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Abst rac t 

Novices often experience great difficulty leeirning new 
domains .  Thus ,  understandin g ho w bes t  t o scaffol d 
novic e proble m solvin g ha s potentiaU y tremendou s im -
portanc e fo r  learnin g i n forma l  domains .  I n thi s pa -
per ,  w e presen t  result s fro m ei n experimenta l  stud y tha t 
compare d learnin g outcome s o f  student s solvin g intro -
ductor y programmin g problem s i n thre e differen t  learn -
in g environments .  Thi s rang e o f  environment s v£irie s i n 
tw o ways .  First ,  th e notation s use d i n th e environment s 
var y betwee n diagrammati c an d textuaJ .  Mor e impor -
tantly ,  th e environment s diffe r  i n th e cognitiv e activitie s 
student s ar e le d t o perfor m whil e solvin g problems ,  suc h 
as predictio n o f  intermediat e result s an d notin g futur e 
goal s t o achieve .  Thi s experimen t  demonstrate d tha t 
environment s tha t  scaffol d mor e o f  th e importan t  cogni -
tiv e activitie s lea d t o superio r  performance ,  regardles s o f 
whethe r  th e environment s ar e textua l  o r  diagrammatic . 

Introductio n 

Although learning by doing is generally viewed as supe-
rio r  t o mor e passiv e learnin g situations ,  learnin g b y solv -
in g problem s ca n als o giv e novice s significan t  difficulties . 
Thi s ha s le d a  grea t  dea l  o f  cognitiv e scienc e researc h 
t o focu s o n method s fo r  scaffoldin g novice s i n thei r  at -
tempt s t o maste r  ne w knowledge .  T o creat e effectiv e 
learnin g environments ,  designer s mus t  focu s upo n th e 
strategie s novice s us e durin g proble m solving .  Student s 
migh t  lear n simpl e procedure s fro m instruction ,  bu t  thi s 
knowledg e i s ofte n fragil e (Merril l  &  Reiser ,  1993) .  Ide -
ally ,  student s nee d t o hav e mor e tha n rot e procedure s 
fo r  solvin g problem s — the y nee d t o hav e a  causa l  un -
derstandin g o f  w h y particula r  sequence s o f  action s ar e 
effectiv e (cf. ,  Ohlsso n &  Rees ,  1991) . 

Merril l  an d Reise r  (1993 )  develope d a  theor y o f  prob -
le m solvin g an d learnin g tha t  describe d understandin g 
i n a  domai n i n term s o f  th e proces s i n th e worl d tha t 
capture s th e structur e an d causalit y o f  a  domain .  Mas -
ter y o f  th e proces s i n th e worl d enable s novice s t o ex -
plai n w h y som e even t  too k place .  T o b e mos t  effective , 
student s mus t  envisio n an d reaso n abou t  th e situation s 
represente d i n a  proble m rathe r  tha n simpl y attemp t  t o 
construc t  a  sequenc e o f  action s tha t  produce s a n answer . 
For  example ,  arithmeti c wor d problem s m a y requir e rea ^ 
sonin g abou t  th e connection s betwee n th e mathematica l 
relationship s an d rea l  worl d situation s (Fuso n &  Willis , 
1988) .  Thi s typ e o f  understandin g allow s student s t o 

Tabl e 1 :  T h e principle s embodie d i n reasoning-congruen t 
learnin g environment s 

• Render invisible behavior visible. 

— Mak e students '  ow n reasonin g explici t  b y havin g the m 
make prediction s o f  behavior . 

— Rende r  behavio r  visibl e b y allowin g studen t  t o acces s 
normall y invisibl e states . 

•  Suppor t  incrementa l  plannin g an d us e o f  environmen t  a s 
not e pad . 

-  Minimiz e th e translatio n proces s fro m th e students '  in -
terna l  plan s t o th e externa l  representatio n o f  th e solu -
tion . 

