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Const ruc te d vs .  Receive d Representation s fo r  Learn in g abou t  Scientifi c 

Controversy :  Implication s fo r  Learn in g a n d C o a c h i n g 

Violetta Cavalli-Sforza (violetta@cs.cmu.edu) 
Languag e Technologie s Institute ,  Carnegi e Mello n Universit y 

500 0 Forbe s Avenu e 

Pittsburgh ,  P A 1521 3 U S A 

Abstrac t 

The development of a graphical representation for perform-
in g a  tas k ca n potentiall y  yiel d a  greate r  understandin g o f  th e 
tas k domain ,  bu t  i t  i s itsel f  a  demandin g tas k tha t  ca n distrac t 
fro m th e primar y on e o f  learnin g th e domain .  I n thi s research , 
we investigate d th e impac t  o f  constructin g versu s receivin g a 
graphica l  representatio n o n learnin g an d coachin g th e analysi s 
of  scientifi c  arguments .  Subject s studie d instructiona l  materi -
al s an d use d th e Belveder e graphica l  interface '  t o t o analyz e 
text s draw n fro m a n actua l  scientifi c  debate .  On e grou p o f 
subject s use d a  box-and-arro w representation ,  augmente d wit h 
text ,  whos e primitiv e element s ha d preassigne d meaning s tai -
lore d t o th e domai n o f  instruction .  I n th e othe r  group ,  subject s 
use d th e graphica l  element s a s the y wished ,  thereb y creatin g 
thei r  ow n representation . 
Our  result s suppor t  th e followin g conclusions .  Fro m th e per -
spectiv e o f  learnin g targe t  concepts ,  developin g one' s ow n rep -
resentatio n ma y no t  hur t  thos e student s wh o gai n a  sufficien t 
understandin g o f  th e possibilitie s o f  abstrac t  representation ,  al -
thoug h ther e ar e cost s i n tim e o n tas k an d i n th e qualit y o f  th e 
diagram s produced .  Th e risk s ar e muc h greate r  fo r  les s abl e 
student s because ,  i f  the y develo p a  representatio n tha t  i s in -
adequat e fo r  expressin g th e concept s targete d b y instruction , 
the y wil l  us e thos e concept s les s o r  no t  a t  all .  Fro m th e per -
spectiv e o f  coachin g students ,  a  predefine d representatio n ha s 
a significan t  advantage .  I f  i t  i s  appropriatel y expressiv e fo r 
th e concept s i t  i s designe d t o represent ,  i t  provide s a  commo n 
languag e an d cleare r  share d meanin g betwee n th e studen t  an d 
th e coach ,  enablin g th e coac h t o understan d students '  analysi s 
more easil y an d t o evaluat e i t  mor e effectivel y agains t  a  mode l 
ofth e idea l  analysis . 

Backgroun d 

Th e initia l  goa l  o f  ou r  researc h wa s t o develo p tool s fo r  help -
in g student s i n middl e schoo l  throug h earl y universit y t o en -
gag e i n critica l  thinking .  W e chos e scientifi c  controversie s 
as a  domai n o f  application ,  becaus e understandin g th e vari -
ous assumption s an d reason s underlyin g scientifi c  debat e an d 
chang e i s a n importan t  par t  o f  appreciatin g an d communi -
catin g th e natur e o f  th e scientifi c  enterprise ,  eve n t o non -
scientists .  I n contrast ,  unti l  recently ,  schoo l  scienc e curric -
ul a hav e exhibite d a  stron g bia s toward s portrayin g scientifi c 
endeavo r  solel y a s hands-o n inquir y an d o n final-form  sci -
ence ,  tha t  is ,  th e knowledg e currentl y accepte d b y th e scien -
tifi c  communit y (Duschl ,  1990) . 

As par t  o f  ou r  too l  base ,  w e develope d graphica l  argumen -
tatio n formalism s tha t  woul d enabl e student s t o determin e 
and represen t  h o w th e variet y o f  informatio n brough t  t o bea r 

'Thi s syste m wa s a  conceptua l  predecesso r  o f  th e syste m de -
scribe d b y Suther s e t  al .  (1997) . 

i n a  scientifi c  debat e fits  together .  W e investigate d th e us e 
of  coachin g strategie s t o hel p student s develo p correc t  analy -
ses o f  textua l  argument s an d t o generat e thei r  o w n argument s 
(Paolucc i  e t  al ,  1996 ;  Toth9 7 e t  al. ;  Cavalli-Sforza ,  1998) . 
S o me o f  th e resultin g tool s an d material s wer e mad e avail -
abl e i n selecte d school s an d ove r  th e Interne t  (Suther s e t  al. , 
1997) .  Relate d work ,  focusin g o n belie f  chang e mor e tha n o n 
argumen t  structure ,  i s describe d b y Schan k (1995) . 

