o b e administrabl e 
befor e th e course ,  an d whic h woul d provid e som e tes t  o f 
transfe r  t o reasonin g beyon d th e cours e material .  T w o test s 
wer e develope d whic h w e wil l  refe r  t o a s th e blocks-worl d tes t 
and th e G R E test .  Th e blocks-worl d problem s ar e slightl y 
'nearer '  transfe r  test s (a t  leas t  fo r  th e H P course )  tha n th e 
G RE tests ,  bu t  eve n the y ar e mor e closel y relate d t o real -
worl d reasonin g tha n typica l  intra-cours e exa m item s fro m a 
logi c course .  Bot h classe s wer e administere d th e sam e batter y 
of  pape r  an d penci l  test s befor e an d afte r  th e course . 

The block s worl d test s wer e base d o n H P graphic s bu t  cou -
che d i n natura l  language .  Thei r  item s consis t  o f  a  diagra m 
of  a n arrangmen t  o f  block s o n a  checkerboard ,  an d som e sta -
tement s constrainin g assignment s o f  name s t o blocks .  Que -
stion s wer e abou t  wha t  i s provabl e o r  no t  provabl e fro m thi s 
information ,  o r  specifie d modification s o f  it .  Thes e test s ar e 
furthe r  describe d i n C o x an d Oberiande r  (1993) . 

The secon d outcom e tes t  consiste d o f  pseud o graduat e re -
cor d examinatio n ( G R E )  analytica l  reasonin g tes t  item s (sel -
ecte d fro m a  cramme r  fo r  th e test) ,  an d divide d int o tw o 

sub-scales :  logica l  reasonin g (argumen t  analysis )  an d analy -
tica l  reasoning .  W e observ e tha t  thes e tw o subscale s o f  th e 
G RE analytica l  reasonin g tes t  alig n closel y wit h ou r  theory' s 
distinctio n betwee n determinat e an d indeterminat e problem s 
whic h ar e eithe r  suitabl e o r  unsuitabl e fo r  graphica l  reaso -
nin g methods .  Empirica l  psychometri c result s (eg :  Duran , 
Power s &  Swinton ,  1987 )  hav e supporte d thi s distinction ;  i t 
reinforce s ou r  proposa l  tha t  thi s i s a n importan t  dimensio n fo r 
categorisin g reasonin g problems .  I t  als o suggest s tha t  indivi -
dual  difference s i n cognitiv e styl e ma y b e importan t  factor s 
i n applyin g th e theor y t o empirica l  data . 

Paralle l  form s o f  eac h tes t  wer e use d o n pre -  an d post -
cours e tests .  Suitabl e test s wit h populatio n norm s wer e no t 
availabl e an d thi s mean s tha t  absolut e comparison s betwee n 
pre -  an d post-tes t  score s mus t  b e interprete d wit h caution . 
However ,  mos t  o f  th e interestin g comparison s ar e betwee n 
group s o f  student s an d betwee n subscale s bu t  withi n post -
tes t  scores ,  an d s o relativ e change s i n performanc e ar e th e 
focus .  Thes e relativ e change s ca n b e assesse d a s lon g a s thes e 
point s ar e bor n i n mind .  O f  th e 2 2 Hyperproo f  subjects ,  1 6 
complete d bot h th e pape r  an d penci l  pre -  an d post-cours e tests , 
and al l  2 2 complete d th e post-cours e computer-base d exam . 
The 1 3 syntacti c student s complete d th e penci l  an d pape r  pre -
and post-tests ,  bu t  1 1 complete d th e syntacti c computer-base d 
exam. 

Results 

Block s wor l d tes t  result s 

I n orde r  t o examin e th e effect s o f  trainin g modalit y upo n 
cognitiv e styl e differences ,  subject s wer e classifie d a s DetH i 
or  DetL o o n th e basi s o f  score s o n th e analytica l  subscal e o f 
th e GRE-base d test .  Th e forme r  score d wel l  o n analytica l 
reasonin g items ;  th e latte r  score d les s well .  Th e resultin g 
'leve l  o f  determinacy '  (DetHi/Lo )  facto r  wa s entere d a s a n 
additiona l  facto r  i n th e analysi s o f  th e 'block s world '  tes t 
data . 