-  Hav e th e structur e o f  a  partia l  solutio n remin d th e stu -
dent s o f  wher e the y ar e i n thei r  solutio n pla n an d th e 
searc h spac e o f  th e domain . 

— Allo w student s t o focu s o n subproblem s o n th e wa y t o 
solvin g th e entir e problem ,  thereb y avoidin g prematur e 
commitmen t  an d exploitin g independenc e o f  subgoals . 

•  Lea d student s t o engag e i n mor e effectiv e strategies . 

-  Proactivel y guid e proble m solvin g b y encouragin g stu -
dent s t o us e a  mor e profitabl e se t  o f  tool s fo r  solvin g 
problems . 

constrai n thei r  proble m solvin g searc h t o reconstruc t 
procedure s w h e n the y ar e forgotte n o r  confuse d an d re -
cove r  fro m error s mor e readil y (Payne ,  1988) . 

Processe s i n th e worl d ar e har d t o acquir e be -
caus e the y ar e ofte n invisibl e o r  incompletel y accessi -
bl e (Collins ,  1990) .  Master y o f  th e proces s i n th e worl d 
arise s firo m cognitiv e activitie s novice s perfor m t o ren -
der  i t  visibl e an d t o elaborat e cause s an d effects .  Thes e 
activitie s migh t  includ e predictio n an d explanatio n o f  fu -
tur e state s (cf. ,  Chi ,  Bassok ,  Lewis ,  Reimann ,  & ;  Glaser , 
1989) ,  notatio n o f  futur e proble m solvin g goal s (cf. ,  Sin -
gley ,  1990) ,  an d connectin g th e forma l  notation s wit h 
th e situatio n i n th e worl d th e proble m embodie s (Fu -
so n &  Willis ,  1988 ;  Nathan ,  Kintsch ,  & i  Young ,  1992 ; 
White ,  1993) .  T h e us e o f  suc h appropriat e strategies , 
calle d solutio n processe s enable s student s t o acquir e th e 
necessar y master y o f  th e proces s i n th e worl d (Merril l  & ; 
Reiser ,  1993) . 

Merril l  an d Reise r  (1993 )  argue d tha t  proble m solvin g 
environment s calle d reasoning-congruen t  learnin g envi -
ronment s ca n suppor t  novice s acquirin g effectiv e solu -
tio n strategie s an d suppor t  thei r  acces s t o an d under -
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standin g o f  th e proces s i n th e world .  Merril l  an d Reise r 
(1993 )  presente d si x pedagogica l  goal s o f  reasoning -
congruen t  learnin g environment s (se e Tabl e 1) ,  an d dis -
cusse d severa l  environment s tha t  exhibi t  on e o r  mor e o f 
thes e principles .  Mos t  o f  thes e environment s ar e graph -
ica l  i n nature ,  suc h a s a  graphica l  geometri c proo f  di -
agrsu n (Koedinge r  &  Anderson ,  1993) ,  a  diagrammati c 
syste m fo r  categorizin g arithmeti c wor d problem s (Fu -
so n &  Willis ,  1988) ,  ajj d a  graphica l  LIS P programmin g 
tuto r  (Reiser ,  Kimberg ,  Lovett ,  & :  Ranney ,  1992) .  Thi s 
migh t  lea d on e t o wonde r  i f  an y bene.'it s  o f  reasoning -
congruen t  learnin g environment s ar e simpl y du e t o th e 
graphica l  natur e o f  th e externa l  representatio n use d b y 
students .  Indeed ,  som e o f  ou r  principle s ar e mor e effec -
tivel y achieve d usin g propertie s o f  graphica l  notations , 
suc h a s spatia l  organizatio n o f  th e workspace .  I n fact , 
m a ny designer s o f  learnin g environment s an d othe r  com -
pute r  system s hav e assume d tha t  graphica l  use r  inter -
faces  m a k e leso-nin g easie r  fo r  novices .  However ,  ceirefu l 
examination s o f  th e outcome s o f  variou s graphica l  rep -
resentation s suc h a s flowchart s fo r  programmin g (Shnei -
derman ,  1980 )  o r  dat a flow  language s fo r  logi c (Green , 
Bellamy ,  &  Parker ,  1987 ;  Green ,  Petre ,  &  Bellamy ,  1991 ) 
hav e foun d tha t  graphic s pe r  s e doe s no t  lea d t o highe r 
performanc e o n variou s task s includin g comprehensio n 
or  creatio n o f  objects .  I n ou r  view ,  a  graphica l  repre -
sentatio n i s no t  o f  itsel f  sufficien t  t o creat e a  mor e effec -
tiv e learnin g environment .  Instead ,  th e critica l  issu e i s 
structurin g th e interaiction s t o provid e th e guidanc e an d 
suppor t  fo r  th e cognitiv e activitie s effectiv e fo r  proble m 
solvin g i n th e domain . 

