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Abstrac t 

Three experiments investigate the influence of feedback 
timin g o n skil l  acquisitio n i n th e contex t  o f  learnin g LISP .  I n 
experimen t  1  subject s receivin g immediat e feedbac k wen t 
throug h th e trainin g materia l  i n 4 0 % les s tim e tha n di d thos e 
receivin g delaye d feedback ,  bu t  learnin g wa s no t  impaired .  A 
secon d experimen t  involve d th e us e o f  a n improve d edito r  an d 
les s supportiv e testin g conditions .  Thoug h subject s i n th e 
immediat e conditio n wen t  throug h th e trainin g problem s 1 8 % 
faste r  (ha n di d thos e i n th e dela y condition ,  the y wer e slowe r  o n 
th e tes t  problem s an d mad e twic e a s man y errors .  Th e result s o f 
e}q)erimen t  3 ,  a  partia l  replicatio n o f  th e first  tw o experiments , 
indicate d a  genera l  advantag e fo r  delaye d feedbac k i n term s o f 
errors ,  tim e o n task ,  an d th e jjercentag e o f  error s tha t  .<:ubject s 
self-corrected .  A  protoco l  analysi s suggest s tha t  immediat e 
feedbac k compete s fo r  wodcin g memor y resources ,  forcin g ou t 
informatio n necessar y fo r  of>erato r  compilation .  I n addition ,  mor e 
delaye d feedbac k appear s t o foste r  th e developmen t  o f  secondar y 
skill s  suc h a s erro r  detectio n an d self-correction ,  skill s  necessar y 
fo r  successfu l  performanc e onc e feedbac k ha s bee n witJidraw n 
(Schmidt ,  Young ,  Swinnen ,  &  Shapiro ,  1989) . 

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

Tl)e timing of feedback is an important issue in skill 
acquisition .  Schmidt ,  Young ,  Swinnen ,  an d Shapir o 
(1989 )  conducte d a  stud y o n th e timin g o f  feedbac k wit h 
respec t  t o moto r  skills .  The y foun d tha t  shorte r  feedbac k 
latencie s improve d acquisitio n an d performanc e whil e 
feedbac k wa s there ,  bu t  tha t  delaye d feedbac k resulte d i n 
improve d subsequen t  performanc e onc e feedbac k ha d bee n 
withdrawn .  Schmid t  e t  a l  (1989 )  explai n thes e result s i n 
term s o f  th e Guidanc e Hypothesis .  I n thi s view ,  durin g th e 
initia l  stage s o f  skil l  acquisitio n immediat e feedbac k 
guide s th e behavio r  o f  th e learner ,  leadin g t o superio r 
initia l  performance .  Thi s guidance ,  however ,  ca n lea d t o a 
dependenc e o n th e feedbac k b y obscurin g th e nee d t o lear n 
secondar y skill s  necessar y t o perform  th e tas k withou t 
feedback .  Th e abilitie s t o detec t  an d .self-correc t  error s 
exemplif y suc h secondar y skills . 

The result s o f  Lewi s an d Anderso n (1985 )  ar e consisten t 
wit h th e prediction s o f  th e guidanc e hypothesis .  Withi n 
th e contex t  o f  a n adventur e game ,  the y assesse d th e effect s 
of  immediat e an d delaye d feedbac k o n subsequen t 
performance .  Subject s receivin g immediat e feedbac k wer e 
mor e likel y t o selec t  appropriat e operators ,  bu t  thos e tha t 
receive d delaye d feedbac k wer e bette r  abl e t o detec t  errors . 
Somewhat  differen t  result s wer e obtaine d b y Anderson , 
Conrad ,  an d Corbet t  (1989) .  The y assesse d th e effect s o f 
immediat e an d delaye d feedbac k withi n th e contex t  o f  th e 
G R A P ES LIS P Tutor .  Subject s i n th e immediat e conditio n 
moved throug h th e materia l  mor e quickl y tha n di d thos e i n 
th e dela y condition ,  bu t  ther e wer e n o statisticall y 
significan t  difference s i n tes t  performance . 

Tliis paper wUl further consider the effects of immediate 
versu s delaye d feedbac k i n th e contex t  o f  learnin g LISP . 

E x p e r i m e n t  1 

This experiment investigates the effects that various 
level s o f  guidanc e hav e o n comple x skil l  acquisition . 
Guidanc e wa s indirectl y manipulate d b y crossin g feedbac k 
timin g (immediat e o r  delayed )  an d it s focu s (directiv e o r 
nondirective).Directiv e feedbac k focuse s o n th e function , 
or  variable ,  tha t  th e studen t  shoul d hav e used ,  guidin g th e 
subjec t  alon g a  correc t  solutio n path .  I n contrast , 
nondirectiv e feedbac k focuse s o n th e functio n the y use d 
incorrectly ,  bu t  offer s n o guidance .  Immediat e feedback 
provide s mor e guidanc e tha n doe s delaye d feedback ,  b y 
preventin g th e subjec t  fro m explorin g incorrec t  solutio n 
paths .  I n llii s  fr;unework ,  immediat e directiv e feedbac k 

provide s th e mos t  guidanc e an d delaye d nondirectiv e th e 
least .  Thes e dimension s wer e integrate d int o th e feedbac k 
give n t o subject s a s the y solve d LIS P problems . 
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M e t h o d 

Subjects Subjects were members of the Camegie-
Mello n Universit y communit y wit h n o previou s experienc e 
wiUi  LISP . 

