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S t u d e n t s '  belief s a b o u t  t h e circulator y s y s t e m : 

Are misconceptions universal? 

Nichola s d e L e e u w 

Universit y o f  Pittsburg h 

820 Learnin g Researc h an d Developmen t  Cente r 

3939 O'Har a Stree t 

Pittsburgh ,  P A 1526 0 

EMAIL:  NADST3@vms.cis.pitt.ed u 

Abstrac t 

Misconceptions are a special case of false 

beliefs .  The y shoul d b e bot h robus t  an d importan t 
t o a  person' s belie f  system .  Ch i  (1992 )  ha s 

asserte d tha t  i n som e domains ,  suc h a s th e 

circulator y system ,  student s initia l  conception s 

ar e o f  th e sam e genera l  ontologica l  clas s a s th e 

textboo k conceptions .  The y shoul d therefor e no t 

be a s robus t  a s th e initia l  conception s i n domain s 

suc h a s physics ,  i n whic h th e initia l  conceptio n 

may b e o f  th e wron g class .  Th e initia l  belief s o f 

12 eight h grad e student s abou t  th e circulator y 

syste m include d a  variet y o f  fals e beliefs . 

Statement s o f  bot h correc t  an d incorrec t  belief s 

wer e use d t o generat e map s o f  students '  initia l 

menta l  models .  Thi s allowe d a n assessmen t  o f  th e 

importanc e o f  th e fals e beliefs .  Eve n deepl y 

embedded belief s wer e remove d b y instruction . 

Importanc e wa s als o measure d b y th e impac t  o f 

fals e belief s o n a  pre-test ,  whic h wa s no t 

significant .  Resistanc e t o instructio n wa s teste d 

by havin g student s rea d a  text .  On e analysi s 
checke d individua l  fals e beliefs ,  t o se e i f 

contradictio n b y th e tex t  resulte d i n fals e belie f 

removal .  Belief s whic h wer e contradicte d wer e 

generall y removed .  Thes e result s ar e no t 

consisten t  wit h th e notio n tha t  student s brin g 

wit h the m t o instructio n importan t  an d robus t 

misconception s abou t  th e circulator y system . 

Introductio n 

Students in science bring with them to the 

classroo m a  hos t  o f  incorrec t  knowledge .  I n som e 

domains ,  notabl y physics ,  thes e belief s hav e 

prove n t o b e importan t  barrier s t o th e acquisitio n 

of  th e textbook ,  o r  veridical ,  knowledg e 

(McCloskey ,  Caramazza ,  &  Green ,  1980 ,  Clement , 
1982 ,  Reiner ,  Chi ,  &  Resnick ,  1988) .  I t  i s  no t  clear , 

however ,  i f  suc h barrier s presen t  themselve s i n 

al l  scienc e domains ,  o r  i f  i n som e domain s th e 

misconception s o r  fals e belief s tha t  ar e harbore d 

i n naiv e student s wil l  prov e t o b e relativel y 

unimportant . 
I n orde r  t o retai n th e meanin g o f  "misconcep> -

tion" ,  thi s pape r  wil l  reserv e tha t  ter m fo r 

belief s whic h ar e robus t  an d consequential . 

Misconception s ar e thu s a  subclas s o f  fals e beliefs . 

Ther e ar e tw o ver y genera l  feature s whic h thi s 

stud y use s t o distinguis h misconception s fro m 

othe r  fals e beliefs ,  withi n a  give n student' s 

understanding .  First ,  misconception s shoul d b e 

stable .  Tha t  is ,  the y shoul d b e use d consistently , 

and the y shoul d resis t  removal .  Second , 

misconception s shoul d b e importan t  t o a  subject s 
overal l  conceptio n o f  th e system .  Isolate d belief s 

whic h d o no t  impac t  th e res t  o f  a  student' s mode l 

ar e no t  misconceptions .  Stabl e fals e belief s whic h 

ar e deepl y embedde d i n a  student' s understandin g 

are . 

Thi s stud y examine s th e fals e belief s o f 

eighth-grader s learnin g abou t  th e h u m a n 

circulator y syste m t o se e i f  thes e belief s qualif y 

as misconceptions ,  an d als o i f  the y pos e a 

significan t  impedimen t  t o learning . 