I n thi s paper ,  w e describ e a n experimen t  designe d 
t o tes t  th e effectivenes s o f  learnin g environment s base d 
upo n th e reasoning-congruenc e principles .  W e exam -
in e novice s learnin g t o progra m i n LIS P fro m on e o f 
thre e enviroimaent s tha t  diffe r  i n th e degre e t o whic h 
the y aw;hiev e th e principle s o f  reasoning-congruen t  learn -
in g environments .  W e wil l  als o attemp t  t o disentangl e 
some o f  th e benefit s o f  reasoning-congruenc e fro m th e 
issu e o f  graphica l  versu s text-base d representations .  W e 
expec t  enviroimient s tha t  ar e mor e effectiv e i n imple -
mentin g th e principle s o f  reasoning-congruen t  learnin g 
environment s t o hel p student s mor e easil y maste r  th e 
targe t  domain ,  independen t  o f  whethe r  th e interfac e i s 
graphice d o r  text-based .  I n th e nex t  thre e sections ,  w e 
describ e th e learnin g environment s use d i n thi s study . 

Description of the GIL environment 

GIL {Graphical Instruction in LISP) is an interactive 
learnin g environmen t  tha t  help s student s lear n program -
min g usin g a  diagrammati c representatio n designe d ac -
cordin g t o th e principle s o f  reasoning-congruen t  learn -
in g environment s (Reise r  e t  al. ,  1992) .  T h e first  sectio n 
of  th e G I L curriculu m concern s basi c lis t  manipulatio n 
functions .  I t  i s  importan t  t o lea d student s t o focu s o n 
th e behavio r  o f  eac h individua l  operato r  i n a  solution ,  s o 
the y ca n understan d h o w eac h operato r  contribute s t o 
th e fined  outcom e (Merril l  < k Reiser ,  1993) .  O n e usefu l 
way o f  focusin g students '  attentio n upo n solutio n opera ^ 
tor s i s t o encourag e the m t o malc e prediction s o f  th e op -

erator' s expecte d behavior ,  thereb y highlightin g knowl -
edg e gap s whe n a  predictio n i s incorrect .  I n th e interme -
diat e product s curriculu m i n GIL ,  w e requir e student s t o 
make prediction s o f  th e inpu t  an d outpu t  value s o f  eac h 
ste p i n a  solution .  U p o n request ,  GI L test s thes e infer -
ences .  Student s ca n as k G I L t o appl y thei r  partia l  o r 
complet e solutio n t o th e inpu t  data .  G I L evaluate s th e 
student' s solutio n graphically ,  highlightin g eac h functio n 
as i t  i s examined ,  darkenin g eac h lin k a s th e dat a passe s 
alon g i t  t o th e nex t  function ,  an d indicatin g an y error s 
found . 