Design: The feedback dimensions of timing (immediate 
or  delayed) ,  an d focu s (directiv e o r  nondirective )  wer e 
crossed ,  generatin g 4  cells ,  wit h 7  t o 9  subject s i n eac h 
cell .  Subject s withi n a  give n conditio n received a  singl e 
for m o f  feedbac k throughou t  th e tutorin g session .  Subject s 
wer e matche d fo r  mat h SAT' s betwee n th e immediat e an d 
delaye d conditions . 

Procedure: Subjects first filled out a background 
questionnair e abou t  thei r  previou s programmin g 
experienc e an d thei r  SAT's .  Subject s the n rea d material s 
tha t  familiarize d the m wit h bot h th e tuto r  an d th e basic s o f 
LIS P evaluation .  Nex t  the y solve d 4  practic e problem s 
involvin g easil y understoo d arithmeti c functions ,  suc h a s 
plu s an d difference . 

Once they had finished the practice problems they were 
give n a  secon d pamphle t  describin g list s an d symbol s i n 
LIS P an d definition s o f  function s relate d t o thei r 
manipulation .  Afte r  the y finished  studyin g th e pamphlet , 
th e experimente r  starte d the m o n th e mai n problems .  Th e 
solution s t o thes e involve d th e constructio n o f  LIS P 
expression s compose d o f  function s tha t  combin e an d 
manipulat e list s an d symbols .  W h e n tiiey  m a d e a n error , 
subject s receive d feedbac k accordin g t o th e specification s 
of  thei r  cell . 

The general procedure for the second day was similar to 
th e first.  However ,  subject s di d no t  receiv e an y direc t 
feedbac k fro m th e tutor ,  thoug h i t  continue d t o follo w thei r 
solution s an d recor d errors .  F ro m th e subjects '  poin t  o f 
view ,  th e tuto r  acte d largel y a s tas k master ,  edito r  an d 
interpreter ;  presentin g problem s an d evaluatin g complete d 
LIS P expressions .  Durin g bot h sessions ,  th e subject s 
receive d th e standar d (cryptic )  erro r  message s fro m th e 
LIS P interpreter ,  alon g wit h th e result s o f  evaluation . 

Materials: The subjects learned a modified subset of the 
LIS P extracto r  an d combine r  fijnction s (car ,  cdr ,  last . 
reverse ,  cons ,  appen d &  list) .  Th e modification s include d 
change s t o th e name s o f  som e function s suc h tha t  the y 
wer e o f  approximatel y equa l  mnemon i c valu e (e.g ,  ca r  t o 
head) .  Othe r  modification s involve d restrictin g th e 
number  o f  argument s tha t  th e function s coul d take . 
Whereas i n standar d LIS P certai n combine r  functions . 
suc h a s appen d an d list ,  tak e a  variabl e numbe r  o f 
arguments ,  ou r  versio n require d tha t  al l  combiner s tak e 
two . 

The problems were blocked according to difficulty. 
Withi n eac h block ,  problem s wer e presente d randomly . 
Each o f  th e firs t  seve n problem s require d th e us e o f  on e o f 
th e seve n function s an d eac h functio n wa s use d onc e 

withi n th e block .  Th e secon d bloc k require d th e us e o f 
tw o fiinctioas .  Eac h o f  th e seve n wa s use d twic e withi n 
th e block ;  paire d wit h a  differen t  functio n eac h tim e i t  wa s 
used .  Th e thir d bloc k o f  problem s involve d solution s 
requirin g th e us e o f  betwee n 3  an d 7  functions .  I n thes e 
problems ,  som e function s wer e use d mor e ofte n tha n 
others . 

Two problem sets, composed of unique problems, were 
generate d t o thes e specifications .  Th e relativ e frequenc y o f 
any give n fiinction  wa s comparabl e i n eac h set . 

Tutor Design 

Interface: The problem description is displayed in the 
to p portio n o f  th e scree n (se e figure  1) .  I t  specifie s th e 
initia l  state ,  whic h amount s t o th e initia l  variabl e bindings , 
and th e goa l  state ,  th e result  tha t  th e complete d expressio n 
shoul d return .  Th e subjec t  edit s he r  solutio n i n th e spac e 
directl y belo w th e proble m description .  Function s an d 
variable s tha t  ca n b e use d t o for m th e solutio n ar e 
displaye d continually .  A  studen t  select s a  solutio n 
component ,  a  functio n o r  variable ,  b y pressin g th e ke y 
correspondin g t o th e first  lette r  o f  it s name .  I n figure  1 ,  th e 
studen t  ha s alread y entere d th e functio n lis t  int o th e edito r 
by pressin g th e [l]-key .  T h e cursor ,  her e signifie d b y bol d 
brackets ,  indicate s wher e th e componen t  selecte d nex t  wi U 
be entere d int o th e solution .  Th e curso r  ca n b e m o v e d t o 
th e lef t  an d right  wit h th e [-]-ke y an d th e [+]-ke y 
respectively .  Th e edito r  automaticall y expand s th e lis t 
expression ,  promptin g th e studen t  t o fill  i n it s first 
argument ,  <expr-l> .  Th e student' s solutio n continue s i n 
figure  2 . 

