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Abstract

Th is  paper  i s  an  erper inenta l  s tud¡ 'on  s tudents 's t ra teg ies  and asso-

ciat ion judgements when faced with the comparison of a numerical  r ,ar iable

in trvo di l ferent sanples (comparison of two samples).  The strategies are

classi f iecl  f rom a mathematical  point of  v iew. r .vhich al lolvs us to ident i f ¡ '

theorenls in act ion and two tJ 'pes of misconcept ions about associat ion.

STUDENTS' INTUITIVE STRATEGIES
IN JUDGING ASSOCIATION

1VHEN CONTPARII{G TWO SAMPLES

S t a t i s t i c a l  a s s o c i a t i o n  i s  a  r e l e t ' a n t  a r e a  i n  m a t h e m a t i c s  e d u c a t i o n .  b c c a u s e  i t  e x ,

t e n d s  f u n c t i o n a l  d e p e n d e n c e  a n d  h a s  s i g n i f i c a n t  c o n n e c t i o n s  u , i t h  p r o b a b i l i t v  a n d

p ropo r t i ona l  r eason ing .  S tud : " i ng  assoc ia t i on  among  va r i ab l cs  i s  f u l danen ta l  i n  e r -

pe r imen ta l  r esea rch  i n  d i f f e ren t  sc iences  (e .g . ,  b i o l og r . ' .  economics .  n l ec l i c i ne .  educa t i on )

to  f i nd  causa l  exp lana t i ons ,  t ha t  pe rm i t  us  t o  unde rs tand  ou r  env i ronmen t .  Ho rveve r .

t he  ex i s tence  o f  assoc ia t i on  be tween  two  va r i ab les  does  no t  necessa r i l l ' imp l l ' a  causa l

r e l a t i o n s h i p ,  b e c a u s e  i t  i s  p o s s i b l e  t o  f i n d  a  h i g h  c o e f f i c i e n t  o f  a s s o c i a t i o n  a m o n g

va r i ab les  when  the re  i s  no  causa l  l i nk  ( spu r i ous  co r re la t i on ) ,  due  to  t he  concu r rence

of  d i f ferent  factors af fect ing the response var iable.

B e ¡ . ' o n d  t h e s e  e p i s t e m o l o g i c a l  p r o b l e n r s ,  p s v c h o l o g i c a l  r e s e a r c h  h a s  s h o w n  t h a t
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j u d g i n g  a s s o c i a t i o n  i s  n o t  a n  i n t u i t i v e  a b i l i t v .  A d u l t s  s o m e t i m e s  u s e  o n l ¡ ' p a r t  o f  t h e

at 'a i lab le  da ta  to  judge assoc ia t ion  and base the i r  judgment  on  the i r  p rev ious  be l ie fs

about the type of associat ion that ought to exist  between the var iables studied rather

t h a n  o n  t h e  e m p i r i c a l  d a t a .  C h a p m a n  &  C h a p m a n  ( 1 9 6 9 )  h a v e  d e s c r i b e d  t h i s  p h e -

nomenon as " i l lusory correlat ion" because people maintain their  bel iefs in spi te of evi-

d e n c e  o f  d a t a .  J e n n i n g s ,  A m a b i l e  a n d  R o s s  ( 1 9 8 2 ) ,  W r i g h t  a n d  M u r p h v  ( 1 9 8 4 ) ,  a n d

A l l o i ' a n d  T a b a c h n i k  ( 1 9 8 , 1 ) ,  a m o n g  o t h e r s ,  h a v e  s t u c l i e d  t h e  e f f e c t  t h a t  p r e v i o u s

theories, about the context of  a problem, have on judging associat ion. The general  con-

c lus ion  is  tha t  when there  is  agreement  be tween da ta  and prev ious  expec ta t ions  peo-

p l e  i n c r e a s e  t h e i r  c o n f i d e n c e  i n  t h e  a t t r i b u t i o n  o f  c o - v a r i a t i o n .  O n  t h e  o t h e r  h a n d ,

when da ta  does  no t  co inc ide  w i th  these expec ta t ions ,  there  is  a  cogn i t i ve  conf l i c t  and

the  accurac l 'o f  the  percept ion  o f  co-var ia t ion  depends on  the  re la t i ve  s t rength  o f  the

t lvo sources of information.

Determin ing  th is  p reconcept ion  is  h igh ly  re levant  fo r  the  teach ing  o f  assoc ia t ion .

As  Conf rey  (1990)  has  po in ted  ou t ,  the  need o f  research  on  s tudents 'concept ions  l ies

in the fact that sometimes these concept ions di f fer in fundamental  wa1's from the sci-

ent i f ic concepts that we try to teach. Furthermore, students'concept ions are resistant

to change in spi te of instruct ion. Al though many students in our study demonstrated

cor rec t  o r  par t ia l l l '  co r rec t  judgenents  and so lu t ions  s t ra teg ies ,  the  misconcept ions

and incor rec t  s t ra teg ies  presented  in  th is  a r t i c le  ind ica te  a  gap be tween the  mean ing

o f  a s s o c i a t i o n  t h a t  w e  t r ) ' t o  t e a c h ,  a n d  t h e  s u b j e c t i v e  m e a n i n g  t h a t  s t u d e n t s  m i g h t

a t t r ibu te  to  th is  concept  (God ino  & Batanero ,  1994) .