Th e nex t  phas e o f  th e G I L curriculu m introduce s vari -
able s i n additio n t o arithmeti c functions ,  logica l  func -
tions ,  an d predicates .  Student s no w buil d solution s usin g 
variable s tha t  ca n tak e a  variet y o f  differen t  value s in -
stea d o f  workin g wit h specifi c  dat a values .  Student s stil l 
buil d reasonin g chain s connectin g function s t o achiev e 
some output ,  bu t  student s d o no t  recor d intermediat e 
value s whil e constructin g th e solution .  Th e importan t 
prediction s o f  expecte d behavio r  no w occu r  wheneve r 
student s tes t  a  progrsmi .  W h e n a  studen t  test s a  pro -
gram ,  G I L ask s fo r  a  valu e fo r  eac h variable ,  an d the n 
ask s th e studen t  t o predic t  th e solution' s outpu t  wit h 
thos e inputs .  Afte r  th e tes t  i s  completed ,  GI L remind s 
th e studen t  o f  th e prediction ,  thereb y facilitatin g expla -
natio n o f  incorrec t  predictions ,  an d allow s student s ac -
ces s t o intermediat e state s vi a a  virtua l  prob e tha t  ca n 
inspec t  value s inpu t  t o o r  outpu t  fro m an y function . 

Th e nex t  portio n o f  th e G I L curriculu m concern s con -
ditiona l  processing ,  performin g differen t  eiction s depend -
in g upo n th e value s o f  tests .  I n traditiona l  LISP ,  thes e 
test s an d action s ar e indicate d b y orderin g withi n paren -
theses .  I n G I L the y ar e indicate d b y tes t  an d actio n 
boxe s int o whic h student s buil d program s jus t  a s the y 
di d i n th e variable s portio n o f  th e curriculum . 

GIL' s notation ,  show n i n Figur e la ,  i s  designe d t o 
achiev e al l  si x principle s o f  reasoning-congruen t  learn -
in g environments .  W e predic t  tha t  thi s wil l  lea d GI L 
student s t o bette r  understan d th e behavio r  o f  object s 
i n th e domain ,  an d thu s exhibi t  bette r  proble m solvin g 
tha n othe r  environment s tha t  d o no t  achiev e th e princi -
ple s a s completely . 

Description of the SE environment 

In contrast to GIL's graphical notation and the prob-
le m solvin g behavior s centere d aroun d th e us e o f  thi s 
notation ,  th e secon d learnin g environment ,  S E {Struc -
ture d Editor )  use s th e traditionei l  tex t  for m o f  th e lan -
guag e (Figur e lb) .  O n e o f  th e majo r  difficultie s student s 
fac e i n learnin g t o progra m concern s th e nee d t o focu s 
on th e synta x o f  expression s whil e tryin g t o pla n a  so -
lution .  SE ,  lik e othe r  syntax-directe d editors ,  scaffold s 
some o f  th e syntacti c operation s tha t  ar e difficul t  fo r 
novices .  I n SE ,  student s construc t  solution s b y selectin g 
functions ,  variables ,  o r  constant s fro m a  menu .  S E con -
strain s student s t o plac e function s an d variable s onl y i n 
lega l  locations ,  providin g cue s t o thos e location s a s stu -
dent s dra g th e curso r  acros s component s o f  th e program . 
SE als o require s student s t o plac e th e righ t  parenthesi s 
of  a  functio n cal l  i n a  lega l  location ,  thu s preventin g un -
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Figur e 1 :  Example s o f  a  proble m i n al l  thre e learnin g environment s use d i n th e study ,  (a )  A  tes t  o f  a  G I L solution , 
wit h a  predictio n an d a  us e o f  th e prob e (o n th e righ t  side) ,  (b )  A  studen t  workin g o n th e sam e proble m i n V S E , 
testin g a  solution .  Alrezid y eveJuate d portion s o f  th e solutio n ar e darkened ,  an d th e curren t  expressio n i s boxed ,  (c ) 
A complete d solutio n from  SE . 

balance d parentheses .  Function s an d thei r  argument s 
ar e no t  treate d a s a  sequenc e o f  characters ,  bu t  rathe r 
as unitar y objects .  Student s ca n perfor m an y editin g 
operatio n upo n a n individua l  functio n o r  a  functio n plu s 
it s argument s wit h a  singl e ke y click ,  rathe r  tha n op -
eratin g o n individua l  characters .  S E als o automaticall y 
redisplay s th e students '  solution s usin g indentatio n t o re -
flect  th e curren t  structure ,  a  techniqu e know n a s prett y 
printing .  Finally ,  S E wa s designe d t o allo w student s t o 
wor k outside-i n (placin g ne w function s a s argument s t o 
curren t  functions )  o r  inside-ou t  (wrappin g ne w function s 
aroun d curren t  functions )  a s desired . 