=Problei n Description s 

Construc t  an d expressio n suc h tha t 

ifx = (hijb) 
y =  ( a 1  m n )  the n <expression > return s ( a b ) 

(list [<expr-l>] <expr-2>) 

functions :  hea d tai l  en d reverse  lis t  inser t  appen d 
variables :  x  y 

=HeI p Messages== = 

Figur e 1 :  A  scree n fro m th e solutio n t o th e Ihlu ^  problem . 

Suppos e th e studen t  want s t o m a k e a  lis t  whos e first 
elemen t  i s th e first  elemen t  o f  th e variabl e y .  Sh e 
accomplishe s thi s b y first  enterin g th e functio n head ,  wit h 
th e [h]-ke y (ste p 2) .  Th e syste m expand s th e hea d 
expression ,  an d sh e enter s th e variabl e y  (ste p 3) .  Th e 
syste m the n prompt s he r  t o fill  i n th e secon d argumen t  o f 
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tli e lis t  expression .  He r  decisio n t o us e tli e functio n tai l 
(ste p 4 )  results  i n a n error . 

At this point, since our subject is in the ininiediate 
feedbac k condition ,  th e tuto r  automaticiUl y place s th e 
curso r  a t  th e poin t  a t  whic h th e erro r  wa s detected ,  an d 
provide s feedbac k (figur e 3) .  Sh e nex t  delete s th e 
offendin g functio n (ste p 5) ,  befor e successfull y completin g 
th e proble m (ste p 8) .  T h e syste m the n send s th e complete d 
expressio n t o th e L IS P interpreter ,  an d return s th e resul t 
diiifctl y  belo w th e subject' s expression . 

Suhjec l  Inpu t 

1 

h 

y 

t 

del 

h 

Resul t 

[<functlon> ] 

(lis t  [<expr-l> ]  <expi-2> ) 

(lis t  (hea d [<expr-l>] )  <expi-2>) ) 

(lis t  (hea d y )  [<expr-2>] ) 

(lis t  (hea d y )  ([tail ]  <expr-l>) ) 
{Feedbac k 1 

(lis t  (hea d y )  [<expr-2>] ) 

(lis t  (hea d y )  (hea d [<expr-l>]) ) 

(lis t  (hea d y )  (hea d (en d [<expr-l>]) ) 

(list (Iiead y) (head (end x))) 
relnms :  (ab ) 

Figur e 2 :  A  subject s solutio n t o th e Ihh r  problem ,  wit h error . 

Directiv e Feedbac k 

=================Help Messages: 
The syste m expecte d t o fin d hea d a t  th e 
curren t  curso r  position . 

If X = (hijk) then (head x) 
returns :  h 

Nondirectiv e Feedbac k 

=HeI p Messages=============== = 
Tli e syste m di d no t  expec t  t o find  tai l  a t 
th e curren t  curso r  position . 

If X = (b g h) then (tail x) 
returns :  ( g h ) 

Figure 3: Alternate fonns of feedback. 

Erro r  Detection :  T h e syste m detect s error s b y matchin g 
th e subject' s .solutio n agains t  lega l  solutio n templates . 
W h en i t  detect s a  discrepanc y betwee n th e subject' s 
solutio n an d a  lega l  solutio n template ,  i t  create s a 
candidat e error .  Onl y i f  al l  template s fai l  t o matc h doe s 
th e syste m conside r  a n erro r  t o b e made .  W h e n thi s 
happen s th e syste m mus t  selec t  on e o f  th e candidat e error s 
as th e basi s fo r  generatin g feedback .  I t  choose s th e 
candidat e erro r  associate d wit h th e templat e tha t  mos t 
clo.sel y matche s th e student' s solution . 

Results and Discussion 

Training: Two measures of errors were collected. 
Detecte d error s ar e thos e tha t  th e syste m give s feedbac k 
on ,  o r  thos e tha t  caus e error s w h e n th e final  solutio n i s 
evaluate d i n LISP .  Tota l  error s ar e al l  th e error s tha t  a 
subjec t  made ;  th e differenc e betwee n th e tw o indicate s th e 
number  error s tha t  wer e self-corrected .  Th e entir e solutio n 
canno t  alway s b e fijU y analyzed ,  sinc e onc e a  functio n ha s 
bee n marke d a s a n error ,  i t  i s  difficult ,  i f  no t  impossible ,  t o 
determin e whethe r  o r  no t  it s argument s ar e i n enor .  Th e 
statu s o f  thes e argument s ar e marke d a s unknown .  Th e 
tota l  erro r  coun t  provide s a  conservativ e estimat e o f  th e 
tota l  numbe r  o f  error s i n th e solution .  A s subject s worke d 
on problem s unti l  the y arrive d a t  correc t  solutions ,  i t  wa s 
possibl e fo r  the m t o m a k e multipl e error s o n eac h problem . 

