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Reine r  M.  an d Finegol d M.  Technion ,  Israe l  Institut e o f  Technolog y 

INTUITIVE NOTIONS OF LIGHT AND LEARNING ABOUT LIGHT 

INTRODUCTION 

A great deal of research effort has been invested in the 
identificatio n o f  naiv e concept s hel d b y student s i n differen t  area s 
of  science ,  an d o n th e impac t  o f  scienc e lesson s o n naiv e beliefs . 
Accordin g t o Posne r  e t  al .  (I982) ,  th e identificatio n o f  concept s hel d 
by student s i s importan t  since :  "... a person' s centra l  concept s ar e th e 
vehicle s whereb y a  give n rang e o f  phenomen a becom e intelligible .  Suc h 
concept s ca n b e linke d t o prio r  experience ,  images ,  o r  model s whic h 
mgik e the m appea r  intuitivel y obvious.. " 

Disessa (I98I) claims that "intuitive physics is a rather well 
develope d an d exceedingl y robus t  syste m tha t  ca n potentiall y  interfer e 
wit h 'proper '  physics. "  Thi s implie s tha t  intuitiv e belief s hel d b y 
student s befor e learnin g pla y a  majo r  rol e i n formulatin g ne w concepts . 
Student s approac h ne w topic s wit h a  framewor k o f  relate d idea s whic h 
ar e derive d fro m pas t  experience .  When face d wit h teachers '  statement s 
or  notebooks ,  o r  wit h th e result s o f  thei r  ow n investigation s whic h ar e 
no t  i n keepin g wit h th e conceptua l  framewor k the y hold ,  student s eithe r 
modif y thei r  ow n views ,  o r  accordin g t o Kenet h Lovel l  (I98O) ,  maintai n 
tw o separat e idea s abou t  th e sam e concep t  an d appl y the m t o differen t 
situations .  Lovel l  claim s tha t  on e o f  th e tw o idea s i s use d fo r  passin g 
exams i n schools ,  an d th e other ,  base d o n intuition ,  i s  use d fo r 
explainin g every-da y phenomena .  A  mode l  use d b y som e cognitiv e 
scientist s fit s  wel l  wit h th e hypothesi s o f  interactio n betwee n th e 
child' s differen t  idea s an d th e manne r  i n whic h thes e idea s evolv e wit h 
teaching .  Thi s mode l  i s base d o n th e hypothesi s tha t  informatio n i s 
store d i n th e memor y i n variou s form s -  schema s -  an d everythin g w e 
sa y an d d o depend s o n th e element s o r  grou p o f  element s o f  thi s store d 
information . 

There is considerable research evidence to suggest that the context or 
th e phenomena l  settin g o f  a  tas k o r  proble m influence s a n individual' s 
performance .  Drive r  an d Bel l  (I986) ,  sugges t  tha t  th e learner' s 
interpretatio n o f  th e tas k wil l  depen d o n preexistin g notion s whic h 
aris e fro m experienc e base d intuitio n a s wel l  a s o n mor e formall y 
acquire d concepts .  Studie s whic h hav e documente d children' s conception s 
hav e acknowledge d th e bas e concept s underlyin g learning ,  bu t  hav e no t 
criticall y addresse d th e questio n o f  th e mechanis m b y whic h forme r 
knowledg e control s th e newl y acquire d knowledge .  Piage t  investigate d 
th e developmen t  o f  children' s idea s abou t  natura l  an d mechanica l 
phenomena .  H e conclude d tha t  youn g childre n d o no t  explai n phenomen a o n 
th e basi s o f  causa l  linkin g bu t  instea d attribut e intentio n an d desir e 
t o th e object s themselves .  A s the y matur e the y graduall y outgro w thi s 
kin d o f  belie f  i n favou r  o f  mor e causall y oriente d thinking .  Resnic k 
and Ch i  (NSTA )  not e tha t  ther e ar e tw o fundamenta l  element s i n thi s 
theory :  constructivis m an d logica l  determinism .  Th e latte r  ter m refer s 
t o th e theor y tha t  children ,  whil e growin g up ,  develo p a  se t  o f  genera l 
logica l  structure s necessar y t o scientifi c  thinking .  I n thi s view , 
misconception s ar e a  resul t  o f  no t  havin g th e logica l  structure s neede d 
fo r  scientifi c  reasoning . 
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Constructivism ,  th e notio n o n whic h thi s wor k i s based ,  refer s t o th e 
ide a tha t  peopl e buil d thei r  knowledg e fo r  themselves .  Persona l 
knowledg e i s a  complex ,  incompletely-understoo d outcom e o f  a n ongoin g 
proces s o f  constructio n an d interpretation .  Thu s th e meanin g o f  a 
concep t  develop s a s a  resul t  o f  interactio n betwee n meanin g existin g 
i n th e learner' s min d an d reality . 

