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i n Activity-Base d Learnin g 
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Jee Tec k Ta n 
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Departmen t  o f  Informatio n System s an d Compute r  Scienc e 
Nationa l  Universit y o f  Singapor e 

Lower  Ken t  Ridg e Roa d 
Singapor e 051 1 

Email :  cheeys@iscs.nus.s g 

A b s t r a c t 

Sense-making is an essential process in learning for 
understanding .  W e describ e a  stud y o f  sense-makin g 
involvin g tw o pair s o f  student s learnin g basi c 
element s o f  th e visua l  programmin g languag e 
Prograph .  Th e stud y emphasize s th e critica l  rol e o f 
activit y i n mediatin g concep t  developmen t  an d 
refinemen t  Vide o protocol s o f  learnin g behavio r  wer e 
recorde d an d analyzed .  Th e analysi s focuse s o n th e 
situate d natur e o f  th e meanin g constructio n process .  I t 
reveal s h o w exploration ,  explanation ,  an d expectatio n 
pla y importan t  role s i n th e sense-makin g process . 

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

In everyday learning as well as in situations of formal 
educatio n an d training ,  sense-makin g i s a n importan t 
cognitiv e activity .  I n recen t  years ,  researcher s suc h a s 
Carrol l  (1990) ,  Clance y (1991 ;  Clance y &  Roschelle , 
1991) ,  an d Roschell e (1992 )  hav e engage d i n 
influentia l  attempt s t o prob e th e natur e o f  suc h 
activity .  I n th e contex t  o f  thes e efforts ,  thi s pape r 
report s o n a n empirica l  stud y o f  tw o pair s o f  student s 
learnin g basi c element s o f  th e visua l  programmin g 
languag e Prograph™ . 

I n th e section s tha t  follow ,  w e begi n b y settin g ou t 
th e theoretica l  underpinning s o f  thi s research .  Next , 
we describ e th e stud y approac h an d th e stud y setup . 
Protoco l  segment s ar e the n presente d an d analyzed . 
We conclud e b y summarizin g wha t  ha s bee n learn t 

T h e o r e t i c a l  b a c k g r o u n d 

This research is theoretically rooted in the writings of 
Vygotsk y (1978 ,  1986 ,  1987) .  A n importan t  ide a o f 
Vygotsky' s though t  wa s tha t  activity ,  especiall y i n a 
socially-lade n setting ,  coul d b e fruitfull y  use d a s a n 

explanator y principl e i n psychologica l  study .  Th e 
stimulus-respons e (S-R )  paradig m ca n thu s b e 
modifie d b y lettin g activit y tak e th e plac e o f  th e 
hyphe n i n th e S- R formul a t o yiel d objec t  *-* • 
activit y •<- » subjec t  (Kozulin ,  1986) .  I n thi s way , 
activit y i s give n a n importan t  rol e a s th e facto r  tha t 
mediate s conceptua l  chang e throug h a  learner' s 
interactio n wit h externa l  objects .  Consequently ,  w e 
vie w interactio n wit h som e concret e syste m capabl e 
of  behavio r  (actin g an d reactin g t o a  learner' s action s 
or  inputs )  a s essentia l  t o successfu l  sense-making . 

Our  attentio n ha s als o bee n draw n t o th e relevanc e 
of  researc h b y Ch i  an d he r  colleague s (eg .  Chi , 
Bassok ,  Lewis ,  Reimann ,  &  Glaser ,  1989 ;  Ch i  & 
VanLehn ,  1991 )  o n self-explanations .  Ch i  e t  al . 
(1989 )  describ e a  self-explanatio n a s a  commen t  abou t 
an exampl e statemen t  tha t  contain s domain-relevan t 
informatio n ove r  an d abov e wha t  wa s state d i n a 
worked-ou t  example .  The y foun d tha t  th e amoun t  tha t 
student s learne d whil e studyin g worked-ou t  example s 
i s proportiona l  t o th e numbe r  o f  self-explanation s 
generate d b y th e student s whil e studyin g examples . 
Our  cas e stud y observation s indicat e tha t  explanation s 
als o pla y a n importan t  rol e i n sense-makin g activity . 
I n th e contex t  o f  ou r  study ,  however ,  explanation s ar e 
made no t  onl y t o th e self ,  bu t  als o t o a  collaboratin g 
student .  I n contras t  t o th e wor k o f  Ch i  e t  al. ,  ou r 
student s wer e no t  learnin g fro m worked-ou t  example s 
(tha t  is ,  textbook-lik e example s wit h explanations) . 
Rather ,  the y onl y ha d exampl e Prograp h program s t o 
inspec t  an d th e Prograp h environmen t  t o navigat e 
within . 