Constructed vs. Received Graphical 

R e p r e s e n t a t i o n s 

Althoug h ther e hav e bee n severa l  effort s t o develo p environ -
ment s fo r  supportin g polic y an d desig n discussion s (Conkli n 
& Begemann ,  1988 ;  Fischer ,  &  McCall ,  1989 ;  Stefi k e t  al , 
1987 ;  Tata r  e t  al. ,  1991) ,  authorin g o f  argument s an d argu -
mentativ e tex t  (Neuwirt h &  Kaufer ,  1989 ;  Schule r  &  Smith , 
1990 ;  Smolensk y era/. ,  1987 ;  Streit z era/. .  1989) ,  an d explo -
ratio n ofth e structur e o f  informatio n (Lowe ,  1985 ;  Marshal l 
et  al. ,  1991) ,  t o ou r  knowledge ,  ther e ha s bee n littl e empir -
ica l  investigatio n o f  th e us e o f  diagrammati c representation s 
i n argument-lik e task s an d it s effec t  o n learnin g an d coaching . 

Subject s workin g wit h ConvinceM e (Schank ,  1995) ,  ben -
efite d fro m comparin g thei r  o w n belief s an d argumen t  net -
work s t o th e program's ,  relativ e t o subject s workin g exclu -
sivel y wit h text .  Th e activ e construction ,  rathe r  tha n th e pas -
siv e examination ,  o f  diagram s improve s performanc e fo r  veri -
fyin g th e validit y o f  syllogism s whe n combine d wit h a  precis e 
metho d fo r  developin g th e diagra m fro m th e proble m descrip -
tio n (Grosse n &  Camine ,  1990) . 

I n contrast ,  developin g one' s o w n procedur e fo r  prob -
le m solvin g ma y lea d t o learnin g tha t  generalize s mor e 
easil y t o differen t  proble m types ,  bu t  m a y als o lea d t o 
"buggy"algorithms .  Diagram s hel p solv e analytica l  reason -
in g problem s simila r  t o thos e i n th e G R E ,  bu t  onl y fo r  sub -
ject s w h o sho w a n initia l  aptitud e fo r  tha t  typ e o f  reasonin g 
(Co x etal. ,  1994) ,  indicatin g tha t  ther e m a y b e individua l  dif -
ference s i n th e abilit y  t o us e diagrams . 

Finally ,  diagrammati c representation s ca n assis t  i n under -
standin g compute r  programs ,  bu t  onl y i f  th e diagra m support s 
th e typ e o f  reasonin g require d b y th e task ;  eve n so ,  perfor -
mance ma y b e slowe r  tha n wit h tex t  representation s (Gree n 
&Petre ,  1992) . 

Althoug h thes e result s don' t  unanimousl y suppor t  th e ad -
vantage s o f  graphica l  representations ,  w e believe d tha t  a  di -
agrammati c representatio n o f  argumen t  structur e wa s a n im -
portan t  par t  o f  an y se t  o f  tool s fo r  helpin g student s understan d 
and engag e i n scientifi c  argument ,  since ,  b y virtu e o f  it s ex -

108 

mailto:violetta@cs.cmu.edu


(  Drif t  Theory } 

p a r t ^  *-. ^  par t 

The supercontinent ]  the n 
brok e up . 

Piece s o f  th e 
supercontinen t  move d 

S 7 
suppor t 

The continent s 
ar e stil l  moving . 

suppor t 

radi o transmissio r 
time s 

counte r observation s o f 
of  th e moo n 

The measurement s 
ar e unreliable . 

suppor t 

counte r 

warran t 

I f  th e measuremen t  ha s a  magnitude ^ 
smalle r  tha n th e erro r  associate d wit h 

th e procedur e o r  instrumen t  through ^ 
,  whic h i t  wa s obtained ,  th e measure n 

i s unreliable . 
The measurement s ar e smalle r 
tha n th e error s associate d wit h 
th e measurin g procedures . 

Figur e 1 :  Graphica l  representatio n o f  a n argumen t  an d a n attac k o n it s evidenc e 

plicitness ,  i t  woul d hel p student s ferre t  ou t  fro m th e text s th e 
informatio n an d assumption s require d b y th e argument . 

Th e advantage s o f  a  box-and-arro w representatio n fo r  dis -
playin g argument s ar e discusse d i n Cavalli-Sforz a (1998) . 
Ver y briefly ,  i n a  representatio n suc h a s th e on e show n i n 
Figur e 1  (loosel y base d o n Toulmin' s (Toulmi n e t  a l ,  1984 ) 
model  o f  argumen t  steps) ,  th e boxe s an d arrow s correspon d 
t o th e mai n component s o f  argumen t  structure :  differen t  type s 
of  statement s (position s an d data )  an d relationship s betwee n 
the m (supportin g an d contradictory ,  o r  othe r  negativ e rela -
tionships) .  T h e graphica l  depictio n o f  argumen t  structur e 
makes clea r  h o w differen t  informatio n i s use d t o creat e a n 
argumen t  i n favo r  o f  a  clai m ( a rule ,  hypothesi s o r  theory )  o r 
t o refut e tha t  clai m o r  th e argumentatio n surroundin g it .  T h e 
presenc e o r  absenc e o f  relationship s betwee n statement s als o 
indicate s opportunitie s fo r  providin g furthe r  suppor t  o r  refu -
tation .  Fo r  example ,  i t  i s  possibl e t o refut e a  clai m b y arguin g 
directl y agains t  i t  (makin g o r  strengthenin g a n argumen t  i n 
favo r  o f  a  contradictor y claim) ,  b y arguin g agains t  an y o f  th e 
dat a o r  warrant s use d i n supportin g a  claim ,  o r  b y "undercut -
ting "  th e support ,  tha t  is ,  arguin g tha t  th e dat a doe s no t  reall y 
suppor t  tha t  claim . 