Background

Th is  s tudy 'cont inues  our  p rev ious  research  on  s ta t i s t i ca l  assoc ia t ion  (Batanero  e t

a l . ,  1 9 9 6 ,  E s t e p a  &  B a t a n e r o  1 9 9 6 ,  B a t a n e r o  e t  a l . ,  1 9 9 7 ) ,  w h e r e  w e  s t u d i e d

students'  preconcept ions, associatron judgements and solving strategies in cont ingerrcy

tab les  and sca t te r  p lo ts  and the i r  evo lu t ion  a f te r  a  teach ing  exper iment  based on  the

use of computers. In the aforementioned papers the fol lorving misconcept ions concern-

ing stat ist ical  associat ion: were described:

a) Determinist conception of associatlor¿: Some students do not admit exceptions to the

ex is tence o f  a  re la t ionsh ip  be tween the  var iab les .  They  expec t  a  cor respondence tha t

a s s i g n s  o n l v  o n e  v a l u e  i n  t h e  r e s p o n s e  v a r i a b l e  f o r  e a c h  v a l u e  o f  t h e  e x p l a n a t o r y

r  a r i a b l e .  \ \ ' h e n  t h i s  i s  n o t  s o ,  t h e y  c o n s i d e r  t h e r e  i s  n o  a s s o c i a t i o n  b e t w e e n  t h e

r  a r iab lcs .  For  example ,  some s tudents  a rgue tha t  ce l l s  ou t  o f  the  d iagona l  in  a  2x2

cont ingenc) ' tab le  ought  to  have zero  f requency  in  case o f  assoc ia t ion .  In  sca t te r  p lo ts
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they expect no spread in the plot and sonet imes thel 'even look for an algebraic equat ion

relat ing the two r, 'ar iables.

b)  Loca l  conce l t t io r t  o f  assoc ia t io r l :  S tuc len ts  o f ten  fo rm the i r  judgement  us ing  on l ) '

par t  o f  the  da ta  p ror , ided  in  the  assoc ia t ion  prob lenr .  I f  th is  par t ia l  in fo rna t ion  serves

t o  c o n f i r m  a  g i v e n  t y p e  o f  a s s o c i a t i o n .  t h c r  r v o u l d  a d o p t  t h i s  t y p e  o f  a s s o c i a t i o n  r n

t h e i r  a n s w e r .  F o r  e x a m p l e ,  i n  c o n t i n g e n c v  t a b l e s .  s t u d e n t s  s o m e t i m e s  b a s e  t h e i r

j u d g e m e n t  o n  o n l ¡ ' o n e  c o n c l i t i o n a l  d i s t r i b u t i o n  o r . e v e n  o n  o n l y  o n e  c e l l ,  u s u a l l ; "  t h e

c e l l  f o r  w h i c h  t h e  f r e q u e n c ¡ ' i s  n r a r i n r u m .  T h e s e  s t u d e n t s  f a i l e d  t o  g r a s p  w h a t  i n

op in ion  o f  l (ono ld  e t  a l . ,  (1997)  i s  the  essence o f  the  s ta t i s t i ca l  perspec t ive :  a t tend ing

to  fea tures  o f  aggregates  as  opposed to  fea tures  o f  in r l i r . idua ls ,  as  d is t r ibu t ions  and

t h e i r  p a r a m e t e r s  a r e  f e a t u r e s  b e l o n g i n g  n o t  t o  a n ¡ ' i n d i v i c l  u a l  e l e n l e n t ,  b u t  t o  t h e

aggregate $'hich ther comprise.

c )  L i t t id i rec t io t ru l  concept io t t  o f  assoc ia t iou :  Some s tudents  p t ' rc r i ve  the  assoc ia t ion

o n l y  w h e n  t h e i r  s i g n  i s  p o s i t i v e ,  c o n s i d e r i n g  t h e  i n v e r s e  a s s o c i a t i o n  i n d e p e n d e n c e

and in  o ther  cases  the¡ ,  have t roub le  w i th  the  in te rpre ta t ion  o f  negat ivc  cor re la t ion

coeff ic ient.

d) Causal curception o.f association: Some students only consider the association betlveen

the  var iab les  i f  th is  cou ld  be  a t t r ibu ted  to  a  causa l  re la t ionsh ip  be tween them.  Th is

misconcept ion  was pers is ten t  in  our  teach ing  exper iment  (Batanero  e t  a l . ,  1997) ,  and

the theoret ical  stud¡r of  the relat ionships between correlat ion and causal i ty dur ing the

teaching was insuff ic ient to change the students'  concept ion.

I n  t h i s  a r t i c l e  w e  r e p o r t  o n  a n  e x p e r i n l e n t a l  s t u d y  w h o s e  a i m  w a s  t o  f i n d  o u t

whether  some o f  the  a fo resa id  descr ibed preconcept ions  concern ing  assoc ia t ion  were

f o u n d  w h e n  s t u d e n t s  c o m p a r e  t w o  s a m p l e s  o n  a  n u m e r i c a l  v a r i a b l e .  S o m e  a u t h o r s ,

s u c h  a s  K o n o l d  e t  a l .  ( 1 9 9 7 )  h a v e  e x p l o r e d  s t u d e n t s ' a b i l i t y  t o  c l e t e r m i n e  w h e t h e r

there  is  a  d i f fe rence be tween groups .  A l though judg ing  group d i f fe rences  is  fo rmal l l '

comparab le  to  judg ing  assoc ia t ion ,  these two types  o f  judgements  p robab l l '  descr ibe

d i f f e r e n t  c o g n i t i v e  t a s k s  i n  o p i n i o n  o f  K o n o l d  e t  a l .  ( i 9 9 7 )  w h o  s u g g e s t s  t h a t  t h e

methods used by students in these problems would depend on the \ \ ¡a) '  the quest ion is

posed and the reason for doing the comparison.

Our data was taken from a sample of pre-univer-si t1 'students, through their  wri t ten

responses  to  a  ques t ionna i re  inc lud ing  two prob lens .  A f te r  c lescr ib ing  the  prob lems,

we, f i rst ly,  discuss the type of associat ion perceived bv the stuclents in the two di f ferent

tasks .  We,  second ly ,  ana l1 'se  the  s tudents 'so lv ing  s t ra teg ies ,  and present  an  or ig ina l

classi f icat ion of these strategies, f rom a nrathenat ical  point of  v iew. in which we ident i f l '

concepts and theorems in act ion as described b¡- 'Vergnaud (1982).  Final ly,  we describe

l 9
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the d i f ferent  misconcept ions found concerning stat is t ica l  associat ion.