Our  empirica l  observation s lea d u s t o propos e tha t 
exploratio n an d expectatio n als o pla y importan t  role s 
i n sense-making .  W h e n student s fac e a n entirel y ne w 
situatio n (th e Prograp h programmin g environmen t  i n 
our  study) ,  the y rel y o n fairl y a d ho c exploratio n t o 
bootstra p th e sense-makin g process .  I n addition , 
expectation s base d o n prio r  knowledg e quickl y begi n 
t o activel y shap e th e sense-makin g process .  Ou r 
protocol s sugges t  tha t  expectation-drive n learnin g i s a 
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prominen t  featur e o f  sense-makin g i n general .  Mor e 
successfu l  learner s explicitl y  creat e ne w expectation s 
of  syste m behavior ,  the n procee d t o tes t  whethe r  th e 
expectation s hol d i n practice— a for m o f  hypothesi s 
testing . 

I n th e descriptio n o f  th e stud y tha t  follows ,  w e 
provid e evidenc e fo r  th e phenomen a o f  exploration , 
explanation ,  an d expectatio n i n learnin g activit y fo r 
sense-making . 

S t u d y a p p r o a c h a n d setu p 

The method adopted for this study is that of video 
protoco l  analysis .  I t  i s  simila r  t o tha t  employe d i n 
Clance y &  Roschell e (1991 )  an d Roschell e (1992) . 
The analysi s focuse s o n verba l  a s wel l  a s gestura l 
protocols .  I t  include s som e elemen t  o f  conversatio n 
analysi s (Goodwi n &  Heritage ,  1990 ;  Schegloff , 
1991) . 

woul d late r  b e require d t o cod e a  subprogra m t o a n 
existin g program .  The y were ,  therefore ,  t o stud y th e 
si x program s wit h a  vie w t o completin g tha t  tas k a t 
th e end .  Student s wer e give n n o informatio n o n th e 
meaning s o f  th e (visual )  languag e notations .  The y 
wer e expecte d t o interac t  wit h th e programmin g 
environmen t  t o mak e sens e o f  th e give n programs . 

Presenta t io n a n d analysi s o f 

p r o t o c o l s 

In this section, we analyze two protocols to illustrate 
th e feature s o f  exploration ,  explanation ,  an d 
expectatio n i n th e sense-makin g process .  W e d o no t 
attemp t  t o examin e thes e feature s on e a t  a  tim e 
becaus e the y usuall y co-occu r  withi n episodes . 

Protoco l  1 

P r o g r a m m i n g languag e a n d learnin g 
environmen t 

This study is based on the learning of basic elements 
of  th e Prograph ™ programmin g language .  Prograp h 
i s a  languag e develope d b y Th e Gunakar a Su n 
System s fo r  th e Macintos h computer .  I t  i s  a  high -
level ,  pictorial ,  object-oriente d programmin g 
environment .  Th e focu s o f  ou r  stud y ha s bee n 
restricte d t o th e dataflo w an d notationa l  aspect s o f  th e 
language . 

Subject s 

Our subjects were two pairs of first-year computer 
scienc e undergradautes .  The y ha d complete d a 
semeste r  o f  Pasca l  an d Cobo l  programming . 
However ,  the y ha d neve r  befor e encountere d th e 
notion s o f  dataflo w language s o r  visua l 
programming .  Th e firs t  pai r  o f  student s comprise d 
Luk e (L )  an d Charle s (C) ;  th e secon d pai r  comprise d 
Jaso n (J )  an d Benn y (B )  (al l  name s ar e fictitious). 

Tas k 

Each pair of students was provided with a set of basic 
instruction s fo r  vali d manipulation s i n th e Prograp h 
interfac e (eg .  ho w t o ad d ne w node s an d links ,  ho w t o 
delet e node s an d links ,  ho w t o double-clic k o n a  nod e 
t o ge t  mor e informatio n o n tha t  node ,  etc.) .  Th e 
student s wer e the n aske d t o stud y si x already-code d 
Prograp h program s (method s i n Prograp h parlance )  o f 
increasin g complexity .  The y wer e informe d tha t  the y 

I n thi s protoco l  excerpt ,  w e examin e ho w Luk e an d 
Charle s tr y t o mak e sens e o f  progra m Thir d (se e 
Figur e 1) . 

