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iVbstract. Children with a year of Logo programming were asked to think-aloud about 
th e functio n o f  san e Log o recursiv e programs ,  an d the n t o predic t  b y hand-simulatio n 
of  th e program s v ^ t  th e graphic s turtl e wil l  dra w v^e n th e progra m i s executed .  I f 
discrepancie s arose ,  childre n wer e aske d t o explai n them .  A  prevalen t  bu t  misguide d 
"looping"  menta l  mode l  o f  Log o recursio n persiste d eve n i n th e fac e o f  contradiction s 
betwee n progra m effect s an d th e child' s predictions . 

Introduction .  Th e powe r  an d beaut y o f  recursio n a s a  developmen t  i n th e histor y o f 
prograimin g language s (suc h a s LIS P an d Logo )  an d it s conceptua l  inportanc e i n mathe -
matics ,  music ,  ar t  an d cognitio n generall y i s v/idel y acknowledge d (4) .  Les s attentio n 
has bee n give n t o th e developmenta l  problo n o f  ho w peopl e lear n t o us e th e power s o f 
recursiv e though t  an d recursiv e programmin g procedures .  Ou r  approac h t o thi s questio n 
i s influence d b y severa l  finding s basi c t o a  developnenta l  cognitiv e science ,  specifi -
cally ,  th e rol e o f  menta l  model s i n guidin g lecumin g an d proble m solving ,  an d th e 
widesprea d us e o f  systematic ,  rule-guide d proble m solvin g approache s b y children ,  no t 
onl y adult s (10) .  Understandin g recursiv e function s i n prograirmin g involve s notationa l 
and conceptua l  problems ,  th e latte r  includin g problem s v;it h understandin g flo w o f 
contro l  an d data .  Exper t  programmer s ar e guide d b y a  vali d menta l  mode l  o f  ho w progra m 
cod e control s corpute r  operations .  Novices '  fault y model s ar e adapte d i n respons e t o 
direc t  instructio n an d feedbac k fro n thei r  ow n programmin g an d debuggin g experiences , 
i n v^ic h conflict s betwee n thei r  curren t  mode l  an d progra m behavio r  i s reflecte d upon . 

A widesprea d belie f  amon g conpute r  educator s i s tha t  youn g childre n ca n "discover " 
th e powerfu l  idea s formall y presen t  i n prograinnin g simpl y throug h experimentin g withi n 
a ric h programmin g environment ,  a s i f  unconstraine d b y prio r  understandings .  Thi s 
belie f  i s  largel y du e t o Papert' s  (7 )  popula r  accoun t  o f  Logo ,  a  LISP-lik e languag e 
designe d fo r  childre n t o allo w the m t o develo p powerfu l  ideas ,  suc h a s recursion ,  i n 
"min d size d bites" .  Man y assum e childre n ca n lear n recursio n throug h self-guide d 
exploration s o f  programmin g concept s i n Logo .  However ,  ou r  observation s o f  8-1 2 
year-old s indicat e tha t  mos t  avoi d al l  bu t  simpl e iterativ e programs ,  whic h d o no t 
requir e th e dee p understandin g o f  contro l  structur e prerequisit e fo r  o n understandin g 
of  recursion . 