METHOD
Sample

The  samp le  cons i s ted  o f  213  s tuden ts  i n  t he i r  l as t  1 ' ea r  o f  seconda ry  schoo l  ( 17  1B

yea r -o1d  s tuden ts )  a t t end ing  th ree  d i f f e ren t  h igh  schoo l s  i n  t he  c r t l '  o f  Jaen  (e igh t  d i f -

f e ren t  s tuden t  g roups  were  used ) .  I t  i s  a t  t h i s  l eve l  t ha t  t he  t op i c  o f  assoc ia t i on  i s  t n -

t r o d u c e d  i n  t h e  S p a n i s h  c u r r i c u l u m .  A b o u t  h a l f  t h e  s t u d e n t s  ( 1 1 3 )  w e r e  m a l e s  a n d

h a l f  w h e r e  f e n r a l e s  ( 1 0 0 ) .  T h e  q u e s t i o n n a i r e  w a s  g i i - e n  t o  t h e  s t u d e n t s  b e f o r e  t h e

t e a c h i n g  o f  a s s o c i a t i o n  b e g a n ,  s o  t h a t  t h i s  s t u d i ' m a 1 ' b e  c o n s i d e r e d  a s  r e s e a r c h  i n t o

s tuden ts '  p reconcep t i ons  conce rn ing  s ta t i s t i ca l  assoc ia t i on .

One  hund red  and  twen t l ' f ou r  s tuden ts  had  fo l l owed  a  sc ien t i f i ca l l y -o r i en ted  cu r r i -

c t r l u n r  a n d  e i g h t v  n i n e  s t t L d e n t s  h a d  f o l l o l v e d  a  h u m a n i t i e s - o r i e n t e d  c u r r i c u l u m .

A l though  bo th  g roups  o f  s tuden ts  had  s tud ied  ma themat i cs  t h roughou t  t he i r  p rev ious

s tud ies ,  i n  t he  f i r s t  g roup  a  s t ronge r  emphas i s  was  g i ven  to  t he  sub jec t  and  they  had

more  oppo r tun i t i es  t o  app l l 'ma themat i cs  i n  o the r  sc ien t r f i c  sub jec t s ,  such  as  phvs tcs

o r  chemis t r ' ¡ ' .  Conce rn ing  s ta t i s t i cs ,  bo th  g roups  r ve re  t augh t  f l equency  d i s t r i bu t i on ,

g raph i ca l  r ep resen ta t i on ,  measu res  o f  l oca t i on ,  and  sp read  o f  un i va r i a te  s ta t i s t i ca l

va r i ab les .  Thev  had  a l so  been  i n t roduced  to  p robab i l i t v  i n  t he  f i r s t  yea r  o f  seconda ry

schoo l  (when  the1 " , r ' e re  1 .1  151 'ea rs  o ld ) .  Th i s  s tuc l ¡ ' has  a  quas i -expe r imen ta l  cha r -

acter ,  because of  the non-random nature of  the sample 's  of  s tudents and problems.

Questionnaire

The students were g iven the two quest ions concerning the compar ison of  two samples

tha t  a re  shown  i n  f i gu res  1  and  2 .  I n  t he  f i r s t  i t em the  samp les  a re  re la ted  whereas

the l ' a re  i ndependen t  i n  t he  second  i t em.  The  t - t es t  o f  mean  d i f f e rences  be tween  the

tu ' o  samp les  was  compu tec l  f o r  each  p rob len r ,  g i v i ng  a  p - r ' a l ue  o f  p=  0 .00092 .  t=  3 .3

i n  t h e  f i r s t  i t e m  a n d  D =  0 . 1 5 1 0 .  t =  1 . 5  i n  t h e  s e c o n d  o n e .

Data analysis

In  each  i t en l  we  ana l1 , ' sed  the  t ype  o f  assoc ia t i on  pe rce i r , ' ed  by ' t he  s tuden ts  (d i rec t

: Ls \ ( ) c i a t i on ,  i nve rse  assoc ia t i on ,  o r  i ndependence ) .  I n  add i t i on ,  t he  s tuden ts 'w r i t t en

: , . : i ) ( )nses to the quest ionnaire were categor ised and,  af ter  severai  successive rev is ions,

.  . -h. 'nr t 'u .as c levelopecl  for  c lass i f ¡ , ' ing students 'so iut ion st rategies based on \ iergnaud's

.  ' r ' )  r  r rot ion of  t l rcorent  i t t  act ion.
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F igure  1
I tem 1 .  The fo l low ing  da ta  rvere  ob ta inec l  then nrcasur ing  the  b lood pressure  to  a

10 lvomen, before and after applving nredical  t reatment:

2 l

group of

N I r s . A  \ l r s . B  \ l r s . C  \ l r s . D  I I r s  E  \ l r s . F  N I r s . G  N I r s . H  l \ l r s . l  N l r s l

B l o o d  p r e s s u r e  1 1 5  1 1 2  1 0 ;  1  1 9  1  1 5  1 3 8  1 2 6
before t reatment

B l o o d  p r e s s u r e l 2 8  1 1 5
af te r  t rea tment

1 0 5  1 0 . 1  1 r 5

1 0 6 r 2 8 1 ' ¿ 2  1 1 5  1 3 2  1 0 9  1 0 2  1 1 i

L ' s i ng  t he  i n fo rmr t i on  con ta ined  i n  t h i s  t ab le ,  do  ) ' ou  t h i nk  t ha t  t he  b lood  p ressu re  i n  t h i s
sample depends on the t inre of  measurenrent  (  before or  af ter  the t reatment)?

Expla in ) 'our  ans\ \ 'er .

Figure  2
I tem 2 .  The fo l lo rv ing  c la ta  n 'e re  ob ta ined u 'hen nreasur ing  the  sugar  leve l  in  the  b lood o f

male  and fenra le  schoo l  ch i ld ren :

P r n i l A B C D E F G ]U o O T

Gender l \ l  l \ l  \ l  \ l  \ l  \ l  l \ l

S u g a r l e v e l  9  0  9  8  t l  7  l

N I : m a l e .  F : f e m a l e .