O Thir d 2: 2 

Yoa g» t  rubb.. . 

f//mmM/mM/M//m . 
m: 

C*ae trrov s 

A 
rF;n7dT: 2 ̂ S i m i E g E I i 

Ente r  I  i T 

1^ 

m 
TTT TfT T f lGoT fL - ^ J B 

Figur e 1 .  Th e progra m Third . 

When program Third executes, a dialog pops up 
tellin g th e user,  "Ente r  1  fo r  ic e cream ,  other s fo r 
rubbish. "  (se e w i n d o w "Thir d 1:2") .  T h e progra m 
the n check s whethe r  th e user' s inpu t  i s a  "1" .  I f  i t  is , 
i t  show s th e use r  a  dialo g saying ,  " Y o u ge t  ic e 

cream!". 1 I f  th e inpu t  i s no t  1  (th e x  symbo l  nex t  t o 
th e operatio n nod e denote s noi) ,  contro l  passe s t o th e 
cod e i n th e nex t  cas e (se e w i n d o w "Thir d 2:2" )  an d a 

^  T h e lin k betwee n th e operatio n icon s "ask "  an d 
" s h o w "  i s  calle d a  syncro .  I t  specifie s tha t  th e 
operatio n "ask "  shoul d execut e befor e th e operatio n 
"show" . 
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dialo g statin g "Yo u ge t  rubbish! "  appears .  Th e labele d 
button s ar e cas e arro w button s tha t  allo w th e use r  t o 
switc h th e activ e windo w fro m on e cas e t o th e other . 

A protoco l  excerp t  betwee n Luk e an d Charle s 
relatin g t o th e abov e progra m follows .  Notation s 
employe d i n th e protocol s ar e explaine d i n th e 
Appendix . 

1. L: How did this [points at the node "=" in 
windo w "Thir d 1:2" ] 
come here ? [point s a t  th e nod e "Yo u ge t 
rub b ... "  i n windo w "Thir d 2:2" ] 

2.  C :  Wit h som e lin k .. . 
D o wn here:: :  [point s t o th e cas e arro w 
buttons ] 

3.  L :  N o .  that' s th e programming ,  bu t  th e 
programmin g .  .  . 

4.  C :  Th e wha t  = 
5.  L :  =  th e programmin g link . 

Thi s [point s a t  windo w "Thir d 1:2 "  an d 
the n t o windo w "Thir d 2:2" ] 
i s jus t  inpu t  text . 
Go t o control ,  [point s a t  "Controls "  men u 
item ] 

After two additional exchanges, the protocol 
continues : 

6. L: How you link from here [points at node 

to here? [points at node "You get rubb ..." 
and remain s pointin g t o tha t  node ] 

7.  C :  Y o u d o th e checkin g here:: :  [point s a t  nod e 
"= "  wit h th e mouse ] 
C o me t o her e first,  [point s a t  nod e "1 "  i n 
windo w "Thir d 1:2" ] 

8.  L :  [Move s finge r  awa y from  th e nod e "Yo u ge t 
rub b ..." ,  an d refer s t o instruction s o n th e 
interface. ] 

9.  C :  This:: :  [draw s circle s wit h hi s lef t  inde x 
fingC T aroun d th e nod e "= "  an d th e nod e "1" ] 
The checkin g par t  .. . 

10.  L :  Hm:: :  Y o u g o her e .. .  [point s a t  nod e 

You delete the link, see what happens? 
[stil l  pointin g a t  nod e "=" ] 

11 .  C :  Wha t  d o yo u mean ? 
12 .  L :  Th e lin k from  her e [point s a t  nod e "=" ] 

t o here:: :  [point s a t  nod e "Yo u ge t  rub b 

.  .  ." ] 

programmin g language s only. )  Havin g becom e 

accustome d t o th e wa y i n whic h progra m executio n 
moves fro m nod e t o nod e an d ho w th e node s ar e 
connecte d b y links ,  the y forme d th e expectatio n 
(throug h generalization )  tha t  ther e mus t  als o b e a  lin k 
betwee n W i n d o w 1  an d Window2 .  Consequently ,  the y 
expende d considerabl e tim e an d effort ,  includin g 
explorator y effort ,  tryin g t o find  it .  (I n actua l  fact , 
ther e i s n o suc h link. ) 