I n a  stud y examinin g children' s abilit y  t o develo p recursiv e proble m descriptions , 
Anza i  &  Uesat o (1 )  hav e showi i  ho w adolescents '  understanding s o f  recursiv e formu -
lation s o f  th e factoria l  functio n i s facilitate d b y a  prio r  understandin g o f 
iteration .  The y demonstrat e tha t  fo r  mathematics ,  recursio n ca n b e learne d vi a a 
discover y proces s b y mos t  children ,  particularl y i f  the y hav e firs t  experimente d wit h 
iterativ e functions .  O f  thei r  subject s wh o correctl y identifie d iterativ e structur e i n 
a se t  o f  problems ,  64 % wer e als o abl e t o wor k ou t  recursiv e solution s t o a  secon d 
proble m set .  However ,  onl y 33 % o f  subject s v±i o di d no t  hav e prio r  iteratio n experienc e 
worke d ou t  th e recursiv e functions .  Anza i  &  Uesat o conclud e tha t  understandin g recur -
sio n i s aide d b y a n understandin g o f  iteration ,  bu t  urg e cautio n v^e n extendin g thi s 
poin t  "t o mor e ccmple x dcmain s suc h a s conpute r  progranmin g .. .  [since ]  a  comple x tas k 
necessaril y  involve s man y differen t  cognitiv e sx±»processes ,  an d i t  i s  no t  alway s eas y 
t o extrac t  frcx n the m onl y th e par t  playe d b y recursion "  (p .  102) .  Whil e Anza i  & 
Uesat o focu s o n tli e insigh t  necessar y t o generat e a  recursiv e descriptio n o f  a  mat h 
function ,  i n programmin g on e mus t  acquir e tha t  insigh t  an d b e abl e i n impleanen t  i t  i n 
specifi c progranmin g formalisms .  I n additio n t o understandin g recursion ,  th e chil d 
must  unders+-an d th e logi c an d terminolog y governin g th e language' s contro l  structure . 
Ariul t  novice s hav e troubl e wit h both .  Learnin g t o progra m the y hav e grea t  difficultie s 
i n thinkin g throug h flo w o f  contro l  concept s suc h a s Pascal' s whil e loo p constructio n 
(9 )  anc i  tai l  recursio n i n SOLO,  a  Logo-lik e languag e (5 )  ,  eve n afte r  extensiv e 
instruction .  Furthermore ,  Bona r  (2 )  find s tha t  prio r  natura l  languag e understanding s 
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of prograirming terms misleads novice prograimers in their atteirpts at explaining hov a 
progra m works .  Prio r  meanin g i s brough t  t o th e tas k o f  constructin g meanin g fra n line s 
o f  prograirmin g code .  We expec t  childre n wil l  als o b e guide d i n thei r  interpretatio n o f 
prograrmin g languag e construct s b y thei r  natura l  languag e meanings ,  an d b y fault y 
menta l  model s o f  flo w o f  contro l  stjructure .  Indeed ,  a  canno n lamen t  o f  prograittnin g 
instructor s i s tha t  novice s hav e grea t  troubl e acquirin g th e concep t  o f  recursio n an d 
th e abilit y  t o us e recursiv e formalism s i n thei r  programs . 
How recursio n work s i n Logo :  A  user' s perspectiv e 

When a  Tx)g o progra m i s run ,  i f  a  procedur e reference s itself ,  executio n o f  tha t 
procedur e i s tenporaril y  suspended ,  an d contro l  i s  passe d t o a  cop y o f  th e name d 
procedure .  Passin g o f  contro l  i s  activ e whe n th e progranme r  explicitl y  direct s th e 
progra m t o execut e a  specifi c  procedure .  However ,  whe n th e executio n o f  thi s 
versio n o f  th e procedur e i s finished ,  contro l  i s  autoraticall y passe d bac k t o th e 
suspende d procedure ,  an d executio n resume s a t  th e poin t  wher e i t  lef t  off .  Passin g o f 
contro l  i s  passiv e her e becaus e th e progranrie r  di d no t  nee d t o specif y wher e contro l 
shoul d b e passe d i n th e program . 

To understan d ho w recursiv e procedure s wor k i n Log o on e mus t  know : 
(1 )  Th e rul e tha t  executio n i n Log o program s proceed s lin e b y line .  Ifowever ,  v^e n a 

procedur e call s anothe r  procedur e o r  itself ,  thi s insert s al l  line s o f  th e name d 
procedur e int o th e executin g progra m a t  th e poin t  v^er e th e cal l  occurred .  Contro l 
the n proceed s throug h eac h o f  thes e ne w line s befor e carryin g o n wit h th e remainin g 
line s o f  th e program .  Thu s contro l  i s  passe d forwar d t o th e calle d procedure ,  an d the n 
i s passe d bac k t o th e callin g procedvire . 

