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T h e Effec t  o f  F e e d b a c k Contro l 

o n Learn in g t o P r o g r a m 

wit h th e Lis p Tu to r 

Albert T. Corbett 
Joh n R .  Anderso n 

Department of Psychology 
Carnegie-Mello n Universit y 

Abstrac t 

Control and content of feedback was manipulated as students practiced coding functions with the Lisp Tutor, 
Fou r  feedbac k condition s wer e employed :  (1 )  immediat e erro r  feedbac k an d correction ,  (2 )  immediat e erro r  flaggin g 
but  immediat e correctio n no t  require d (3 )  feedbac k o n deman d aix l  (4 )  n o tutoria l  assistance .  Th e wid e rang e i n 
feedbac k condition s di d no t  affec t  mea n learnin g rat e a s measure d b y individua l  productio n firing,  tim e t o complet e 
th e exercise s o r  post-tes t  performance .  However ,  post-tes t  result s wer e mor e highl y correlate d wit h studen t  abilit y 
as tutoria l  assistanc e decrease d acros s conditions .  Feedbac k condition s als o affecte d students '  monitorin g o f  th e 
learnin g process .  Acros s groups ,  student s foun d th e materia l  wa s easie r  an d bcUeve d the y ha d learne d i t  bette r  a s 
assistanc e decrease d acros s conditions .  However ,  student s w h o received  mor e assistanc e estimate d thei r  master y o f 
th e materia l  mor e accurately .  Finally ,  student s reported  relatively  littl e preferenc e fo r  on e tutorin g conditio n ove r 
th e others .  Student s w h o coul d exercis e th e mos t  contro l  ove r  feedbac k reacted  fairl y passivel y t o th e tutorin g 
conditions ;  student s i n conditio n 3  tende d no t  t o as k fo r  m u c h hel p an d student s i n conditio n 2  tende d t o correc t 
erro r  immediatel y althoug h i t  wa s no t  required. 

Introductio n 

This study examines four types of feedback in the context of students learning to program with the Lisp Tutor. 
Th e fou r  condition s var y fro m fairl y rigi d step-by-ste p feedbac k t o a  conditio n i n whic h n o feedbac k i s available . 
We ar e intereste d i n severa l  theoretica l  an d practica l  issue s i n thi s research:  (1 )  whethe r  immediat e feedbac k i s 
optima l  fo r  learnin g a s predicte d b y a n earlie r  versio n o f  A C T *  (2 )  whethe r  feedbac k condition s affec t  student s 
monitorin g o f  h o w wel l  the y hav e mastere d th e materia l  an d (3 )  whethe r  student s hav e preference s amon g th e 
feedbac k conditions . 

The Lisp Tutor is a program that provides assistance to students as they work on lisp coding exercises (Anderson 
& Reiser ,  1985) .  A s th e student s typ e thei r  code ,  th e tuto r  monitor s thei r  progres s step-by-step ,  provide s feedbac k 
o n error s an d provide s th e correc t  nex t  actio n whe n a  studen t  appear s t o b e floundering .  Th e tuto r  contain s a 
productio n syste m idea l  studen t  mode l  an d provide s feedbac k b y comparin g th e student s response s t o correc t  an d 
bugg y production s tha t  coul d fire  a t  eac h step .  Th e tuto r  wa s develop)e d i n larg e par t  t o tes t  th e A C T *  mode l  o f 
procedura l  learnin g i n a  "real-life "  contex t  an d ha s als o bee n use d t o explor e tutoria l  variable s (Anderson ,  Conra d & 
Corbett ,  1989 ) 