A two way ANOVA was performed on the subjects' 
tota l  errors ,  detecte d errors ,  an d tim e o n tas k durin g 
training .  Th e factor s wer e feedbac k timin g (immediat e o r 
delay )  an d focu s (nondirectiv e o r  directive) .  Ther e wa s a 
mai n effec t  o f  feedbac k focu s o n errors .  Subject s 
receiving  directiv e feedbac k m a d e fewe r  detecte d error s 
tha n thos e receiving  nondirectiv e feedback ,  wit h mean s o f 
2 2 an d 3 5 error s respectively,  F(I,22) = 6.37 ,  p  <  .02' . 
Considerin g tha t  th e repai r  o f  a n erro r  wa s state d i n th e 
directiv e feedback ,  thi s doe s no t  c o m e a s a  surprise . 
Thoug h subject s receivin g nondirectiv e feedbac k mad e 
mor e error s tha n di d thos e receivin g directiv e feedback , 
ther e wa s no t  a  significan t  differenc e i n th e tim e the y spen t 
completin g th e problems ,  F(l,22) = .53 ,  p  <  .47 . 

Feedback timing had no discernible effect on the total 
number  o f  errors ,  F(I,22 )  =.09 ,  p  <  .76 ,  no r  o n th e numbe r 
of  detecte d errors ,  F(I,22) = .24 ,  p  <  .62 .  Th e onse t  o f 
feedbac k did ,  however ,  hav e a  statisticall y significan t 
effec t  o n tim e o n task ,  wit h subject s i n th e immediat e 
conditio n finishing  th e problem s abou t  4 0 % faste r  tha n 
thos e workin g wit h delaye d feedback ,  F(l,21 )  =  13.78 ,  p 
<.002 .  Thi s coul d b e a n artifac t  o f  th e editor .  Sinc e th e 
arguinent s t o a  functio n ar e delete d alon g witl i  a  function , 
a subjec t  receivin g delaye d feedbac k migh t  hav e t o retype 
p;u l  o f  he r  solutio n w h e n correctin g a n error .  Fo r  example , 
i n orde r  t o replac e lis t  i n th e expressio n (lis t  (hea d x )  y) } 

'Thoug h th e subjects '  mat h SA T score s wer e use d a s covariale s i n th e 
analysis ,  th e unadjuste d mean s ar e reported . 
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wit h append ,  th e subjec t  woul d hav e t o delet e list ,  yivUUn g 
<fuiiction> .  Nex t  sh e woul d hav e t o ad d appen d :uk 1 
retyp e th e arguments . 

Test: As there were no lasting effects of feedback on 
th e secon d day ,  thi s experimen t  replicate s Anderso n e t  a l 
(1989) .  Subject s i n th e immediat e feedbac k conditio n 
worke d throug h th e materia l  i n les s tim e tha n di d subject s 
receivin g delaye d feedback ,  ye t  di d no t  appea r  t o suffe r 
any il l  effects . 

Exper imen t  2 

There were a number of problems with Experiment 1 
tha t  wer e rectifie d i n Experimen t  2 .  I n th e delaye d 
conditio n o f  Experimen t  1  feedbac k an d th e result s o f 
evaluatio n wer e provide d automaticall y a s soo n a s a  LIS P 
expressio n wa s complete .  Onc e a n expressio n ha d bee n 
filled ,  th e dela y conditio n degenerate d int o a n immediat e 
feedbac k condition .  T o preven t  thi s i n Experimen t  2 , 
feedbac k an d th e result s o f  evaluatio n wer e provide d onl y 
afte r  a n expressio n ha d bee n fille d an d th e subjec t  hi t 
retur n a s a n exphci t  indicatio n o f  completin g thei r 
solution .  Thoug h a  seemingl y mino r  difference ,  tlii s  gav e 
subject s som e contro l  ove r  whe n feedbac k wa s provided , 
perhap s facilitatin g self-correction . 

The apparent advantage of immediate feedback could 
have derive d fro m difficultie s subject s i n th e dela y 
conditio n ha d wit h th e editor .  Moreover ,  the y wer e onl y 
abl e t o self-correc t  7 % o f  thei r  errors ,  befor e receivin g 
feedback .  If ,  a s th e guidanc e hypothesi s suggests ,  on e o f 
th e principa l  advantage s o f  delaye d feedbac k result s fro m 
learnin g secondar y skill s  suc h a s erro r  detection ,  suc h 
skill s  shoul d b e encourage d b y th e interface .  I n 
Experimen t  1  simplicit y o f  us e wa s emphasize d i n th e 
desig n o f  th e interface ,  s o tha t  th e subject s coul d focu s o n 
learnin g LISP .  Thoug h conceptuall y simple ,  i t  wa s 
somewhat  cumbersom e t o us e a n interfac e tha t 
simultaneousl y delete s a  functio n an d it s arguments . 
Subject s i n th e dela y conditio n wer e sometime s force d t o 
delet e potentiall y  correc t  part s o f  thei r  solution .  Th e 
interfac e use d i n Experimen t  2  allowe d function s withi n a n 
expressio n t o b e replaced . 

Method 

Subjects: The thirty-two subjects were comparable to 
thos e i n Experimen t  1 . 

Design: The feedback dimensions of timing (immediate 
or  delayed) ,  focu s (directiv e o r  nondirective )  wer e crossed , 
generatin g 4  cells ,  wit h 8  subject s each .  Al l  cell s wer e 
matche d fo r  mat h sats . 

Procedure: From the subjects' point of view the 
procedur e wa s identica l  t o tha t  o f  experimen t  1 . 