A 3  facto r  A N O V A (group s b y DetHi/L o b y time )  wa s 
performe d o n th e 'block s world '  tes t  results .  Th e first  facto r 
was groups ,  th e secon d (DetHi/DetLo )  wa s neste d unde r  th e 
first,  an d th e thir d (time )  wa s a  repeate d measure .  Figur e 3 
show s th e mean s fo r  DetH i  an d DetL o scorer s i n th e 2  groups . 
The A N O V A reveale d tha t  th e mai n effec t  fo r  grou p wa s 
significan t  (F(l ,  26 )  =  6.23 ,  M 5 e =  2.33, p <  .02) .  Th e 
mai n effec t  fo r  DetHi/L o wa s als o significan t  (F(l,26 )  = 
12.81 ,  M S e =  2.33, p <  .001) .  A s show n i n Figur e 3 ,  th e 
DetH i  subject s ten d t o scor e highe r  tha n th e DetL o subjects . 

The 3-wa y interactio n (grou p b y DetHi/L o b y time )  wa s 
als o significan t  (F (  1,26 )  =  9.45 ,  M 5 e =  1.6, p <  .01) . 
Thu s th e experienc e o f  learnin g logi c graphicall y ha d dif -
feren t  effect s upo n DetH i  an d DetL o scorer s withi n th e H P 
group .  DetH i  subjects '  score s di d no t  diffe r  fro m thoseo f  thei r 
DetL o colleague s o n th e pre-trainin g test ,  bu t  followin g th e 
HP cours e the y score d significantl y highe r  tha n thei r  DetL o 
counterparts .  Conversely ,  DetH i  scorer s i n th e syntacti c grou p 
significantl y (accordin g t o a  post-ho c comparison )  decrea -
sed i n thei r  block s worl d tes t  performanc e compare d t o thei r 
DetL o counterparts . 

A post-ho c compariso n showe d tha t  DetL o subject s i n th e 
syntacti c grou p score d significantl y lowe r  tha n thei r  DetH i 
counterpart s o n th e block s worl d pre-trainin g test .  Th e reason s 
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fo r  thi s resul t  ar e unclear ,  bu t  m a y b e du e t o selectio n biases . 

GRE-based analytical test results 

Subscal e score s o n th e analytica l  reasonin g tes t  wer e subjecte d 
t o a  2  facto r  (group s b y time )  A N O V A wit h repeate d measure s 
o n th e secon d factor .  Ther e wer e tw o level s o f  eac h factor . 

Logical reasoning subscale scores No main effects were 
significant .  H o w e v e r  th e grou p b y tim e interactio n wa s sig -
nifican t  (F( l ,28 )  =  4.93 ,  M 5 e =  2.42, p <  .05 )  show n 
i n Figur e 4a .  O n th e verba l  reasonin g items ,  th e syntac -
ti c grou p improve d significantl y mor e tha n th e H P students . 
Thi s suggest s tha t  th e experienc e o f  bein g taugh t  first-order 
logi c syntacticall y generalise s t o othe r  kind s o f  linguisti c  rea -
soning :  fro m reasonin g abou t  proof s i n a  forma l  languag e 
(first-orde r  logic)  t o reasonin g i n natura l  language . 

Analytical reasoning subscale scores Both groups im-
prove d significantl y i n term s o f  thei r  score s o n thi s subs -
cale .  T h e mai n effec t  fo r  tim e wa s significan t  (F(l ,  28 )  = 
18.78 ,  M S e =  4.39 ,  p  <  .05) .  Th e mai n effec t  fo r  group s 
an d th e grou p b y tim e interactio n wer e no t  significan t  (Fi -
gur e 4b) .  I n thi s cas e H P di d improv e th e measur e mor e tha n 
th e syntacti c  class ,  bu t  no t  significantl y so . 

Discussion 

Bot h H P an d syntacti c course s wer e effectiv e i n teachin g rea -
sonin g whic h transferre d t o othe r  domains .  Thi s is ,  i n itself , 
significant ,  sinc e th e existenc e o f  suc h transfe r  effect s ha s 
bee n dispute d (cf .  Nickerson ,  Perkin s &  Smith ,  1985 ,  fo r  a 
discussion) .  T h e result s d o no t  indicat e tha t  eithe r  cours e i s a 

globall y bette r  wa y o f  teaching .  Th e mos t  prominen t  effect s 
ar e interaction s betwee n studen t  aptitudes ,  type s o f  problem , 
and teachin g methods . 