The standard lisp tutor constrains students to enter their code top-down, depth-first and left-to-right, and presents 
immediate ,  atom-by-ato m feedbac k o n errors .  W h e n a n erro r  i s made ,  th e tuto r  interrupts ,  present s a  feedbac k 
message ,  delete s th e erro r  an d requires  th e studen t  t o tr y again .  A n earl y versio n o f  th e A C T *  mode l  suggeste d tha t 
immediat e feedbac k shoul d facilitat e th e proceduralizatio n o f  declarativ e knowledge ,  sinc e th e formatio n o f 
production s depend s o n th e workin g memor y trac e o f  th e proble m solvin g episod e (Anderson ,  Farrel l  &  Sauers , 
1984 ;  Anderson ,  Boyle ,  Farrel l  &  Reiser ,  1987) .  However ,  immediat e feedbac k doe s no t  uniforml y enhanc e 
learnin g (Kuli k &  Kulik ,  1988 )  an d i n earlie r  studie s wit h th e Lis p Tutor ,  removing  feedbac k conten t  o r  delayin g 
feedbac k ha s no t  ha d an y impac t  o n degre e o f  learnin g a s assesse d i n a  post-tes t  (Anderson ,  Conra d &  Corbett , 
1989 ;  Corbet t  &  Anderson ,  1989 ;  Corbett ,  Anderso n &  Patterson ,  i n press) .  Moreover ,  i n som e circumstances , 
immediat e feedbac k ca n interfer e wit h th e students '  monitoring  o f  th e learnin g proces s (Schmidt ,  Young ,  Swinne n 
& Shapiro ,  1989) .  A s a  result ,  i n thi s stud y w e hav e implemente d fou r  feedbac k conditions .  Unlik e earlie r  studies , 
thes e condition s ar e implemente d i n th e sam e progra m architecture ,  makin g i t  possibl e t o compar e productio n firing 
times .  I n additio n t o thi s direc t  tes t  o f  th e theory ,  w e measur e post-tes t  performance ,  tim e t o complet e th e exercise s 
and hav e collecte d questionnair e data . 
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The fou r  feedbac k condition s ar e (1 )  standar d immediat e feedback ,  a s describe d above ;  (2 )  erro r  flagging ,  (3 ) 
feedbac k o n deman d an d (4 )  n o feedbac k (se e Corbett ,  Anderso n &  Patterso n fo r  implementatio n details) .  Th e thre e 
non-standar d condition s diffe r  from  th e standar d immediat e feedbac k conditio n i n tw o ways .  First ,  i n thes e tfire e 
conditions ,  student s entere d thei r  cod e wit h a  tru e structure d editor .  Thus ,  the y coul d typ e thei r  cod e i n an y order , 
and edi t  thei r  cod e a t  will .  Second ,  th e condition s varie d wit h resjjec t  t o feedbac k conten t  an d contro l 

In the error flagging condition, the tutor provided immediate feedback, but did not interrupt the students. It 
flagged  an y cod e i t  di d no t  recogniz e b y displayin g i t  i n boldface ,  bu t  di d no t  displa y an y explanator y tex t  an d th e 
student s remaine d i n contro l  o f  thei r  actions .  The y wer e fre e g o bac k an d fi x th e error ,  as k fo r  a  c o m m e n t  o n th e 
eno r  (th e sam e messag e provide d automaticall y i n th e immediat e feedbac k condition )  o r  t o continu e coding .  Th e 
tuto r  recognize s on e o r  mor e roughl y optima l  solution s t o th e exercises .  Error s ar e flagge d o n th e basi s o f  thi s 
knowledge ,  so ,  i n effect ,  th e tuto r  i s guidin g student s t o a n optima l  answer .  However ,  al l  thre e non-standar d 
version s ultimatel y wil l  accep t  an y cod e tha t  work s an d student s kne w i n thi s conditio n tha t  the y migh t  hav e a 
workabl e solution ,  eve n i f  som e o f  th e cod e wer e flagged.  I f  th e student s complete d a n exercis e wit h working ,  bu t 
unrecognizabl e code ,  th e tuto r  als o displaye d on e o f  it s  optima l  solutions .  Ther e ar e possibl e theoretica l  an d 
practica l  advantage s i n thi s condition .  First ,  student s m a y benefi t  from  generatin g thei r  o w n e}q)lanation s o f  errors , 
instea d o f  automaticall y receiving  feedback .  Second ,  i n th e cours e o f  learning ,  large r  production s m a y b e compiled . 
I n tha t  case ,  atom-by-ato m feedbac k coul d interrup t  th e firing  o f  productions .  I f  so ,  thi s versio n o f  th e tuto r  allow s 
student s t o complet e a  productio n befor e pausin g t o dea l  wit h a n error . 