Us ing  th i s  i n fo rma t i on .  do  vou  th ink  t ha t  l he  suga r  l eve l  i n  t he  b lood  i n  t h i s  samo le
depends  on  the  sex?

Expla in ) 'our  answer.

A  p i l o t  s t u d ¡  r v i t h  a n  a d d i t i o n a l  s a n r p L e  o f  5 l  s t u d e n t s  w a s  u s e d  t o  c h e c k  t h e  r e -

l i a b i l i t y  a n d  t h e  c o d i n g  s )  s t e n l  f o r  t h e  s t u d e n t s '  a n s w e r s .  S i n c e  f a c t o r  a n a l ¡ ' s i s  o f

s tuden ts ' answers  had  a  mu l t i d i n rens iona l  s t ruc tu re ,  a  gene ra l i zab i l i t l ' s t ud r ' (B rennan ,

1 9 8 3 )  w a s  d o n e ,  i n s t e a d  o f  c o n p u t i n g  a n  i n t e r n a l  c o n s i s t e n c l ' r e l i a b i l i t f  i n d e x .  \ \ ' e

obta ined a general izabi l i t ¡ r  index,  G= 0.86,  as a neasure of  the possib i l i tv  of  er tending

o u r  c o n c l u s i o n s  t o  t h e  h y p o t h e t i c a l  i t e m  p o p u l a t i o n  a n d  a n o t h e r  i n d e r ,  G =  0 . 9 4 ,

of  general izabi l i ty  to  the subjects 'populat ion.  This p i lo t  sample r , las a lso used to per form

a  qua l i t a t i ve  s tudy  o f  t he  i n te r re la t i on  be tween  s t ra teg ) -anc l  t he  t ¡ ' pe  o f  assoc ia t i on

perceived b1 ' the students,  in  order  to character ise students '  n isconcept ions concerning

stat is t ica l  associat ion.  The resul ts  of  a l l  o f  these anal l 'ses are presented in the fo l lowing

sect ions.

]\I \f \I F F' F' F' F' F' F' F' F' F

9 8 - r ) 6 0 7 0 8 3 6 7 7 3
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DISCUSSION

In  tab le  1  f requenc ies  and percentages  o f  ansrvers  concern ing  the  ex is tence o f  asso-

c ia t ion  be tween the  two var iab les  in  each i tem are  shown.  In  bo th  cases  the  major i t l -

o f  s t u d e n t s  g a v e  a  c o r r e c t  r e s p o n s e .  s o  t h a t  j u d g i n g  t h e  a s s o c i a t i o n  i n  t h i s  n ' p e  o f

problem was not a di f f icul t  task for our students.

Tab le  I .  F requenc ies  and percentages  o f  assoc ia t ion  judgements  in  the  compar ison o f
two samples .

I tenl Assoc ia t ion Independence No ansrver

l 5

t 2

I

)

* t  z 8  ( 9 3 . 0 )
*r-"7 73.7)

20  (9  ,1 )

4 4  ( 2 0 . 7 )

(7 .0 )

( 5 . 6 )

correct answer

H o w e v e r ,  t h e  c o r r e c t  j u d g e m e n t  o f  t h e  e x i s t e n c e  o f  a s s o c i a t i o n  b e t w e e n  t h e  t w o

samples  is  no t  enough to  de tern l ine  the  preconcept ions  tha t  the  s tudents  have about

th is  top ic ,  s ince ,  as  d i f fe ren t  research  has  shown,  we can ge t  a  cor rec t  so lu t ion  fo r  a

g i v e n  p r o b l e n r  u s i n g  a n  i n c o r r e c t  p r o c e d u r e .  F r o m  t h e  p e r s p e c t i v e  o f  M a t h e m a t i c s

Educat ion, both a correct procedure and a correct Judgment of associat ion are needed

to correct ly understand the idea of associat ion.

Making a judgement concerning the associat ion of a numerical  var iable with regards

t o  a  d i c h o t o m i c  q u a l i t a t i v e  v a r i a b l e  ( a s  i n  t h e  c o m p a r i s o n  o f  t w o  s a m p l e s )  i s  a  t a s k

t h a t  m u s t  b e  s o l v e d  i n  t h e  n u m e r i c a l  f r a n t e  ( D o u a d y ,  1 9 8 6 ) .  F u r t h e r n o r e ,  a s  t h e  r e -

sponse var iab le  i s  quant i ta t i ve ,  we can compare  i t s  d i f fe ren t  s ta t i s t i cs ,  such as  aver -

ages  and ranges,  in  the  two samples ,  to  so lve  the  prob lem.  Graph ica l  representa t ions

of the two distr ibut ions could also be used.

In studying the strategies, we noticed that some students proved their correct intuitive

concept ions as thel 'solved the problem b1'  using normative strategies. But the concept of

assoc ia t ion  is  no t  s imp le  and some s tudents  migh t  have cor rec t  in tu i t i ve  concept ions

c o n c e r n i n g  s o m e  p r o p e r t i e s  o f  a s s o c i a t i o n  m i r e d  r v i t h  o t h e r  i n c o r r e c t  c o n c e p t i o n s .

Th is  wou ld  lead them to  choose an  incor rec t  o r  par t ia l l y  cor rec t  s t ra tegy .  A l l  these

concept ions need to be ident i f ied in order to plan adequate instruct ion.

I n  o r d e r  t o  i d e n t i f y  w h i c h  o f  t h e  p r o p e r t i e s  l i n k e d  t o  t h e  c o n c e p t  o f  a s s o c i a t i o n

were  in tu i t i ve ly  used cor rec t ly  o r  incor rec t lv  b i .our  s tudents ,  we deve loped a  c lass i -

f i ca t ion  o f  s tudents 's t ra teg ies  accord ing  to  the  mathemat ica l  concepts  invo lved and

t h e o r e m s  i n  a c t i o n  i m p l i e d  i n  t h e  d i f f e r e n t  p r o c e d u r e s  u s e d  a n d  t h e  t ¡ ' p e  o f  e r r o r s .
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Such  a  c l ass i f i ca t i on  i s .  i n  \ - egna t r c l ' s  ( 1982 )  op in ion .  essen t i a l  f o r  c l i c l ac t i ca l  ana l ¡ - s i s

In  t he  f o l l ow ing  pa rag raphs  u ' t ' desc r i be  t h i s  c l ass i f i ca t i on .

