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Individua l  difference s i n collaborativ e explanation s 
durin g learnin g wer e analyze d t o detennin e effect s 
on proble m solving .  Twenty-fiv e universit y 
student s wit h n o prio r  programmin g experienc e 
worke d throug h a  sequenc e o f  programmin g 
lessons .  Fo r  th e Targe t  lesson ,  subject s studie d 
instructiona l  text s an d example s i n eithe r  mixe d 
performance-leve l  dyad s (collaborativ e dya d group ) 
or  individuall y (individua l  group )  prio r  t o individua l 
programmin g activities .  Th e collaborativ e dya d 
subject s wer e divide d int o equa l  size d group s o f 
high-benefi t  an d low-benefi t  dya d subject s base d o n 
Targe t  lesso n programmin g performance .  Between -
grou p analyse s o f  th e characteristic s o f  th e 
explanation s generate d b y high-benefi t  an d low -
benefi t  dya d subject s wer e investigated ,  includin g 
(a )  explanatio n an d metacognitiv e strategies ,  (b ) 
conten t  o f  elaborations ,  an d (c )  manne r  o f 
generatin g elaborations .  High-benefi t  dya d 
subject s wer e foun d t o generat e bot h a  highe r 
quantit y an d highe r  qualit y o f  elaborations .  Thes e 
result s ar e compare d t o findings  fro m prio r  researc h 
on th e self-explanatio n processe s o f  sol o learners . 

Introduction 

We commonl y expec t  tha t  workin g jointl y wit h 
someone els e i n understandin g som e matte r  wil l  yiel d 
bette r  result s tha n workin g b y oneself .  Often ,  thi s i s 
becaus e w e fee l  tha t  other s wil l  produc e explanation s 
beyon d th e bound s o f  ou r  o w n thinking ,  an d tha t  w e 
wil l  als o b e compelle d t o construc t  an d reflec t  upo n 
explanation s i n way s tha t  w e otherwis e woul d no t 
have .  However ,  i t  i s  no t  u n c o m m o n fo r  suc h 
collaboration s t o fail .  I n thi s pape r  w e presen t 
analyse s o f  collaborativ e learnin g tha t  ar e aime d a t 
identifyin g th e successfu l  learnin g activitie s 
associate d wit h explanatio n an d metacognition .  Th e 
presen t  analyse s wer e conducte d i n th e contex t  o f  a 
stud y tha t  extend s a n establishe d researc h paradig m i n 
whic h computationa l  cognitiv e model s o f  knowledg e 
acquisitio n hav e bee n develope d a s th e basi s fo r 

understandin g th e effect s o f  individua l  self-explanatio n 
and metacognition . 

The approac h i s  motivate d b y ou r  desir e t o 
formulat e a  scientifi c  understandin g o f  collaborativ e 
learnin g tha t  cohere s wit h establishe d wor k o n th e 
learnin g mechanism s an d processe s o f  individuals . 
Ther e hav e bee n fe w detaile d examination s o f 
collaborativ e discours e i n learnin g (e.g .  Miyake , 
1986 ;  Teasle y &  Roschelle ,  i n press) .  Eve n fewe r 
studie s hav e analyze d th e relationshi p betwee n th e 
actua l  discours e feature s containe d i n th e collaborativ e 
interaction s an d subsequen t  studen t  learnin g an d 
achievemen t  (e.g .  Peterso n &  Swing ,  1985 ;  W e b b , 
1985) .  Consequently ,  interactiona l  element s 
contributin g t o th e succes s o r  non-succes s o f 
collaborativ e efforts ,  o r  t o th e subsequen t 
achievement s o f  th e individual s involved ,  remai n 
littl e understood .  O n th e othe r  hand ,  a  growin g bod y 
of  researc h o n learner s workin g alon e wit h 
instructiona l  material s ha s reveale d th e particula r 
type s o f  self-explanation s tha t  relat e positivel y t o 
hig h performanc e o n subsequen t  problem-solvin g 
(Chi ,  Bassock ,  Lewis ,  Reimann ,  &  Glaser ,  1989 ; 
Ferguson-Hessle r  &  deJong ,  1990 ;  Piroll i  & 
Bielaczyc ,  1989) ,  an d computationa l  model s hav e 
been propose d t o accoun t  fo r  thes e effect s (Recke r  & 
Pirolli ,  i n press ;  VanLehn ,  Jones ,  &  Chi ,  1992) . 
We assum e tha t  thi s researc h o n individua l  self -
explanation s wil l  ai d i n ou r  understandin g th e rol e o f 
collaborativ e explanation s i n th e developmen t  o f 
conceptua l  understandin g an d problem-solvin g skills . 