The protocol s revea l  tha t  th e students '  concep t  o f  a 
lin k a t  thi s poin t  i n tim e wa s stil l  hazy . 
Consequently ,  the y faile d t o "connect "  whil e 
conversin g wit h on e another .  Whil e Luk e wa s talkin g 
abou t  progra m contro l  flow  (an d confusin g physica l 
dat a link s wit h th e ide a o f  flow  o f  control) ,  Charle s 
was respondin g wit h ho w Window 2 coul d b e obtaine d 
fro m W i n d o w 1  b y clickin g o n th e right-pointing  cas e 
arro w (somethin g h e ha d discovere d b y acciden t 
earlier) . 

I t  i s  unclea r  wha t  Luk e mean t  b y th e statemen t 
"Thi s i s jus t  inpu t  text. "  i n segmen t  5 .  Possibly ,  h e 
was suggestin g tha t  th e cod e i n W i n d o w 2 simpl y 
allow s th e programme r  t o "input "  th e appropriat e tex t 
fo r  display . 

To ge t  ou t  o f  th e understandin g impasse ,  Luk e 
suggeste d explorin g th e "Controls "  men u item .  Thi s 
attemp t  a t  exploratio n appear s t o b e entirel y a d hoc . 
Inspectio n o f  th e item s o n th e men u di d no t  provid e 
any usefu l  information ,  an d th e student s reverte d t o 
thei r  discussio n o f  th e hypothesize d link . 

Segment  1 0 o f  th e protoco l  illustrate s a  furthe r 
instanc e o f  exploration .  Bein g unabl e t o for m a 
coheren t  understandin g o f  h o w t o establis h th e 
"missin g link "  betwee n W i n d o w 1  an d Window2 ,  th e 
student s decide d t o engag e i n furthe r  exploratio n ("se e 
what  happens") .  Thi s time ,  Luk e suggeste d deletin g 
th e missin g link .  Charle s trie d t o us e th e sam e 
procedur e fo r  deletin g a  lin k betwee n tw o icon s 
withi n a  windo w bu t  encountere d difficult y becaus e h e 
was tryin g t o delet e a  nonexisten t  lin k betwee n 
windows .  A s thi s attempte d exploratio n wa s base d o n 
confuse d thinkin g an d th e absenc e o f  an y clea r 
expectatio n o f  wha t  woul d happen ,  i t  i s  no t 
surprisin g tha t  th e attemp t  yielde d nothin g usefu l  i n 
term s o f  conceptua l  understanding .  Thi s excerp t 
illustrate s h o w exploratio n i n th e absenc e o f 
expectatio n ca n lea d t o failur e i n sense-making . 

Protoco l  2 

I n th e abov e excerpts ,  th e student s wer e puzzlin g 
ovCT h o w th e flow  o f  progra m contro l  passe d from  th e 
w indo w "Thir d 1:2 "  (hencefort h referre d t o a s 
"Windo w 1" )  t o th e windo w "Thir d 2:2 "  (hencefort h 
referre d t o a s "Window2" )  whe n th e inpu t  wa s no t 
equa l  t o one .  (Thi s concer n wit h contro l  flo w i s no t 
surprisin g i n ligh t  o f  prio r  experienc e wit h procedura l 

I n thi s protocol ,  w e explor e th e feature s o f 
expectatio n an d explanatio n occurrin g i n a  highl y 
situate d learnin g context .  Th e tw o student s here , 
Jaso n an d Benny ,  wer e puzzle d abou t  th e orde r  i n 
whic h th e differen t  node s wer e highlighte d whe n the y 
trace d throug h th e executio n o f  progra m Secon d usin g 
th e environment' s cod e tracin g facilit y  (se e Figur e 2) . 
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When thi s progra m i s executed ,  a  dialo g bo x pop s 
up saying ,  "Ente r  something" .  Th e dialo g bo x 
contain s a  use r  respons e are a tha t  contain s th e defaul t 
respons e "default" .  Afte r  th e use r  type s i n som e 
input ,  th e sho w operatio n o n th e left-han d sid e 
execute s an d th e messag e "Firs t  Hello :  default "  (o r 
whateve r  th e use r  type d i n fo r  "default" )  appears , 
followe d b y a  secon d messag e "Secon d Hello : 
default" .  Th e syncr o lin k dictate s tha t  Firs t  Hell o wil l 
execut e befca e Secon d Hello . 