SE als o allow s student s t o tes t  thei r  solutions .  Sinc e 
SE student s us e variable s throughou t  th e curriculum , 
the y ente r  value s fo r  eac h variable ,  a s describe d i n th e 
GI L sectio n above .  The n S E provide s th e fina l  outpu t 
of  th e program .  Not e tha t  S E student s ar e no t  require d 
t o predic t  th e outcome s o f  th e test ,  whic h m a y resul t  i n 
SE student s no t  doin g s o spontaneously ,  an d thu s havin g 
more difficult y identifyin g error s i n th e solution . 

SE i s  designe d t o ax̂ hiev e tw o o f  th e si x  principle s 
of  reasoning-congruen t  learnin g environments .  First ,  i t 
minimize s th e translatio n betwee n th e wa y student s pla n 
thei r  solution s an d ho w the y ca n b e expresse d b y mini -
mizin g th e nee d t o focu s o n syntacti c detail s o f  a  plan' s 
implementation .  I t  als o provide s som e suppor t  fo r  stu -
dent s t o wor k o n subproblem s independently .  Indeed , 
i n earlie r  pilo t  wor k w e foun d tha t  S E enable d student s 
t o lear n LIS P mor e easil y tha n a  traditiona l  program -
min g tex t  editor .  However ,  G I L i s designe d t o imple -
ment  mor e o f  th e reasoning-congruen t  principle s tha n 
SE,  an d i n fac t  w e believ e G I L i s eve n mor e effectiv e o n 
th e tw o principle s als o presen t  i n SE ,  minimizin g trans -
latio n fro m plan s t o solution s an d enablin g wor k o n sub -

problems .  Thus ,  w e expec t  tha t  G I L student s wil l  mas -
te r  th e curriculu m wit h mor e understanding ,  an d S E stu -
dent s wil l  exhibi t  mor e difficult y plannin g thei r  solution s 
an d recoverin g fro m errors . 

Description of the VSE environment 

The third condition, VSE (Visual Structured Editor) 
i s a  modifie d versio n o f  S E tha t  i s  designe d t o achiev e 
mor e o f  th e principle s o f  reasoning-congruenc e tha n S E , 
an d wa s designe d t o investigat e th e exten t  t o whic h w e 
coul d construc t  a  reasoning-congruen t  learnin g environ -
ment  withi n a  text-base d environment .  A n y learnin g 
advantage s fo r  student s usin g V S E ove r  student s usin g 
SE mus t  b e du e t o th e principle s o f  reasoning-congruen t 
learnin g environment s tha t  V S E achieves ,  an d no t  fro m 
any difference s i n graphica l  an d tex t  notations . 

V S E,  lik e GIL ,  i s  designe d t o allo w student s acces s t o 
invisibl e behavio r  an d intermediat e states .  Thi s princi -
pl e i s exhibite d i n th e centra l  contras t  betwee n th e be -
havio r  o f  V S E an d S E durin g students '  test s o f  thei r 
programs .  Lik e GIL ,  V S E ask s student s t o predic t  th e 
outcom e o f  eac h tes t  (Figur e Ic) .  V S E display s th e pat h 
of  executio n o f  a  progra m durin g a  test ,  b y flashing  an d 
the n highlightin g eac h functio n a s i t  i s  processed .  Thi s 
allow s student s t o follo w th e orde r  o f  evaluation .  Fur -
ther ,  student s ca n prob e th e dat a passed  from  functio n 
t o function ,  thereb y renderin g th e solution' s invisibl e be -
havio r  visible . 