Kelly's notion of "Constructive Alternativism" in personal development 
i s ver y muc h i n lin e wit h constructivis m (Pop e an d Gilbert ,  I983) . 
Accordin g t o hi s positio n peopl e understan d themselves ,  an d thei r 
surroundings ,  an d predic t  futur e events ,  b y constructin g tentativ e 
model s an d evaluatin g the m accordin g t o thei r  persona l  models .  Th e 
criteri a use d t o evaluat e ne w model s ar e base d o n knowledg e gaine d i n 
th e past .  Thi s knowledg e i s organize d i n persona l  representationa l 
model s o f  th e worl d whic h mak e sens e o f  event s an d whic h ar e use d t o 
describ e persona l  experience ,  t o predic t  futur e event s an d t o asses s 
previou s predictions .  Accordin g t o Kelly ,  an y even t  i s ope n t o a s man y 
reconstruction s a s ou r  imaginatio n wil l  allow .  Ther e i s n o absolut e 
truth ,  bu t  jus t  "nugget s o f  truth" ,  whic h ar e teste d b y thei r  powe r  o f 
explanatio n an d prediction ,  an d replace d b y wha t  Disess a call s a  mor e 
powerfu l  "piec e o f  knowledge" .  Thu s th e forme r  knowledg e ha s a  crucia l 
rol e i n th e mechanis m o f  acquirin g ne w knowledge . 

Piaget suggested that two principal mechanisms govern the learning of 
new concepts :  Assimilatio n -  b y whic h a  ne w concep t  i s interprete d i n 
term s o f  knowledg e tha t  ha s bee n acquire d i n th e past ;  an d 
Accomodatio n -  b y whic h existin g knowledg e i s adjuste d accordin g t o 
th e newl y acquire d concept .  Resnic k an d Ch i  (NSTA )  sugges t  tha t 
"children' s failur e t o thin k scientificall y come s no t  fro m logica l 
disabilities ,  bu t  fro m no t  havin g acquire d ke y organizin g principle s 
fo r  som e domai n o f  knowledge" . 

There is, however, a lack of information about the actual processes 
whic h tak e plac e whe n ne w concept s ar e learned .  D o al l  forme r  belief s 
influenc e th e acquisitio n o f  a  ne w concep t  i n th e sam e way ? I f  not , 
what  ar e th e factor s relate d t o pas t  knowledg e whic h wil l  influenc e th e 
meeinin g o f  a  give n concep t  mor e tha n others ? Whic h o f  th e establishe d 
concept s an d relation s i n th e existin g schemat a ar e mor e dominan t  tha n 
others ? I n wha t  wa y d o the y gover n th e acquisitio n o f  ne w knowledge ? 

THE FOCUS OF THIS STUDY 

The research reported here deals with the identification of naive 
concept s o f  ligh t  hel d b y student s wh o hav e neve r  formall y learne d 
abou t  light ,  an d wit h relation s betwee n intuitiv e knowledg e acquire d b y 
pas t  experienc e an d ne w knowledg e student s ar e require d t o learn .  We 
focu s o n knowledg e abou t  ligh t  fo r  a  numbe r  o f  reasons : 

1) Light phenomena are all-pervasive. Children experience light 
as somethin g whic h hit s th e eye ,  eve n causin g physica l  pai n i f  i t  i s 
to o bright . 