For  student s w h o ar e abl e a t  determinat e problems ,  a  syntac -
ti c logi c cours e actuall y decrease s thei r  score s o n block s worl d 
problems .  Thei r  colleague s o n th e sam e cours e w h o star t  ou t 
les s abl e a t  determinat e problem s actuall y improv e slightly , 
so th e tw o group s ar c indistinguishabl e a t  course-end .  Tea -
chin g student s w h o ar e abl e a t  determinat e problem s a  H P 
cours e increase s thei r  abilit y  a t  blocks-worl d problems .  Thei r 
colleague s o n th e sam e cours e w h o star t  ou t  les s abl e a t  de -
terminat e problem s actuall y declin e slightl y i n block s worl d 
reasonin g an d finish  indistinguishabl e o n thi s measur e fro m 
th e syntacticall y taugh t  subjects .  Thi s patter n o f  result s sup -
port s th e ide a tha t  syntacti c teachin g ma y actuall y interfer e 
wit h "model-construction '  reasonin g mode s whic h ar e im -
portan t  outsid e logi c courses .  H P appear s t o enhanc e th e 
performanc e o f  student s w h o ar e alread y abl e a t  thi s sor t  o f 
reasonin g bu t  doe s no t  ye t  hel p th e student s w h o ar e initiall y 
weaker .  I t  wil l  b e importan t  t o characteris e i n proces s term s 
what  thes e difference s ar e an d see k remedies . 

G RE tes t  performanc e present s a  slightl y differen t  picture . 
Thoug h bot h course s improv e performanc e o n bot h subscale s 
of  th e G R E post-test ,  syntacti c teachin g increase d G R E verba l 
subscal e score s significantl y mor e tha n H P teaching ,  wherea s 
th e tw o course s wer e no t  significantl y differen t  i n thei r  effec t 
on th e diagrammati c subscal e scores .  Th e greate r  indeter -
minat e proble m improvemen t  o f  syntacti c teachin g migh t  b e 
expected ,  bu t  syntacti c teachin g als o improve s determinat e 
proble m performance . 

We ar e currentl y analysin g students '  'wor k scratchings '  o n 
th e G R E problem s i n term s o f  C o x an d Brna' s (1993 )  7  ca -
tegories ,  whic h includ e tables ,  map/plans ,  an d s o on .  W e 
ca n compar e th e representation s use d b y student s wit h thos e 
recommende d b y th e "crammer '  fro m whic h th e tes t  ite m wa s 
derive d (Brownstein ,  Weine r  &  Weine r  Green ,  1990 ;  Educa -
tiona l  Testin g Service ,  1992) .  Thes e result s hav e a  patter n 
simila r  t o tha t  i n th e blocks-worl d tests .  Stron g determinat e 
proble m solver s (DetHi )  appea r  t o retai n thei r  effectiv e strate -
gie s throug h eithe r  typ e o f  course .  Bu t  wea k determinat e pro -
ble m solver s (DetLo )  respon d oppositel y t o th e tw o courses . 
Th e H P cours e move s thes e student' s strategie s significantl y 
i n th e directio n o f  th e recommende d method s o f  G R E pro -
ble m solutio n (an d th e strategie s o f  thei r  DetH i  peers) .  Th e 
syntacti c cours e actuall y move s DetL o student s significantl y 
away fro m th e recommende d strategies ,  bu t  withou t  neces -
saril y  makin g the m wors e reasoners .  A  finer  interpretatio n 
of  thes e result s await s a n analysi s o f  th e detaile d method s o f 
reasonin g amon g thes e groups . 

Thu s blocks-worl d an d G R E analytica l  reasonin g subscal e 
performanc e reac t  somewha t  differentl y t o th e tw o teachin g 
methods .  Th e tw o type s o f  reasonin g problem ,  thoug h bot h 
base d o n determinat e models ,  diffe r  i n severa l  ways .  Th e 
block s worl d proble m require s th e applicatio n o f  informatio n 
fro m a  se t  o f  sententia l  constraint s t o a  presente d diagram .  A 
G RE analytica l  reasonin g proble m require s th e constructio n 
of  a  determinat e mode l  (ofte n represente d i n a  self-constructe d 
diagra m o r  table )  fro m a  se t  o f  sententia l  constraints .  I t  woul d 
be possibl e t o transpos e suc h G R E problem s int o H P an d t o 
includ e the m i n ou r  pre -  an d post-test s t o asses s whethe r  thi s 
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i s a  possibl e explanatio n o f  th e blocks-worl d G R E discrepan -
cies .  Whethe r  graphic s ar e constructe d b y subject s o r  merel y 
presente d t o the m ha s bee n show n t o b e determinin g facto r  i n 
thei r  efficac y (Grosse n &  Carnine ,  1990) . 