V SE i s designe d t o achiev e five  o f  th e si x principle s a s 
completel y a s w e coul d implemen t  the m i n a  text-base d 
system .  V S E student s mak e predictions ,  hav e acces s t o 
invisibl e states ,  lessene d translatio n loads ,  th e abilit y t o 
wor k o n subproblems ,  an d ar e le d t o engag e i n usefu l  ac -
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tivitie s suc h a s predictio n o f  outcomes .  However ,  a s sug -
geste d earlier ,  w e believ e som e principle s o f  reasoning -
congruen t  learnin g environment s ca n b e mor e effectivel y 
achieve d usin g th e spatia l  layou t  o f  a  graphica l  repre -
sentation .  Therefore ,  w e expec t  th e performanc e o f  V S E 
student s t o b e betwee n S E an d GIL . 

I n summary ,  thi s experimen t  compare s thre e environ -
ment s tha t  diflFe r  i n ho w effectivel y the y achiev e th e prin -
ciple s o f  reasoning-congruen t  leeirnin g environments .  A s 
an environmen t  mor e completel y attain s thes e principles , 
i t  shoul d lea d student s t o attai n th e understandin g o f 
th e proces s i n th e worl d tha t  need s t o underli e students ' 
procedures . 

Method 

Subjects. Thirty Northwestern University undergrad-
uate s (eigh t  m e n am d 2 2 w o m e n )  too k par t  i n thi s study . 
Al l  subject s ha d les s tha n on e colleg e cours e o f  pro -
grammin g experience .  Subject s wer e recruite d throug h 
campus advertisement s an d pai d $ 5 pe r  hour .  Subject s 
wer e randoml y assigne d t o a  learnin g environmen t  s o a s 
t o balanc e approximatel y Mat h S A T acros s conditions . 
M e an M a t h S A T s wer e 623 ,  639 ,  an d 61 8 fo r  SE ,  V S E , 
an d G I L subject s respectively . 

Materials. Subjects solved 22 problems divided into 
thre e sessions ,  coverin g th e topic s o f  lis t  manipulation , 
logice J functions ,  predicates ,  sm d conditiona l  processing . 
T h e textbook s use d i n th e thre e session s amounte d t o 
roughl y 5 0 page s o f  text ,  an d wer e writte n i n th e no -
tatio n (diagrammati c o r  textual )  student s use d t o solv e 
problems .  A  pen-and-pape r  posttes t  containe d fou r  pro -
gra m constructio n problems ,  simila r  i n difficult y t o thos e 
i n th e learnin g sessions ,  an d tw o debuggin g problem s 
requirin g student s t o determin e whethe r  a  give n pro -
gra m behave d correctl y and ,  i f  not ,  t o giv e a n exampl e 
of  inpu t  dat a fo r  whic h th e progra m woul d behav e in -
correctly .  T h e posttes t  use d th e notatio n th e student s 
ha d use d durin g proble m solving .  Finally ,  followin g th e 
first  an d thir d session s student s complete d a n evalua ^ 
tio n questionnair e t o asses s thei r  attitude s towar d th e 
domai n an d thei r  performanc e (Reiser ,  Copen ,  Ranney , 
Hamid ,  &  Kimberg ,  1994) . 

Procedure. The three sessions of the experiment were 
sprea d ove r  thre e t o nin e days ,  wit h n o mor e tha n tw o 
day s elapsin g betwee n sessions .  Student s worke d inde -
pendentl y i n a  cubicl e wit h a  computer .  Student s first 
rea d th e initia l  portio n o f  th e textboo k introducin g LIS P 
functions .  Afte r  readin g th e first  brie f  section ,  th e ex -
perimente r  demonstrate d th e learnin g environmen t  fo r 
tha t  condition .  Student s the n continue d solvin g prob -
le m set s intersperse d wit h section s o f  th e textbook .  Stu -
dent s wer e fre e t o tak e a s lon g a s the y wishe d t o solv e th e 
problems ,  bu t  wer e require d t o wor k o n eac h proble m un -
ti l  th e solutio n wa s correct .  Th e learnin g environment s 
recorde d ever y studen t  actio n an d th e tim e a t  whic h i t 
too k place ,  creatin g a  behaviora l  protoco l  o f  al l  studen t 
proble m solvin g events . 