Chi  (1992 )  ha s asserte d tha t  i n domain s suc h 
as th e circulator y system ,  student s initia l 

conception s ar e o f  th e sam e genera l  ontologica l 

clas s a s th e textboo k conceptions .  Fo r  example , 

eve n a n incorrec t  notio n o f  bloo d i s stil l  i n th e 

categor y o f  matter .  Thi s i s i n contras t  t o domain s 
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1) 

2) 

3) 

4) 

5) 

suc h a s physics ,  i n whic h th e initia l 

conceptio n m a y b e o f  th e wron g class ,  fo r 

exampl e viewin g ligh t  a s a  for m o f  matte r 

(Reiner ,  Chi ,  an d Resnick ,  1988) .  I n Chi' s 

view ,  thi s ontologica l  compatibilit y 

shoul d preclud e th e sor t  o f  robus t 

misconception s foun d i n physics . 

Previou s researc h (Arnaudi n an d 

Mintzes ,  1985 ,  Catherall ,  1981 )  ha s 

suggeste d tha t  ther e ar e misconception s 

abou t  th e h u m a n circulator y system . 

However ,  thes e author s looke d a t  cross -

sectiona l  data ,  collapse d acros s belie f 

categories .  Althoug h thi s approac h i s ver y 

usefu l  i n gettin g a  genera l  sens e o f  wha t 

prio r  belief s student s hold ,  i t  canno t  answe r 

question s abou t  h o w importan t  specifi c 

belief s ar e t o a  student' s overal l  conception , 

becaus e th e componen t  belief s o f  a  student' s 

conceptio n ar e neve r  viewe d a s a  whole . 

Nor  ca n thi s approac h addres s whethe r 

thes e belief s ca n b e removed ,  i f  the y ar e 

challenged .  A  findin g o f  n o improvemen t 

wit h ag e ma y onl y sugges t  n o instructio n 

wit h age . 

I n orde r  t o loo k a t  th e importanc e o f  prio r 

belief s i t  i s  necessar y t o loo k a t  individua l 

conception s o f  th e domain .  T o thi s aim ,  thi s stud y 

was designe d t o provid e a  detaile d "map "  o f 

students '  initia l  menta l  models ,  base d o n verba l 

transcripts .  Usin g thi s tool ,  fals e belief s coul d b e 

evaluate d i n th e contex t  o f  a n overal l  model .  On e 

measur e o f  th e importanc e o f  a  belie f  wil l  b e ho w 

many othe r  belief s follo w fro m i t  i n th e model . 

To se e h o w resistan t  a  belie f  i s  t o instruction , 

th e stud y look s a t  students '  belief s befor e an d 

afte r  instruction .  I t  als o look s a t  th e relationshi p 

of  th e instructio n t o th e fals e beliefs .  Thi s ca n 

giv e a  specifi c  ide a o f  h o w wel l  a  fals e belie f 

survive s direc t  o r  indirec t  contradiction .  Overall , 

th e ai m i s t o discove r  whethe r  th e initia l  fals e 

belief s o f  student s ar e misconception s whic h 

presen t  a  barrie r  t o learning . 

Metho d 

Tabl e 1 .  Pre-tes t  Term s 

Question s 

What is it? What kind of thing is it ? What does 

i t  refe r  to ? 

Where i s i t  foun d i n th e body ? 

What  i s it s structure ,  texture ,  o r  composition ? 

What  doe s i t  do ? 

What  i s  it s purpose ? 

Tenn s 

Aort a 

Arter y 

Arteriol e 

Atriu m 

Bloo d 

Bloo d vesse l 

Capillar y 

Circulator y Syste m 

Diffusio n 

Hear t 

Hemoglobi n 

Lung ? 

Plasm a 

Platele t 

Pulmonar y Circulatio n 

Red Bloo d Cel l  (Erythrocytes ) 

Septu m 

Systemi c Circulatio n 

Valv e 

Vei n 

Ventricl e 

Venul e 

Whit e Bloo d Cel l 

(Leukocytes ) 

fo r  3  session s o f  abou t  tw o hours .  Eac h sessio n wa s 

tap e recorde d an d late r  transcribed .  Th e firs t 

sessio n consiste d o f  a  thre e par t  pre-tes t  t o 

evaluat e thei r  prio r  knowledg e o f  th e circulator y 

system .  I n th e firs t  part ,  student s wer e give n fiv e 

question s t o answe r  abou t  2 3 terms .  Th e question s 

and term s ar e show n i n Tabl e 1 .  I n th e secon d 

part ,  student s diagramme d th e circulator y 

system .  I n th e fina l  par t  o f  th e firs t  session , 

student s answere d 4 2 question s abou t  th e system , 

i n si x categories .  Th e categorie s specificall y 

reporte d her e wer e modelle d afte r  th e kin d o f 

question s on e find s i n a  textbook ,  i n varyin g 

degree s o f  difficulty . 