Result s a n d Discussio n 

Training :  Subject s i n th e dela y conditio n receive d 
feedbac k o n fewe r  detecte d error s tha n di d thos e i n th e 
immediat e condition ,  respectivel y makin g 17. 3 an d 36. 1 
errors ,  F(l,23) = 16.2 ,  p  <  .0005 .  A s i n Experimen t  1 , 
subject s receivin g directiv e feedbac k mad e fewe r  tota l 
(an d detected )  error s tha n di d subject s receivin g 
nondirectiv e feedback ,  F(l,23) = 12.13 ,  p  <  .002 .  Subject s 
i n th e delaye d conditio n self-correcte d 3 7 % o f  thei r  tota l 
errors .  B y definitio n subject s i n th e immediat e conditio n 
di d no t  hav e a n opportunit y t o self-correct . 

Subjects took longer to finish the problems under 
nondirectiv e a s compare d t o directiv e feedback ,  wit h 
respectiv e mean s o f  182 4 an d 126 5 seconds ,  F(l,23) = 
12.13 ,  p  <  .002 .  Th e advantag e fo r  immediat e ove r 
delaye d feedbac k i n experimen t  1  wa s attenuate d i n thi s 
experiment ,  thoug h i t  di d no t  disappea r  completely . 
Subject s i n th e immediat e conditio n too k les s time  t o 
complet e th e problem s tha n di d thos e receivin g delaye d 
feedback ,  takin g respectivel y 139 0 an d 169 9 seconds , 
F(l,23) = 2.35 ,  p  <.13 ;  subject s i n th e immediat e conditio n 
stU l  finishe d di e trainin g problem s 1 8 % faste r  tha n di d 
thos e i n th e dela y condition . 

Test: Overall subjects in the delay condition made 
fewe r  tota l  error s the n subject s i n th e immediat e conditio n 
wit h mean s o f  22. 0 an d 45. 3 tota l  error s respectively , 
F(l,23) = 9.86 ,  p  <.005 .  Analogou s effect s wer e foun d fo r 
tim e o n task .  Subject s i n th e delaye d conditio n spen t  115 6 
second s o n th e problems ,  wherea s subject s i n th e 
immediat e conditio n too k a n averag e o f  172 7 second s t o 
complet e them ,  F(l,23 )  =  10.35 ,  p  <  .004 .  Othe r  dependen t 
measure s als o showe d a n advantag e o f  delaye d feedback . 
The tota l  numbe r  o f  step s require d t o solv e th e problems , 
th e time  require d t o ad d a  correc t  step ,  an d th e numbe r  o f 
error s pe r  correc t  ste p wer e al l  statisticall y significan t  a t 
th e .0 5 leve l  o r  better . 

The guidance hypothesis predicts delayed feedback 
shoul d foste r  th e developmen t  o f  secondar y skill s  suc h a s 
self-correction .  Consisten t  wit h thi s prediction ,  subject s i n 
th e dela y an d immediat e condition s self-correcte d 4 5 % an d 
3 0 % o f  thei r  error s respectively ,  thoug h thi s differenc e wa s 
not  statisticall y significant . 

E x p e r i m e n t  3 

The first two experiments yielded somewhat different 
results .  I n Experunen t  1 ,  th e dela y an d inimediat e 
condition s wer e relativel y simila r  t o eac h other ,  ther e wer e 
no difference s betwee n th e delaye d (2 3 tota l  error s &  1 7 % 
sel f  correction )  an d immediat e (2 1 &  13% )  conditions .  I n 
contras t  t o Experimen t  1 ,  wher e th e testin g condition s 
provide d litti e support ,  th e performanc e o f  subject s traine d 
i n di e dela y conditio n o f  experimen t  2  (2 2 &  4 5 % )  wa s 
markedl y bette r  tha n tha t  o f  thos e traine d i n th e immediat e 
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conditio n (4 5 &  3 0 % ) .  Thes e contrast s shoul d b e 
approache d wit h som e caution ,  no t  onl y becaus e th e 
compiuisoa s ar e acros s experiments ,  bu t  becaus e o f 
difference s i n th e condition s durin g testing .  W e hav e n o 
indication ,  fo r  example ,  o f  ho w subject s traine d unde r  th e 
dela y condition s o f  Experimen t  1  woul d perfor m unde r  th e 
testin g condition s o f  Experimen t  2 . 

The primary goal of experiment 3 was to replicate parts 
of  experiment s 1  an d 2 ,  i n particula r  t o determin e whethe r 
difference s i n th e interfac e coul d accoun t  fo r  th e differin g 
results . 

Method 

Subjects: The thirty-two subjects were comparable to 
thos e i n E^qjeriment s I  an d 2 . 

Design: In comparison to the first tutor, the second 
edito r  wa s easie r  t o us e an d it s feedbac k wa s mor e 
delayed .  Thoug h thes e wer e th e majo r  difference s 
betwee n th e tutor s use d i n th e first  an d secon d 
experiments ,  numerou s other ,  seemingl y minor ,  change s 
wer e als o made .  I f  w e wer e t o compar e th e origina l 
condition s o f  experimen t  1  wit h thos e o f  experimen t  2  w e 
coul d onl y attribut e subsequen t  difference s i n performanc e 
t o difference s betwee n th e tutor s a s whole .  Th e tw o 
version s o f  th e tuto r  wer e re-implemented  withi n th e sam e 
genera l  architecture ,  s o tha t  w e ca n localiz e th e caus e o f 
any difference s i n subjects '  performanc e b y systematicall y 
manipulatin g th e relevant  dimensions . 