2) Common expressions like "seeing the light", "throwing light 
upon" ,  an d th e psalmist' s "valle y o f  th e shado w o f  death" ,  al l  rais e 
question s concernin g widel y hel d concept s o f  light . 
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3)  Link s ma y b e discerne d betwee n th e historica l  developmen t  o f 
concept s o f  ligh t  an d concept s o f  ligh t  base d upo n everyda y 
experience .  (Pythagorea n emissio n theor y o f  particle s bombardin g th e 
ey e an d experienc e o f  blindin g light ;  Visua l  ray s projecte d b y th e 
ey e a t  infinit e velocit y an d th e simpl e observatio n tha t  w e se e th e 
star s a t  nigh t  immediatel y upo n openin g ou r  eyes ;  th e Platonis t 
assumptio n tha t  sigh t  result s fro m interactio n amon g sunlight , 
particle s emitte d b y object s see n an d th e eye ,  an d th e everyda y 
experienc e tha t  a  ligh t  source ,  a n objec t  t o b e seen ,  an d a n ope n ey e 
ar e al l  necessar y fo r  sight) . 

A PILO T STUDY 

Interviews were conducted to examine non scientific beliefs about light 
hel d b y person s wit h a  goo d forma l  backgroun d knowledg e o f  light . 
Amongst  th e interviewee s wer e student s majorin g i n physic s an d physic s 
teachers .  Question s aske d relate d t o everyda y phenomen a an d t o topic s 
encountere d i n forma l  learning .  Thi s wa s don e i n a n attemp t  t o 
differentiat e betwee n th e kind s o f  knowledg e use d i n explainin g 
phenomena a s experience d an d phenomen a a s learne d i n a  classroom .  Fo r 
example ,  w e asked :  Why doe s T V o r  radi o nois e ofte n accompan y 
lightning ? and .  What  cause s th e Crooke s radiomete r  vane s t o rotate ? 

The analysis of interview protocols showed that persons with good 
physic s background s ofte n hel d belief s incongruen t  wit h th e forma l 
scienc e the y ha d presumabl y learned .  Response s suggeste d tha t  althoug h 
th e question s calle d fo r  knowledg e i n th e sam e area ,  interviewee s 
applie d differen t  source s o f  knowledg e i n dealin g wit h everyda y an d 
wit h forma l  scienc e problems .  I n additio n th e terminolog y use d fo r 
dealin g wit h question s o n everyda y phenomen a ofte n differe d fro m tha t 
use d i n answerin g question s o n formall y learne d phenomena .  Thu s i n 
movin g fro m everyda y t o forma l  science ,  term s lik e vibration ,  strength , 
colour ,  an d mixing ,  gav e wa y t o term s lik e frequency ,  force ,  wav e 
length ,  an d superposition . 

One concept, that of light particle, was found to be common to both 
knowledg e sources ,  bein g see n a s a  smal l  roun d materia l  objec t  rathe r 
tha n a s th e abstrac t  notio n encountere d i n forma l  learnin g abou t  light . 
Thi s suggest s tha t  th e ide a o f  ligh t  a s a n actua l  materia l  substanc e 
was hel d b y interviewee s irrespectiv e o f  th e leve l  o f  thei r  forma l 
achievemen t  i n physics . 

In an attempt to identify possible sources of this naive and apparently 
intuitiv e conception ,  a  stud y wa s initiate d o f  a  grou p o f  highl y 
achievin g 1 7 yea r  old s wh o ha d neve r  learne d formall y abou t  light ,  an d 
who planne d career s i n engineerin g o r  science . 
Goal s o f  th e stud y were : 

1) Identification of naive conceptual frameworks about light; 
2)  Identificatio n o f  interrelation s betwee n establishe d an d newl y 
acquire d knowledge ; 
3)  Developmen t  an d evaluatio n o f  a  metho d fo r  restructurin g 
knowledg e abou t  light . 
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THE IDENTIFICATIO N O F PRESCIENCE CONCEPTS O F LIGH T 

Eleventh grade students majoring in the electrical engineering trend in 
a technologica l  hig h schoo l  wer e interviewe d i n orde r  t o identif y 
explanator y conceptua l  freunework s o n th e natur e o f  light .  I n orde r  t o 
chec k fo r  consistenc y o f  responses ,  eac h phenomeno n wa s discusse d i n 
more tha n on e way .  Question s too k th e form : 

1) What shines in each of these light sources? (Students were shown 
and wer e abl e t o examine :  incandescent ,  fluorescen t  an d neo n lamps ;  a 
TV screen ;  a  candle; a burnin g match ;  an d a  ga s flame) . 