I n th e secon d sessio n student s rea d a  tex t  abou t 

th e circulator y system ,  draw n fro m a  standar d 

biolog y textboo k (Towle ,  1989) .  Afte r  readin g 

eac h sentence ,  student s wer e aske d t o explai n 

what  i t  meant .  Th e fina l  sessio n wa s a  repea t  o f 

th e pre-test ,  wit h som e additiona l  question s 

added . 

Subject s wer e 8t h grad e student s fro m a  singl e 

loca l  publi c school .  Fourtee n subject s wer e ru n i n 

th e tal k ou t  lou d conditio n analyze d fo r  thi s 

study ,  bu t  onl y th e firs t  twelv e subject s dat a wer e 

availabl e i n tim e fo r  thes e analyses . 

Each studen t  cam e int o th e la b individuall y 

Result s 

Students revealed a variety of false beliefs. 

Each fals e statemen t  i n th e pretes t  wa s noted , 

and a  lis t  wa s compile d fo r  eac h student . 

Restatement s o f  th e sam e belie f  wer e counte d 
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onl y once .  Th e mea n numbe r  o f  fals e 

belief s pe r  student ,  fo r  th e entir e 

pretest ,  wa s 15.8 .  However ,  mos t  o f 

th e student s belief s wer e neve r 

repeated .  Becaus e th e mai n interes t 

of  th e stud y wa s t o identif y initia l 

fals e belief s whic h wer e potential -

l y  stabl e an d important ,  tw o filter s 

wer e applie d t o th e origina l  set . 

The firs t  filte r  wa s tha t  th e belie f 

had t o b e mentione d i n th e firs t  par t 

of  th e pretest ,  th e terms .  I t  wa s 

clea r  fro m readin g protocol s tha t 

student s revise d thei r  conception s 

base d o n informatio n inferre d fro m 

th e question s i n th e thir d part ,  s o 

fals e statement s mad e durin g th e 

question s m a y hav e reflecte d a 

"contaminated "  model .  Th e secon d 
filte r  wa s tha t  th e studen t  ha d t o mentio n th e 

belie f  mor e tha n onc e overall .  Thi s lef t  onl y 2. 8 

fals e belief s pe r  subject ,  a  tota l  o f  3 1 acros s 1 2 

subjects .  Thi s se t  o f  relativel y stabl e belief s coul d 

be considere d candidat e misconceptions . 

As a  set ,  however ,  thes e belief s di d no t  see m t o 

hav e bee n importan t  t o student' s understanding . 

The numbe r  o f  fals e belief s a  studen t  demon -

strate d di d no t  predic t  thei r  score s o n th e 
question s i n th e pretest ,  usin g eithe r  th e ful l  o r 

filtere d set s o f  fals e belief s (r 2 <.l) .  Thi s resul t 

average s acros s student s an d beliefs .  I t  therefor e 

leave s ope n th e possibilit y  tha t  som e o f  th e 

stabl e belief s di d impac t  tes t  scores ,  bu t  tha t 

thei r  influenc e wa s maske d b y les s importan t 

beliefs . 

A mor e extensiv e analysi s wa s undertake n t o 

asse s th e potentia l  importanc e o f  individua l 

fals e beliefs .  Thi s require d mappin g eac h 

student' s menta l  mode l  o f  th e circulator y system , 

i n orde r  t o loo k a t  ho w thei r  fals e belief s fi t  int o 

tha t  model . 

The mappin g looke d a t  bot h correc t  an d 

incorrec t  beliefs ,  an d focuse d o n functiona l 

connection s withi n a  student' s model .  Th e 

transcript s o f  eac h student' s term s sectio n o f  th e 

pre-tes t  wa s scoure d fo r  statement s linkin g a 

structur e (suc h a s th e heart) ,  t o a  functio n (suc h a s 

pumpin g blood) .  Template s o f  bot h correc t  an d 

incorrec t  combination s wer e employe d t o ai d i n 

identification .  Thes e pairing s o f  structur e an d 

functio n wer e mappe d a s node s i n th e m a p o f  th e 

student' s model .  Furthe r  examinatio n o f  th e 

transcript ,  agai n usin g templates ,  looke d fo r 

causa l  o r  enablin g link s betwee n thes e nodes .  Fo r 

2ZL 
Heart : 