Subjects were trained in one of four conditions, 
correspondin g t o th e delaye d an d immediat e condition s o f 
th e previou s tw o experiments .  The y wer e the n teste d unde r 
eithe r  th e tes t  condition s o f  experimen t  1  o r  thos e o f 
experimen t  2 .  Thi s desig n generate d a  tota l  o f  8  cells ,  wit h 
4 subject s pe r  ceil .  Fo r  example ,  thei r  wer e 8  subject s 
traine d unde r  th e dela y condition s o f  experimen t  2 .  Hal f  o f 
thes e subject s wer e teste d unde r  th e dela y condition s o f 
experimen t  1  an d th e othe r  hal f  unde r  dela y condition s o f 
experimen t  2 .  A s th e immediat e feedbac k condition s o f 
experimen t  1  an d 2  wer e practicall y identical ,  thes e 
condition s wer e collapse d togethe r  fo r  th e analysis . 

Results 

Training: The first day results are relatively 
.straightforward .  Subject s receiving  immediat e feedbac k 
wer e somewha t  faste r  tha n thos e workin g i n th e delaye d 
feedbac k condition s o f  eithe r  experimen t  1  o r  2 , 
respectivel y takin g 1713 ,  223 9 an d 179 5 seconds .  F (  1.27) = 
2.13 ,  p  <  .14 .  Sinc e al l  subject s received  directiv e 
feedback ,  ther e wa s relativel y litfl e flounderin g i n an y o f 
th e conditions .  Subject s i n th e immediat e condition ,  an d 
th e dela y condition s o f  experiment s 1  an d 2  mad e 
respectively ,  21 ,  2 4 an d 2 5 errors ,  F(l,27)=.5 ,  p  <  .61 . 

Test: One subject in the delay condition, who was 2.98 

standar d deviation s slowe r  tha n th e mean ,  wa s droppe d 
fro m th e analysis .  N o othe r  subjec t  wa s ove r  2  SD' s fro m 
th e mea n o n thi s measure . 

Overall, subjects trained in delay conditions (1260 sec) 
complete d th e tes t  problem s mor e quickl y tha n di d thos e 
traine d witl i  immediat e feedbac k (166 6 sec) ,  F(l,28) = 
2.87 ,  p  <  .10 .  Further ,  subject s i n th e dela y condition s (1 8 
tota l  errors )  mad e fewe r  mistake s tha n di d subject s i n th e 
immediat e conditio n (3 4 tota l  errors) ,  F(l,28) = 6.05 ,  p  < 
.02 .  Subject s i n th e dela y condition s self-correcte d 3 4 % o f 
thei r  errors ,  whil e subject s i n th e immediat e conditio n self -
correcte d onl y 1 4 % o f  theirs ,  F(l,28) = 6.37 ,  p  <  .015 . 

fcrminlng 

Imd 

Exp l 

Exp 2 

tastin g 

Exp l 

Exp 2 

Esip l 

Exp 2 

Exp l 

E]qp 2 

t im * 

168 9 

164 8 

124 4 

146 2 

116 6 

113 8 

tota l 
«rror « 

33. 8 

34. 5 

18 

12 

20. 7 

22. 5 

••If -
oorraot s 

10 % 

18 % 

27 % 

58 % 

30 % 

18 % 

Tabl e 1 .  Testin g resul t *  o f  axpariiiMn t  3 . 

As fo r  th e replications,  subject s traine d i n th e delaye d 
conditio n o f  experimen t  2  an d the n teste d unde r  th e tes t 
condition s o f  experimen t  2  performe d bette r  tha n di d 
subject s traine d wit h immediat e feedbac k an d teste d unde r 
thes e sam e conditions .  Becaus e o f  th e smal l  n ,  thes e 
difference s wer e no t  significant .  Th e results  o f  th e 
experimen t  1  replicatio n wer e no t  consisten t  wit h thos e o f 
experimen t  1 .  Subject s traine d i n th e dela y conditio n o f 
experimen t  1  performe d bette r  tha n subject s traine d wit h 
immediat e feedbac k an d teste d unde r  identica l  conditions . 
Botl i  replication s sugges t  a n advantag e fo r  delaye d ove r 
immediat e feedback . 

It could be argued that the differences between the 
immediat e an d delaye d feedbac k condition s resul t  solel y 
fro m th e difficult y tha t  subject s traine d wit h immediat e 
feedbac k hav e wit h th e interface .  T o contro l  fo r  this ,  w e 
can loo k a t  subjects '  performanc e o n th e first  ste p o f  thei r 

solutions ,  wher e th e advantage s tha t  th e dela y subject s 
hav e workin g wit h th e interfac e shoul d b e diminished .  I n 
contras t  t o th e overal l  result,  subject s i n th e dela y (42 5 sec ) 
conditio n tak e longe r  t o mak e thei r  first  move s tha n d o 
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subject s i n th e immediat e (34 5 sec )  condition ,  F(l,28) = 
4.55 ,  p  <  .04 .  Subject s i n th e dela y (4. 3 errors )  condiiio n 
make somewha t  fewe r  mistake s the n d o tho.s c i n th e 
immediat e (6.3 )  conditon ,  F(l,28) = 2.77 ,  p  <  .11 .  Thi s 
resul t  i s  consisten t  wit h th e hypothesi s tha t  subject s i n th e 
dela y conditio n ar e spendin g mor e tim e plannin g thei r 
solution s tha n d o subject s w h o ha d received  immediat e 
feedbac k durin g training .  I n experiment s wit h th e 
geometr y tutor ,  goo d subject s demonstrate d simila r 
behavio r  (Koedinge r  &  Anderson ,  1990) . 