Th e predefine d graphica l  representatio n show n i n Figur e 1 
was designe d t o hav e a  goo d "cognitiv e fit"  wit h th e task ,  i n 
th e sens e o f  focusin g subjects '  attentio n o n th e basi c concept s 
targete d b y th e instructiona l  material s an d providin g th e kin d 
of  processin g advantage s tha t  migh t  b e expecte d fro m graph -
ica l  representations .  Ther e wa s n o clearl y comparabl e alter -
nativ e representation .  W e tried ,  fo r  example ,  tabula r  format s 
fo r  representin g arguments ,  bu t  the y lacke d th e richnes s re -
quire d t o represen t  th e rang e o f  informatio n presen t  i n a n ar -
gument .  I n th e end ,  w e decide d t o le t  som e subject s develo p 
thei r  o w n representatio n afte r  providin g tw o suggestions :  a 

box-and-arro w typ e representatio n fo r  whic h the y coul d de -
termin e th e meanin g o f  th e shape s an d link s provided ,  an d 
labeled-tex t  schemat a (se e Figur e 2) .  W e hypothesize d tha t 
th e effor t  o f  developin g o r  extendin g a  representatio n migh t 
lea d t o carr y ou t  deepe r  processin g o f  th e targe t  concept s o f 
argumen t  analysis . 

Coaching 

A furthe r  reaso n fo r  usin g graphica l  representation s wa s t o 
provid e a n explici t  an d share d languag e fo r  describin g argu -
ment  structure .  Suc h a n externa l  representatio n facilitate s in -
teractio n betwee n studen t  an d coac h b y providin g concret e 
target s o f  discussio n durin g a  coachin g interaction .  W e hy -
pothesize d tha t  th e a  box-and-arro w graphica l  representatio n 
whos e primitive s encod e ke y concept s o f  argumentatio n pro -
vide s a  mor e effectiv e channe l  fo r  coachin g subject s i n apply -
in g thos e concept s tha n a  graphica l  representatio n develope d 
by th e subject s themselves ,  especiall y fo r  compute r  coache s 
(Paolucc i  e t  al ,  1996 ;  Tot h e t  al ,  1997) .  I n thi s study ,  how -
ever ,  th e coac h wa s th e experimente r  an d coachin g advic e 
was provide d base d o n a  genera l  menta l  mode l  o f  th e argu -
ment  containe d i n th e text s b e m g analyzed .  Becaus e ther e 
was usuall y mor e tha n on e wa y o f  representing ,  o r  eve n inter -
preting ,  th e conten t  o f  th e text ,  thi s approac h wa s deeme d 
mor e flexible  an d appropriat e tha n comparin g a  subjects' s 
wor k t o a  specifi c  "expert "  diagram .  Fo r  simila r  reasons ,  w e 
applie d a  generall y non-interventionis t  coachin g philosophy . 
The coac h waite d fo r  th e subjec t  t o produc e a t  leas t  a  par -
tia l  draf t  o f  th e analysi s befor e beginnin g t o commen t  o n it , 
unles s th e subjec t  appeare d t o nee d o r  specificall y requeste d 
assistance . 

T wo classe s o f  strategie s wer e use d i n providin g assistance . 
Scaffoldin g strategie s wer e applie d whe n th e subjec t  seeme d 
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PREMISES:  Spac e i s ver y cold . 

The earth was very hot when it formed. 

WARRANT: The laws of heat transfer: 
An objec t  a t  a  differen t  temperatur e fro m 
it s surrounding s wil l  eventuall y com e t o 
a common temperatur e wit h them . 
The rat e o f  coolin g o r  warmin g o f  th e 
objec t  i s  approximatel y proportiona l  t o 
th e differenc e i n temperature . 

CONCLUSION: The young earth began to cool by losing 
heat  t o space . 

CLAIM:  Th e insid e o f  th e eart h i s stil l  ver y hot . 

WARRANT: The lemperawre throughout an object 
i s  a t  leas t  a s grea t  a s tha t  o f  materia l 
exitin g fro m th e object . 

REASONS: Hot lava comes out of volcanoes. 

