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Abstrac t 

Newstead (1989) reports both graphically and sententially 
elicite d dat a o n th e interpretatio n o f  quantifier s b y logi -
call y naiv e undergraduat e students .  Th e sententia l  elicitatio n 
metho d fail s t o mak e th e critica l  distinctio n betwee n entailmen t 
relation s betwee n sentences ,  an d mith-value-in-a-mode l  rela -
tions  betwee n sentence s an d diagrams .  Th e presen t  stud y mod -
ifie s th e elicitatio n techniqu e an d show s tha t  di e resultin g sen -
tentia l  dat a ca n b e insightftiU y describe d i n term s o f  broa d ten -
dencie s o f  respons e (t o over -  o r  under-infer )  interactin g wit h 
highl y specifi c  grammatica l  sU^cture s (subject/predicat e rela -
tionship).  Th e resultin g categorisatio n o f  subject s int o fou r 
group s i s the n predictiv e o f  graphicall y elicite d behaviou r 
Thes e result s ar e interprete d b y conu-astin g expositor y an d de -
ductiv e discourse ,  an d proposin g tha t  student s initiall y  assimi -
lat e th e latte r  t o th e forme r 

I n t r o d u c t i o n 

Despit e thei r  expertis e i n usin g natura l  language ,  undergrad -

uat e student s experienc e considerabl e difficultie s i n graspin g 

th e interpretatio n o f  quantifier s i n deductiv e reasonin g w h e n 

the y c o m e t o lear n elementar y logic .  Characterisin g students ' 

initia l  interpretatio n o f  quantifier s befor e the y experienc e for -

mal  logi c teachin g i s  therefor e a  necessar y preliminar y t o 

characterisin g wha t  forma l  logi c teachin g teaches .  W e her e 

offe r  evidenc e tha t  student s exhibi t  a  smal l  numbe r  o f  highl y 

coheren t  pattern s o f  interpretation .  W e propos e tha t  thes e pat -

tern s ca n b e construe d a s par t  o f  student' s assimilatio n o f  th e 

nove l  'game '  o f  logica l  interpretatio n t o mor e familia r  expos -

itor y languag e uses .  W e believ e tha t  thi s descriptiv e stud y o f 

interpretatio n offer s a  foundatio n o f  a  cognitiv e characterisa -

tio n o f  wha t  happen s w h e n students '  maste r  deductiv e reason -

ing . 

I n th e mos t  systemati c existin g stud y o f  simpl e quantifie r 

interpretation ,  Newstea d (1989 )  carrie d ou t  a n experimen t  in -

vestigatin g initia l  quantifie r  interpretation s usin g bot h senten -

tia l  an d graphica l  method s o f  elicitation .  Hi s result s showe d 

s o me coherenc e withi n modalitie s bu t  wha t  h e interprete d a s 
extensiv e contrast s betwee n modalities .  Thes e contrast s de -

fied  coheren t  descriptio n o f  systemati c style s o f  interpretation . 

I n thi s stud y w e s h o w tha t  Newstead' s sententiall y  pose d 

question s t o hi s subject s wer e logicall y incoherent ,  an d tha t 

w h en the y ar e replace d b y logicall y coheren t  questions ,  thes e 

ar e no t  equivalen t  t o thei r  apparen t  graphica l  counterparts . 

Th e 'inconsistencies '  o f  respons e observe d canno t  b e confi -

dentl y attribute d eithe r  t o th e incoherenc e o f  th e questions ,  o r 

t o students '  misinterpretatio n o f  th e quantifiers .  I t  i s  no t  sur -

prisin g tha t  subject s offe r  differen t  answer s t o differen t  ques -

tions .  O n th e othe r  hand ,  w e d o no t  sugges t  tha t  student s 

woul d necessaril y  offe r  mutuall y consisten t  answer s t o differ -

ent  question s eve n i f  thes e wer e wel l  posed .  W e presen t  her e 

a stud y whic h rectifie s th e logica l  problem s wit h Newstead' s 

sententia l  question s an d provide s evidenc e fro m bot h senten -

tiall y  an d graphicall y pose d task s abou t  quantifie r  interpreta -

tion .  W e relat e th e resultin g pattern s o f  respons e t o students ' 

othe r  experience s o f  language . 

T h e pla n o f  th e pape r  i s a s follows .  I n th e nex t  sectio n w e 

briefl y contras t  question s abou t  logica l  dependenc e an d inde -

pendenc e o f  sentence s wit h question s abou t  th e model/non -

model  relation s betwee n sentence s an d Eule r  diagrams .  W e 

the n describ e a n experimen t  i n whic h undergraduat e subject s 

answere d bot h sententiall y  an d graphicall y pose d question s 

abou t  quantifie r  interpretations .  Th e result s ar e analyse d fo r 

coheren t  contrastin g pattern s o f  individua l  response .  Finall y 

thes e pattern s o f  respons e ar e interprete d a s evidenc e fo r  stu -

dents '  m o d e o f  assimilatio n o f  deductiv e reasonin g t o othe r 

mor e familia r  type s o f  natura l  languag e discourse . 

Questions of interpretation 

Newstea d use d sententia l  question s abou t  quantifie r  interpre -

tatio n o f  th e followin g kind :  "I f  i t  i s  tru e tha t  ,  i s i t  the n 

tru e o r  i s i t  fals e tha t  "  wher e th e first  blan k wa s filled  b y 

on e sentence ,  an d th e secon d b y a  choic e o f  eigh t  sentences . 