Thi s differenc e i n directio n o f  m o v e m e n t  o f  informatio n 
may b e relate d t o s o m e o f  th e proof-styl e difference s observe d 
i n H P use .  DetH i  an d DetL o subject s see m t o us e graphica l 
abstractio n symbol s i n differin g part s o f  th e proo f  structur e 
(cf .  Oberlander ,  C o x an d Stenning ,  1994) .  DetH i  subject s 
ten d t o exploi t  suc h symbol s mor e extensivel y durin g th e 
cours e o f  developin g proofs .  Thi s appear s t o lea d t o mor e 
systemati c an d structure d proo f  b y cases ,  wit h deepe r  an d 
mor e frequen t  us e o f  neste d structures .  W e ar e currentl y 
analysin g thes e difference s i n th e style s o f  fina l  proofs ,  an d 
we hop e i n du e cours e t o exten d thes e analyse s t o examin e 
th e ver y ric h H P logfil e data ,  whic h revea l  th e tim e cours e o f 
proo f  construction . 

Thi s tensio n i n th e result s underline s a n importan t  potentia l 
contributio n o f  basin g a  cognitiv e theor y o n computationa l 
propertie s o f  representation s rathe r  tha n o n intuitivel y groun -
ded concept s suc h a s "visual '  an d 'verbal '  thinking .  Weexpec t 
furthe r  modellin g o f  proo f  styl e t o m a k e a  contributio n t o a 
cognitiv e characterisatio n o f  jus t  wha t  i t  i s computationall y t o 
be a  'verbal '  or  "visual '  thinker . 

Thes e result s sugges t  a  numbe r  o f  possibl e improvement s 
i n th e wa y tha t  H P coul d b e use d i n teaching .  Perhap s th e mai n 
conclusio n o f  th e presen t  stud y i s tha t  thos e development s ar e 
almos t  certainl y goin g t o hav e t o b e sensitiv e t o th e pre-cours e 
aptitude s o f  differen t  students .  However ,  i t  i s  encouragin g 
tha t  a t  leas t  s o m e importan t  aptitude s ca n b e diagnose d ver y 
simpl y an d coul d b e buil t  int o studen t  model s withi n th e H P 
environment . 

The educationa l  implication s o f  thes e individua l  difference s 
ar e fa r  fro m clear .  Shoul d al l  student s b e taugh t  t o us e graphi -
cal  reasonin g method s o r  shoul d student s b e encourage d t o fol -

lo w thei r  existin g representationa l  modalit y preferences ? T h e 
secon d positio n suggest s tha t  instructio n shoul d b e adapte d 
t o th e (relativel y immutable? )  cognitiv e styl e o f  th e learner . 
Thi s i s th e approac h advocate d b y S n o w (e g Snow ,  Federic o 
& Montague ,  1980 )  base d o n studie s o f  Aptitude-Treatmen t 
Interactions .  I t  remain s t o b e demonstrated ,  however ,  tha t  th e 
"visualiser—verbaliser '  dimensio n i s  unresponsiv e t o educa -
tiona l  intervention .  Perhap s a  domain-independen t  'graphic s 
curriculum '  shoul d b e devise d an d generall y taught ? T h e aut -
hor s ten d toward s th e vie w tha t  student s shoul d b e encourage d 
t o broade n thei r  representationa l  repertoires .  W e agre e wit h 
Barwis e (1993 )  tha t  "efficien t  reasonin g i s inescapabl y hete -
rogeneou s (o r  'hybrid' )  i n nature "  [pi] .  W e strongl y disagre e 
wit h thos e suc h a s Dijsktr a (1989 ,  cite d b y Myers ,  1990 )  w h o 
has describe d th e us e o f  graphica l  visualization s i n teachin g 
compute r  programmin g a s "a n obviou s cas e o f  curriculu m 
infantilization" . 
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