(2 )  Tha t  vdie n a  procedur e i s executed ,  i f  ther e ar e n o furthe r  call s t o othe r 
procedure s o r  t o itself ,  executio n proceed s lin e b y lin e t o th e en d o f  th e procedure . 
The las t  conman d o f  al l  procedure s i s th e EN D conmand .  EN D signifie s tha t  executio n o f 
th e curren t  procedur e ha s bee n coiplete d an d tha t  contro l  i s  no w passe d bac k t o th e 
procedur e fra n vdiic h th e curren t  on e wa s called .  EN D thu s (1 )  signal s th e corpletio n 
of  th e executio n o f  on e logica l  progra m unit ,  an d (2 )  direct s flo w o f  contro l  bac k t o 
th e callin g procedur e s o th e progra m carrie s on . 

(3 )  Tha t  ther e ar e exception s t o th e lin e b y lin e executio n rule .  A n inportan t  on e 
fo r  recursio n i s th e STOP catmand .  STOP cause s th e executio n o f  th e curren t  procedur e 
t o b e halted ,  an d contro l  t o b e passe d bac k t o th e procedur e fro m v ^ c h th e currentl y 
executin g on e wa s called .  Functionally ,  then ,  STOP mean s t o branc h intnediatel y t o th e 
neares t  EN D statement . 

How wel l  novic e prograrrmers '  menta l  model s o f  th e working s o f  recursiv e procedure s 
too k int o accoun t  thes e thre e centra l  point s wa s ou r  researc h focus . 

Subjects .  Seve n childre n ( 2 girl s an d 5  boys ,  11-1 2 year s old )  i n thei r  secon d yea r 
of  Log o prograirmin g participate d i n th e study .  Th e childre n wer e highl y motivate d t o 
l e a m Log o programming ,  an d ha d average d ove r  5 0 hour s o f  classroc m prograirmin g tim e 
\jnde r  th e supervisio n o f  experience d classroc m te a her s knowledgeabl e i n th e Logo ,  an d 
v\̂ o b y choic e followe d Papert' s  "discovery "  Log o pedagog y (7) .  Al l  childre n ha d 
receive d instructio n i n iteratio n an d recursion ,  an d ha d demonstrate d i n thei r 
classroc m prograirmin g tha t  the y coul d us e iteratio n an d recursio n i n san e contexts . 

Materials .  Shor t  Log o program s wer e constructe d o f  procedure s whic h reflecte d fou r 
level s o f  cotplexity :  (1 )  procedure s usin g onl y direc t  cormand s t o mov e th e turtle ; 
(2 )  procedure s usin g th e iterativ e REPEAT command ;  (3 )  tai l  recursiv e procedures ;  an d 
(4 )  embedde d recursio n procedures .  Thi s pape r  focuse s o n th e revealin g feature s o f 

children' s performanc e a t  level s 3  an d 4 .  Example s o f  program s a t  level s 3  an d 4  ar e 
(:SID E =  8 0 fo r  each) : 

Leve l  3 :  tai l  recursio n progra m Leve l  4 ;  embedde d recursio n progra m 
TO SHAPEB :SID E T O SHAPEC :SID E 

I F :SID E =  2 0 STOP I F :SID E =  1 0 STOP 
REPEAT 4  [FORWARD :SID E RIGH T 90 ]  SHAPEC :SIDE/ 2 
RIGHT 9 0 FORWARD rSID E LEF T 9 0 REPEAT 4  [FORWARD rSID E RIGH T 90 ] 
SHAPEB :  SIDE/ 2 RIGH T 9 0 FORWARD :SID E LEF T 9 0 