Figur e 2 :  T w o examp le s o f  a  labeled-tex t  s c h e m a use d fo r  a  causa l  inferenc e an d a n a rgumen t  ste p 

unabl e t o procee d wit h a  tas k an d included :  1 )  remindin g th e 
subjec t  o f  th e goa l  an d progres s t o date ;  2 )  askin g a  ques -
tio n abou t  a  ste p i n th e solution ;  3 )  suggestin g a  high-leve l 
pla n fo r  th e subjec t  t o follow ;  4 )  providin g a  limite d n u m -
be r  o f  choice s fo r  th e subjec t  t o explore ;  5 )  givin g specifi c 
hint s abou t  w h a t  path(s )  t o follow ;  6 )  suggestin g ( s o m e of ) 
th e crucia l  step s i n a  solution ;  7 )  performin g s o m e part s o f 
th e plan ;  8 )  leadin g th e subjec t  throug h eac h ste p o f  a  pla n 
b y askin g a  serie s o f  questions ;  9 )  performin g th e tas k fo r  th e 
subject .  C o a c h i n g strategie s w e r e applie d t o c o m m e n t  o n th e 
subject' s w o r k afte r  a  (partial )  analysi s ha d bee n produced ; 
the y included :  1 )  signalin g a  potentia l  p rob lem ;  2 )  suggest -
in g informatio n t o consider ;  3 )  criticizing ;  4 )  correcting ;  5 ) 
explaining ;  6 )  arguing . 

T h e applicatio n o f  scaffoldin g an d coachin g strategie s w a s 
interwoven .  Fo r  examp le ,  a  coachin g strateg y m igh t  b e use d 
t o evaluat e th e subject' s analysis ,  w h i c h w o u l d lea d t o th e 
subjec t  attemptin g t o i m p r o v e th e analysis .  Thi s m igh t  cal l 
fo r  a  scaffoldin g strateg y t o hel p th e subjec t  carr y ou t  th e 
i m p r o v e m e n t .  Wi th i n th e t w o genera l  classe s o f  strategies , 
individua l  strategie s diffe r  i n th e a m o u n t  an d typ e o f  k n o w l -
e d g e required ,  a s wel l  a s i n th e degre e o f  coac h e n g a g e m e n t 
i n th e task .  T h e coac h a lway s attempte d t o begi n wit h l o w 
k n o w l e d g e an d l o w e n g a g e m e n t  strategies ,  w h i c h requir e th e 
subjec t  t o d o m o r e w o r k ,  an d t o progres s t o m o r e d e m a n d i n g 
strategie s onl y w h e n th e subjec t  neede d m o r e assistanc e o r 
feedback . 

The Experiment 

Four  subjects ,  non-scienc e major s a t  th e Universit y o f  Pitts -
burgh ,  participate d i n a n extende d experimen t  whic h include d 
th e followin g sessions . 

• Pre-Test and Post-Test Sessions. In both sessions, sub-
ject s gav e definition s o f  term s relevan t  t o scientifi c  argu -
ment  an d answere d question s o n a n articl e concernin g th e 
debat e abou t  th e Cretaceous-Tertiar y ("dinosaur" )  extinc -
tions . 

• Belvedere Sessions. Subjects worked with the Belvedere 
environmen t  fo r  si x sessions .  Th e first  fou r  wer e train -
in g sessions .  Subject s bega n wit h a  tutoria l  i n whic h the y 
learne d t o us e th e Belveder e environment' s graphica l  an d 

tex t  capabilities .  T h e n the y rea d instructiona l  material s dis -
cussin g concept s o f  scientifi c  argumentation ,  an d shor t  do -
m a i n text s describin g t w o compet in g theorie s abou t  th e for -
mat io n o f  moun ta in s continent s an d ocea n basins .  Thes e 
text s w e r e d r a w n f ro m th e debat e be twee n th e support -
er s o f  Continenta l  Drif t  theor y an d th e Contractio n the -
ory .  T h e text s w e r e chose n t o exemplif y differen t  aspect s 
o f  scientifi c  ^ g u m e n t .  S o m e text s describe d th e theorie s 
an d s h o w e d h o w the y explaine d th e data ,  other s provide d 
differen t  type s o f  argument s i n favo r  o f  eac h theor y (e.g . 
base d o n data ,  base d o n analogy) ,  other s ye t  wer e dialec -
tica l  text s debatin g th e merit s o f  th e t w o theorie s relativ e 
t o th e dat a an d th e characteristic s o f  th e explanatio n (e.g . 
uniqueness ,  breadth ,  parsimony ,  interna l  consistency ,  etc.) . 
I n th e las t  t w o session s o n Belvedere ,  subject s wer e give n 
simila r  text s concernin g a  thir d theory ,  th e Expans io n the -
ory ,  an d w e r e aske d t o per for m comparab l e analyses . 