2) Why do you see different colours when you put different 
material s i n a  flame ? 

3) Why does the light from an ordinary electric light make the 
Crooke s radiomete r  rotate ,  bu t  th e la b lase r  ligh t  doesn't ? 

k) You land on an unknown planet lit by a sun radiating red light 
only -  What  ar e th e colour s visibl e o n tha t  planet ? 

5) What is a rainbow? 

6) A lighted candle is placed on the floor of the room. Draw a line 
t o sho w th e furthes t  plac e reache d b y th e light . 

7) Is there any place in the room which the candle light doesn't 
reach ? I f  ther e is ,  ca n yo u se e th e candl e fro m suc h a  place ? 

8) How is it that we have sunlight (twilight) after sunset? 

9) A white shirt illuminated by red light appears red, and a red 
shir t  illuminate d b y whit e ligh t  als o appear s red .  Explain . 

10)How does coloured glass change the colour of light passing through 
it ? 

It was found possible to classify students' conceptual frameworks with 
respec t  t o fiv e topics :  ligh t  sources ;  propagation ;  th e natur e o f 
light ;  ligh t  an d sight ;  ligh t  an d colours .  Studen t  belief s wer e groupe d 
fo r  eac h topic . 

The most popular beliefs concerning light sources were that they are 
al l  ho t  bodies ,  tha t  an y materia l  ca n becom e a  ligh t  sourc e i f  heate d 
t o a  sufficientl y hig h temperature ,  an d tha t  dense r  material s requir e 
more hea t  t o mak e the m shine .  Othe r  popula r  belief s wer e tha t  ligh t 
source s ar e create d b y chemica l  reaction s suc h a s th e reactio n o f 
candl e wa x wit h oxygen ,  an d tha t  fir e i s a  necessar y preconditio n fo r 
illumination . 

Beliefs concerning the propagation of light were revealed in 
discussio n abou t  a  lighte d candl e place d o n th e floo r  a t  th e cente r  o f 
a room .  Some student s claime d tha t  th e ligh t  intensit y droppe d slowl y 
unti l  a t  a  certai n distanc e i t  vanished .  Student s wh o marke d a  lin e t o 
sho w th e limi t  beyon d whic h ligh t  di d no t  pas s explaine d tha t  th e 
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candl e coul d b e see n fro m beyon d thi s lin e sinc e th e flam e wa s brighte r 
the m it s surroundings .  Other s claime d tha t  ligh t  wa s laten t  i n th e air , 
usin g thi s t o explai n th e phenomeno n o f  ligh t  afte r  sunset .  A  thir d 
belie f  wa s tha t  ligh t  intensit y fall s  a s a  functio n o f  colour ,  s o tha t 
blu e ligh t  doesn' t  trave l  a s fa r  a s yello w light .  Th e rat e o f  chang e o f 
intensit y wa s als o see n t o depen d o n th e velocit y o f  light ,  whic h i n 
tur n depend s o n th e powe r  o f  th e source .  Thi s wa s use d t o explai n wh y a 
stronge r  sourc e i s visibl e fro m a  greate r  distance . 

Light was seen as composed of particles, of waves, as a combination of 
ray s an d a  se a o f  light ,  an d a s bein g associate d wit h heat . 

Sight, it was believed, depended upon the reflection of light from 
bodie s o r  upo n ligh t  fillin g th e surroundin g space .  Fe w student s 
relate d sigh t  t o ligh t  enterin g th e eye . 

Light is believed to have a particular colour either because its 
source ,  suc h a s a  heate d filament ,  i s  coloured ,  o r  a s a  resul t  o f 
passin g throug h coloure d glass .  Thi s ma y explai n a  studen t  predictio n 
tha t  a  blu e objec t  illuminate d b y re d ligh t  woul d appea r  violet ,  rathe r 
tha n black ,  jus t  a s a  mixtur e o f  blu e £in d re d pain t  appear s violet . 

At this stage of the study, having categorized some student beliefs 
abou t  light ,  w e identifie d thre e basi c belief s use d i n explainin g 
ligh t  phenomena . 