Second 1: 1 E muims m 

E Mt  s«ii»«th.. .  4cfau H 
s 

Sveond Hvlto.. . Firs t  Hvlt o .. . 

^ >>>>>>>>]>]»>] > 

Figur e 2 .  T h e progra m Second . 

A protocol excerpt related to the students' study of 
progra m Secon d follows : 

1.  J : 

2. 

3. 

4. 
5. 

B 

J: 

B 
J: 

6.  B : 
7.  J : 
8.  B : 
9.  J : 

10.  B : 

[Trace s throug h th e progra m fro m th e 
beginning ,  the n retrace s program. ] 
Hm:: :  .. .  What' s goin g on ? 
You don' t  (enter).. .  Yo u don' t  enter , 
(it's )  lik e anythin g wil l  b e default . 
O K.  [hit s return ;  nod e "Firs t  Hell o ... "  i s 
highlighted ] 
Firs t  hello . 
Yah. 
H ow com e som e o f  th e line s is ? .. .  Don' t 
thin k s o .. .  [ma y hav e notice d tha t  th e 
colo r  o f  link s fro m execute d node s change s 
fro m gree n t o blue ] 
Firs t  hell o [hit s retom ;  nod e "default "  i s 
highlighted ] 
Defaul t  [hit s return ;  nod e "Ente r  somet h 
... "  i s  highlighted ] 
ente r  somethin g [hit s return ;  nod e "ask "  i s 
highlighted ;  hit s return ;  prompte r  windo w 
i s displayed ;  type s i n characters ;  hit s return ; 
prompte r  windo w i s closed ;  nod e "show "  i s 
highlighted ] 
Sho w .  .  . 
Pres s (enter )  .. . 
[Hit s return ;  dialo g windo w i s displayed. ] 
That' s wha t  yo u entere d .. . 
Firs t  hello ,  [point s a t  th e centr e o f  th e 
dialo g windo w an d slide s finger  t o th e to p 
lef t  come r  o f  th e screen ] 
Becaus e that' s wha t  yo u entered . 

11.  J :  [Hit s return ;  dialo g windo w i s closed ;  nod e 
"Secon d Hell o ... "  i s  highlighted. ] 
Show there:: :  [point s t o th e nod e "show " 
on th e left ] 
Firs t  hello:: :  [point s t o nod e "Firs t  Hell o 

. .  ." ] 
12.  B :  Ya h .. . 
13.  J :  The n what' s th e nex t  one ? Secon d hello . 

[point s a t  nod e "Secon d Hell o ..." ,  the n 
point s t o nod e "show "  o n th e right ] 

14.  B :  Yah ,  secon d hello . 
15 .  J :  S o i s .. .  [hit s return ;  n o d e " show "  i s 

highUghted ] 
secon d hell o [point s t o th e n o d e "Secon d 
Hel lo. . . " ] 
wil l  b e showin g als o [hit s return ;  dialo g 
w i n d o w i s displayed ;  hit s return ;  w i n d o w i s 
closed ] 

16 .  B :  Neve r  as k y o u again ? 

The above excerpt illustrates how the students tried, 
withou t  m u c h success ,  t o m a k e sens e o f  th e orde r  i n 
whic h progra m executio n proceede d (a s reflecte d b y 
th e orde r  i n w h i c h differen t  n o d e s b e c o m e 
highlighted) .  Unfortunately ,  th e orde r  i n w h i c h 
Prograp h select s node s fo r  executio n i s  largel y 
indeterminate .  T h e basi c rul e i s tha t  a  nod e i s read y t o 
execut e w h e n al l  necessar y dat a input s t o i t  ar e 
available .  Consequently ,  th e orde r  i n wh ic h th e node s 
wer e highlighte d w a s rathe r  puzzlin g fo r  th e students . 

I n addition ,  B e n n y expresse d surpris e tha t  th e 
progra m di d no t  as k fo r  a  n e w inpu t  befor e displayin g 
th e Secon d Hell o dialo g (segmen t  16) .  Thi s behavio r 
i s probabl y th e resul t  o f  havin g b e c o m e accustome d 
t o paire d input -outpu t  s e q u e n c e s i n prio r 
p rogrammin g experience . 