T w o subject s w o r k e d i n eac h o f  t w o experimenta l  condi -
tions .  T h e instructiona l  materials ,  w h i c h containe d th e 
s a me conceptua l  content ,  introduce d a  relate d se t  o f  con -
cept s an d s h o w e d h o w the y coul d b e applie d i n analyzin g a 
d o m a i n text .  I n th e F I X E D condition ,  subject s sa w a  box -
and-arro w d iagra m representin g th e samp l e tex t  analysi s 
(Figur e 1) ;  i n th e F R E E condition ,  th e s a m e analysi s wa s 
carried  ou t  vi a o n e o r  m o r e labeled-tex t  schemat a suc h a s 
thos e i n Figur e 2 .  Subsequently ,  subject s performe d simi -
la r  analysi s o n paralle l  texts ,  equivalen t  i n structur e t o th e 
one s use d i n th e instruction ,  an d w e r e coache d b y th e ex -
perimente r  accordin g t o th e approac h previousl y described . 
Coach in g remaine d availabl e t o subject s i n th e las t  t w o ses -
sion s a s well ,  bu t  the y n o longe r  receive d th e explici t  guid -
anc e o f  th e instructiona l  materials . 

• Review Sessions. Three sessions were spent reviewing ar-
g u m e nt  concept s throug h a  compar iso n o f  th e theorie s rel -
ativ e t o differen t  criteria ,  furthe r  ora l  analysi s o f  doma i n 
texts ,  an d a  s u m m a r y o f  th e debate . 

Altogether, each subject spent between 28 and 38.5 hours 
i n th e experiment .  T h e Belveder e sessions ,  rangin g betwee n 
16. 5 an d 19. 5 hour s pe r  subject ,  we r e videotaped .  T h e video -
tape s w e r e transcribe d an d indexe d t o th e evolutio n o f  th e 
diagram s produce d b y subjects .  T h e revie w session s wer e 
audiotaped . 
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D a t a Ana lys i s M e t h o d o l o g y 

Questionnaire Data 

The pre-tes t  an d post-tes t  questionnaire s require d subject s 
t o provid e definition s fo r  severa l  o f  th e term s introduce d i n 
th e instructiona l  materials .  Thes e include d term s describ -
in g th e statu s o f  scientifi c  statement s (e.g .  theory ,  analogy , 
model) ,  argumen t  term s (e.g .  claim ,  warrant ,  counterargu -
ment ,  undercut) ,  an d criteri a fo r  evaluatin g scientifi c  expla -
nation s (e.g .  explanator y breadth ,  explanator y parsimony , 
inconsistenc y an d conservativenes s o f  a n explanation ,  suffi -
cienc y o f  th e propose d mechanism) .  I n tota l  ther e wer e 3 7 
terms ,  o f  whic h 2 7 appeare d i n bot h pre-tes t  an d post-tes t 
questionnaires ;  1 0 appeare d onl y i n th e post-tes t  question -
nair e becaus e subject s wer e no t  expecte d t o b e familia r  wit h 
thes e term s prio r  t o th e experiment . 

For  eac h ter m i n th e questionnaire ,  subjects '  answer s wer e 
compare d t o a  targe t  definition ,  suc h a s wa s use d i n th e in -
structiona l  materials .  T w o rater s assigne d score s indepen -
dently .  Th e score s wer e the n discusse d an d occasionall y 
modified .  Th e resultin g post-discussio n inter-rate r  correla -
tion s wer e 0.8 3 ( N =  108 )  fo r  item s o n bot h pre-tes t  an d post -
test ,  an d 0.8 6 ( N =  40 )  fo r  item s onl y o n th e post-test . 

Interaction Data 

The protocol s fo r  roughl y on e thir d o f  th e man y graph s tha t 
subject s dre w wer e segmente d int o unit s o f  interactio n be -
twee n th e subjec t  an d th e coach ,  an d wer e analyze d quantita -
tivel y an d qualitativel y a s follows . 

For  eac h diagram ,  th e ra w protoco l  o f  th e interactio n wa s 
synthesize d int o a n interactio n summary .  First ,  th e proto -
col  wa s segmente d int o group s o f  relate d utterance s b y th e 
subjec t  and/o r  th e coach .  Eac h utteranc e grou p represent s a 
self-containe d though t  b y on e perso n an d abstract s awa y in -
terruption s an d simultaneou s speec h b y th e othe r  perso n tha t 
wer e no t  extendin g th e origina l  though t  i n a  significan t  way . 
The utteranc e grou p wa s the n summarize d int o a  summar y 
utterance ,  a  singl e statemen t  tha t  reflect s th e essentia l  con -
ten t  o f  th e utteranc e group .  On e o r  tw o summar y utterances , 
take n together ,  for m on e interactio n unit .  A n interactio n uni t 
can include : 

• a summary utterance by the subject and one that represents 
th e coach' s response , 

• a summary utterance by the coach with a verbal response 
or  actio n b y th e subject ,  o r 

• a summary utterance by the coach alone, for example a 
comment  praisin g th e subject' s work . 