The first was the notion of a hot body radiating a flowing material or 
strea m o f  tin y particle s whic h ca n fill ,  an d remai n in ,  th e ai r  (ligh t 
conservatio n a s i n th e cas e o f  twilight) .  Ligh t  colour s wer e see n t o 
mi x i n th e sam e wa y a s d o th e colour s o f  liquids .  (22/ i  o f  students) . 

The second was the notion of a hot body emitting variously sized 
particles ,  eac h siz e havin g a  specifi c  colour .  'White '  particle s easil y 
chang e t o particle s o f  anothe r  colour ,  bu t  th e revers e proces s i s mor e 
difficul t  sinc e othe r  colour s ar e darker ,  an d therefor e mor e dominant , 
tha n white .  I n thi s vie w th e colou r  o f  a n objec t  see n i s a  simpl e 
mixtur e o f  th e colour s o f  th e objec t  an d o f  th e illuminatin g light .  A 
la b experienc e i n whic h student s sa w tha t  a  re d objec t  viewe d throug h a 
blu e filte r  seeme d black ,  di d nothin g t o chang e thi s vie w o f 
colour .  (lB % o f  students) . 

The third notion was that particles emitted by a chemical reaction are 
abl e t o fil l  spac e bu t  tha t  thei r  movemen t  i s retarde d b y th e air ,  b y 
some sor t  o f  friction .  Thi s woul d explai n th e belie f  tha t  ligh t  fro m a 
sourc e suc h a s a  candl e flam e propagate s onl y t o a  limite d distance . 
(22 % o f  students) . 

These basic approaches to light all explain observed phenomena in 
materialisti c  term s i n whic h th e behaviou r  o f  ligh t  i s  reminiscen t  o f 
th e behaviou r  o f  a  gas .  Thi s i s th e cas e no t  onl y fo r  th e 62 % o f 
student s whos e basi c assumption s for m th e thre e cluster s mentione d 
above ,  bu t  fo r  mos t  o f  th e othe r  student s too .  We believ e tha t  student s 
di d no t  arriv e a t  suc h a  vie w o f  ligh t  a s a n outcom e o f  forma l 
learning ,  bu t  tha t  thi s vie w exemplifie s a  naiv e materialisti c  wa y o f 
thinkin g abou t  natura l  phenomena . 
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A NAIV E STANDPOINT AND FORMAL LEARNIN G 

A series of laboratory learning situations was developed in which 
experimenta l  phenomen a examine d b y th e studen t  wer e accompanie d b y rea l 
tim e compute r  base d analysis .  Th e basi c equipmen t  included :  a n IB M PC ; 
an A<-> D converter ;  ligh t  an d temperatur e sensors ;  a  ste p moto r 
controlle d fro m th e keyboar d t o mov e th e sensor s alon g a  benc h o r  t o 
rotat e them ;  a  se t  o f  ligh t  sources ;  an d a  3c m micr o wav e kit . 

The lab-pc interface simultaneously provides empirical and analytical 
information .  Thi s tw o fol d presentatio n increase s wha t  Posne r  e t  al . 
(1982 )  cal l  th e intelligibilit y  o f  th e physica l  concept s involved .  O n 
th e basi s o f  th e simultaneou s juxtapositio n o f  bot h kind s o f 
informatio n th e studen t  i s abl e t o build ,  modif y an d rebuil d 
explanator y hypotheses .  I n thi s reside s th e powe r  o f  th e syste m a s a n 
agen t  fo r  chang e o f  students '  conceptua l  framework s sinc e i t  provide s 
fo r  th e immediat e testin g o f  idea s agains t  experience .  Unlik e analysi s 
i n th e traditiona l  schoo l  laborator y experiment ,  her e analysi s become s 
an integra l  par t  o f  th e experiment . 

The experiments covered: (1) the dependence of light intensity on the 
source ,  o n distance ,  an d o n direction ;  (2 )  th e notio n o f  field ;  (3 )  th e 
dependenc e o f  intensit y o n type ,  colou r  an d thicknes s o f  a n absorbin g 
medium;  (4 )  th e relationshi p betwee n absorbtio n an d temperatur e o f  a 
ligh t  transmittin g medium ;  (5 )  polarization ;  (6 )  diffraction ; 
(7)interference ;  an d (8 )  th e behaviou r  o f  3c m electr o magneti c waves . 