Oxygenat e 

Bloo d 

s : 
Blood : 

transpor t  oxyge n 

" X — 

Arteries : 

Carr y oxygenate d 

bloo d fro m hear t  t o 

bod y 

SZL 
Blood : 

Giv e cell s oxyge n 
Veins : 

Move deoxygenate d bloo d 

fro m bod y t o hear t 

Figur e 1 .  Ma p fragment . 

example ,  i f  th e studen t  state d tha t  th e hear t 

pumpin g bloo d allowe d th e arterie s t o carr y 

blood ,  tha t  wa s represente d a s a n enablin g lin k 

betwee n tw o nodes .  Figur e 1  show s a  m a p 

fragmen t  generate d fro m th e followin g 

descriptio n o f  th e artery : 

"Umm.. well, the body keeps on... it always 

needs clea n bloo d an d th e bloo d travel s onc e 

throug h th e arterie s an d whe n it' s  use d i t 

travel s bac k u p i n th e vein s t o g o bac k t o th e 

heart ,  th e hear t  clean s i t  again ,  umm.. . 

replenishe s i t  wit h oxygen ,  umm.. .  an d the n 

i t  goe s agai n t o al l  th e part s o f  th e body . 

Basically ,  clea n bloo d i s bloo d tha t  ha s an y 

suppl y o f  oxyge n i n it. " 

In this little snippet of protocol several functions 

ar e prett y wel l  articulated .  Th e arterie s jo b i s t o 

carr y clea n bloo d t o al l  th e part s o f  th e body .  Th e 

vein s brin g th e use d bloo d bac k t o th e heart .  Th e 

hear t  cleans ,  o r  replenishe s th e bloo d wit h 

oxygen .  An d ther e i s a  stron g hin t  tha t  th e bod y 

uses u p tha t  oxyge n an d deoxygenate s th e blood , 
thoug h no t  enoug h t o sa y fo r  sur e tha t  th e subjec t 

understand s that . 
Thi s representatio n allow s th e chai n o f 

consequent s fro m a  give n belie f  t o b e counted .  Fo r 

example ,  i n th e fragmen t  show n i n Figur e 1 ,  th e 

nod e Hear t  oxygenate s bloo d ha s tw o consequents , 

whil e th e nod e Bloo d give s cell s oxyge n ha s none . 

Not  al l  o f  th e fals e belief s tha t  passe d throug h 

th e filter s describe d abov e coul d b e code d int o 

thi s representation ,  becaus e the y di d no t  involv e 

any functio n (fo r  example ,  th e belie f  tha t  som e 
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4 8  1 2 1 6 0 
fro m correc t  node s 

Squar e roo t  o f  th e tota l  number  o f  consequen t  node s 

fro m incorrec t  node s 

—1 
8 

Figur e 2 .  Embeddedncs s o f  correc t  an d incorrec t  belief s an d thei r  relation s t o pretes t  score s fo r 

"textbook "  questions . 
^  -•••••f«. i 

bloo d i s  blue) .  Fo r  th e 1 6 tha t  coul d b e repre -

sente d o n thes e maps ,  th e numbe r  o f  consequen t 

node s tha t  followe d the m wa s take n a s a  measur e 

of  thei r  embeddedness . 

I n orde r  t o se e i f  mor e embedde d belief s wer e 

more importan t  t o student s overal l  understandin g 

of  th e circulator y system ,  a  measur e wa s devise d 

of  th e tota l  embeddednes s o f  al l  th e fals e belief s 

i n a  student s model .  Thi s measur e totalle d al l  th e 

chain s followin g fals e belief s i n th e m a p o f  th e 

student' s model ,  an d too k th e squar e roo t  o f  thi s 

total .  A  contrastiv e measur e too k th e squar e roo t 

of  al l  th e chain s followin g correc t  node s i n th e 

model .  Figur e 2  show s thes e measure s agains t 

student s performanc e o n th e "textbook "  portio n o f 

th e pretest .  Th e embeddednes s o f  correc t  node s 

was predictiv e o f  th e tes t  scor e (r2=.47 ,  p<.025) 

but  th e embeddednes s o f  incorrec t  node s wa s no t 

(r2=.13 ,  p>.25) . 

The embeddednes s o f  particula r  fals e belief s 

was als o no t  a  predicto r  o f  thei r  removal .  Thi s 

analysi s looke d a t  th e se t  o f  1 6 fals e belief s 

whic h coul d b e "mapped. "  The y wer e rate d a s 

remove d i f  th e subjec t  bot h refute d th e belie f  an d 

Table 2. False belief removal and text 

contradiction . 