Several interaction units may be grouped into a single in-
teractio n grou p t o indicat e tha t  the y al l  pertai n t o a  specifi c 
issu e o r  topi c o f  discussion .  Interactio n group s ma y b e neste d 
t o sho w th e overal l  structur e o f  th e interaction .  Th e top-leve l 
grou p ha s a  headin g describin g th e mai n topi c o f  th e interac -
tion ,  wit h neste d interactio n grou p heading s givin g th e vari -
ous subtopic s addressed . 

Each interactio n uni t  wa s als o classifie d o n th e basi s o f 
th e primar y conten t  a s wel l  a s th e conmiunicativ e for m o f 
th e interaction .  Th e conten t  categorie s include :  rhetorica l 

structure ,  representation ,  scientifi c  domain ,  graphica l  inter -
face ,  an d other .  A n interactio n uni t  dealin g primaril y wit h 
th e interrelationshi p o f  tw o statement s i n th e domai n tex t  wa s 
code d a s rhetorica l  structure ;  a n interactio n uni t  dealin g pri -
maril y wit h th e appropriat e link ,  lin k name ,  o r  linkag e patter n 
t o us e t o represen t  tha t  relationshi p i n th e grap h wa s code d a s 
representation . 

The communicativ e for m categorie s represen t  differen t 
communicativ e action s use d b y th e coac h t o hel p th e subjec t 
improv e hi s o r  he r  graphica l  analysi s o f  a  text .  The y included , 
among others :  review ,  remind ,  chec k subject' s understandin g 
of  text ,  explain ,  giv e a n example ,  as k fo r  justification ,  chec k 
coach' s understandin g o f  subject' s intentions ,  chec k coach' s 
understandin g o f  subject' s work ,  as k a  leadin g questio n abou t 
th e text/diagram ,  hin t  a t  th e characteristic s o f  a  solution ,  sug -
gest  possibl e actions ,  tel l  wha t  t o do ,  correc t  b y givin g th e 
solution ,  argue ,  dra w attentio n t o a  problem ,  criticize ,  praise . 

An exampl e o f  a n interactio n uni t  compose d o f  tw o sum -
mary utterance s i s th e following ,  whic h wa s analyze d a s 
havin g conten t  "rhetorica l  structure "  an d for m "hint" .  Al -
thoug h th e subjec t  i s  speakin g i n term s o f  graphica l  link s (e.g . 
*and*) ,  th e coac h i s hintin g tha t  simpl e conjunctio n i s no t  th e 
correc t  relationshi p amon g th e statements . 

S:  I ' l l  u s e a n * a n d *  t o s h o w t h e 
r e l a t i o n b e t w e e n i t e m s 1 ,  2 ,  3 . 

C: You should be more specific than 
* a n d * .  I t  h a s t o d o w i t h t i m e 
s e q u e n c e . 

For  a  subse t  o f  th e protocols ,  wher e comple x o r  problem -
ati c interaction s ha d occurred ,  w e als o examine d th e interac -
tio n qualitatively .  W e analyze d th e applicatio n o f  coachin g 
strategie s a s embodie d b y th e specifi c  coachin g actions ,  an d 
thei r  degre e o f  succes s o r  failur e i n term s o f  bringin g abou t 
th e desire d results . 

Results and Discussion 

Use o f  Graphica l  Representatio n 

A detaile d analysi s o f  th e diagram s produce d b y F I X E D con -
ditio n subject s showe d tha t  th e predefine d argument-specifi c 
graphica l  representatio n wa s a n appropriat e representatio n 
fo r  th e task .  Bot h subject s use d mos t  link s an d shape s with -
out  difficulty ;  error s wer e usuall y du e t o a n erro r  i n analyz -
in g th e domai n conten t  o r  th e argumen t  structur e o f  th e text . 
The representationa l  problem s subject s encountere d wer e of -
te n localized ,  fo r  example ,  confusio n ove r  th e directio n o f  a 
lin k du e t o namin g ambiguities ,  an d omissio n o f  links ,  whic h 
subject s create d whe n needed. ^  Subject s wer e als o abl e t o 
combin e primitiv e link s i n correc t  an d creativ e ways .  Finally , 
subjec t  diagram s wer e ofte n quit e goo d eve n befor e th e ex -
perimente r  intervened ,  an d wer e relativel y eas y t o rea d eve n 
when the y becam e crowded . 