END EN D 
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Experimental procedure 
CXir  choic e o f  a  instho d wa s guide d b y conprehensio n studie s v ^ c h utiliz e "runnabl e 

inenta l  models "  (3 )  o r  simulation s o f  operation s o f  worl d belief s i n respons e t o 
specifi c  proble m inputs .  Childre n wer e aske d t o thin k alou d abou t  he w a  liog o procedur e 
ivoul d work ,  the n t o han d simulat e th e runnin g o f  eac h progra m lin e b y usin g a  turtl e 
"pen "  o n paper .  The n the y wer e show n th e consequence s o f  runnin g th e progra m the y ha d 
explained ,  an d i f  thei r  simulatio n mismatche d th e turtle' s actions ,  the y wer e aske d t o 
explai n th e discrepancies ,  an d on e additiona l  proble m a t  tha t  leve l  wa s presented . 
Result s 

Al l  seve n childre n mad e accurat e prediction s fo r  program s a t  th e firs t  tv/ o 
carplexit y level s wit h onl y mino r  difficulties .  The y expresse d n o problem s wit h th e 
recursiv e cal l  o f  th e tai l  recursiv e program s o f  leve l  3 ;  however ,  tw o childre n 
treate d th e I F statemen t  a s a n actio n caiman d t o th e turtle ,  an d anothe r  assume d tha t 
sinc e sh e di d no t  understan d th e I F statemen t  th e corpute r  woul d ignor e it .  N o chil d 
made accurat e prediction s fo r  eithe r  embedde d recursio n progra m a t  leve l  4 .  Th e 
children' s problem s wit h explainin g embedde d recursio n ma y b e trace d t o tw o relate d 
sources .  Th e firs t  involve s genera l  bug s i n thei r  menta l  mode l  fo r  ho w line s o f 
prograinnin g cod e dictat e th e corputer' s operation s whe n th e progra m i s executed ,  vrtiil e 
th e secon d concern s th e particuleu :  contro l  structur e o f  embedde d recursiv e procedures . 

(1 )  Genera l  bug s i n progra m interpretatio n 
Decontextualize d interpretatio n o f  commands .  Childre n carrie d ou t  "surfac e readings " 

of  program s durin g thei r  simulations .  The y attempte d t o understan d eac h lin e o f 
programmin g cod e individually ,  ignorin g th e contex t  provide d b y previou s progra m 
]jjies .  The y state d eac h conmand' s definitio n rathe r  tha n treatin g progra m line s a s 
part s o f  a  functiona l  structur e i n whic h th e purpos e o f  particulai r  line s i s 
context-sensitiv e an d sequence-dependent .  Thi s le d t o troubl e durin g thei r  simulation s 
i n keepin g trac k o f  th e curren t  valu e o f  th e variabl e SIDE ,  an d i n determinin g th e 
actua l  orde r  i n whic h line s o f  cod e woul d b e executed .  Understandin g recursio n i s 
inpossibl e withou t  thi s knowledg e abou t  sequentia l  execution .  Th e chil d mus t  lear n t o 
ask:  "Ho w doe s th e lin e I' m readin g relat e t o wha t  ha s alread y happene d an d affec t  th e 
line s t o follow? "  Th e tw o bug s v/hic h follo w concer n a n opposit e tendency ,  a n overric h 
searc h fo r  meanin g i n othe r  progra m lines . 