Explanations and Metacognition in 
L e a r n i n g 

Our  interes t  i s i n th e initia l  stage s o f  cognitiv e skil l 
acquisitio n ~  determinin g ho w student s lear n fro m 
instructio n s o tha t  the y ar e abl e t o appl y wha t  ha s 
bee n learned .  Th e ai m i s t o integrat e model s o f 
active ,  goal-oriente d learnin g processe s wit h theorie s 
of  problem-solvin g an d cognitiv e skil l  developmen t 
(e.g. ,  Anderson ,  1987 ;  Brown ,  Bransford ,  Ferrara ,  & 
Campione ,  1983) .  Th e educationa l  contex t  tha t  w e 
use i n thes e studie s involve s learnin g from  expositor y 
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text s an d example s followe d b y solvin g associate d 
proble m exercises .  Learner s ar e expecte d t o var y i n 
thei r  stud y strategie s an d prio r  knowledg e resultin g i n 
differen t  interpretation s an d elaboration s o f  th e 
concepts ,  procedures ,  an d example s containe d i n th e 
instruction .  Consequently ,  learner s shoul d diffe r  i n 
th e qualit y o f  th e declarativ e knowledg e tha t  the y 
acquir e fro m instruction ,  whic h i n tur n affect s th e 
acquisitio n o f  domain-specifi c  cognitiv e skill . 
Effectiv e stud y strategie s shoul d produc e greate r  level s 
of  highe r  qualit y declarativ e knowledg e tha t  ca n b e 
use d durin g problem-solving . 

I n earlie r  wor k i n LIS P programmin g (Piroll i  & 
Bielaczyc ,  1989 ;  Piroll i  &  Recker ,  i n press) ,  learner s 
workin g sol o wit h instructio n wer e ranke d accordin g 
t o thei r  subsequen t  problem-solvin g performance . 
Usin g protoco l  analysi s method s extende d fro m 
studie s i n physic s (Ch i  e t  al ,  1989 )  w e identifie d 
particula r  self-explanatio n an d self-regulatio n 
strategie s tha t  correlate d wit h th e bette r  proble m 
solvers .  A  mor e recen t  stud y (Bielaczyc ,  Pirolli ,  & 
Brown ,  i n press )  strengthene d thes e correlationa l 
finding s b y showin g experimentall y tha t  trainin g 
student s t o us e thes e strategie s le d t o improvement s 
i n learnin g an d problem-solvin g performance . 

The presen t  experimen t  extende d thi s approach . 
Mor e specifically ,  th e curren t  pape r  present s ou r 
analyse s o f  th e explanation s produce d b y collaborativ e 
dyad s workin g i n essentiall y  th e sam e educationa l 
contex t  an d wit h th e sam e instructiona l  material s a s 
our  studie s o f  sol o learners .  Learner s wer e stratifie d 
accordin g t o th e amoun t  o f  benefi t  the y see m t o hav e 
gaine d fro m th e collaboration s an d protocol s wer e 
analyze d t o identif y correlate d explanatio n an d 
metacognitiv e activities .  Althoug h th e experimen t  i s 
als o designe d t o permi t  comparison s o f  th e 
explanatio n activitie s o f  dyad s wit h thos e o f  sol o 
learners ,  w e leav e tha t  analysi s t o futur e 
presentations . 