S o me fiftee n minute s later ,  th e student s experience d 
th e s a m e puzzlemen t  w h e n the y studie d progra m 
Fourth .  Thi s progra m include s a  loo p (se e Figur e 3 ) 
as par t  o f  a  large r  progra m tha t  perform s a  coun tdow n 
fro m a  n u m b e r  inpu t  b y th e user . 

l30Ji|HB5 i Fourth' s loo p 1: 1 

<lYMW/MW/iY/W/Vinr/WM'/M i 

cccccccccccc c 

f///////W/WM̂ M̂ ^̂ ^̂ ?̂//̂ f777 X 

Figur e 3 .  T h e loo p cod e o f  progra m Fourth . 
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I n th e executio n o f  th e progra m loop ,  th e "= " 
operatio n nod e i s alway s execute d firs t  becaus e i t 
involve s a  compariso n operation .  Th e inpu t  t o th e 
loo p i s compare d wit h th e numbe r  zero .  I f  th e numbe r 
i s zero ,  executio n terminate s (indicate d b y th e tic k 
wit h a  ba r  abov e it) ;  i f  not ,  th e nod e "show "  i s 
executed ,  followe d b y th e nod e " - 1 "  whic h decrement s 
th e curren t  numbe r  enterin g th e loo p b y one . 

The protocol excerpt follows: 

17. J: { How come its lateral? 
{[slide s finger  fro m nod e "show "  t o nod e 

"-1" ] 

{ How come it's moving sideways? 
{  [move s lef t  han d fro m right  t o left ] 

( I think the order is like that 
(  [wave s han d fro m to p t o botto m o f  th e 

screen ] 

{ from top down::: 
{  [wave s han d fro m to p t o botto m o f  th e 

screen ] 

{ from top going down 
{  [point s fmge r  a t  th e inpu t  o f  th e loop , 

slide s finger  dow n t o nod e "= "  ] 

{ That's why you ... 
{  [point s finger  a t  th e inpu t  o f  th e loop , 

slide s finger  dow n t o nod e "=" ] 

( you have to go to this thing first 
[  [point s finger  a t  th e inpu t  o f  th e loop , 

slide s t o nod e "=" ] 

( I think it is like that 
{  [wave s righ t  han d fro m righ t  t o left ] 

(like that 
[  [wave s righ t  han d fro m to p t o bottom ] 

[ like that ... 
[  [wave s hi s han d fro m righ t  t o left ] 

No, no, no. 
18.  B :  O n e mor e time ,  on e mor e time . 

The above excerpts show how the students were 
tryin g t o buil d coheren t  explanation s o f  th e program' s 
behavio r  fo r  themselves .  A s collaborators ,  thei r 
explanation s ar e mutua l  an d fo r  th e benefi t  o f  bot h 
themselve s an d thei r  partner .  However ,  th e 
explanatio n activit y  i s deepl y entwine d wit h buildin g 
and testin g expectation s i n onie r  t o determin e whethe r 
tentativ e supposition s mad e ar e supportabl e (se e 

segment s  2-4 ,  segment s 7-12 ,  an d segmen t  17) .  Fo r 
example ,  i n segment s 7-12 ,  whe n th e dialo g windo w 
appears .  Benn y notice s (a s h e expected )  tha t  th e word s 
type d i n b y Jaso n appea r  i n lie u o f  th e wor d "default" . 
I n segmen t  10 ,  h e explain s tha t  thi s outcom e i s th e 
consequenc e o f  wha t  Jaso n entere d (̂ 'Becaus e that' s 
what  yo u entered.") . 

Segment  1 7 illustrate s th e highl y situate d natur e o f 
sense-makin g activity .  I t  wa s purel y coincidenta l  that , 
i n th e cod e fo r  Fourth' s loop ,  nod e "= "  wa s positione d 
highest ,  an d nod e "show "  wa s positione d jus t  slightl y 
abov e nod e "-1" .  However ,  thes e chanc e positioning s 
wer e sufficien t  t o caus e Jaso n t o hypothesiz e tha t 
progra m executio n proceede d i n a  top-to-botto m an d 
right-to-lef t  direction .  A s mentione d previously ,  th e 
compariso n nod e i s alway s execute d first  I n addition , 
th e sho w operatio n execute s befor e th e operatio n t o 
decremen t  b y on e becaus e o f  th e syncr o link . 