To summarize Experiment 3, though the subjects in the 
immediat e condition s wen t  throug h th e trainin g problem s 
1 8 % faste r  tha n di d thos e i n th e dela y conditions ,  the y 
made twic e a s man y error s o n th e tes t  problems .  Th e 
result s ar e consisten t  wit h experimen t  2 .  Thi s experimen t 
suggest s tha t  difference s i n th e interface s alon e d o no t 
full y  accoun t  fo r  th e difference s i n th e result s betwee n th e 
firs t  an d secon d experiment . 

G e n e r a l  D i s c u s s i o n 

Within the ACT* framework, in order for an appropriate 
production ,  o r  operator ,  t o b e compiled ,  al l  o f  th e relevan t 
informatio n need s t o b e i n workin g memory .  Wherea s 
Lewi s an d Anderso n (1985 )  foun d a n advantag e fo r 
immediat e feedback ,  Anderso n e t  a l  (1989 )  di d not . 
Anderso n e t  a l  (1989 )  attribut e th e difference s betwee n 
thei r  result s an d thos e o f  Lewi s an d Anderso n (1985 )  t o 
difference s i n th e workin g memor y requirements  o f  th e 
tw o tasks .  The y sugges t  tha t  Lewi s an d Anderso n (1985 ) 

was a  situatio n wher e th e tota l  correc t  solutio n wa s 
neve r  lai d ou t  befor e subject s an d the y ha d t o integrat e 
i n memor y a  sequenc e o f  moves .  I n contrast ,  i n th e 
LIS P domai n student s hav e a t  th e en d a  workin g LIS P 
functio n i n fron t  o f  the m t o study .  (Anderso n e t  1989 ) 

This interpretation suggests that not only forgetting, but 
any processin g tha t  force s relevan t  informatio n ou t  o f 
workin g memor y coul d disrup t  productio n compilation , 
impairin g learning .  Fo r  example ,  Swelle r  (1988 )  suggest s 
tha t  learnin g ma y b e hindere d b y proble m solving ,  sinc e 
the y bot h rel y o n th e same ,  limited ,  cognitiv e processin g 
capacity .  Lik e proble m solving ,  th e processin g o f  feedbac k 
coul d als o compet e fo r  Umite d cognitiv e resources .  W h e n 
a subjec t  i s  provide d wit h feedback ,  th e feedbac k 
necessitate s tha t  the y se t  ne w goal s t o proces s it .  W h e n 
the y re-emerg e fro m th e feedbac k episode ,  th e previou s 
goal s ma y hav e bee n lost ,  increasin g th e likelihoo d tha t  th e 
subjec t  woul d rel y o n th e feedback .  I n contrast ,  i f  th e 
feedbac k processin g wer e somewha t  les s disruptive ,  the n 
the y migh t  retur n fro m th e feedbac k episod e witl i  thei r 
goal s intact .  A  protoco l  o f  a  subjec t  R M illustrate s thes e 
cost s an d som e benefit s o f  immediat e feedback . 

At this point in the protocol, RM's current goal is to get 
th e secon d elemen t  o f  th e lis t  ( q a  r  s) ,  whic h i s boun d t o 

th e variabl e y .  Thi s ca n b e accomplishe d b y firs t  takin g th e 
tai l  (cdr )  o f  th e lis t  an d the n th e hea d (car )  o f  th e result . 
Sinc e th e LIS P interprete r  evaluate s expression s fro m th e 
in.sid e out ,  th e argument s t o a  functio n ar e evaluate d befor e 
th e fijnction.  Thi s necessitate s implementin g plan s i n th e 
revers e orde r  i n whic h the y ar e generated . 

In statement 3 he appears to have the components of a 
successfu l  plan ,  includin g th e orde r  i n whic h th e function s 
need t o b e applied .  H e forgets ,  however ,  abou t  th e manne r 
i n whic h LIS P evaluate s it s arguments .  Th e syste m 
respond s wit h directiv e interrogativ e feedback ,  suggestin g 
th e us e o f  head .  I n statemen t  4 ,  h e proceed s t o includ e 
hea d i n hi s solution ,  withou t  understandin g why .  I n 
statemen t  5 ,  h e want s t o manipulat e th e list ,  thoug h i t 
woul d b e appropriat e t o us e fail ,  h e doesn' t  thin k t o d o 
this ,  eve n thoug h previousl y i t  ha d bee n a  componen t  i n 
hi s plans ;  presumably ,  th e pla n ha s bee n pushe d ou t  o f 
workin g memory .  I n statemen t  8  th e syste m ha s jus t 
suggeste d taH ,  whic h h e doe s no t  recognize  a s par t  o f  hi s 
origina l  plan .  I n statemen t  9 ,  onc e th e component s o f  th e 
solutio n ar e largel y i n place ,  h e reflect s o n th e solution , 
and leam s h o w t o ge t  th e secon d elemen t  o f  a  list ;  h e ha s 
severa l  mor e opportunitie s t o d o thi s i n th e problems , 
whic h h e doe s withou t  error . 