Assignmen t  o f  intentionalit y t o progra m code .  Childre n ofte n di d no t  distinguis h th e 
meanin g o f  a  command lin e the y wer e simulatin g fro m th e meanin g o f  coitman d line s the y 
expecte d t o follo w (e.g .  line s tha t  i f  execute d woul d dra w a  BOX)  .  Fo r  example ,  i n 
progra m SHAPEC,  on e chil d sai d o f  th e I F statement :  "I f  :SID E equal s 10 0 stop .  O.K. ,  I 
tliin k thi s wil l  mak e a  bo x tha t  ha s a  hundre d side. "  Anothe r  chil d a t  th e sam e poin t 
said :  "tiii s  make s i t  dra w a  square. " 

Treatin g program s a s conversation-like .  A s i n understandin g conversation ,  an d i n 
problem s th e non-schoole d encounte r  i n forma l  reasonin g (wher e belief s abou t  th e trut h 
of  a n argument' s premise s ar e focuse d o n ratlie r  tJia n th e validit y o f  it s  form :  (6) , 
(8)) ,  childre n appropriat e fo r  proble m solvin g cin y knowledg e the y believ e wil l  hel p 
the m understand .  I n th e cas e o f  Log o progra m corprehension ,  thi s empirica l  strateg y 
has th e consequenc e o f  "goin g beyon d th e informatio n given "  t o ccnprehen d th e meanin g 
of  line s o f  code ,  suc h a s derivin g implication s fro m on e cod e ].in e (e.g .  a n I F 
statement )  abc:)U t  th e meanin g o f  anothe r  line .  Fo r  exanple ,  on e chil d interprete d th e 
recursiv e statemen t  i n SHAPBC a s havin g th e intentio n o f  drawin g a  square ,  predictin g 
tlia t  th e turtl e woul d immediatel y dra w a  squar e befor e proceedin g t o th e nex t  command . 

Overgeneralizatio n o f  natura l  languag e semantics .  Childre n interprete d th e Ijog o 
c^ommands EN D an d STOP b y natura l  languag e analog]̂ ' ,  leadin g the m t o believ e tha t  whe n 
th e term s appea r  th e progra m completel y halts .  Severa l  childre n conclude d tha t  GHAPEC 
woul d no t  dra w a t  all ,  sinc e whe n :SID E reache s th e valu e o f  10 ,  th e progra m "stops , 
i t  doesn' t  dra w amything. "  I n fact ,  STOP an d EN D eac h passivel y retur n contro l  bac k t o 
th e mos t  recentl y activ e procedure ,  an d drawin g occurs . 

Overextensio n o f  mathematica l  operators .  Childre n expresse d confusio n abou t  th e 
function s o f  number s a s inputs ,  an d i n arithmeti c function s suc h a s dividin g thf ) 
variabl e value ,  o r  additio n o f  a  constan t  t o it ,  durin g successiv e procedur e calls . 
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For exartple, one child explained SHAPBC this way: 
...i f  SID E equal s 1 0 the n stop .  See ,  instea d o f  goin g al l  forwar d 80 ,  yo u jus t  g o 
forwar d 10 .  The n you'r e gonn a stop .  The n you'r e gonn a go .  The n (lin e 3 )  I  gues s 
v îa t  you'r e gonn a d o i s kee p o n repeatin g tha t  2  times ,  s o it' d b e forwar d abou t  2 0 
instea d o f  forwar d 10 ,  forwar d 2 0 (lin e 4 ) ,  an d you'r e gonn a repea t  A ,  s o it' d b e 
forwar d 8 0 becaus e i t  say s repea t  4  forwar d side.. . 

Numbers wer e als o ofte n pointe d t o a s th e mysteriou s sourc e o f  discrepancie s betwee n 
th e child' s prediction s an d th e result s o f  progra m execution . 