Th e first  p r e m m sentenc e wa s o f  th e for m Quantifie r  A B wit h 

on e o f  th e fou r  quantifier s 'All ,  S o m e ,  None ,  S o m e ...not ' 

inserted .  T h e secon d conclusio n blank' s eigh t  sentence s ar e 

generate d b y insertin g th e sam e fou r  quantifier s i n first,  th e 

fram e A B ,  an d the n th e fi-ame  B A .  Th e critica l  featur e o f  not e 

i s tha t  thes e ar e question s abou t  logica l  relation s betwee n sen -

tences ,  bu t  th e onl y opportunitie s fo r  respons e ar e 'true '  o r 

'false' .  I n fact ,  potentia l  conclusio n sentence s m a y b e relate d 

t o premisse s i n thre e ways :  i )  a s vali d conclusions ;  2 )  a s sen -

tence s whos e negation s ar e vali d conclusions ;  3 )  a s logicall y 

independen t  sentences .  Give n th e premis s S o m e A  ar e B  the n 

S o me B  ar e / I  i s a  vali d conclusion ;  N o A  ar e B  i s a  sentenc e 

whos e negatio n i s a  vali d conclusion ;  an d Al l  A  ar e B  i s logi -

call y independent . 

Newstea d pose d hi s question s abou t  sentenc e relation s i n 
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term s o f  trut h an d falsity .  W e agre e tha t  fo r  logicall y naiv e stu -

dent s w h o hav e no t  bee n taugh t  th e distinctio n betwee n trut h 

and validity ,  thi s i s  probabl y th e righ t  choice ,  an d fortunatel y 

i t  i s  possibl e t o recas t  relation s o f  validit y i n term s o f  trut h 

and falsity .  Vali d conclusion s fro m premisse s ar e one s whic h 

ar e tru e i n al l  circumstance s i n whic h th e premisse s ar e als o 

true .  S o question s abou t  validit y ca n b e pose d b y hypothesis -

in g tha t  th e premisse s ar e true ,  an d the n askin g whethe r  th e 

conclusion s mus t  als o b e true .  Similarly ,  question s abou t  rela -

tion s o f  logica l  inconsistenc y betwee n sentence s ca n b e pose d 

by hypothesisin g tha t  th e premis s sentenc e i s true ,  an d askin g 

whethe r  th e conclusion s sentenc e mus t  als o b e false .  Bu t  cru -

cially ,  sinc e sentence s ma y b e relate d neithe r  a s vali d premis s 

and conclusion ,  no r  a s inconsistent ,  bu t  als o a s logicall y in -

dependen t  (wit h som e model s o f  th e premis s whic h mak e th e 

conclusion s true ,  an d som e model s whic h mak e i t  false) ,  thes e 

choice s mus t  no t  b e pose d a s force d exhaustiv e alternatives . 

Subject s mus t  als o b e abl e t o expres s knowledg e o f  logica l  in -

dependenc e b y sayin g tha t  the y canno t  tel l  fro m th e trut h o f 

th e premis s whethe r  th e conclusio n i s tru e o r  false . 

The proble m o f  no t  allowin g response s indicatin g logi -

cal  independenc e doe s no t  aris e wit h th e graphica l  question s 

whic h Newstea d employed .  Newstea d use d Euler s Circl e di -

agram s a s representation s o f  completel y determine d interpre -

tation s (i n th e logica l  sense )  an d aske d whethe r  premis s sen -

tence s wer e tru e o r  fals e i n thos e interpretations .  Becaus e 

th e model s ar e full y  determine d (context s ar e full y  specified ) 

no sentenc e i s logicall y independen t  an d 'true '  an d 'false '  re -

sponse s ar e sufficien t  fo r  al l  possibl e relations . 

Learnin g t o understan d an d systematicall y appl y th e dis -

tinctio n betwee n validit y an d trut h i s th e cor e o f  th e concep -
tua l  innovatio n tha t  i s require d i n learnin g elementar y logic . 

Understandin g validit y require s th e detachmen t  o f  languag e 

fro m context ,  an d generalisatio n over  contexts .  W e d o no t  ex -

pect  tha t  student s wil l  necesaril y  hav e facil e acces s t o thes e 

logica l  relation s betwee n sentence s onc e the y ar e coherentl y 

posed—i f  tha t  wer e th e case ,  teachin g logi c woul d b e a n eas y 
task .  Bu t  posin g question s abou t  thes e relation s i s a  prereq -

uisit e fo r  obtainin g interpretabl e dat a abou t  quantifie r  inter -

pretatio n an d th e problem s tha t  student s experience .  Prio r  t o 

runnin g ou r  experimen t  w e expecte d tha t  students '  behaviou r 

wit h regar d t o th e 'can' t  tell '  respons e woul d b e diagnosti c o f 
thei r  approac h t o quantifie r  interpretation . 

Experimental investigation of interpretation 

The stud y reporte d her e followe d th e desig n o f  Newstea d 

(1989 )  closel y wit h th e exceptio n o f  th e redesigne d sententia l 

questions .  Newstea d use d abstract ,  'realistic '  an d 'thematic ' 

materia l  an d foun d tha t  th e difference s ha d littl e effec t  o n re -

sponses .  Sinc e w e woul d no t  especiall y expec t  thes e material s 

difference s t o interac t  wit h th e chang e o f  questio n institute d 

here ,  w e use d onl y abstrac t  material . 

Method 

Undergraduat e student s w h o ha d no t  bee n expose d t o for -

mal  logi c teachin g wer e give n graphica l  an d sententia l  ques -

tionnaire s abou t  thei r  interpretatio n o f  th e quantifier s all ,  no , 

some,  som e not . 