In the feedback on demand condition, the tutor never interrupted the student. However, the student could ask the 
tuto r  a t  an y time  t o chec k ove r  th e code .  I n thi s case ,  th e tuto r  checke d th e cod e top-dow n an d a s soo n a s i t  foun d a n 
error ,  provide d th e sam e feedbac k messag e tha t  th e standar d tuto r  woul d hav e presente d automaticall y w h e n th e 
erro r  i s made .  I f  ther e wer e n o errors ,  i t  informe d th e subjec t  accordingly .  (I t  shoul d b e note d tha t  i n al l  thre e 
version s o f  th e tuto r  tha t  hav e bee n discusse d s o far ,  th e studen t  coul d als o as k fo r  tw o othe r  type s o f  help :  (1 )  a  hin t 
at  an y goa l  i n th e solutio n (2 )  th e correc t  actio n t o tak e a t  an y goal. )  I f  student s benefi t  from  detectin g a s wel l  a s 
correctin g thei r  errors ,  thi s feedbac k o n deman d conditio n coul d prov e t o b e optimal . 

In the no feedback condition, no tutorial assistance was available to the students as they generated their code. 
Student s i n al l  condition s ha d acces s t o a  lis p environmen t  durin g coding ,  s o the y coul d loa d an d tes t  thei r  code ,  bu t 
thi s wa s th e onl y mechanis m availabl e t o student s i n thi s conditio n fo r  debugging .  I n th e thre e non-standar d 
conditions ,  th e student s indicate d thei r  solution s wer e complet e b y pressin g a  key .  I n th e erro r  flaggin g conditio n 
and feedbac k o n deman d conditions ,  student s coul d no t  m o v e o n t o th e nex t  exercis e unti l  thei r  solutio n w a s correct . 
Snident s i n th e n o tuto r  conditio n wer e ultimatel y allowe d t o m o v e o n wit h incorrec t  code ,  bu t  onl y afte r  tryin g a t 
leas t  five  time s t o ge t  th e correc t  answer .  I f  th e studen t  gav e up ,  th e tuto r  showe d the m a  correc t  solution . 

T h e Experimen t 

Thi s experimen t  wa s conducte d i n a  clas s an d a  tota l  o f  5 5 student s participated .  Eac h studen t  worke d wit h on e 
versio n o f  th e tutor .  Th e fou r  version s o f  th e tuto r  wer e implemente d fo r  th e firs t  tw o lesson s o f  th e lis p tutor . 
Thes e lesson s cove r  a n inttoductio n t o fimctio n call s an d t o fiinctio n definitions ,  an d consis t  o f  a  tota l  o f  2 0 
exercises .  Whil e som e o f  thes e exercise s ar e difficult ,  mos t  student s ar e ultimatel y capabl e o f  generatin g solution s 
eve n withou t  hel p from  th e tutor .  Afte r  completin g thes e lessons ,  al l  student s reverte d t o th e standar d tuto r  an d s o 
had th e sam e learnin g environmen t  fo r  th e remaining  1 0 lesson s i n th e course .  A  pape r  an d penci l  post-tes t  wa s 
administere d afte r  th e first  tw o lessons .  Fou r  mor e pape r  an d penci l  test s wer e administere d throughou t  th e res t  o f 
th e course .  Sinc e al l  student s ha d th e sam e learnin g experience s ove r  th e las t  te n lesson s thes e las t  fou r  test s wil l 
serv e a s a  measur e o f  relative  ability .  I n addition ,  questionnaire s o n th e tuto r  wer e administere d afte r  th e secon d an d 
fourt h lessons . 