Removal 

Yes Mayb e N o 

Contra -

dictio n 

I n Tex t 

Direc t 

Indirec t 

None 

Tota l 

9 

17 

5 

Tota l 31 

6 2 
13 3 
0 0 

19 5 

1 
1 
5 

state d a  correc t  conceptio n o f  th e sam e phe -
nomena durin g th e cours e o f  th e thre e sessions .  Fo r 

exampl e i f  th e fals e belie f  was ,  "th e hear t 

oxygenate s blood, "  th e subjec t  ha d t o sa y tha t 

"th e hear t  doe s no t  oxygenat e blood" ,  an d tha t 

"th e lung s d o oxygenat e blood" ,  fo r  th e belie f  t o 

be counte d a s removed .  Onl y on e o f  th e 1 6 belief s 

was no t  removed ,  an d i t  ha d a  dept h o f  onl y on e 

node .  Fo r  th e 1 3 tha t  wer e removed ,  th e averag e 

dept h wa s 6. 8 nodes .  Tw o belief s me t  one ,  bu t  no t 

both ,  o f  th e criteri a fo r  removal .  Eac h o f  thes e 

had n o consequen t  node s ( a dept h o f  zero) . 

For  th e 3 1 fals e belief s tha t  passe d throug h 

th e tw o stabilit y  filters ,  ther e wa s a n additiona l 

analysi s t o loo k a t  thei r  resistanc e t o removal . 

An importan t  aspec t  o f  thi s analysi s wa s lookin g 

at  whethe r  an d h o w th e tex t  contradicte d thes e 

beliefs .  I f  th e tex t  explicitl y  refute d a  belie f  (e.g . 

"th e hear t  doe s no t  oxygenat e blood "  o r  "bloo d 

does no t  chang e i n an y wa y a s i t  passe s throug h 

th e heart" )  tha t  wa s counte d a s a  direc t 

contradiction .  Contradiction s whic h require d 

furthe r  inferenc e (e.g .  "th e lung s oxygenat e 

blood "  and/o r  "th e hear t  pump s blood" )  wer e 

counte d a s indirect .  Remova l  wa s rate d i n th e 

same wa y a s fo r  th e previou s analysis .  Tabl e 2 

shows tha t  mos t  fals e belief s wer e removed , 

unles s th e tex t  di d no t  contradic t  them . 

Discussio n 

The pattern of results in this study is not 

consisten t  wit h th e notio n tha t  student s brin g 

wit h the m t o instructio n stabl e an d importan t 

misconception s abou t  th e circulator y system . 

Althoug h som e relativel y stabl e belief s wer e 
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identified ,  thes e turne d ou t  t o hav e n o influenc e 

eve n o n pre-tes t  performance .  Furthermore ,  the y 

wer e generall y remove d i f  contradicted ,  eve n 

(an d perhap s especially )  i f  the y wer e deepl y 

embedded i n a  student' s mode l  o f  th e system . 

Althoug h earlie r  studie s (Arnaudi n an d 

Mintzes ,  198 5 Catherall ,  1981 )  hav e referre d t o 

misconception s i n thi s domain ,  the y ma y hav e at -

tribute d greate r  importanc e t o th e belief s the y 

identifie d tha n the y warranted .  Upo n close r 

examination ,  i t  appear s tha t  students '  fals e 

belief s abou t  th e circulator y syste m ar e eithe r 

unstabl e o r  unimportant ,  o r  both .  Therefor e i t 

does no t  see m worthwhil e t o conside r  the m i n th e 

same clas s o f  misconceptio n a s thos e identifie d i n 

physics . 

Chi  (1992 )  offer s on e explanatio n fo r  thi s lac k 

of  persisten t  misconceptions .  I t  ma y b e tha t  th e 

fals e belief s abou t  th e circulator y syste m d o no t 

presen t  a n importan t  barrie r  t o learnin g becaus e 

student s ca n chang e thei r  conception s withou t 

reassignin g the m t o a  ne w ontologica l  class .  O f 

course ,  ther e ar e alternativ e explanations .  I t  ma y 

be tha t  th e knowledg e student s nee d t o lear n 

abou t  th e circulator y syste m i s les s principl e 

base d than ,  fo r  example ,  Newton' s laws .  I t  ma y 

be tha t  ther e i s les s mat h involved .  I t  ma y wel l 

be tha t  al l  o f  thes e element s pla y a  role . 

Comparin g thes e possibilitie s await s furthe r 

research . 
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