Subjects 

Subject s wer e 13 8 undergraduat e psycholog y student s a t  th e 

Universit y o f  Edinburgh .  The y wer e teste d durin g a  lectur e 

on cognitiv e psychology .  Thes e student s ar e draw n fro m a 

wid e rang e o f  department s acros s th e entir e Universit y wit h 

a predominanc e o f  socia l  scienc e facult y students .  F e w o f 

thes e student s ha d receive d an y forma l  logica l  trainin g a t  hig h 

schoo l  althoug h som e ma y hav e experience d "se t  diagrams ' 

lik e thos e use d i n th e curren t  stud y i n th e mathematic s cur -

riculum .  Non e o f  th e student s ha d take n logi c course s i n th e 

Universit y a t  th e poin t  a t  whic h thi s stud y wa s run . 

Materials and Procedure 

T wo questionnaire s wer e use d i n thi s study .  Th e orde r  o f  pre -

sentatio n o f  th e questionnaire s wa s counterbalance d acros s 

subject s suc h tha t  hal f  th e subject s receive d th e graphica l  (EC ) 

conditio n first  an d hal f  receive d th e sententia l  conditio n (11 ) 

first. 

The Euler s circl e (EC )  o r  'graphical '  conditio n consiste d o f 

th e five  diagram s depicte d i n figure  1  ofNewstea d (1989)an d 

was simila r  t o th e E C tas k describe d i n tha t  paper .  Diagra m 
1 wa s th e identit y relatio n (circl e 'A '  an d circl e 'B '  superim -

posed) ;  diagra m 2  showe d a  smal l  circl e 'A '  insid e large r  cir -

cl e 'B' ;  diagra m 3  showe d a  smal l  circl e 'B '  insid e circl e 'A' , 

diagra m 4  showe d circle s 'A '  an d 'B '  intersectin g an d diagra m 

5 showe d 2  non-overlapping ,  disjoin t  circle s 'A '  an d 'B' . 

Belo w th e diagram s th e 4  premise s wer e liste d i n th e orde r 

A L L ,  N O ,  S O M E,  SOME.. .NOT .  Adjacen t  t o eac h premis e 

wer e th e number s 1  t o 5 .  Subject s wer e instructe d : 

"Below this paragraph there are five circle diagrams 

labelle d 1  t o 5 .  The y represen t  set s o f  object s (A' s an d 

B's) .  Belo w th e circl e diagram s ther e ar e fou r  state -

ments .  Pleas e circl e th e number(s )  o f  th e diagram(s )  tha t 

th e sentenc e i s tru e of .  I f  yo u thin k 'Al l  A' s ar e B's '  i s 

tru e o f  diagra m 3 ,  circl e 3  alongsid e tha t  sentence .  Yo u 

may circl e mor e tha n on e numbe r  pe r  statement .  Pleas e 

interpre t  "some "  t o mea n "a t  leas t  on e an d possibl y all" . 

The sentential condition was similar to the immediate infer-

enc e (II )  tas k describe d b y Newstea d (1989 )  wit h th e excep -

tio n tha t  a n additiona l  respons e optio n ("Can' t  tell" )  wa s pro -

vided .  A s i n Newstea d (1989) ,  th e questionnair e consiste d o f 

fou r  pages .  A t  th e to p o f  eac h pag e on e o f  th e fou r  standar d 

quantifie d statement s wa s displayed :  Al l  A' s ar e B's ;  N o A' s 
ar e B's ;  S o m e A' s ar e B' s an d S o m e A' s ar e no t  B's .  Thes e 

wer e th e premis s statements .  Beneat h th e stimulu s statement s 

th e fou r  quantifie d statement s wer e liste d (Al l  A' s ar e B' s etc ) 

and th e converse s o f  thes e (Al l  B' s ar e A' s etc) .  Thes e wer e 

th e respons e statements .  Alongsid e th e eigh t  respons e state -

ment s wer e respons e option s 'T '  (true) ,  'F '  (false )  an d 'Can' t 
tell' .  Th e orde r  o f  th e fou r  stimulu s statemen t  page s wa s ran -

domise d acros s subjects . 

Subject s wer e instructed : 
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*'  Thi s i s a  stud y o f  th e wa y peopl e dra w conclusion s fro m 

information .  O n eac h o f  th e followin g page s ther e i s a 

statemen t  a t  th e to p o f  th e page .  A n exampl e i s 'Al l  A' s 

ar e B's' .  Assum e tha t  th e statement s ar e tru e an d tha t 

ther e ar e bot h A' s an d B's . 

Below each statement is a line. Below the line are some 

mor e statements .  Fo r  eac h o f  th e statement s belo w th e line , 

decid e whethe r  yo u believ e i t  i s true ,  fals e o r  'can' t  tell '  give n 

th e trut h o f  th e sentenc e a t  th e to p o f  th e page .  Indicat e you r 

belie f  b y circlin g O N E o f  eithe r  ' T (true )  ,  'F '  (false )  o r 

'Can' t  teir . 

Examples : 

• if you believe that 'No A's are B's' is true given the true 

statemen t  'A H A' s ar e B's '  the n circl e T 

• if you believe that 'Some A's are not B's' is false given the 

tru e statemen t  'N o A' s ar e B's '  the n circl e F 

Again, please note that you should interpret 'some' to mean 

"a t  leas t  on e an d possibl y all. '  Subject s wer e allowe d a s muc h 

tim e a s the y neede d t o complet e th e task s (approximatel y 2 0 

minutes) . 

Results 

Tas k orde r  effect s 

Sevent y subject s receive d th e Euler' s Circl e tas k first  an d 6 8 

subject s receive d th e Immediat e Inferenc e (II )  tas k first. 