Results 

Learning. Scores on the post-test following lesson 2 are displayed in Table 1. The effect of mtor type is not 
significan t  i n a n analysi s o f  variance .  Becaus e o f  attritio n an d absence ,  th e student s i n th e fou r  group s wer e no t  wel l 
matched .  A s a  result,  w e use d students '  m e a n performanc e o n th e remainin g test s i n th e cours e a s a  measur e o f 
relativ e abilit y  an d removed  th e effect s o f  thi s measur e i n a n analysi s o f  covariance .  Th e adjuste d mean s ar e als o 
displaye d i n Tabl e I  an d agai n th e effec t  o f  tuto r  typ e i s no t  significant .  Averag e tim e t o complet e eac h exercis e i s 
als o displaye d i n Tabl e 1 .  Again ,  ther e ar e n o significan t  difference s i n a n analysi s o f  varianc e o r  a n analysi s o f 
covarianc e tha t  remove s th e effect s o f  students '  relativ e ability . 
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Tabl e 1 

Mean Post-Tes t  Score s (percen t  correct )  an d 
Mean Exercis e Completio n Time s (minutes )  fo r 

th e Fou r  Version s o f  th e Tutor , 

Post-Tes t  Score s 
Adjuste d Score s 
(ANCOVA) 

Exercis e Time s 
djuste d Time s 
(ANCOVA) 

Immediat e 
Feedbac k 

55 % 
6i7 c 

4. 6 
4. 1 

Erro r 
Flaggin g 

7 5 % 
7 5 % 

3. 9 
4. 2 

Demand 
Feedbac k 

7 5 % 
71 % 

4. 5 
4. 5 

No 
Tuto r 

7 0 % 
67 % 

4. 5 
5. 0 

Ther e i s n o evidenc e i n thes e globa l  measure s tha t  th e feedbac k manipulatio n affecte d learning .  T o analyz e th e 
effe a o f  feedbac k o n learnin g mor e closel y w e als o examine d productio n firing  accurac y an d firin g tim e i n th e 
cours e o f  coding .  Accurac y i s operationall y define d a s th e probabilit y  tha t  th e studen t  type s a n ato m tha t 
correspond s t o a n appropriat e underlyin g productio n i n th e tutor' s idea l  studen t  model .  Productio n firing  tim e i s 
onl y measure d fo r  correc t  codin g cycles .  I t  i s  operationall y define d a s th e tim e fi-om  th e onse t  o f  th e promp t  a t  th e 
beginnin g o f  a  codin g cycl e unti l  th e onse t  o f  th e promp t  fo r  th e nex t  cycle .  Tabl e 2  display s mea n tim e an d 
accurac y dat a fo r  th e first  throug h fifth  opportunitie s t o fire  eac h productio n A s ca n b e see n accurac y increase s an d 
firin g tim e decrease s wit h repeate d productio n firings.  Not e tha t  ther e i s a  spee d accurac y tradeof f  betwee n th e 

Table 2 

Productio n Firin g Accurac y (percen t  correct )  an d 
Productio n Firin g Tim e (seconds )  i n Lesso n 2 . 

Immediat e Feedbac k 
Accurac y 
Time 

Erro r  Flaggin g 
Accurac y 
Tim e 

Feedbac k o n Demand 
Accurac y 
Time 

No Tuto r 
Accurac y 
Time 

Firs t 
Occurrenc e 

83 % 
18. 9 

62 % 
11. 5 

59 % 
15. 7 

59 % 
15. 0 

Second 
Occurrenc e 

90 % 
14. 5 

69 % 
6. 0 

52 % 
9. 0 

67 % 
9. 2 

Thir d 
Occurrenc e 

95 % 
8. 9 

82 % 
5. 4 

88 % 
6. 7 

80 % 
7. 4 

Fourt h 
Occurrenc e 

95 % 
8. 2 

73 % 
4. 1 

82 % 
4. 9 

78 % 
6. 7 

Fift h 
Occurrenc e 

91 % 
8. 9 

81 % 
3. 0 

70 % 
4. 9 

76 % 
4. 6 

thre e non-standar d condition s an d th e immediat e feedbac k condition .  Student s i n th e immediat e feedbac k conditio n 
ar e respondin g mor e accuratel y a t  eac h seria l  position ,  bu t  the y ar e als o respondin g mor e slowly .  Thes e student s ar e 
more cautiou s i n th e immediat e feedbac k condition ,  perhap s becaus e th e tuto r  react s strongl y t o eac h mistak e i n thi s 
condition ,  bu t  ther e i s n o evidenc e tha t  the y ar e learnin g th e production s better .  Thus ,  i t  seem s tha t  th e proces s o f 
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Conra d &  Corbet t  (1989 )  an d i n contras t  t o th e earlie r  proposal s o f  Anderson ,  Boyle ,  Farrel l  &  Reise r  (1987) .  Th e 
spee d accurac y tradeof f  itsel f  i s  interesting ,  sinc e ther e i s currentl y n o mechanis m i n A C T *  tha t  allow s suc h a 
tradeof f  i n firing  prvxiuctions . 