Experimental Design 

Th e educationa l  contex t  fo r  th e experimen t  wa s a 
sequenc e o f  programmin g instructio n usin g th e C M U 
LIS P Tuto r  (Reiser ,  Anderson ,  &  Farrell ,  1985) . 
Twenty-fiv e universit y student s wit h n o prio r 
programmin g experienc e participate d i n th e stud y 
(dyads ,  N = 1 2 ;  individuals ,  A^=13) .  T o contro l  fo r 
gende r  effect s al l  subject s wer e female .  Th e stud y ha d 
thre e mai n phases :  (1 )  thre e introductor y 
programmin g lessons ,  (2 )  a  Pre-Targe t  lesso n o n 
helpin g functions ,  an d (3 )  a  Targe t  lesso n o n 
recursion .  Th e lesson s typicall y laste d thre e hour s 
and wer e schedule d 2- 3 day s apar t 

Al l  subject s worke d throug h th e introductor y an d 
Pre-Targe t  lesson s individually .  Subject s wer e 
divide d int o group s o f  high-performer s (PreH )  an d 
low-performer s (PreL )  base d o n Pre-Targe t  lesso n 
performance .  Orthogona l  t o thi s grouping ,  subject s 

wer e divide d int o eithe r  a  dya d grou p (PreH-Pre L 
pairs )  o r  a n individua l  group .  Prio r  t o th e Targe t 
lesson ,  th e dya d parmer s practice d share d readin g o n a 
set  o f  non-LIS P activities .  Fo r  th e Targe t  lesson ,  th e 
dya d partner s collaborativel y studie d th e instructiona l 
material s the n separate d an d worke d individuall y o n 
associate d programmin g exercises .  Measure s o f 
individua l  performanc e o n th e Targe t  lesso n problem s 
wer e use d t o asses s th e effectivenes s o f  th e 
understanding s acquire d whil e studyin g 
collaboratively .  A s a  control ,  th e individua l  grou p 
performe d th e non-LIS P an d Targe t  lesso n activitie s 
on thei r  own .  Session s wer e videotape d an d "thin k 
aloud "  protocol s wer e collecte d fo r  al l  activities . 

Results 

The programmin g performanc e o f  th e dya d grou p wa s 
significantl y superio r  t o th e individua l  grou p o n th e 
initiall y  encountere d recursio n problems ,  althoug h 
thi s superiorit y attenuate d wit h practice .  Furthe r 
analyse s o f  th e individual-dya d difference s wil l  b e 
presente d i n forthcomin g papers .  Th e focu s o f  th e 
presen t  investigatio n i s o n th e collaborativ e dya d 
subjects . 

We wer e intereste d i n determinin g th e type s o f 
explanatio n activitie s relate d t o successfu l  learning . 
Our  analysi s metho d wa s simila r  t o tha t  use d i n th e 
origina l  self-explanation s studie s (Ch i  e t  al ,  1989 ; 
Piroll i  &  Bielaczyc ,  1989) .  First ,  subject s wer e 
divide d int o high-benefi t  (Hben )  an d low-benefi t 
(Lben )  group s usin g a  post-ho c media n spli t  base d o n 
Targe t  lesso n performance .  Ther e wer e tw o dyad s i n 
whic h bot h parmer s showe d hig h benefit s fro m th e 
collaborativ e interaction ,  tw o dyad s i n whic h onl y 
one o f  th e partner s showe d hig h benefit s (th e Pre H 
partne r  i n on e an d th e Pre L partne r  i n th e other) ,  an d 
tw o dyad s i n whic h neithe r  partne r  showe d high -
benefits .  Next ,  th e explanation s generate d b y th e 
high-benefi t  an d low-benefi t  subject s whil e studyin g 
th e Targe t  lesso n instructio n wer e compare d t o 
determin e i f  difference s i n explanatio n activitie s 
relate d t o performanc e differences . 