The effec t  o f  tas k orde r  upo n respons e pattern s i n th e Eu -

ler' s circl e tas k wa s examined .  Respons e pattern s wer e ver y 

simila r  i n al l  case s excep t  fo r  th e S O M E A s A R E B s condi -

tion .  Seventee n subject s w h o receive d th e E C tas k first  re -

sponde d wit h th e ' B withi n A '  an d ' A intersect s B '  diagram s 

compare d t o 7  subject s i n th e grou p tha t  receive d th e I I  tas k 

first.  Conversely ,  2 4 subject s w h o receive d th e E C tas k first 

responde d b y nominatin g 4  diagram s (th e identit y relation ,  A 

withi n B ,  B  withi n A  an d A  intersect s B )  compare d t o 1 6 i n 

th e I I  first  group .  N o othe r  tas k orde r  effect s wer e observed . 

Tas k orde r  effect s upo n response s i n th e sententia l  tas k 

wer e als o examined .  Frequenc y table s o f  stimulu s conditio n 

(ALL ,  N O ,  S O M E,  S O M E . . N O T )  crosse d wit h th e 8  respons e 

statement s wer e separatel y constructe d fo r  'True' ,  'False '  an d 

'Can' t  tell '  responses .  N o tas k orde r  effect s wer e observed . 

Euler's Circle (EC) task 

Tabl e 1  show s th e proportio n o f  correc t  response s fo r  eac h 

quantifier .  Correc t  response s ar e define d as :  A L L -  diagram s 

1 &  2  only ;  N O -  diagra m 5  only ;  S O M E -  diagram s 1,2, 3 &  4 

only ;  an d SOME. . .NO T -  diagram s 3, 4 &  5  only .  Th e result s 

closel y agre e wit h thos e o f  Newstea d (1989) . 

Conversion errors on EC task Conversion errors occur 

when subject s interpret ,  fo r  example ,  'AL L A' s ar e B's '  t o 

impl y tha t  'AL L B' s ar e A's' .  Conversio n o f  'ALL '  (i.e . 

choic e o f  diagra m 1  alone )  wa s eviden t  i n 2 8 subject s (20%) . 

Newstea d (1989 )  report s a n incidenc e o f  3 3 % i n experimen t 

1 (n=40 )  an d 2 0 % i n experimen t  2  (n=30) .  Conversio n o f 

Tabl e 1 :  Proportio n o f  correc t  response s fo r  eac h quantifie r 

(n=138) . 

Statemen t 
ALL 
NO 
SOME 
SOME.NOT 

Fractio n 
84/13 8 
112/13 8 
40/13 8 
52/13 8 

Proportio n 
.61 
.81 
.29 
.38 

Newstea d 
.60 
.75 
.33 
.29 

Tabl e 2 :  N u m b e r  o f  subject s producin g Gricea n error s -  E C 

task(n=138) . 

Respons e 
DIAGRAM 3  ONL Y 
DIAGRAM 4  ONL Y 
DIAGRAMS 3  &  4 
TOTAL 

SOME SOME.NOT 
4 8 
27 2 0 
24 2 4 
55 5 2 

'SOME...NOT '  (choic e o f  diagram s 4  &  5  alone )  wa s demon -

strate d b y 9  subject s (6.5%) .  Newstea d (1989 )  report s 4 % (ex -

perimen t  1 )  an d 5 % (experimen t  2) . 

Gricea n error s o n E C tas k Gricea n error s ar e equivalen t 

t o a n interpretatio n o f  S O M E an d S O M E . . N O T accordin g t o 

conversationa l  implicature s rathe r  tha n logica l  (formal )  inter -

pretation .  Not e tha t  subject s wer e instructe d t o adop t  a  logi -

cal  interpretation .  Gricea n error s ar e indicate d b y th e failur e 

of  subject s t o choos e diagram s correspondin g t o universa l  re -

lationship s fo r  S O M E an d SOME. . .NO T conditions . 

I n th e cas e o f  S O M E,  2 4 (17% )  subject s chos e diagram s 3 

& 4  alone .  Newstea d (1989 )  report s 1 4 % i n hi s study .  Fo r 

SOME.. .NOT ,  2 4 subject s (17% )  chos e diagram s 3  &  4  alon e 

(Newstea d report s  2 1 % ) . 

Tabl e 2  show s th e numbe r  o f  subject s wh o chos e diagra m 

3 alone ,  4  alon e o r  bot h 3  &  4 . 

The percentag e o f  subject s showin g Gricea n response s (Ta -

bl e 2 )  ar e 4 0 % ( S O M E )  an d 3 8 % (SOME...NOT) .  Th e figures 

reporte d b y Newstea d (1989 )  are ,  respectively ,  3 0 % an d 2 7 % 

(pag e 86) . 

Immediate inference (II) task 

Complet e dat a {i.e .  fo r  bot h I I  an d E C tasks )  wa s obtaine d 

fro m 12 5 o f  th e 13 8 subjects .  Tabl e 3  show s th e proportio n 

of  'true' ,  'false '  an d 'can' t  tell '  reponse s t o eac h quantifie r  i n 

th e immediat e inferenc e (sentential )  condition ,  alon g wit h th e 

correc t  responses .  I n tabl e 3 ,  Newstead' s (1989 )  result s ar e 

shown i n bracket s i f  th e result s o f  th e presen t  stud y diffe r  b y 

mor e tha n .0 7 fro m thos e reporte d b y Newstea d (198 9 -  tabl e 

2,  pag e 86) . 

I n tabl e 3 ,  prime d conclusio n quantifier s (e.g .  A' )  represen t 

th e convers e condition s (e g A L L B' s ar e A' s etc) .  Th e intro -

ductio n o f  th e 'Can' t  tell '  respons e optio n i n th e curren t  stud y 

resulte d i n a  marke d lowerin g o f  conversio n an d Gricea n er -

ror s o f  interpretatio n compare d t o th e result s o f  Newstea d 

(1989) . 