Correet Strategies

1 .  Compar i t r g  n t€a t l s :  Some s tuden ts  compared  the  two  mean  san rp les  t o  dec ide  the

e x i s t e n c e  o f  a s s o c i a t i o n  b e t w e e n  t h e  r , a r i a b l e s .  s u c h  a s  S t u d e n t , l  3  i n  t h e  s e c o n c l

item'."Because u,ltett you add the sugar leuels in all the males yott obtaitt 69, t ltut dit, ided

by 1()  is  6.9.  u, l t i le  the suur  o. f  sugar le t te ls  i r t  females is  47 that  d i l ided bt ,  l0  is  onl t '

4.7. Therefore, there is depettdence ott the sex, os sugar leuel is ltigher in nnles". TIte student

nt ight  inp l ic i t ly  be wsi r tg the fo l lout i r tg  lheorem in oct ion:  " Í I 'het t  there is  a suf f ic ient l l '

high difference betweett tJrc nrcans of the conditional distribwtiotts of a Enrúitatitte uariable

with regards to the ualues of attother qualitatiue uariable, there is an associati ln betueetl

t he  t u ,o  ua r i a l t l as "  (T17 .  Th i s  i s  an  exan rp le  o f  a  co r rec t  answer  f o r  t he  i ns t i t u t i ona l

re la t i on  i n t roduced  to  t he  s tuden t ,  wh i ch  does  no t  i nc lude  the  usua l  p rocedu res  fo r

tes t i ng  t he  equa l i t v  o f  means .  whe re  i t  i s  necessa r ] ' t o  cons ide r  t he  va r i ab i l i t l ' o f  t he

t w o  d a t a  s e t s ,  t h e  s a m p l e  s i z e s  a n d  t h e  s i g n i f i c a n c e  l e v e l ,  i n  a d d i t i o n  t o  t h e  m e a n

values.

2 .  ConQarü tg  t o ta l s :  Some s tuden ts  compared  the  to ta l s  o f  t he  response  va r i ab le

va lues  i n  each  samp le :  " \ \ ' hen  add i t r g  a l l  t he  suga r  l eue l s  i u  t ua les  u te  ob ta i t t  a  g ra te r

n t t n tbe r tha t t  whe t t  add iug  a l l  t l t e  suga r  l eue l s  i t t , f en ta les "  (S tude r t t  31 ) .  Thev  m igh t  be

us ing  the  fac t  t ha t  dependence  wou ld  imp ly  t he  va r i a t i on  o f  t he  sum o f  . u ' a l ues  i n  t he

two  d i s t r i bu t i ons ,  wh i ch  i s  a  mod i f i ca t i on  o f  t he  p rev ious  theo rem in  ac t i on  T1 .

3.  Contparütg percentages:  In  I tem 1,  some pupi ls  compared the two values of  b lood

p ressu re  i n  each  woman  and  based  the i r  Judgmen t  on  the  p ropo r t i ons  n r  pe rcen tage

of  cases where the pressure increased or  decreased.  " \ \ -e can obser t 'c  t l ta t  t l tc  pressur( l

decrease itt 200,4 o.f woutert attd ütreases üt the renninirtg B0o/o", and, therafore, the treatnrcnt

ittcreases the presswre" (Student 8).

I n  t h i s  c a s e ,  a  g r o u p i n g  o f  w o m e n  i n  t w o  c a t e g o r i e s  - a c c o r d i n g  t o  w h e t h e r  t h e

p ressu re  i nc reased  o r  dec reased -  was  p roduced .  These  s tuden ts  re la ted  the  so lu t i on

t o  a  p r o b a b i l i t y  p r o b l e n l  a n d  u s e d  L a p l a c e ' s  r u l e .  c o n s i d e r i n g  t h a t  i f  t h e r e  w e r e  n o

dependence,  these categor ies should har ,e lhe same f requencr- .  This  procedure is  s imi lar

t o  t ha t  used  i n  pa rame t r i c  me thods  based  on  rank  compar i sons  i n  a  se r i es .  The re fo re ,

the students might  be us ing the fo l lowing theorem in act ion:  " l . f  we take contnton ta lues

i t t  both samplcs,  the percet t tages o, f  coses iu  wl t ich the ta l t tc  o. i  the rcr iable increases or

decreases would be the same in cese o,f ittdependertce" (72).

,1.  Compar ing t l ' te  two d is t r ibut io t ts ;  Other  s tudents compared the conrplete d is t r ibu-

z3
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t i ons  o f  f r equenc ies  i n  bo th  san tp les .  as  i n  t he  f o l l ow ing  exan rp le :  " | \ - hen  u ¡e  co tnPare

ntales attd fentales, t lte lettet'haue got a lotuer swgar leuel. That is proued by the fact that

t tL ,o g i r ls  l toue 0,  tuhi le  there ís  ot t ly  o bot ,u, i th  0:  There are 2 g i r ls  u i th  ,?,  u,h i le  thcre

isn ' t  a  boy u i th that  pressure;  there is  or t ly  1 bo1'wi th t )aILLe 4.  There are 2 g i r ts  wi th

ra lue 6 and or t ly  or te boy wi th 6.  T l tere are 3 g i r ls  wi th 7 at td ot t lv  1 boy u i t t t  7 .  T l tere

a re  2  boys  w i t l ' t  B  and  on l y  1  g i r l  u , i t h  B .  The re  a re  4  boys  w i th  g  and  no  g i r l  had  9 "

(Studerr t  12) . .  The¡ '  might  be us ing the fo l lowing theorenr  in  act ion:  "There is  i ¡depend-

ettce whett both santples haue the same frequertcy distribu,tions" (73).