Wherea s i n th e F I X E D representatio n conditio n bot h sub -
ject s appeare d t o b e largel y successfu l  i n applyin g th e con -
cept s the y ha d learned ,  subject s i n th e F R E E representa -
tio n conditio n differe d significantl y i n thi s regard .  On e sub -
jec t  use d a  box-and-arro w typ e formalis m t o encod e man y 

^Ther e were ,  however ,  som e interestin g misuse s o f  device s fo r 
representin g conjunction . 
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of  th e targe t  relationa l  concepts ,  whic h enable d hi m t o an -
alyz e domai n text s a t  a n appropriat e leve l  o f  detai l  an d t o 
represen t  comple x structura l  relationships ,  especiall y fo r  ar -
gument  diagrams .  Fo r  causa l  diagram s (theor y descriptio n 
diagrams) ,  th e subjec t  ha d troubl e abstractin g awa y fro m 
domain-specifi c  relationship s toward s mor e mor e genera l 
temporal ,  causal ,  an d explanator y relationships ;  consequentl y 
thes e diagram s wer e difficul t  t o understand .  Graphica l  prim -
itive s wer e ofte n use d inconsistentl y acros s bot h type s o f  di -
agrams .  Th e othe r  subjec t  di d no t  find a  wa y o f  usin g th e 
box-and-arro w graphic s t o represen t  eithe r  typ e o f  conten t 
abstractly .  Thi s subject' s causa l  diagram s wer e essentiall y 
analogica l  rendering s o f  th e physica l  situation ;  th e argumen t 
diagram s exclusivel y employe d labeled-tex t  schemata ,  whic h 
emphasize d th e rol e playe d b y differen t  statement s ove r  thei r 
relationship ,  an d displaye d littl e structura l  detail .  Sinc e thi s 
subjec t  di d no t  exten d th e schemat a t o represen t  dialectica l 
relationships ,  th e diagram s di d no t  sho w th e relationship s o f 
th e content s o f  th e tex t  t o othe r  part s o f  th e debat e an y mor e 
explicitl y  tha n th e origina l  text . 

Learning of Target Concepts 

We had hypothesized that, by visually reinforcing the ter-
minolog y an d th e targe t  concepts ,  th e F I X E D representatio n 
woul d hel p subject s lear n thos e concept s bette r  tha n subject s 
i n th e F R E E condition .  However ,  subjects '  score s fo r  th e 3 7 
questionnair e item s reveale d litd e o r  n o difference .  Base d 
on absolut e performanc e score s i n th e Post-Test ,  subject s fel l 
int o a  stronge r  an d a  weake r  group ,  eac h containin g a  sub -
jec t  fro m eac h condition .  Withi n th e sam e grou p th e F I X E D 
conditio n subjec t  wa s slightl y ahead .  Improvemen t  score s 
showe d th e weake r  subjec t  o f  th e F R E E conditio n (Free-2) , 
w ho starte d wit h th e lowes t  score s o f  an y subject ,  consistentl y 
improvin g mor e tha n th e weake r  subjec t  i n th e F I X E D con -
ditio n (Fixed-2) .  O f  th e stronge r  subjects .  Fixed- 1 improve d 
substantiall y  mor e tha n th e Free-1 . 

Asid e fro m th e smal l  numbe r  o f  subjects ,  severa l  factor s 
m ay hav e contribute d t o th e inconclusivenes s o f  thes e re -
sults .  Th e questionnair e wa s no t  a n adequat e mean s o f  as -
sessin g learning ,  sinc e i t  teste d subjects '  abilit y  t o verbal -
iz e concepts ,  wherea s th e trainin g wa s geare d toward s ap -
plyin g them .  Examinin g th e diagram s subject s drew ,  espe -
ciall y diagram s draw n i n late r  sessions ,  w e foun d tha t  repre -
sentatio n wa s relate d t o subjects '  abilit y  t o us e th e targe t  con -
cept s i n thei r  diagrams ,  i f  no t  alway s t o thei r  abilit y  t o suppl y 
prope r  definitions .  Subject s i n th e F I X E D conditio n consis -
tentl y distinguishe d th e statu s o f  statement s i n thei r  diagram s 
(a s observation ,  explanation ,  plai n statement ,  etc. )  becaus e 
th e representatio n require d the m t o d o so .  F R E E conditio n 
subject s seldom ,  i f  ever ,  did .  Onl y subject s i n th e F I X E D 
conditio n an d Free-1 ,  w h o develope d a  sufficientl y expres -
siv e se t  o f  graphica l  primitives ,  consistentl y represente d th e 
relationa l  concept s presen t  i n th e text ,  especiall y multi-ste p 
suppor t  an d dialectica l  relationships .  Fo r  th e mor e comple x 
concept s tha t  wer e realize d i n box-and-arro w diagram s wit h 
distinctiv e linkag e pattern s (e.g .  analogy/model ,  parsimon y 
of  a n explanation) ,  ther e wa s a  lin k betwee n subjects '  us e o f 
th e concep t  i n th e diagra m an d thei r  abilit y  t o giv e goo d defi -
nitions .  Tli e crucia l  facto r  underlyin g thes e result s appear s t o 
be whethe r  th e representatio n i s relation-centered ,  a s box-an d 

arro w representation s are ,  o r  role-centere d a s th e labeled-tex t 
schema adopte d b y Subjec t  Free- 2 is . 

Coaching 

The result s o f  th e analysi s o f  interactio n dat a support s th e hy -
pothesi s tha t  th e F I X E D representatio n conditio n wa s a  mor e 
effectiv e vehicl e fo r  coachin g i n severa l  ways . 