Tabl e 4  compare s proportio n o f  correc t  response s fo r  th e 

E C an d I I  tasks .  Correc t  response s fo r  th e E C tas k wer e de -

fined  abov e i n sectio n 4.1 .  O n th e I I  task ,  correc t  response s 
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Tabl e 3 :  Proportio n o f  subject s respondin g 'True' ,  'False' , 

an d 'Can' t  Tell '  t o syllogis m statement s i n th e immediat e in -

ferenc e condition ,  alon g wit h correc t  responses . 

Tabl e 5 :  Frequencie s o f  subject s m a k i n g n u m b e r s o f  error s o n 

Q A B . Q B A? questions . 

TRUE 
Conclusio n 
All 
Air 
No 
No' 
Some 
Some' 
Some no t 
Some not ' 
FALSE 
All 
Air 
No 
No' 
Some 
Some' 
Some.no t 
Some not ' 
CAN' T TEL L 
All 
Air 
No 
No' 
Some 
Some' 
Some,  no t 
Some not ' 
CORRECT 
All 
All ' 
No 
No' 
Some 
Some' 
Some.no t 
Some.not ' 

Premis s 
ALL 
.99 
33(.57 ) 
.00 
.06 
85 
.64(87 ) 
04 
.12(47 ) 

NO 
.00 
04 
98 
59(80 ) 
02 
04 
-75 
52(77 ) 

S O ME 
.10 
.06 
.00 
.00 
.98 
.70(87 ) 
.51(93 ) 
.33(83 ) 

S' M NO T 
.01 
06 
.06 
.03 
59(83 ) 
.44(.77 ) 
.96 
.56(90 ) 

.00 

.14 

.98 
66 
09 
.07 
.92 
.33 

96 
.66 
.00 
06 
96 
61 
.16 
.10 

40 
.27 
.97 
68 
.00 
.04 
.01 
.04 

.96 

.47 

.60 

.41 

.01 

.04 

.01 

.04 

.00 

.52 

.00 

.25 

.05 

.27 

.03 

.54 

.00 

.26 

.00 

.32 

.00 

.32 

.06 

.34 

.49 
64 
.00 
.29 
.00 
.24 
.46 
61 

.00 

.45 
,33 
.52 
,38 
.48 
,00 
36 

_ 
T 
CT 
F 
F 
T 
T 
F 
CT 

F 
F 
T 
T 
F 
F 
T 
T 

CT 
CT 
F 
F 
T 
T 
CT 
CT 

F 
CT 
CT 
CT 
CT 
CT 
T 
CT 

Tabl e 4 :  Proportio n o f  subject s givin g correc t  response s t o I I 

tas k an d E C tas k item s 

Task conditio n 
11 
EC 

ALL N O SOME SOME NO T 
.2 2 .4 3 .2 3 .0 6 
.6 1 .8 1 .2 9 .3 8 

wer e define d a s s h o w n i n tabl e 3 .  Fo r  al l  statements ,  a  m u c h 

highe r  proportion s o f  correc t  conclusion s ar e associate d wit h 

th e Euler s circl e tas k tha n wit h th e immediat e inferenc e task . 

Subject Profiles 

Althoug h groupe d dat a provide s a  compariso n t o earlie r  w o r k 

and i t  i s  possibl e t o examin e piecemea l  correlation s betwee n 

answer s t o differen t  questions ,  ou r  rea l  interes t  i s i n finding 
pattern s o f  interpretatio n characterisin g a  subject' s interpreta -

tiv e schem e a s a  configuration .  Ther e i s a  larg e spac e o f  pos -

sibl e pattern s o f  respons e acros s bot h graphica l  an d sententia l 

question s (rathe r  les s tha n 1  million) ,  an d therefor e a  consid -

erabl e proble m i n finding  usefu l  descriptions .  W e approache d 

thi s proble m b y explorin g students '  response s t o logica l  inde -

pendenc e an d thei r  us e o f  th e C T response . 

A n earl y observatio n w a s tha t  a  substantia l  grou p o f  stu -

dent s responde d C T wheneve r  aske d a  questio n i n wh ic h sub -

jec t  an d predicat e wer e transposed .  N o t  onl y wou l d thes e stu -

CTfor 
T/F 
0 
1 
2 

8 
Total s 

0 
3 
1 
0 
0 
1 
0 
0 
0 

14 
19 

1 
4 
0 
1 
0 
1 
0 
1 
3 
2 

12 

2 
10 
0 
0 
1 
3 
0 
3 
1 
0 

18 

T/ F forC T 
3 4  5 
6 1 1 7 
2 1  0 
0 3  1 
0 0  1 
0 1  1 
0 0  0 
2 1  0 
1 0  1 
0 2  0 
I I  1 9 1 1 

6 
5 
0 
1 
0 
0 
1 
0 
0 
0 
7 

7 
6 
5 
0 
0 
1 
0 
0 
0 
0 

12 

8 
13 
2 
0 
1 
0 
0 
0 
0 
0 

16 

Tot 
65 
11 
6 
3 
8 
1 
7 
6 
18 

125 

dent s respon d C T whe n given ,  fo r  example .  Al l  A  ar e B  an d 

aske d whethe r  Al l  B  ar e A ,  bu t  the y woul d respon d th e sam e 

way whe n give n Som e A  ar e B  an d aske d whethe r  S o m e B  ar e 

A.  Furthe r  investigatio n showe d tha t  ther e wa s als o a  substan -

tia l  grou p o f  student s w h o neve r  responde d C T t o an y questio n 

wit h transpose d subjec t  an d predicate .  No t  onl y woul d thes e 

student s respond ,  fo r  example ,  T  whe n give n Al l  A  ar e B  an d 

aske d whethe r  Som e B  ar e A ,  bu t  the y woul d als o respon d th e 

same wa y whe n give n i4/// 4 ar e B a n d aske d whether/\// 5 ar e 

A.  Furthe r  investigatio n reveale d tha t  thi s stron g bi-modalit y 

of  respons e distributio n als o occure d t o question s wher e sub -

jec t  an d predicat e wer e no t  transposed . 