I n orde r  t o examin e th e type s o f  explanation s 
generated ,  th e explanatio n protocol s o f  eac h dya d wer e 
transcribe d an d segmente d int o elaborations .  W e 
defin e "elaboration "  a s a  pause-bounde d utteranc e tha t 
i s no t  a  firs t  readin g o f  th e instruction ,  no r 
conversatio n wit h th e experimenter .  Eac h elaboratio n 
was associate d wit h th e partne r  wh o generate d it .  Ou r 
codin g schem e incorporate d th e sam e code s use d i n 
our  prio r  self-explanatio n analyses :  D o m a i n : 
elaboration s concernin g compute r  programming . 
Monitor ,  elaboration s abou t  a  subject' s o w n stat e o f 
understanding ,  Strategy :  elaboration s abou t  a  stud y 
method .  Activity :  elaboration s abou t  th e material s o r 
task ,  Reread :  elaboration s abou t  rereadin g text s o r 
examples ,  an d Incomplete :  utterances .  I n addition ,  a 
set  o f  code s wa s develope d t o captur e elaboration s 
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Explanatio n Characteristic s High-Benefi t Low-Benef i t 

Tex t  Strategies :  Identifyin g an d Elaboratin g th e Mai n Idea s 

Elaboratin g Mai n Idea s 28. 5 
Coverag e o f  th e Mai n Idea s 12. 7 

13. 2 
7. 2 

/( lO ) 

1.9 0 
2.8 0 

Exampl e Strategies :  Determinin g bot h th e For m an d Meanin g o f  Exampl e Cod e 

Concret e Evaluatio n 1. 2 
Recursive-Relate d 42. 2 

1. 0 
23. 0 

Connectio n Strategies :  Connectin g th e Tex t  Concept s an d Exampl e Feature s 

Text-Exampl e 15. 0 
Example-Exampl e 3. 8 
Extemal-to-I.esso n 2. 8 

Conten t  o f  Student-Generate d Explanation s 

Structura l  Terminolog y 11. 3 
Codin g an d Desig n Issue s 4. 2 

6. 5 
6. 8 

. 5 

5. 8 
. 8 

.7 6 
2.4 1 

1.8 7 
.6 9 

4.1 5 

3.2 1 
3.0 6 

P 

.0 4 

.00 9 

.2 3 

.0 2 

.0 5 

.2 5 

.00 1 

.00 9 

.0 1 

Tabl e 1 .  Explanatio n Characteristic s o f  High-Benefi t  an d Low-Benefi t  Subject s 

mor e particula r  t o collaborativ e discourse :  Domain -
Help :  question s abou t  a  comprehensio n failure , 
Domain-Chec k request s fo r  feedbac k fo r  a  domai n 
elaboration ,  Monitor-Other :  abou t  monitorin g 
partner' s domai n elaborations ,  Monitor-Question : 
monitorin g partner' s understanding .  F o c u s : 
clarificatio n statements ,  an d A c k n o w l e d g e : 
coordinatio n statements . 

The elaboration s o f  eac h subjec t  wer e analyze d fo r 
(a )  explanatio n strategies ,  (b )  metacognitiv e 
activities ,  (c )  recursion-specifi c  content ,  an d (d ) 
skippe d opportunitie s fo r  elaboration .  Th e Domai n 
elaboration s wer e use d t o analyz e (a) ,  (c) ,  an d (d) . 
The Domain-Hel p elaboration s an d severa l  type s o f 
Monitorin g elaboration s wer e use d t o analyz e (b) . 
Th e statistica l  analyse s belo w ar e base d o n 
logarithmi c transformation s o f  th e data ,  however ,  th e 
untransforme d mean s ar e reported . 

Explanation Strategies 

We firs t  examine d th e dya d protocol s fo r  a  specifi c  se t 
of  explanatio n strategie s foun d t o b e relate d t o hig h 
performanc e i n ou r  self-explanation s researc h 
(Bielaczyc ,  Piroll i  &  Brown ,  i n press) .  Ther e wer e 
tw o reason s fo r  thi s choice .  Th e firs t  wa s t o 
determin e whethe r  similaritie s exis t  betwee n th e type s 
of  explanatio n an d monitorin g strategie s use d b y 
individua l  learner s an d b y collaborativ e learners .  Th e 
secon d wa s t o determin e whethe r  th e us e o f  thes e 
strategie s i n collaborativ e context s similarl y relate s t o 
hig h programmin g performance .  Thre e particula r 
type s o f  strategie s wer e investigated :  (a )  Tex t 
Su-ategies :  identifyin g an d elaboratin g th e mai n idea s 

of  text ,  (b )  Exampl e Strategies :  determinin g bot h th e 
for m an d meanin g o f  exampl e code ,  an d (c ) 
Connectio n Strategies :  connectin g th e tex t  concept s 
and exampl e features . 