Finally, to assess whether ability interacted with tutoring condition, we we plotted Test I accuracy against our 
abilit y  measur e (students '  performanc e o n th e remainin g test s i n th e course )  i n Figur e 1 .  Th e slope s generall y gro w 
progressivel y steepe r  an d th e goodnes s o f  fit  generall y increase s a s th e th e contro l  exerte d b y th e tuto r  diminishes . 
The standar d immediat e feedbac k conditio n ha s th e lowes t  slope ,  whil e th e slop e fo r  th e n o tuto r  conditio n i s almos t 
twic e a s large .  Th e tw o othe r  version s fal l  i n between .  Thi s resul t  suggests ,  a s migh t  b e expected ,  tha t  w h e n les s 
assistanc e i s provided ,  student' s performanc e depend s mor e heavil y o n relativ e ability . 

Figure 1 

Tes t  1  Accurac y Plotte d Agains t 
Averag e Accurac y o n Remainin g Test s 

Immediat e Feedbac k 
Slope=0.6 8 

r=0.50,p<.1 0 

Erro r  Flaggin g 
Slope=0.9 7 

r=0.70 ,  p<.0 5 

Feedbac k o n D e m a n d 
Slope=0.8 8 

r=0.80 ,  p<.0 1 

No Tuto r 
Slope=1.2 7 

r=0.72 ,  p<.0 1 

Questionnair e l; .  Monitorin g th e Learnin g Process .  A  questionnair e wa s administere d afte r  student s complete d 
th e firs t  tw o lesson s wit h th e tutor ,  bu t  befor e takin g th e post-test .  Th e questionnair e containe d seve n question s t o 
whic h student s responde d o n a  seve n poin t  scal e (Se e Tabl e 3) .  T w o o f  th e question s concerne d th e student s 
perceptio n o f  th e learnin g process ,  sinc e t o th e abilit y  t o self-monito r  thi s proces s i s a n importan t  skil l  i n student s 
(Chi ,  Bassok ,  Lewis ,  Reiman n &  Glaser ,  1989) .  Thes e ar e th e first  tw o question s i n Tabl e 3 .  Th e first  questio n 
aske d ho w difficul t  th e exercise s wer e an d th e difference s betwee n th e group s wer e marginall y significan t  (F(3,51 ) 
= 2.25 ,  p  <  .10 )  A s ca n b e see n i n Tabl e 3 ,  ther e i s a  perfec t  correlatio n betwee n degre e o f  tutoria l  assistanc e an d 
rating s o f  difficulty .  (Pairwis e comparison s betwee n th e n o feedbac k an d erro r  flagging,  an d betwee n n o feedbac k 
and standar d tuto r  wer e reliable) .  Th e paradoxica l  resul t  i s tha t  th e mor e assistanc e provide d b y th e tutor ,  th e harde r 
th e exercise s seemed .  I t  appear s tha t  perceive d difficult y reflect s no t  th e degre e o f  effor t  expende d b y th e student , 
but  rathe r  th e degre e t o whic h a n externa l  sourc e point s ou t  th e students '  errors .  W e generate d scatte r  plot s fo r  thi s 
questio n t o examin e th e relationshi p o f  th e rating s t o studen t  ability .  I n Figur e 2 ,  th e seve n poin t  ratin g scal e 
appear s o n th e absciss a an d studen t  performanc e o n th e post-tes t  spear s o n th e ordinate .  A s ca n b e seen ,  th e slop e 
of  th e bes t  fitting  straigh t  lin e i s steepe r  fo r  th e standar d an d erro r  flagging  condition ,  bot h o f  whic h provide 
immediat e feedback ,  tha n fo r  th e feedbac k o n deman d an d n o tuto r  conditions .  Whil e th e immediat e feedbac k 
group s perceive d th e question s a s mor e difficult ,  i t  appear s tha t  th e student s withi n th e tw o immediat e feedbac k 
condition s wer e mor e sensitiv e t o th e difficultie s the y experienced .  Moreover ,  i n th e feedbac k o n deman d an d n o 
tuto r  group s th e correlatio n betwee n difficult y estimate s an d post-tes t  performanc e i s smal l  an d nonsignificant . 
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1.  Ho w difficul t  wer e th e exercises ? 
(l=Easy ,  7=Challenging ) 