Partially Comeet Strategies

5. ConQaring the ualues oi the response uariable for each case in related sautples. These

s tuden ts  compared  the  i ' a l ues  co r respond ing  to  t he  same sub jec t  i n  bo th  sanp les .  I t  i s

v e r y  s i m i l a r  t o  s t r a t e g y  3 ,  t h o u g h  h e r e  p r o p o r t i o n s  o r  p e r c e n t a g e s  w e r e  n o t  u s e d ,

and ,  t he re fo re ,  we  cons ide r  t h i s  s t ra teg ¡ ' t o  be  on l y  pa r t i a l l l ' co r rec t .  Some s tuc len ts

fa i led in  thei r  associat ion judgement when using th is  s t rategy.  because they expected

the d i f ference to have lhe same s ign in  ever-v case,  which indicates a f i tnct ional  or  de-

tennútist conception of the association: "l l taue contpared them and I foutd owt that qfter

the treatnrcnt blood pressure tlecreased üt some ulnLen, whereas in other cases blood Dress-

urc increased. There is no depandereca" (Student 30).

6. Taking üúo accouttt exceptional cas¿s. Sometimes, a correct Judgment was obtained

b i ' cons ide r i ng  t he  cases  where  the  gene ra l  r u l e  was  no t  f o l l o r . ved  (excep t i ona l  cases ) .

\ \ 'e  consider  the st rategy par t ia l ly  correct ,  because i t  was used main lv  to indicate an

assoc ia t i on .  As  the  s tuden ts  d id  no t  use  p ropo r t i ons  o r  pe rcen tages  and  based  the i r

j udgemen t  i n  on l - v  pa r t  o f  t hc ' d i s t r i bu t i on .  a  l oca l  concep t i on  can  be  deduced  i n  t hese

students. "Blood pressure increases in all the wlutelt except itt l t lrs C, s0 ),0u can sa1' t ltat

blood pressutre depends on treatnrcnt" (Student 29).

7.  I r i r td i t tg  out  the d i f ferences.  The students computed the d i f ferences between the

va l t r es  o f  t he  response  va r i ab le  i n  eve rv  sub jec t ,  i n  re la ted  samp les ,  bas ing  the  asso -

ciation judgement on these differences: "l haue compttted the diJferences in pressure before

arul after treatntettt itt cuerr ulntelt and ntost of these di-ffarences arc positiue" (Student. 5).

These pupi ls  might  have used the theorem in act ion:  " ln  order  to fütd the associat io t t

bctweett a contittttotts atd o dicltotomic rariable the dífference in the correspottt l irtg talues

ot' t l te cottt ittttotts uariable nutst be large enough" (7-,1).

8.  Clobal  conpar isot t .  When the associat ion judgement was carr ied out  by means of

r r  t ¡ ua l i t z r t i ve  g loba l  compar i son  o f  bo th  samp les ,  r v i t hou t  spec i f . v i ng  wh i ch  s ta t i s t i cs

i \ . r ' r 'c  LrS€d.  For  exantp le,  " ln  the dats we cal r  see th,at  t l te  t t ta les haue got  a h igh,et 's tLgar



Stuclents '  In tu i t ivc Strategies in  judging . {ssociat ion

let ,e l  u i t l t  t 'agards to t l t¿ , t 'cutu l t 's"  (Student  29) .

Incorreet Strategies

As  i nd i ca tec l  bv  N i sbe t t  and  Ross  (1980 ) ,  sub jec t s  do  no t  us r - ra l l l . en rp lo ¡  a  no rma t i ve

s t ra teg ¡ . i n  j udg ing  assoc ia t i on  w i t hou t  be ing  g i ren  spec i f i c  i r r s t rL rc t i ons  because  these

strategies are h ighly  sophist icated.  \ \ ¡e found the fo l lowing incorrect  s t rutegics in  our

students:

9.  Expect i r tg  s int i lar  t ta lues.  Somet ines s imi lar  va lues in  a l l  the cases for  each sample

were expected.  As that  d id not  happen,  because of  the data randomness.  thev conclLrc led

that  the b lood pressure was independent  of  the t reatment ,  showinga detern iu is t  r ;o t t r :cp '

t íon of  the associat ion.  "  l 'o t t  cat t  see a lo t  o, f  t ,ar ie t l t  i t t  t l t¿ '  tqb le:  some u ' ¡ntet r  u ' i t l t  a

high pressure ltaue increased and other haue decreased and uice-uersa"(Student 51).

10. Conrparíng higltcst and lowest ualuesof. both distributions, and basing thc assocrmion

judgemen t  on  then l  .  wh i ch  i nd i ca tes  a  l oca l  concep t i on  o f  t he  assoc ia t i on .  " l t  does  t r c t

depe r td  0n  se f  as  s0 i l r e  ma les  ha te  t l t e  h ig l r cs t  suga r  l eue l  a t t d  o the rs  haue  the  l o t ¡ s t . "

(S tuden t  208 ) .

11 .  Compar ing  rauges .  Some s tuden ts  conpa red  the  range  o f  bo th  samp lc ' s .  s r . r ch  as

student 66: "Because !0u catl see tltat females got t lte lowest tttnttber (0) as u,all as ntules.

How¿t:e1 thet' do rtot get the lt ighest ttuntber (9) as nrules do".

1 2 .  A s s c s s i r t g  c o i t t c i d e i r c ¿ s .  S o n r e  s t u d e r t s  j u s t i f i e d  i n d e p e n d e n c e  b e c a L t s c  o f  t h e

co inc idence  o f  some  cases ,  j us t  as  t he  s tuden t  who  answers :  "Beca t t se  son t ¡ ' u tu l t ' s  l t u t ' ¿ ,

the same sugar leuel as slnu,femalcs, suclt as tlte pupils F uttd -\ '  ¿r' l¡¿r ltarc got t ltc suntt,

sttgar leuel oJ 7 in spite of beirtg diiferent, ntale attd.fennle" (Student 133). I ionolcl et al.