Result s a n d Discussio n 

In this section, we address whether learning environ-
ment s tha t  confor m t o th e principle s o f  reasoning -
congruen t  learnin g environment s di d i n fac t  facilitat e 
thei r  students '  proble m solving ,  b y analyzin g a  variet y 
of  measure s take n durin g th e learnin g session s tha t  in -
dicat e difficult y student s experience d whil e solvin g th e 
problems .  Recal l  tha t  th e thre e learnin g environments , 
SE,  V S E ,  an d GIL ,  ar e ordere d accordin g t o th e de -
gre e t o whic h th e environmen t  achieve s th e principle s 
of  reasoning-congruen t  learnin g environments .  W e pre -
dic t  tha t  a s th e degre e o f  reasoning-congruenc e increases , 
studen t  pedagogica l  outcome s wil l  improve .  T o tes t  thi s 
prediction ,  w e employe d a  linea r  planne d compariso n 
tha t  teste d a n increas e i n effectivenes s o f  proble m solv -
in g ordere d fro m S E t o V S E t o GIL .  Th e centra l  proble m 
solvin g measure s ar e summarize d i n Tabl e 2 . 

Firs t  w e considere d th e tim e require d fo r  student s t o 
complet e th e problem s durin g th e learnin g phase ,  calle d 
solutio n time .  Thi s i s a  roug h measur e o f  th e amoun t  o f 
difficult y student s ha d wit h th e problems .  A s expected , 
as th e environment s increase d i n reasoning-congruence , 
student s require d les s tim e t o complet e al l  problems . 
Also ,  notic e tha t  thi s differenc e heavil y underestimate s 
th e difference s betwee n conditions ,  becaus e test s i n GI L 
and V S E ,  wit h thei r  require d prediction s an d graphic s 
routines ,  too k muc h longe r  tha n test s i n SE . 

Anothe r  measur e o f  proble m solvin g difficult y i s th e 
number  o f  progra m element s deleted ,  becaus e th e delete d 
element s represen t  incorrec t  o r  unneede d portion s o f  a 
solutio n tha t  ha d t o b e removed .  Again ,  a s th e en -
vironment s increase d i n reasoning-congruence ,  subject s 
require d fewe r  deletes ,  indicatin g mor e focuse d proble m 
solvin g a s a  resul t  o f  th e reasoning-congruenc e o f  th e 
environment . 

O ne potentia l  concer n i n evaluatin g th e delet e dat a i s 
tha t  i t  i s  possibl e i n S E an d V S E t o delet e multipl e ob -
ject s a t  onc e (b y deletin g a  functio n an d it s  arguments) , 
whil e i n G I L student s mus t  separatel y delet e eac h ob -
jec t  the y wis h t o remove .  Thus ,  perhap s th e reasoning -
congruenc e effec t  i n numbe r  o f  delete s ai'ise s solel y be -
caus e i t  wa s easie r  t o delet e larg e amount s o f  th e cod e 
i n S E an d V S E tha n t o tr y t o edi t  wha t  wa s alread y o n 
th e screen .  I f  so ,  the n mor e delete s m a y indicat e dif -
ference s i n editin g style s rathe r  tha n difference s i n th e 
number  o f  progra m component s tha t  require d removal . 
To addres s this ,  w e counte d th e time s tha t  student s be -
gan deletin g ne w things ,  regardles s o f  ho w m a n y object s 
wer e ultimatel y delete d i n eac h sequence  o f  deletes .  W e 
define d thes e delet e episode s a s on e o r  mor e contiguou s 
step s consistin g o f  deletion s o f  object s i n th e solution . 
Student s w h o experience d mor e difficult y shoul d exhibi t 
mor e time s durin g th e problem s i n whic h the y nee d t o 
delet e par t  o f  thei r  programs .  A s expected ,  a s th e en -
vironment s increase d i n reasoning-congruence ,  student s 
exhibite d fewe r  episode s i n whic h the y delete d part s o f 
thei r  programs . 