T wo analyse s wer e performe d i n examinin g th e us e 
of  th e Tex t  Strategies :  comparison s o f  (a )  th e overal l 
number  o f  mai n ide a elaboration s generated ,  an d (b ) 
th e distinc t  numbe r  o f  mai n idea s tha t  wer e elaborate d 
(Tabl e 1) .  Th e analyse s indicat e tha t  no t  onl y di d 
high-benefi t  subject s generat e mor e mai n ide a 
elaboration s overal l  tha n low-benefi t  subject s whil e 
studyin g th e Targe t  lesso n texts ,  the y wer e applyin g 
th e strateg y t o a  greate r  numbe r  o f  th e mai n idea s 
introduce d i n th e texts . 

The analyses of the Example Strategies focused on 
tw o approache s t o explainin g exampl e code :  (a ) 
evaluatin g th e cod e usin g concret e value s a s input s t o 
th e give n LIS P functions ,  an d (b )  elaboratin g th e cod e 
wit h respec t  t o th e mai n lesso n topi c (Tabl e 1) .  N o 
differenc e wa s foun d betwee n high-benefi t  an d low -
benefi t  subject s i n th e us e o f  th e first  sub-strategy . 
To investigat e th e secon d sub-strategy ,  w e examine d 
th e numbe r  o f  recursion-relate d elaborations ,  o r 
elaboration s focusin g o n recursive-aspect s o f  th e 
structure ,  operation ,  o r  desig n o f  th e exampl e LIS P 
code .  Th e high-benefi t  subject s wer e foun d t o 
generat e a  highe r  quantit y o f  recursion-relate d 
elaboration s tha n low-benefi t  subject s whil e studyin g 
th e exampl e code . 

I n analyzin g th e Connectio n Strategie s w e 
examine d severa l  sub-strategies :  (a )  Text-Exampl e 
strategies :  clarifyin g th e meaning s o f  abstrac t 
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Figure 1. Frequent Usage of Domain-Help Strategy 
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concept s presente d i n th e tex t  b y explicitl y 
connectin g th e concept s t o thei r  instantiation s i n th e 
examples ,  (b )  Example-Exampl e strategies :  attainin g 
a bette r  understandin g o f  h o w exampl e cod e work s b y 
relatin g th e cod e t o othe r  example s i n th e manual ,  an d 
(c )  Extemal-to-Lesso n strategies :  integratin g ne w an d 
prio r  knowledg e b y relatin g lesso n concept s t o 
concept s externa l  t o thos e i n th e instructiona l  manua l 
(Tabl e 1) .  Performanc e difference s wer e foun d t o b e 
mor e closel y relate d t o strateg y difference s i n 
connectin g th e tex t  concept s t o thei r  exampl e 
instantiation s an d connectin g th e Targe t  lesso n 
concept s t o concept s externa l  t o th e lesson ,  tha n t o 
difference s i n establishin g connection s betwee n th e 
examples . 

S u m m a ry Severa l  o f  th e sam e explanatio n 
strategie s foun d previousl y t o b e relate d t o hig h 
performanc e fo r  individua l  learner s wer e foun d t o b e 
similarl y relate d fo r  learner s w h o stud y 
collaboratively .  Althoug h no t  al l  o f  th e difference s 
ar e statisticall y significan t  w h e n th e effect s o f 
multipl e t-test s ar e take n int o account ,  th e genera l 
tren d reflect s tha t  th e high-benefi t  subject s appl y th e 
strategie s mor e ofte n tha n low-benefi t  subject s whil e 
learnin g fro m th e Targe t  lesso n materials .  Th e high -
benefi t  subject s appea r  t o b e producin g mor e 
elaborate d representation s o f  th e Targe t  lesso n 
concept s an d o f  meaningfu l  relation s underlyin g th e 
LIS P cod e i n th e examples . 