2. How well did you learn the 
material ? (l=No t  Well ,  7=Ver y Well ) 

3. How much did you like the tutor? 
(l=Disliked ,  7=Liked ) 

4. Did the tutor help you finish? 
more quickl y (l=Slower ,  7=Faster ) 

5. Did the tutor help you understand 
better ? (l=Interferred .  7=HeIped ) 

6. Did you like the tutor's assistance? 
(l=Disliked ,  7=Liked ) 

7. Would you like more or less 
assistance ? (l=Less ,  7=More ) 

Tabl e 3 

Questionnair e 1  Mea n Rating s 

Im m 
Fdbk 

4. 1 

5. 4 

5. 2 

5. 1 

5. 3 

5. 3 

4. 3 

Erro r 
Hag 

3. 9 

4. 6 

4. 5 

4. 6 

4. 9 

5. 0 

4. 9 

Demand 
Fdbk 

3. 4 

5. 4 

4. 8 

4. 7 

4. 7 

4. 7 

4. 5 

No 
Tuto r 

2. 8 

5. 8 

4. 9 

4. 5 

4. 7 

4. 7 

4. 6 

Figur e 2 

Test  1  Accurac y Plotte d Agains t 
Rating s o f  th e Difficult y o f  th e Lesson s 

10 

t  ' 

I  s 

1 ̂  

N^ 
• 
• 

. 

L 

\, .  • 
•  \ 

" 

• 
V 

• • 

^ 
• 

KM* 

Immediat e Feedbac k 
Slope=-1.2 7 

r^.62 ,  p<.0 5 

Erro r  Flaggin g 
Slope=-1.1 0 

r=0.53,p<.1 0 

Feedbac k o n Deman d 
SIope=-0.4 0 
r=0.26 ,  ns . 

No Tuto r 
Slope=0.5 2 
r=0.24 ,  ns . 

The secon d questio n aske d ho w wel l  th e studen t  ha d learne d th e material .  Again ,  ther e wa s a  significan t  effec t 
of  tuto r  type ,  (F(3,51)=3.57 ,  p  <  .05) .  (Pairwis e comparison s betwee n th e erro r  flagging  an d n o tuto r  condition s an d 
betwee n th e erro r  flagging  an d standar d conditio n wer e significant) .  Th e result s o f  thi s questio n ar e simila r  t o wha t 
woul d b e predicte d firo m th e prio r  question ;  generall y th e group s tha t  though t  th e materia l  wa s eas y als o though t 
the y ha d learne d i t  better .  Th e exceptio n i s tha t  th e standar d immediat e feedbac k conditio n ha s shifte d upward . 
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Thi s m a y reflect  th e fac t  tha t  thi s i s th e onl y grou p tha t  received a  writte n explanatio n from  th e tuto r  eac h tim e the y 
made a  mistake .  Scatte r  plot s fo r  thi s questio n ar e displaye d i n Figur e 3 .  Again ,  th e slop e i s highe r  fo r  th e tw o 
group s receivin g immediat e feedback ,  suggesting ,  tha t  th e subject s i n thos e group s ar e mor e sensitiv e t o b o w wel l 
they' d learne d th e material . 

Figur e 3 

Tes t  1  Accurac y Plotte d Agains t 
Rating s o f  H o w Wel l  th e Materia l  wa s Learned . 

1 ' 
^  1 z . 