Next  w e considere d submitte d answer s durin g th e ac -
quisitio n sessio n an d th e posttest .  Again ,  w e foim d 
decreasin g proble m solvin g difficult y wit h increasin g 
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Tabl e 2 :  Mea n Value s fo r  th e Proble m Solvin g Measure s o n th e Acquisitio n Session ,  Posttest ,  an d Evaluatio n 
Questionnair e 

Proble m Solvin g Measur e 
Solutio n Tim e (min ) 
Object s Delete d 
Delet e Episode s 
Submission s Pe r  Proble m 
Error s o n Posttes t 

SE 
247 
189 
99 
4 

13 

VSE 
240 
157 
68 
2 

17 

GIL 
204 
103 
49 
2 

11 

F valu e 
F(1,26 )  =  19.4,P<0 1 
F(l,26 )  =  10.2,p<.0 1 
F(l,26)=8.99,p<.0 1 
F(l,26 )  =  4.3,p<.0 5 
F(l,24 )  =  3.4 ,  n s 

reasoning-congruenc e o f  th e environment ,  a s measure d 
by th e numbe r  o f  incorrec t  answer s submitte d durin g 
th e learnin g session .  Althoug h ther e wer e man y behav -
iora l  difference s betwee n th e thre e conditions ,  ther e wer e 
no significan t  posttes t  differences ,  measure d b y th e min -
imu m numbe r  o f  edit s require d t o repai r  eac h answer . 
Anderso n (1983 )  argue d tha t  domai n master y arise s ou t 
of  solvin g problem s correctly .  Sinc e al l  student s i n thi s 
stud y solve d al l  problem s correctly ,  i t  i s no t  unexpecte d 
tha t  ther e wer e n o posttes t  differences .  However ,  th e 
behaviora l  difference s showe d tha t  a s students '  environ -
ments becam e progressivel y mor e reasoning-congruent , 
the y experience d les s difficult y attainin g a n equivalen t 
leve l  o f  mastery . 

Teike n together ,  thes e result s indicat e tha t  th e 
reasoning-congruenc e o f  th e environmen t  facilitate d stu -
dents '  proble m solving .  Indeed ,  eve n overal l  solutio n 
tim e decrease d wit h reasoning-congruence ,  despit e th e 
more time-consumin g natur e o f  th e procedur e fo r  testin g 
program s (e.g. ,  specifyin g predictions ,  slowe r  graphica l 
displa y o f  th e program' s evaluation) .  Apparentl y thi s i s 
tim e wort h investing ,  becaus e i t  lead s t o mor e focuse d 
debugging ,  a s evidence d b y th e nee d t o repai r  les s o f 
th e program s an d fewe r  incorrec t  program s submitte d 
as answers . 

Conclusions 

These results demonstrate that environments that are 
more reasoning-congruen t  allo w student s t o attai n equiv -
alen t  domai n master y wit h a  larg e reductio n i n proble m 
solvin g effort .  Th e reductio n i n proble m solvin g effor t 
i s du e t o th e reasoning-congruen t  learnin g environmen t 
students '  master y o f  th e proces s i n th e worl d — th e 
understandin g o f  th e domai n tha t  underlie s thei r  pro -
cedure s fo r  solvin g th e problems .  Reasoning-congruen t 
learnin g environment s scaffol d students '  solutio n pro -
cesse s t o enabl e the m t o attai n thi s conceptua l  under -
standing ,  wherea s traditiona l  environment s ma y resul t 
i n fragil e rot e procedure s tha t  d o no t  lea d t o a s success -
fu l  outcomes . 
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