Metacognitive Activities 

We wer e als o intereste d i n th e effect s o f 
metacognitiv e activitie s upo n learnin g fro m 
instruction .  W e performe d a  se t  o f  comparativ e 
analyse s base d o n severa l  differen t  type s o f 
monitorin g elaboration s (e.g .  self-monitoring , 
monitorin g b y one' s partner ,  tota l  monitorin g 
elaborations ,  comprehensio n failures) .  N o reliabl e 
difference s wer e foun d i n th e quantit y o f  monitorin g 
elaboration s generate d b y high-benefi t  an d low-benefi t 
subject s fo r  an y o f  th e categories . 

Researc h i n self-explanation s ha s foun d positiv e 
relationship s betwee n performanc e an d individua l 
metacognitiv e activities ,  suc h a s thos e indicate d b y 

th e amoun t  o f  monitorin g elaboration s (Bielaczyc , 
Pirolli ,  &  Brown ,  i n press ;  Ch i  e t  al ,  1989) .  Thus , 
we wer e intereste d i n whethe r  othe r  type s o f 
collaborativ e metacognitiv e activitie s relate d t o 
performanc e differences .  O n e particula r  activit y i s 
initiate d b y Domain-Hel p elaborations .  Th e activit y 
involve s usin g one' s partne r  a s a  question-answerin g 
resourc e durin g comprehensio n failure s o n domai n 
concepts .  O f  interes t  ar e learner s w h o bot h frequentl y 
as k fo r  Domain-Hel p an d receiv e a  hig h numbe r  o f 
response s providin g relevan t  domai n information . 
Subject s PreL-1 ,  PreL- 2 an d PreL- 3 requeste d hel p 2 
t o 3  time s mor e frequentl y tha n an y o f  th e othe r 
subjects ,  an d thei r  partner s al l  produce d a  hig h 
number  o f  response s elaboratin g th e domai n concept s 
i n questio n (shade d oval s i n Figur e 1) .  Al l  member s 
of  thes e dyad s wer e high-benefi t  subject s excep t 
subjec t  PreL-3 .  Cas e studie s o f  th e thre e dyad s 
reveale d that ,  unlik e subject s PreL- 1 an d PreL-2 ,  (a ) 
subjec t  PreL- 3 di d no t  repea t  o r  elaborat e th e 
response s sh e receive d fro m he r  partner ,  an d (b ) 
severa l  o f  th e response s provide d b y PreL-3' s partne r 
use d concept s an d analogie s tha t  PreL- 3 wa s 
unfamilia r  with . 

Summary Althoug h n o difference s wer e foun d 
betwee n th e numbe r  o f  monitorin g elaboration s 
generate d b y high-benefi t  an d low-benefi t  subject s 
whil e studying ,  usin g one' s partne r  a s a  question -
askin g resourc e durin g comprehensio n failur e appear s 
t o provid e benefit s t o bot h dya d partners .  Thes e 
result s ar e consisten t  wit h th e finding s i n th e 
literatur e (e.g .  Peterso n &  Swing ,  1985 ;  W e b b , 
1985) .  B y askin g direc t  question s an d receivin g a n 
explanation ,  question-asker s m a y b e abl e t o overcom e 
point s o f  confusio n an d comprehensio n failur e an d 
acquir e informatio n tha t  ma y serv e t o fil l  i n gap s i n 
understanding .  Conversely ,  b y providin g 
explanations ,  question-answerer s m a y themselve s 
acquir e a  deepe r  understandin g o f  th e materials .  Clos e 
examinatio n o f  th e question-askin g episode s suggest s 
tha t  a  question-aske r  benefit s mos t  fro m a  respons e 
when (a )  th e question-aske r  subsequentl y incorporate s 
th e receive d informatio n int o self-generate d domai n 
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elaborations ,  an d (b )  th e respons e i s  a t  th e appropriat e 
leve l  fo r  th e question-asker . 