:  1 

• 

• 
/ 

y • 
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• / 

• 

• 

1 1 

raVng 

Immediat e Feedbac k 
Slope=1.7 5 

r=0.52 ,  p<.0 5 

Erro r  Flaggin g 
SIope=1.6 4 

r=0.51,p<.1 0 

Feedbac k o n D e m a n d 
Slope=1.3 4 

r=0.59 ,  p<.1 0 

No Tuto r 
Slope=0.7 9 
r=0.24 ,  ns . 

Questionnair e _1 :  Tutorin g Preferences .  Th e remaining five  question s concerne d th e assistanc e provide d b y th e 
tutor .  Th e surprisin g result  i s  tha t  despit e th e wid e rang e o f  contro l  exerte d b y th e tuto r  acros s th e fou r  conditions , 
student s di d no t  displa y an y preference s amon g th e tutorin g conditions .  Ther e wer e n o significan t  difference s 
among th e fou r  group s i n ratin g (1 )  h o w m u c h the y like d workin g wit h th e tutor ,  (2 )  h o w m u c h hel p th e tuto r  wa s i n 
completin g th e exercises ,  (3 )  h o w wel l  the y like d th e tutor' s assistanc e an d (4 )  whethe r  the y woul d prefe r  mor e o r 
les s assistance . 

An interesting aspect of this issue is that the students in die two groups who were able to exercise control, the 
erro r  flag  an d feedbac k o n deman d groups ,  gravitate d towar d th e tw o extremes .  I n th e cas e o f  th e feedbac k o n 
demand tutor ,  onl y 3  o f  1 1 subject s eve r  aske d th e tuto r  t o chec k ove r  cod e (onl y 2  aske d mor e tha n once) ,  2  aske d 
fo r  goa l  hint s an d 4  aske d fo r  an y explanations .  I n th e cas e o f  th e erro r  flagging  condition ,  subject s o n averag e 
correcte d 5 8 % o f  thei r  error s immediatel y an d 7 6 % afte r  n o mor e tha n on e intervenin g operation .  Thus ,  w h e n give n 
control ,  student s respond  fairl y passively .  I f  th e tuto r  doe s no t  voluntee r  help ,  th e student s ten d no t  t o as k fo r  it .  I f 
th e tuto r  flags  errors ,  student s ten d t o respond  immediately ,  eve n thoug h the y ar e fre e t o d o otherwise . 

Questionnaire 2. After students had all worked with the standard immediate feedback tutor for two lessons, we 
aske d the m t o fill  ou t  a  secon d questionnair e comparin g th e tw o tutor s the y ha d used .  Thi s questionnair e containe d 
fou r  questions ,  displaye d i n Tabl e 4 ,  tha t  required a  ratin g o n a  seve n poin t  scale .  A s ca n b e see n i n questio n 1 ,  all , 
fou r  group s preferre d th e first  versio n o f  th e tutor .  Thi s m a y see m anomalou s fo r  th e grou p tha t  use d th e standar d 
tuto r  i n th e first  place .  However ,  beginnin g i n th e thir d lesson ,  student s n o longe r  ha d acces s t o a  lis p environmen t 
whil e doin g exercises ,  an d a s ca n b e see n i n questio n 4 ,  al l  fou r  group s like d havin g th e Lis p environmen t  available . 
The secon d questio n aske d abou t  th e editin g facilitie s an d ther e wa s a  marginall y significan t  effec t  o f  tuto r  typ e 
here ,  F(3,48)=2.19 ,  p=.10 .  I n general ,  student s w h o ha d a  tru e structure d edito r  preferre d tha t  interfac e t o th e mor e 
constraine d interfac e i n th e standar d condition .  Finally ,  th e thir d questio n aske d abou t  th e feedbac k an d hel p 
propertie s o f  th e tuto r  and ,  surprisingl y al l  fou r  group s rate d themselve s a s indifferen t  betwee n th e tuto r  the y use d 
fo r  th e first  tw o lesson s an d th e standar d immediat e feedbac k tuto r  use d subsequently . 
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Tabl e 4 