Amount of Coaching. Subjects in the FIXED condition re-
quire d les s coachin g overall ,  a s measure d b y th e numbe r  o f 
interaction s unit s wit h coachin g content . 

Target of Coaching. Subjects in the FREE condition re-
quire d a  significantl y greate r  proportio n o f  coachin g abou t 
representatio n itself ,  a t  th e expens e o f  verifyin g tha t  th e dia -
gra m encode d th e tex t  correctl y an d completely .  Thi s inter -
action ,  negotiatin g th e meanin g an d assessin g th e adequac y 
of  th e representation ,  di d no t  clearl y benefi t  subjects '  under -
standin g o f  th e structur e an d content s o f  th e text . 

Directiveness of Coaching. Subjects in the FIXED condi-
tio n coul d b e coache d usin g les s directiv e strategies ,  allowin g 
th e subject s t o d o mor e o f  th e work .  Mos t  problem s i n F I X E D 
conditio n diagram s wer e localize d an d coul d b e fixed  wit h a 
brie f  interaction ;  ofte n th e coac h onl y neede d t o poin t  ou t  tha t 
ther e wa s a  proble m o r  t o hin t  a t  th e natur e o f  th e problem .  I n 
contrast ,  th e experimente r  ofte n neede d t o coac h F R E E con -
ditio n subject s i n greate r  detail . 

Ease and Acceptance of Coaching. From the coach's per-
spective ,  interactio n wit h F I X E D conditio n subject s wa s eas -
ier ,  mor e systemati c an d mor e effectiv e tha n wit h F R E E con -
ditio n subjects .  F I X E D conditio n subjec t  diagrams ,  espe -
cisill y  causa l  diagrams ,  wer e easie r  fo r  th e coac h t o under -
stan d an d t o compar e t o he r  o w n model(s )  o f  th e correc t  anal -
ysis ,  allowin g problem s area s t o b e identifie d an d a n agend a 
fo r  coachin g t o b e quickl y established .  Problem s requirin g 
some globa l  restructurin g o f  th e diagra m coul d b e addresse d 
by applyin g coachin g an d scaffoldin g strategie s mor e sys -
tematically ,  reducin g th e proble m t o subproblem s tha t  wer e 
smalle r  an d easie r  t o correct .  Thi s wa s partiall y  attributabl e 
t o subject s havin g a  stoc k o f  diagrammin g primitive s tha t  en -
able d the m t o pu t  th e advic e int o effec t  mor e readily .  I n con -
trast ,  subject s i n th e F R E E representatio n conditio n experi -
ence d significantl y mor e difficult y i n implementin g th e exper -
imenter' s advice .  Subjec t  Free- 1 actuall y resiste d acceptin g 
advice ,  especiall y o n problem s relate d t o representation ,  pre -
ferrin g instea d t o kee p o n experimentin g wit h alternativ e rep -
resentation s o f  hi s o w n invention .  Th e limitation s o f  th e rep -
resentation s used/develope d b y th e othe r  subjec t  contribute d 
t o thi s subject' s difficult y i n understandin g an d implementin g 
coachin g advice . 

Summary and Conclusions 

We investigate d whethe r  a  predefine d graphica l  representa -
tio n whos e primitive s encod e ke y concept s o f  scientifi c  ar -
gument  i s mor e effectiv e fo r  learnin g thos e concept s tha n 
a graphica l  representatio n learner s develo p themselves .  Al -
though ,  w e di d no t  find  evidenc e tha t  suc h a  predefine d rep -
resentatio n improve s abilit y  t o defin e targe t  concepts ,  ther e 
was evidenc e tha t  th e representatio n subject s ultimatel y adop t 
impact s whethe r  the y ar e abl e t o us e thos e concept s i n thei r 
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diagrams .  Th e risk  o f  allowin g learner s t o construc t  thei r  ow n 
graphica l  representatio n i s tha t  the y ma y no t  succee d i n de -
velopin g a  representatio n tha t  i s  sufficientl y expressive ,  mak -
in g th e diagra m constructio n tas k a n ineffectiv e vehicl e fo r 
learnin g an d coaching .  Eve n i f  i t  i s  sufficientl y expressive , 
ther e i s a  cos t  i n tim e an d clarit y o f  th e diagram s an d coach -
in g i s considerabl y mor e effortful .  I n contrast ,  a  carefull y de -
signe d task-appropriat e representatio n i s easil y adopte d an d 
produce s diagram s tha t  encod e th e concept s targete d b y in -
structio n clearl y an d correctly .  Moreover ,  suc h a  represen -
tatio n facilitate s coachin g interactio n ove r  th e instructiona l 
conten t  o f  th e task .  Unlik e a  representatio n unde r  develop -
ment ,  whic h require s constan t  negotiatio n ove r  it s meaning , 
i t  provide s a  well-define d languag e fo r  communicatio n be -
twee n th e learne r  an d th e coach . 
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