R m Protoco l 

1 R M :  ..(um)..s o I  wan t  t o manipulat e y  wit h som e 
functions .  S o I'l l  sa y ..(ah)..(ah ) 

2 E :  What' s you r  reasonin g here ? 

3 R M :  I' m thinkin g mayb e I  woul d wan t  t o us e th e hea d 
function .  N o th e ta i  function . 

edit :  (lis t  (tai l  <expr-l> )  <expr-2> ) 
error :  Th e syste m expecte d t o fin d hea d a t 

th e curren t  curso r  postion . 
What  doe s (hea d ( h i  j) )  return ? 

{RM answers question) 

4 RM: And so that right here. The system expected to find 
head .  I' m no t  sur e wh y bu t  I  wil l  g o alon g wit h i t  an d sa y 
lis t  head . 
edit :  (lis t  (hea d <expr-l> )  <expr-2> ) 

5 R M :  An d I  woul d wan t  t o hea d lli e ....o h wel l  mayb e I'l l 
say ..(urn)..(ah).. I  don' t  wan t  t o us e revers e no .  1  don' t  onl y 
want  t o sa y y  T  don' t  ttiink .  (ah )  head.. . 

6 E :  Wha t  ar c yo u thinking ? 

7 R M :  (uni )  Tryin g t o thin k ho w I  ca n rearrange  th e orde r 
..  o f  th e y  lis t  q  a  r  s  withou t  changin g a  ..withou t  reversin g 
it .  Let' s se e lis t  hea d ...(um)..(alO. I  woul d wan t  t o sa y 
(um)...(hm )  I  wis h I  coul d us e somethin g othe r  tha n hea d 
here ,  bu t  (ah )  th e syste m want' s it ,  s o it s goin g t o ge t 
(ah)..(ah).. I  gues s I  coul d ...(sh).(um).(um) .  I' U tr y lis t 
again ,  se e i f  ah . 
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edit :  (lis t  (hea d (lis t  <expr-l > <expr-2>) )  <expr-2> ) 
error :  Th e syste m expecte d t o find  tai l  a t  th e curren t 

curso r  position . 
What  doe s (tai l  ( w f) )  return ? 

{RM answers question) 

8 RM: So since it wants tail, I'll give it tail. List head tail 
and I  don' t  kno w wher e th e compute r  i s goin g wit h tliis . 

edit :  (lis t  (hea d (tai l  <expr-l>) )  <expr-2> ) 

9 R M : ( u m )  Wha t  ar e w e tailing? .  W e ar e tailin g y...S o tha t 
means.  O h I  ge t  it ,  I  fee l  s o stupi d now .  N o w I  ge t  i t 
because ,  i f  yo u tai l  q  a  r  s ,  yo u ge t  a  r  s  an d yo u hea d tha t 
and yo u ge t  a  whic h i s al l  I  wante d i n th e first  place ,  s o I'l l 
jus t  sa y y  her e 
edit :  (lis t  (hea d (tai l  y) )  <expr-2> ) 

Figur e 4 .  Verba l  Protoco l  o f  R M workin g wit h immediat e 
feedback . 

From this protocol it can be seen that even relatively 
primitiv e feedbac k ca n provid e th e basi s fo r  qualit y self -
generate d explanatio n (statemen t  9) .  Second ,  tha t 
feedbac k ciu i  disrup t  workin g memory ,  forcin g ou t 
relevan t  informatio n (statemen t  3) .  Third ,  i t  i s  no t  difficul t 
t o se e tha t  i f  R M ha d no t  pause d t o reflec t  o n hi s solution , 
he coul d hav e ver y easil y finished  th e problem ,  relyin g o n 
th e feedback .  R.C .  Anderson ,  Kulhav y &  Andr e (1972 ) 
foun d tha t  copyin g feedbac k suc h a s thi s impaire d 
learning . 

There are clearly advantages to immediate feedback. 
First ,  i t  increase s th e probabilit y  tha t  relevan t  infonnatio n 
wil l  b e i n workin g memor y (Anderso n e t  al ,  1989) . 
Second ,  i t  decrease s th e tim e spen t  floundering,  focusin g 
th e subject s attentio n o n relevan t  informatio n an d 
decreasin g tim e o n task .  Alon g wit h thes e benefits , 
however ,  ar e th e potentia l  costs .  First ,  subject s ca n gro w 
dependen t  o n th e feedback ,  s o tha t  secondar y skill s  suc h a s 
erro r  detectio n an d sel f  correctio n d o no t  develo p (Schmid t 
et  al ,  1989) .  Second ,  immediat e feedbac k ma y compet e 
fo r  th e resource s o f  workin g memory ,  impairin g learning . 
Perhaps ,  a  for m o f  feedbac k ca n b e foun d i n whic h thes e 
benefit s an d cost s ar e optimall y balanced . 
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