Questionnair e 2  M e a n Rating s 

1.  Whic h tuto r  d o yo u lik e better ? 
(l=Versio n 1 ,  7=Standar d Tutor ) 

2. Which editing facilities did you prefer? 
(l=Versio n 1 ,  7=Standar d Tutor ) 

3. Which feedback and help facilities did 
yo u prefer ? (l=Versio n 1 ,  7=Standar d Tutor ) 

4. Did you like having the Lisp environment? 
(l=Yes,7=No ) 

I m m 
Fdbk 

2.9 

3. 4 

4. 1 

2. 5 

Erro r 
Fla g 

2.0 

2. 0 

3. 6 

2. 2 

Demand 
Fdbk 

2.6 

3. 0 

3. 1 

2. 1 

No 
Tuto r 

2.7 

2. 3 

3. 9 

2. 1 

I n summary ,  si x question s o n tutoria l  assistanc e di d no t  revea l  an y preferences .  Ther e ar e tw o point s tha t  qualif y 
thi s conclusion .  First ,  whe n student s ar e give n a  structure d edito r  t o ente r  thei r  code ,  the y almos t  alway s confor m t o 
th e top-down ,  left-to-right ,  depth-firs t  constram t  impose d b y th e tutor .  The y onl y deviat e t o g o bac k an d fix  errors . 
Thi s suggest s tha t  th e preferenc e fo r  th e tru e structure d edito r  ejqjresse d i n questio n 2  actuall y  reflects  a  preferenc e 
fo r  detectin g an d fixin g thei r  ow n errors .  Second ,  a n earlie r  stud y (Corbet t  &  Anderson ,  1989 )  compare d jus t  th e 
standar d tuto r  t o th e erro r  flagging  tuto r  an d aske d specificall y ho w muc h student s like d th e immediat e feedbac k 
presente d b y th e tutor .  I n tha t  study ,  student s i n th e erro r  flagging  conditio n gav e a  mor e positiv e ratin g tha n thos e 
i n th e standar d condition .  Thus ,  ther e i s som e evidenc e tha t  student s d o no t  hk e bein g interrupte d whe n the y mak e 
mistakes . 

Conclusion s 

In summary a wide range of tutor vs. student controlled feedback led to no differences in how quickly nor how 
wel l  student s learne d ho w t o writ e Lis p code .  Thi s i s consisten t  wit h ou r  curren t  vie w (Anderson ,  Conra d & 
Corbett ,  1989 )  tha t  learnin g i s a  functio n o f  th e produc t  o f  a  proble m solvin g episod e an d no t  th e process .  A s lon g 
as th e student s produc e th e sam e cod e an d com e t o th e sam e understandin g o f  th e code ,  i t  doe s no t  matte r  wha t 
cognitiv e trajector y the y too k t o produc e th e code .  A s ou r  tutoria l  manipulatio n i s extende d t o mor e comple x 
functions ,  w e expec t  tha t  th e feedbac k manipulatio n wil l  begi n t o affec t  tim e t o complet e th e exercises .  However , 
we expec t  tha t  productio n formatio n an d post-tes t  performanc e wil l  no t  b e affected . 

While the manipulation of feedback seemed not to affect learning, it did influence the students self-perception. 
Student s wh o received  les s assistanc e fro m th e tuto r  seeme d mor e confiden t  o f  th e skill ,  howeve r  tha t  confidenc e 
tende d t o b e unrelate d t o performanc e o n th e post-test .  Student s wh o received  immediat e feedbac k seeme d t o asses s 
thei r  knowledg e mor e realistically. 

Concerning students' attitudes, there is a general preference for an enhanced feeling of control, even though 
student s don' t  tak e muc h advantag e o f  th e adde d flexibility.  W h e n give n a  structure d edito r  the y stil l  ten d t o typ e 
thei r  cod e top-down ,  left-to-righ t  an d depth-fiî t .  W h e n provide d a  Lis p environmen t  les s tha n hal f  th e student s us e 
it ,  excep t  i n th e n o tuto r  condition .  Finally ,  student s apparentl y prefe r  t o fin d an d fi x thei r  ow n error s an d i f  error s 
ar e pointe d out ,  the y prefe r  no t  bein g interrupted .  However ,  non e o f  th e feedbac k manipulation s affecte d ho w wel l 
th e materia l  wa s learned . 
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