The Content of Explanations 

I n additio n t o investigatin g strategi c feature s o r  ho w 
th e student s elaborate d th e text s an d examples ,  i t  i s 
importan t  t o investigat e wha t  student s sa y a s the y 
elaborate .  Th e Targe t  instructiona l  manua l  introduce s 
severa l  centra l  idea s abou t  recursion .  W e examine d 
subjects '  elaboration s fo r  explanation s o f  structura l 
concept s (e.g .  terminatin g case ,  recursiv e relation )  an d 
desig n concept s (e.g .  th e recursiv e cas e i s cd r  o f  th e 
inpu t  lis t  fo r  lis t  recursion )  (Tabl e 1) .  Th e high -
benefi t  subject s generate d elaboration s coverin g a 
wide r  rang e o f  structura l  an d desig n concept s tha n th e 
low-benefi t  subjects .  Thes e elaboration s ma y serv e 
t o buil d u p a  mor e integrate d menta l  mode l  o f 
recursion .  Suc h a  well-connecte d mode l  shoul d 
provid e a  powerfu l  knowledg e bas e fro m whic h t o 
dra w durin g th e subsequen t  tas k o f  programming . 

Skipped Opportunities for Elaborating the 
Targe t  Lesso n Concept s 

The focu s o f  th e fina l  analysi s i s no t  o n th e 
elaboration s tha t  wer e generate d b y th e dya d partners , 
but  rathe r  o n thos e tha t  wer e not .  Th e Targe t  lesso n 
instructio n consiste d o f  brie f  text s an d unelaborate d 
examples .  Du e t o th e concis e natur e o f  th e materials , 
i t  wa s assume d tha t  student s woul d nee d t o generat e 
additiona l  elaboration s fo r  eac h tex t  an d exampl e pag e 
i n orde r  t o acquir e a n understandin g o f  recursio n tha t 
woul d enabl e the m t o writ e thei r  ow n recursiv e LIS P 
functions .  Fiv e o f  th e si x low-benefi t  subject s wer e 
foun d t o ski p generatin g an y Domai n elaboration s 
whil e studyin g on e o r  mor e page s o f  th e instructiona l 
manual .  No t  elaboratin g th e domai n concept s o n a 
give n pag e i s viewe d a s a  skippe d opportunit y fo r 
attainin g a  deepe r  understandin g o f  th e concepts . 

Discussion 

Our  fine-graine d examinatio n o f  collaborativ e 
explanation s i n th e cours e o f  learnin g fro m 
expositor y text s an d example s identifie d specifi c 
activitie s relate d t o late r  succes s i n th e acquisitio n o f 
programmin g skills .  I t  appear s tha t  bein g a  high -
benefi t  subjec t  ~  a  learne r  w h o wa s bette r  abl e t o 
solv e Targe t  lesso n programmin g problems ,  wa s no t 
pre-determine d b y performanc e o n th e Pre-Targe t 
lesso n (i.e .  befor e studyin g i n a  collaborativ e dyad) . 
Rather ,  th e result s indicat e tha t  th e high-benefi t 
subject s wer e th e learner s wh o produce d elaborate d 
representation s o f  th e Targe t  lesso n concepts ,  buil t  u p 
an understandin g o f  th e relation s underlyin g th e 
examples ,  an d mad e elaboration s ove r  a  wide r  rang e o f 
centra l  concept s whil e studyin g th e Targe t  lesso n 
instructiona l  manua l  wit h thei r  partner .  Simila r  t o 
our  earlie r  studie s o f  sol o self-explanatio n (Piroll i  & 
Bielaczyc ,  1989 ;  Piroll i  &  Recker ,  i n press) ,  th e 

crucia l  factor s relate d t o improve d learnin g see m t o b e 
bot h (a )  generatin g you r  o w n explanations ,  an d (b ) 
generatin g explanation s tha t  allo w th e constructio n o f 
an elaborate d representatio n o f  th e Targe t  concepts . 
Althoug h collaborativ e dialogue s appea r  t o provid e 
additiona l  metacognitiv e suppor t  an d explanator y 
elaboration s tha t  migh t  hav e bee n otherwis e 
unavailabl e i f  th e collaborator s ha d worke d solo ,  i t  i s 
necessar y fo r  eac h individua l  t o b e activel y engage d i n 
processin g th e suppor t  an d explanatio n i n orde r  fo r 
th e dialogu e t o hav e a  substantia l  learnin g effect . 
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