(2 )  Menta l  mode l  o f  embedde d recursio n a s looping . 
The childre n wer e fiondamentall y misle d b y thinkin g o f  recursio n a s looping .  Whil e 
thi s menta l  mode l  i s adequat e fo r  activ e tai l  recursion ,  i t  wil l  no t  d o fo r  embedde d 
recursion ,  vy îc h require s a n understandin g o f  bot h activ e an d passiv e flo w o f  control . 
The mos t  pervasiv e proble m fo r  al l  childre n wa s thi s tendenc y t o vie w al l  form s o f 
recursio n a s iteration .  Fo r  exanple ,  on e chil d explaine d th e recursiv e cal l  i n progra m 
SHAPEB i n th e followin g manner : 

[th e chil d explaine d wha t  th e firs t  fou r  line s did ,  the n said] :  "lin e 5  tell s  i t  t o 
go bac k u p t o SHAPE,  tell s  i t  t o g o bac k u p an d d o th e proces s calle d SHAPEB,  thi s 
i s th e proces s [point s t o line s 2-4] .  I t  loop s bac k up ,  an d i t  divide s SID E b y 2  s o 
the n SID E become s 40.. .  [carrie s o n explainin g correctl y tha t  th e procedur e wil l 
dra w tw o squares] " 

I n thi s exanple ,  th e chil d clearl y view s tai l  recursio n a s a  for m o f  looping ,  rathe r 
tha n a s a  ccannan d t o suspen d executio n o f  th e currentl y executin g procedur e an d pas s 
contro l  ove r  t o a  ne w versio n o f  SHAPEB.  However ,  i n thi s cas e hi s wron g mode l  lead s 
t o th e righ t  prediction ,  s o h e i s no t  ccmpelle d t o prob e deepe r  int o v*ia t  th e 
procedur e i s doing .  Thi s sam e chil d explaine d tha t  SHAPEC: 

"...check s t o se e i f  SID E 8 0 equal s 10 .  I f  i t  does ,  en d th e program .  Next ,  lin e 3 
[th e recursiv e call ]  tell s  i t  t o g o bac k t o th e beginnin g excep t  t o divid e SID E b y 
2 whic h end s u p wit h 40 .  The n i t  goe s dow n ther e (lin e 2 )  check s t o se e i f  SID E i s 
10.. .  [then ]  bac k t o th e beginning.. .  [continue s t o loo p bac k unti l  SID E equal s 1 0 
then ]  check s t o se e i f  i t  equal s 10 ,  i t  does ,  stops .  OK ,  a  littl e extr a writin g 
ther e (point s t o line s 4  an d 5 ) .  [draw s a  do t  i n th e pape r  t o indicat e hi s 
predictio n o f  wha t  th e procedur e wil l  d o an d conments ]  an d tha t  i s abou t  a s fa r  a s 
i t  goe s becaus e i t  neve r  get s pas t  thi s SHAPE (lin e 3 ) .  I t  i s  i n a  loo p v̂ iic h mean s 
i t  canno t  ge t  pas t  'caus e ever y tim e i t  get s dow n ther i  (lin e 3 )  ,  i t  loop s bac k 

This time the child's explanation and prediction were incorrect since SHAPEC makes the 
turtl e dra w a  serie s o f  thre e square s i n a  line ,  eac h twic e a s bi g a s th e previou s 
one .  Th e chil d expresse d ccmplet e bewildermen t  whe n th e procedur e wa s executed ,  an d 
coul d offe r  n o explanatio n t o accoun t  fo r  th e discrepancies .  O n th e secon d progra m o f 
thi s type ,  vdiic h draw s thre e square s o f  differen t  size s insid e on e another ,  th e chil d 
worke d dow n t o th e recursiv e cal l  an d the n said : 

"um.  wai t  a  minute .  I  don' t  understan d this .  Vfel l  anyway ,  fro n pas t  experience , 
lik e jus t  now ,  I  gues s it' s  no t  goin g t o liste n t o tha t  cctmian d (point s t o th e 
recursiv e call )  an d it' s  goin g t o g o pas t  it ,  an d it' s  goin g t o [dra w a  square ]  an d 
I  gues s it s goin g t o en d then. " 

Again ,  v^e n th e procedur e wa s ru n an d th e chil d sa w h e wa s wron g h e expresse d 
confusion ,  bu t  instea d o f  lookin g fo r  a n erro r  o f  understanding ,  h e asked : 