The final  excerp t  show s h o w Jaso n eventuall y 
succeede d i n acquirin g th e concep t  o f  Prograp h a s a 
dataflo w language .  Here ,  th e student s wer e studyin g a 
progra m tha t  compute s th e factoria l  o f  a  numbe r 
usin g iteration .  Th e loo p portio n o f  thi s progra m i s 
show n i n Figur e 4 .  Ther e ar e thre e operation s 
involved :  a  compariso n wit h zer o tha t  terminate s i f 
true ,  a n operatio n t o decremen t  a n incomin g numbe r 
by one ,  an d a n operatio n t o multipl y tw o numbers . 

i P S ^  Iteratlu e foctorla l  loo p 1: 1 ll̂ ifUII&gBJS l 

U/M'^M'J/^^JJ/JJ^^VJJJ/MWMm i 

Tua^uuu/u/u/////////f////u// » 

' ^ ^ E E M M M Z ,'|i|'l l  'I'i' H II I  li '  I"" ' 1»| B 

Figur e 4 .  Th e loo p cod e o f  progra m Iterativ e 
Factorial . 

The protocol excerpt follows. In this excerpt, all 
pointin g i s carrie d ou t  wit h th e ti p o f  a  pencil .  Th e 
verbalizatio n wa s uttere d a s a  statemen t  o f  expectatio n 
befor e th e cod e wa s traced . 

19 J: So, we should have two inputs::: ... 
[point s a t  th e tw o input s o f  th e loo p code ] 
Thi s [point s t o nod e "0" ] 
i s t o chec k whethe r  it' s zer o right? 

{ Then the value will go into three places 
{  [slide s ti p o f  penci l  fro m lef t  inpu t  alon g 

th e midcU e dat a link ,  the n fro m lef t  inpu t 
alon g th e lef t  dat a link ,  the n fro m lef t 
inpu t  alon g th e right  dat a link ] 

(One place, 
([slide s ti p o f  penci l  fro m lef t  inpu t  alon g 

310 



th e middl e dat a link ] 

{two place, 
{  [slide s ti p o f  penci l  fro m lef t  inpu t  alon g 

th e lef t  dat a link ] 

{ three place ... 
{  [slide s ti p o f  penci l  fro m lef t  inpu t 

alon g th e right  dat a link ] 

( The same value should go into three 
place s .. . 

{[slide s ti p o f  penci l  fro m lef t  inpu t  alon g 
th e middl e dat a Unk ,  the n fro m lef t  inpu t 
alon g th e lef t  dat a link ,  the n fro m lef t 
inpu t  alon g th e right  dat a link ] 

But:: [points to node "0", node "-1", and 
node "*" ,  an d repeat s pointin g sequenc e 
again ] 
i t  shoul d hav e a n order:: : 

This protocol segment illustrates how the notion of 
dataflo w wa s eventuall y conceived .  Jaso n state d first 
tha t  "th e valu e wil l  g o int o thre e places "  an d the n 
agai n tha t  "th e sam e valu e shoul d g o int o thre e 
places. "  Thi s explici t  articulatio n represent s a 
significan t  achievemen t  i n conceptua l  change . 
However ,  th e ol d vexin g proble m concernin g th e 
orde r  i n whic h th e operation s shoul d execut e remain s 
unsolved . 

Conc lus io n 

Our study of students engaged in collaborative sense-
makin g reveal s tha t  th e processe s o f  exploration , 
explanation ,  an d expectatio n ar e importan t  feature s o f 
learning .  Student s mus t  engag e i n activit y i n orde r  t o 
buil d a n understandin g o f  th e domai n unde r  study . 
Such a n understandin g usuall y require s th e 
constructio n a  causa l  menta l  model .  Onl y throug h 
interactin g wit h th e object s o f  a n externa l 
environmen t  ca n dee p learnin g b e accomplished . 
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Appendi x 

The meanings of the notations employed in the 
protocol s ar e explaine d below . 

[  ]  Word s i n squar e bracket s describ e action s an d 
gestures . 

(  )  Word s i n paranthese s indicat e transciber' s bes t 
gues s o f  wha t  wa s said . 

= Equal s sig n indicate s tha t  ther e i s n o brea k 
betwee n th e en d o f  a  prio r  piec e o f  tal k an d 
th e beginnin g o f  th e nex t  piec e o f  talk . 
Precedin g soun d elongated . 
Pause. 
Overlappin g verba l  utteranc e wit h actio n o r 
gesture . 
Questio n intonation . 
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