Each experiment was pleinned to force students to draw inferences about 
relation s amon g variables ,  an d th e proces s o f  learnin g fro m a n 
experimen t  wa s see n a s th e proces s o f  learnin g t o dra w th e inferences . 
The kind s o f  knowledg e introduce d b y thi s teachin g metho d wer e analyse d 
and knowledg e relate d t o th e experimenta l  variable s wa s identified . 

We call knowledge on relationships among variables "relational 
knowledge "  whil e "explanator y knowledge "  refer s t o explanation s a s t o 
why a  particula r  relatio n hold s rathe r  tha n another .  Th e firs t  kin d o f 
knowledg e wa s explicitl y  introduce d i n th e experiments ,  whil e th e 
student s wer e encourage d t o develo p th e second .  Fo r  instance ,  i n on e 
experimen t  i n whic h student s examine d th e intensit y o f  illuminatio n 
fro m a  ligh t  source ,  th e relationa l  knowledg e foun d wa s 1 = K/R2 . 
The relate d explanator y knowledg e whic h student s wer e expecte d t o 
develo p i s tha t  ligh t  propagate s spherically .  Bot h kind s o f 
knowledg e ar e significant ,  bu t  ou r  interes t  i s  mainl y i n th e second . 

Relational knowledge was examined by questionnaire, explanatory 
knowledg e wa s examine d b y interview s durin g th e experiments .  Question s 
wer e designe d t o explor e ho w student s mad e sens e o f  thei r  experimenta l 
outcome s an d ho w the y defende d thei r  explanations . 

In one experiment, for example, a light source heated two identical 
glas s beakers ,  on e containin g stron g blac k coffee ,  an d th e othe r  wea k 
coffee ,  durin g th e sam e tim e period .  Th e ris e i n temperatur e o f  th e 
blac k coffe e wa s foun d t o b e greater .  Student s explaine d tha t  hea t  wa s 
create d b y frictio n betwee n ligh t  particle s an d coffe e particle s an d 
tha t  sinc e th e blac k coffe e wa s denser ,  frictio n wa s greater .  On e 

585 



studen t  argue d fo r  thi s explanatio n b y sayin g tha t  "Yo u can' t  se e th e 
ligh t  s o clearl y i n fo g becaus e i t  i s  muc h slowe r  tha n usual" .  When 
aske d abou t  th e hea t  tha t  shoul d b e produced ,  h e sai d tha t  th e fo g i s 
so muc h large r  tha n th e cu p o f  coffe e tha t  yo u don' t  fee l  it . 

UNDERLYING EXPLANATORY BELIEFS 

We found that students' explanations of experimental results were 
governed ,  i n th e main ,  b y th e followin g ideas : 

The light sensor differs from the eye in that it "sees" only if the 
ligh t  i s  directe d towar d th e sensor .  Thi s indicate s a n assumpio n 
tha t  ligh t  doe s no t  hav e t o ente r  th e ey e i n orde r  fo r  u s t o see . 

Light is absorbed by material and fills it. Just as gas fills a 
container ,  s o ligh t  enter s an d take s th e container' s shape .  A 
materia l  i s  brigh t  i f  th e particle s o f  ligh t  sta y insid e it . 

Particles of light can heat a medium through which it passes as a 
resul t  o f  frictio n wit h particle s o f  th e medium. . 

The naive material particle conception of light seems to govern the 
learnin g o f  ne w concepts .  Thoug h relationa l  knowledg e wa s learne d ver y 
well ,  thi s wa s no t  th e cas e fo r  explanator y knowledge .  We believ e tha t 
th e tenacit y wit h whic h student s hol d o n t o no n scienc e belief s despit e 
forma l  learnin g o f  science ,  result s a t  leas t  i n par t  fro m th e stres s 
teacher s plac e upo n relationa l  rathe r  tha n explanator y knowledge . 

In continuing this study, we now plan to construct a taxonomy of 
materialisti c  belief s commonl y use d i n th e developmen t  o f  explanator y 
knowledge . 
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