"I s thi s th e sam e languag e w e use d las t  year ? Becaus e las t  yea r  i f  yo u sai d SHAPE, 
i f  yo u name d th e progra m i n th e middl e o f  th e program ,  i t  woul d g o t o tha t  program . 
We di d tha t  plent y o f  times ,  bu t  it' s  no t  doin g tha t  here .  I  don' t  kno w why. " 

The chil d blame d th e languag e fo r  no t  conformin g t o hi s expectations ,  bu t  i n doin g s o 
he indicate d tha t  a t  som e leve l  h e kne w th e correc t  meanin g o f  a  recursiv e call :  "i t 
woul d g o t o tha t  program. "  However ,  thoug h h e seeme d t o kncn v th e rule ,  v>̂ e n h e worke d 
throug h a  program ,  hi s sinpler ,  an d i n man y case s successful ,  loopin g mode l  prevailed . 

Discussio n an d conclusions .  Vf e believ e thes e finding s ar e irrportan t  becaus e the y 
revea l  tha t  th e children' s conceptua l  bug s i n thinkin g abou t  th e functionin g o f 
recursiv e ccitpute r  program s ar e systemati c i n nature ,  an d th e resul t  o f  weake r 
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theories that do not correspond to procedural carputation in I/3go. 
Thes e finding s als o inpl y that ,  jus t  a s i n th e cas e o f  previou s wor k wit h adults , 

progranrain g construct s ofte n d o no t  allo w mappin g betwee n meaning s o f  natura l  languag e 
term s an d progranmin g languag e use s o f  thos e terms .  Neithe r  STOP o r  EN D sto p o r  end , 
but  pas s contro l  back .  Thi s i s inportan t  fo r  th e Log o novic e becaus e whe n thei r  menta l 
model  o f  recursio n a s loopin g fails ,  the y hav e n o wa y o f  inferrin g fro n th e synta x o f 
recursio n i n Log o ho w flo w o f  contro l  doe s work .  S o the y kee p thei r  inadequat e loopin g 
theory ,  base d o n thei r  successfu l  experienc e wit h i t  fo r  tai l  recursion ,  o r  blam e 
discrepancie s betwee n thei r  prediction s an d th e program' s outcome s o n mysteriou s 
entitie s suc h a s numbers ,  o r  th e "demon "  insid e th e languag e itself .  A n inportan t 
issu e o f  a  developmen t  theor y o f  progranmin g the n is :  Ho w d o inadequat e menta l  model s 
get  transforme d t o bette r  ones ? 

For  a  developmenta l  psycholog y o f  progranming ,  w e requir e a n accoun t  o f  th e variou s 
factor s tha t  contribut e t o learnin g centra l  carputationa l  concepts .  S o fa r  effort s t o 
hel p novice s lear n progranmin g language s throug h utilizin g programmin g tutor s o r 
assistant s hav e bypasse d wha t  w e conside r  t o b e san e o f  th e ke y factor s contributin g 
t o novice' s difficultie s workin g wit h carputationa l  formalisms .  Beyon d mistake n 
menta l  model s abou t  recursion ,  w e hav e foun d thes e t o involv e atonisti c tliinkin g abou t 
how program s work ,  assignin g intentionalit y an d negotiabilit y  o f  meanin g a s i n th e 
cas e o f  huma n conversation s t o line s o f  progranmin g code ,  an d applicatio n o f  natura l 
languag e semantic s t o progranmin g commands .  I n studie s underway ,  i t  appear s tha t  non e 
of  thes e source s o f  confusio n wil l  b e intractabl e t o instruction ,  althoug h thei r 
persuasivenes s i n th e absenc e o f  instruction ,  contrar y t o Papert' s  idealisti c 
individua l  "Piagetia n learning" ,  suggest s tha t  self-guide d discover̂ /  need s t o b e 
mediate d withi n a n instructiona l  context . 
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