For  convenience ,  w e labe l  a  tendenc y t o respon d C T wher e 

T o r  F  i s correc t  hesitanc y an d a  tendenc y t o respon d eithe r  T 

or  F  wher e C T i s correct ,  rashness .  Tabl e 5  exhibit s th e distri -

butio n o f  subject s acros s thes e respons e tendencies .  Rashnes s 

and hesitanc y ca n potentiall y  b e exhibite d bot h whe n th e con -
clusio n sentenc e preserve s subject/predicat e (hencefort h in -

place )  an d whe n i t  change s (hencefort h out-of-place) .  Tabl e 

5 show s tha t  n o subject s hav e stron g tendencie s t o b e ras h o n 

in-plac e question s an d hesitan t  o n out-of-plac e questions . 

Thes e result s sugges t  a  schem e fo r  insightfu l  abstractio n 

ove r  th e sententia l  respons e data .  Settin g threshold s o n th e 
number  o f  C T response s require d t o qualif y a s hesitant ,  an d 

and o n th e numbe r  o f  T  o r  F  response s t o qualif y a s ras h ca n 

be don e bot h withi n Q  A B question s an d Q  B A questions . 

Thi s reduce s th e spac e t o fou r  binar y dimensions .  Hierarchi -
cal  loglinea r  modellin g {e.g .  Stevens ,  1992 )  reveale d tha t  3 

second-orde r  term s (rashnes s o n in-plac e question s b y rash -

nes s out-of-place ;  rashnes s out-of-plac e b y hesitanc y out-of -

place ;  rashnes s in-plac e b y hesitanc y out-of-place )  mad e sta -

tisticall y significan t  contribution s t o a  mode l  o f  th e data .  Th e 

techniqu e als o permitte d th e cut-of f  point s o n eac h dimen -

sio n use d t o categoriz e subject s t o b e iterativel y adjuste d un -

ti l  residual s wer e minimized .  Th e selecte d cut-of f  point s wer e 

0,  > = 1  response s fo r  rashnes s o n in-plac e items ;  <  5 ,  > = 5 

fo r  rashnes s o n out-of-plac e items ;  an d <  6 ,  > = 6  fo r  hesi -

tanc y o n out-of-plac e items .  A s i t  turn s out ,  ther e ar e n o sub -

ject s w h o ar e hesitan t  o n in-plac e question s an d s o onl y thre e 
of  thes e dimension s ar e usefu l  i n presentin g th e data .  Figur e 

1 show s th e numbe r  o f  subject s a t  th e vertice s o f  th e cub e de -

fined  b y thes e thre e dimensions . 
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^ \  1 

43 

28 

\ 

5 

\ 

Tabl e 6 :  Number s o f  subject s classifie d b y rashnes s an d hes -

titanc y o n out-of-plac e questions ,  an d b y EC-conversion . 

25 
Hesitan t  (iut-<ir-plao e -* • 

Figur e 1 :  Frequencie s o f  subject s classifie d a s ras h o r  hesitan t 

on out-of-plac e question s an d ras h o n in-plac e questions . 

Only four of the possible eight categories have more than 

five  subject s i n them .  A  substantia l  numbe r  o f  subject s (28 ) 

ar e neithe r  ras h no r  hesitan t  o n eithe r  in-plac e o r  out-of-plac e 

questions .  Th e othe r  thre e substantia l  categorie s al l  consis t 

of  exhibitin g a  singl e typ e o f  erro r  tendenc y eithe r  rashnes s 

on in-plac e question s (21) ,  rashnes s o n out-of-plac e question s 

(43) ,  o r  hesitanc y o n out-of-place-item s (25) ,  bu t  fe w subject s 

sho w tw o o r  mor e o f  thes e tendencies . 

Relations between sentential and graphical 

behaviou r 

A ful l  analysi s o f  th e graphica l  response s i s beyon d th e scop e 

of  thi s paper .  Ou r  initia l  concer n i s t o sho w tha t  th e graphi -

cal  behaviou r  exhibite d i s strongl y relate d t o th e sententia l  be -

haviou r  a s elicite d i n th e presen t  stud y an d categorise d here . 

Most  sententiall y  base d theorie s o f  syllogisti c reasonin g per -

formanc e (e.g .  Chapma n &  Chapma n 1959 )  hav e claime d 

tha t  th e 'illici t  conversion '  o f  Al l  A  ar e B  int o Al l  B  ar e A 

i s centrall y implicate d i n reasoners '  errors .  Thi s lea d N e w -

stea d (1989 )  t o tak e 'graphica l  conversion '  (a s exhibite d i n 

th e choic e o f  onl y th e identit y diagra m t o represen t  Al l  A  ar e 

B)  a s a .  graphica l  equivalen t  o f  sententia l  conversion ,  an d t o 

poin t  ou t  th e lac k o f  correlatio n betwee n sententia l  an d graph -

ica l  behaviou r  i n hi s data .  W e therefor e tak e graphica l  conver -

sio n define d i n th e sam e wa y a s a  convenien t  featur e o f  graph -

ica l  behaviou r  t o correlat e wit h ou r  analysi s o f  sententia l  be -

haviour . 