( 1997 )  i nd i ca tes  t ha t  c r - rn rpa r i ng  tu ' o  o r  n lo re  i nd i v i dua l s  i n  respc ' c t  t o  sou r r '¿ r t t r i bu t r  i s

a f requent ly  used non- s tat is t ica l  compar ison.  In  th is  example.  we can add e t ie t¿rnt i t t is t

ronc! 'p t  io l t  o f  associat ion.

13.  Basütg ot t  pret t ious theor ies.  Some students based thei r  associat ion juc lgemenl  on

thei r  knou, ledge about  the context  (prev ious theor ies)  insteacl  t - r I  us ing the data g ive 'n in

the problem like this student's answer: "lt depends on wltetlter \olt ur(, cruntüted by a nmle

or . fet t ta le doctor  whert  ¡ot t  dot t ' t  fee l  tery u, r : l l .  At  t l ta t  motnt 'n l  . tou tu ig l t t  gct  a b i t  e  tc i ted

and that 's  t l te  reasot t  for  the increase of  b lood press: : ' r t ,  ' .  
Thcrefore.  the phenomenon of

i l l uso r ¡ ' co r re la t i on .  n r i gh t  be  ac t i ng  i n  t hese  s tuc len ts  (Ch r tpn tan  and  Chapman ,  1969 ) .

1 , 1 .  O t h e r s . l n  t h i s  c a t e g o r ¡ '  o t h e r  k i n d s  o f  p r o c c c l u r - e s  a n d  s t r a t e g i e s  h a v e  b e e n

i n c l u d e d ,  s u c h  a s  s t u d e n t s  u , h o  c o n r p a r e c l  t h e  n l e a u s ,  u ' h i c h  \ \ ' a s  c o m p u t e d  w i t h o u t

tak ing  i n to  accoun t  nu l l  va lues  (phenomenon  tha t  have  been  desc r i bed  b1 '  Meva rech ,

1 9 8 3 ) ,  o r  u s i n g  t h e  v a l u e s  o f  t h e  v a r i a b l e s  a s  i f  t h e l ' w e r e  p e r c e n t a g e s .  c o n f u s i o n
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common in  s tudents  accord ing  to  Hawk ins  e t  a l . ,  (1992) .

Tab le  2 .  F requenc ies  and  pe rcen tages  o f  s tuden ts ' s t ra teg ies  i n  t he  compar i son  o f  two  sam
p les .

STRATEGIES ITENI 1 ITEltl 2

Correc t

1 .  C o m p a r i n g  m e a n s

2.  Compar ing  to ta ls

3 .  Compar ing  percentages

4.  Compar ing  the  d is t r ibu t ions

Par t ia ) l ¡  cor rec t  s t ra teg ies

i  C n m n e r i n o  r l l  ¡ r s e s

6.  Assess ing  except iona l  cases

7.  F ind ing  ou t  d i f fe rences

8.  G loba l  compar ison

Incor rec t  s t ra teg ies

9 .  E-xpec t ing  s in i la r  va lues

10.  Compar ing  h ighes t  and lo r ,ves t  va lues

1 1 .  Compar ing  ranges

1 2 .  Assess ing  co inc idences

1 3 .  Express ing  pre ' " ' ious  theor ies

1  4 .  Others

I  5 .  No answer

'2  (0.9)

1 ( 0 . 5 )

4 1  ( 1 9 . 3 )

7 3  ( 3 1 . 3 )

63  (29 .6)

6  ( 2 . 8 )

3  ( 1 . . 1 )

1 ( 0 . 5 )

1 ( 0 . ó )

8  (3 .8 )

1 ,1  (6 .6 )

2 6  ( 1 2 . 2 \

3 5  ( 1 6 . , 1 )

1 ( 0 . 5 )

3 4  ( 1 6 . 0 )

3  ( 1 . 1 )

6,1 (30.0)

1 ( 0 . 5 )

6  (2 .8 )

3  ( 1 . , 1 )

3  (1 . . 1 )

8 (3. '1)

1 ' 1  (6 .6 )

1 5  ( 7 . 0 )

Correct and Partiully Comect Conceptions

In Table 2 we present the frequencies and the percentages of these strategies in the

s t u d e n t s ' a n s w e r s .  C o r r e c t  s t r a t e g i e s  w e r e  m o r e  f r e q u e n t  i n  i n d e p e n d e n t  s a m p l e s

( i tem 2),  whi le we can f ind a higher percentage of part ial ly correct strategies in related

samples  ( i tem 1) .  I t  i s  wor thwh i le  ment ion ing  tha t  some s t ra teg ies ,  such as  s t ra teg ies

3 , 5 , 6 , 7 ,  a n d  9 ,  w e r e  c h a r a c t e r i s t i c  o f  r e l a t e d  s a m p l e s ,  w h i l e  s t r a t e g i e s  1 , 2 , 4 ,  B ,  1 0 ,

17 ,72 ,  and 13  appear  ma in ly  assoc ia ted  w i th  independent  samples .  There fore ,  even

though the students had not formal ly studied the di f ference between independent and

re ia ted  samples ,  they  were  ab le  to  d is t ingu ish  them when compar ing  the  samples  fo r

studf in the existence of associat ion.

Students who compared the neans in independent samples, conceived the mean as a

va lue  representa t ive  o f  the  da ta  (Po l la tsek  and co ls ,  1981,  Mevarech,19B3) .  Leon and
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Z a w o j e w s k i  ( 1 9 9 1 ) c o n s i d e r  t h a t  t h i s  i n d i c a t e s  a  r e l a t i o n a l  k n o r i ' l c d g c  o f  t h e  n t e a n

(Sken rp ,  1978 ) ,  cons i s t i ng  i n  hav ing  su i t ab le  schen tes  o r  enough  concep tua l  s t ruc tu res

avai lable to solve a wide range of  problems where the concept  is  necessar l ' .  The same

can be said of  s tudents compar ing tota ls  ( I6 .4o/o) ,  s ince these tota ls  arc values rL 'pre-

sen t i ng  t he  se t  o f  da ta .  Moreove r ,  choos ing  be tween  va r i ous  sun lmar ius  i n  a  conc re te

c o n t e x t  r e q u i r e s  k n o w l e d g e  o n  r e l a t i o n s  b e t w e e n  d i s t r i b u t i o n s  a n d  s u n r m a r i c s  a n d

funct ional  in terpretat ions of  summaries (Biehler ,  1997).