Twenty-fiv e o f  ou r  subject s exhibite d thi s graphica l  patter n 

of  choice .  Tabl e 6  show s th e relation s betwee n thi s graphica l 

conversio n response ,  rashnes s o n out-of-plac e questions ,  an d 

hesitanc y o n out-of-plac e questions .  Finally ,  tabl e 7  show s th e 

number  o f  subject s makin g variou s graphica l  respons e combi -

nation s t o S O M E an d S O M E N O T premisses ,  a s a  functio n o f 

rashnes s an d hesitanc y o n out-of-plac e items . 

Discussion 

Typically ,  th e dat a use d i n th e literatur e t o examin e inter -

pretatio n an d t o explai n reasonin g pattern s ha s consiste d o f 

EC-conv 
no 

yes 
1 Total s 

Hesitanc y 
No I  Ye s 
Rash out-of-plac e 

no ye s 
46 3 3 

3 1 2 
49 4 5 

no ye s 
20 1 

10 0 
30 1 

Total s 

100 

25 
125 

Tabl e 7 :  No.' s o f  subject s m a k i n g variou s graphica l  respons e 

combina t ion s t o S o m e an d S o m e - n o t  premisses ,  classifie d b y 

rashnes s an d hesitanc y o n out-of-plac e questions . 

1 S O ME 

Choice s 
Not  Ras h 
Rash 

1234 
24 

6 

124 
1 
2 

Not  Hesitan t 
134 1 4 

2 2 
1 3 

234 
5 
2 

34 
8 

14 

4 
6 

10 
1 Hesitan t 

Not  Ras h 
Rash 

8 
1 

4 
1 

2 2 
0 0 

1 
0 

2 
0 

10 
1 

1 SOME-NOT 

Choice s 
Not  Ras h 
Rash 

345 
30 
7 

34 
12 
9 

Not  Hesitan t 
3 4 5 
4 0 
2 3 

4 
5 
9 

5 
1 
2 

0 
2 
4 

1 Hesitan t 
Not  Ras h 
Rash 

12 
0 

3 
0 

2 6 
0 1 

5 
1 

0 
0 

0 
0 

response s t o particula r  inferences .  Th e field  ha s concen -

trate d o n specifi c  error s — especiall y o n error s o f  commis -

sio n (e.g .  illici t  conversion )  rathe r  tha n o n error s o f  omis -

sio n (e.g .  failin g t o conclud e fro m Som e A  ar e B  tha t  Som e 

B ar e A ) .  Ou r  analysi s o f  th e sententia l  dat a show s tha t  ther e 

ar e stron g respons e tendencie s whic h generalis e acros s par -

ticula r  logica l  inferences .  Hesitanc y an d rashnes s ar e traits . 

Thes e trait s  ar e especiall y stron g acros s quantifier s withi n pre -

serve d subject/predicat e structures ,  an d withi n change d sub -

ject/predicat e structures .  Furthermore ,  error s o f  omissio n ar e 

as c o m m o n a s error s o f  commission .  Thes e observation s 

sho w a t  ver y leas t  th e incompletenes s o f  existin g framework s 

of  explanatio n suc h a s Grice's ,  whic h b y thei r  natur e ca n onl y 

explai n error s o f  commission ,  an d onl y wit h specifi c  quanti -

fiers. 

W h en i t  i s  understoo d tha t  question s abou t  th e validit y o f 

inference s ar e quit e distinc t  fro m question s abou t  trut h valu e 

i n a  particula r  model ,  behaviou r  ca n b e show n t o b e fa r  mor e 

coheren t  tha n previousl y appreciated .  Pattern s o f  answer s t o 

sententia l  question s abou t  validit y  ar e predictiv e o f  pattern s o f 

answer s t o graphica l  question s abou t  trut h value s i n models . 

I f  behaviou r  i s systemati c bu t  doe s no t  confor m t o a  logica l 

model ,  thi s raise s th e questio n h o w i t  shoul d b e modelled .  Th e 

most  prevalen t  theoretica l  mode l  i n discussion s o f  quantifie r 

interpretatio n i s tha t  o f  Grice' s (1975 )  conversationa l  princi -

ples .  Grice' s maxim s allo w hearer s t o mak e reasonabl e infer -

ence s abou t  th e speaker' s intentions .  Som e A  ar e B  i s take n 

t o impl y tha t  No t  al l  A  ar e B  becaus e i t  i s suppose d tha t  th e 
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speake r  woul d hav e bee n maximall y informative ,  an d there -

for e woul d hav e sai d Al l  A  ar e B  i f  tha t  wa s wha t  the y meant . 

The prevalenc e o f  thi s inferenc e (an d other s lik e it )  i n th e 

presen t  dat a i s al l  th e mor e suprisin g i n th e ligh t  o f  th e explici t 

instructio n no t  t o dra w it .  Suprisin g o r  no t  thi s i s  a  resul t  repli -

cate d fro m Newstead' s an d othe r  studies . 

Grice' s maxim s ar e embedde d i n a  theor y o f  a  certai n kin d 

of  discourse .  I t  assume s tha t  th e participant s ar e cooperatin g 

and tha t  thei r  goa l  i s  t o transfe r  informatio n fro m on e t o th e 

other .  I n deductiv e discourse ,  th e us e o f  languag e tha t  logi c 

i s mos t  directl y designe d t o model ,  ther e i s n o automati c as -

sumptio n o f  cooperation ,  neithe r  i s transfe r  o f  informatio n th e 

goal .  Drawin g a  vali d inferenc e fro m a  premis s is ,  b y defini -

tio n uninformativ e a t  th e objec t  leve l  o f  informatio n a t  whic h 

Gric e couche s hi s theory .  Grice' s approac h suggest s a  clas s o f 

explanatio n fo r  wh y ther e i s anythin g t o lear n i n logi c classe s 

and wh y i t  ca n prov e s o arduous .  I f  ou r  natura l  languag e skill s 

ar e primaril y hone d o n th e comprehensio n an d productio n o f 

expositor y discours e aime d a t  th e cooperativ e interchang e o f 

informatio n abou t  whic h th e participants '  knowledg e i s ini -

tiall y  unequal ,  the n w e migh t  suppos e tha t  learnin g deductiv e 

discours e require s unlearnin g man y o f  thes e skills .  W e have 

t o lear n t o tur n of f  deepl y embedde d habit s o f  drawin g con -

versationa l  implicatures . 