The st rategy based on compar ing percentages (s t rategy 3)  t ransformed the or ig inal

p r o b l e m  i n t o  a  c o n t i n g e n c y  t a b l e  2 x  2 , w h e r e  i t  w a s  p o s s i b l e  t o  u s e  a  p r o b a b i l i i l

compar ison.  Therefore,  these students apphed general  heur is t ics problem-solv ing.

O n e  o f  t h e  m o s t  f r e q u e n t  q u e s t i o n s  t h e  r e s e a r c h e r  f a c e s  w h e n  t w o  s a n p l e s  a r e

c o m p a r e d ,  i s  w h e t h e r  t h e s e  s a m p l e s  c o m e  f r o n  t h e  s a m e  p o p u l a t i o n  o r  n o t .  T h i s  i s

r vha t  t he  s tuden ts  who  compared  d i s t r i bu t i ons  d id  i n tu i t i ve l v  ( s t ra teg ) ' 4 ) .  F ron r  r , ' u r

resu l t s  we  can  i n fe r  t ha t  t he  s t ra tegy  o f  compar ing  co r respond ing  va lues  i n  re la ted

s a m p l e s  c a n  b e  f o u n d ,  a t  d i f f e r e n t  l e v e l s  o f  e l a b o r a t i o n  i n  t h e  8 7 . 9  p e r  c e n t  o f

s tudents (Strategies 5,  6 and 7) .

W h e n  t h e  d a t a  a r e  g l o b a l l y  c o m p a r e d  ( s t r a t e g y  B )  t h e  s t u d r ' n t  i s  i m p l i c i t l r  a c ( r p t -

i n g  t h a t  a l l  t h e  d a t a  a r e  r e l e v a n t ,  w h i c h  i s  a  b a s i c  s t e p  i n  t h e  a s s o c i a t i o n  j u c i g e n t r n t

( C r o c k e r ,  1 9 8 1 ) .

Misconceptions Found

The  de tenn in i s t  co r t cep t i o t t  o f  assoc ia t i on  appea red  when  the  s tuc len t  e r l r ec t c r l  t he

v a r i a t i o n  i n  t h e  d a t a  t o  a l w a y s  h a v e  t h e  s a m e  s i g n  ( 2 5  ( I l . 7 7 o l  o f  s t u d r n t s  r r  s i n g

strategy 5)  or  when he¡  she expected s imi lar  va lues of  the dependent  var iablc '  in  r 'ach

sample (s t rategl '  9) .

The local  cor tcept iot t  can be not iced when thc student  used iso latec l  cases to decide

h i s /he r  assoc ia t i on  j udgemen t ;  f o r  exanp le ,  when  us ing  excep t i ona i  c¿ rscs  ( s t ra teg ] ' 6 )

o r  c o m p a r i n g  e x t r e n r e s  i n  b o t h  s a m p l e s  ( s t r a t e g y  1 0 ) .  T h r s e  s t u d e n t s  h a ' u ' e  n o t

adop ted  the  p ropens i t l ' pe rspec t i ve  desc r i bed  by  Kono ld  e t  a l .  ( 1997 )  and  make  sc 'nse

of  s tat is t ics by us ing more fami l iar ,  but  inappropr iate conrpar ison schemes.
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CONCLT]SIONS

Our  resu l t s  show a  m ix tu re  o f  co r rec t  and  i nco r rec t  p reconcep t i ons  and  s t ra teg ies

in the Judgment of  associat ion n 'hen compar ing samples.  \ \ 'e  a lso deduce that  compar ing

sanp les  t o  j udge  assoc ia t i on  i s  a  h igh l v  sk i l l ed  ac t i i  i t y '  e \ : en  a t  an  exp lo ra to rv  l eve l ,

r equ i r i ng  a  va r i ed  s ta t i s t i ca l  know ledge .  I t  a l so  imp l i es  se lec t i ng  t he  bes t  s ta t i s t i ca l

p rocedu re ,  adequa te  i n te rp re ta t i on  o f  r esu l t s  and  re la t i ng  t hem to  t he  resea rch  ques -

l i ons  concep t  and  us ing  i t  i n  p rob len i  so l r i ng .  A l i  ou r  f i nd ings  sho rv  t he  comp lex i t l ' o f

a topic  s imple in  appearance.  Due to th is  complexi t l 'and the re levance of  understanding

the  i dea  o f  assoc ia t i on ,  we  conc lude  tha t  t he re  i s  a  need  to  e r tend  th i s  resea rch  and

reinforce the teaching of  th is  topic  at  uni rers i t l ' level  and in the f ina l  1 'ears of  secondar¡ '

schoo l .  Th i s  w i l l  r equ i re  i n fo rm ing  teache rs  abou t  t he  ma themat i ca l ,  ps ¡ , ' cho log i ca l .

and educat ional  aspects of  the topic ,  inc luding in format ion about  s tudents '  preconcept ions

as  se t  ou t  i n  t h i s  a r t i c l e .

Acknow ledgmen t :  Th i s  repo r t  f o rms  pa r t  o f  t he  P ro jec t s  PB96  1 .111  and  PBg7  0851 ,

g r a n t e d  b 1 ' S e c r e t a r i a  d e  E s t a c l o  d e  L l n i v e r s i d a d e s ,  I n v e s t i s a c i o n  t ' D e s a r r o l l o

(N f .E .C . ) .  Madr id  (Spa in ) .
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