Insofa r  a s i t  goes ,  thi s appear s t o u s t o b e a  promisin g the -

oretica l  direction ,  bu t  i t  i s  importan t  t o realis e ho w incom -

plet e th e progra m is .  Gric e offer s n o theor y o f  ho w deduc -

tion s ar e informative ,  eve n thoug h i t  i s  clea r  tha t  deductio n 

i s goa l  drive n discours e whic h i s sometime s cooperativ e an d 

whic h doe s inform .  Similarl y man y o f  th e implicature s Gric e 

describe s assum e th e speake r  i s omniscien t  wit h regar d t o th e 

domai n a t  issu e an d i t  i s  no t  clea r  wh y suc h assumption s ar e 

so readil y made .  Specifically ,  Gric e doe s no t  provid e an y ex -

planatio n o f  wher e assumption s o f  omniscienc e originate .  I t  i s 

tru e tha t  som e interpretatio n error s accor d wit h Grice' s max -

ims bu t  i t  i s  equall y clea r  tha t  man y d o not .  Mor e importantly , 

hi s kin d o f  theory ,  a s i t  stands ,  offer s n o explanatio n o f  th e ex -

tremel y prevalen t  error s o f  omissio n i n ou r  data .  W h y shoul d 

student s fai l  t o appreciat e tha t  Som e A  ar e B  entail s tha t  Som e 

B ar e A l  An d wh y shoul d ther e b e an y correlatio n betwee n 

error s o f  omissio n an d o f  commission ? An d betwee n error s 

acros s quantifiers ? An d wit h subject/predicat e structure ? 

The mos t  strikin g featur e o f  ou r  sententia l  dat a i s th e degre e 

t o whic h trait s o f  erro r  behaviou r  ar e define d b y difference s 

betwee n inference s i n whic h subject s an d predicate s main -

tai n thei r  statu s i n sentence s (in-plac e questions) ,  an d one s i n 
whic h thei r  statu s change s (out-of-plac e questions) .  I t  appear s 

tha t  learnin g whe n subject/predicat e statu s ha s logica l  impli -

cations ,  an d whe n i t  doe s no t  i s  als o a  majo r  par t  o f  th e tas k 

of  learnin g logic .  Thi s ca n b e expresse d i n term s o f  learn -

in g t o adop t  a n 'extensionalis t  stance '  i n whic h bot h subjec t 

and predicat e term s denot e sets ,  an d tha t  attributio n i s under -

stoo d a s assertin g relation s betwee n sets .  Thi s i s definitel y 

not  ou r  initia l  understandin g o f  th e semantic s o f  ou r  natura l 
language .  I n natura l  language ,  on e o f  th e importan t  function s 

of  subject/predicat e structurin g i s t o indicat e th e informatio n 

asymmetrie s betwee n participant s i n cooperativ e expositor y 

discourse .  Subject s paradigmaticall y denot e share d knowl -

edge ;  an d predicate s conve y th e informatio n whic h i s bein g 

transferred .  Thu s ou r  result s sho w th e nee d fo r  deepenin g 

th e Gricea n approac h int o a  fulle r  theor y o f  ho w th e differen t 

kind s o f  discours e work ,  s o tha t  w e ca n specif y bot h begin -

nin g an d end-point s o f  students '  learnin g trajectories . 

The relatio n betwee n trait s o f  rashnes s an d hesitanc y a s 

narrowl y define d i n thi s study ,  an d othe r  know n trait s fro m 

th e studen t  modellin g literatur e {e.g .  Jonasse n &  Grabowski , 

1993 )  i s a n importan t  topi c fo r  futur e research .  Ar e thes e gen -

eral ,  almos t  temperamenta l  traits ,  whic h ar e her e exhibite d in -

teractin g wit h th e learnin g o f  ne w discours e function s fo r  spe -

cifi c  grammatica l  structures ,  o r  d o the y hav e n o broade r  sig -

nificanc e beyon d thi s particula r  setting ? D o th e pattern s o f  re -

spons e constitut e profile s characteristi c o f  individuals ,  o r  ar e 

the y stage s o n a  c o m m o n trajector y fro m naiv e t o sophisti -

cate d understanding ? H o w responsiv e ar e the y t o educationa l 

intervention ? 

Our  belie f  i s  tha t  answer s t o thes e question s wil l  provid e a 

much neede d theor y o f  ho w logi c i s embedde d i n socia l  prac -

tices .  Learnin g th e discours e o f  deductio n an d understand -

in g ho w i t  relate s t o th e discours e o f  expositio n i s al l  abou t 

understandin g differen t  possibl e socia l  relation s i n communi -

cation .  Expositio n i s discours e wit h knowledg e an d "author -

it y fo r  information '  asymmetrica l  betwee n participants .  De -

ductio n i s discours e wit h symmetrica l  knowledg e an d author -

it y fo r  knowledge .  I t  woul d b e suprisin g i f  learnin g suc h a 

profoun d communicativ e shif t  i s  no t  affecte d b y broa d be -

havioura l  traits . 
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