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H o w Peopl e P r o d u c e Unders tandab l e M u l t i - M o d a l  Exp lanat ion s 

Randi  A .  Engl e (randi@csli.stanford.edu ) 
Cognitit) n an d Learnin g La b 

Stanfor d Universit y 
Stanford ,  C A 94305-308 4 U S A 

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

The overal l  goa l  o f  thi s researc h i s th e developmen t  o f  a 
theor y o f  communicatio n tha t  doe s no t  unnecessaril y  restric t 
itsel f  t o communicatio n onl y vi a linguisti c symbo l  system s 
(i.e. ,  language s lik e A S L ,  English ,  o r  Japanese) .  I  wis h t o 
contribut e t o th e effor t  t o explai n h o w resource s lik e 
diagrams ,  gestures ,  compute r  animations ,  an d othe r  non -
linguisti c signalin g resource s ar e use d i n coordinatio n wit h 
languag e t o achiev e variou s communicativ e goals . 

The communicativ e domai n I  hav e bee n focusin g o n ar e 
instructiona l  explanation s o f  mechanica l  devices .  I n part , 
becaus e o f  th e importanc e o f  spatia l  relationship s betwee n 
mechanica l  component s i n understandin g h o w the y operate , 
explainer s frequentl y use d iconi c han d gesture s t o represen t 
part s o f  th e devic e o r  it s  motions ,  dre w diagram s o r  gesture d 
over  complet e one s whe n pape r  an d pe n wer e available ,  an d 
operate d an d gesture d ove r  a  sampl e devic e whe n i t  wa s mad e 
available .  Beside s contributin g t o th e theor y o f 
communication ,  thi s wor k coul d hav e practica l  importanc e 
i n th e desig n o f  multi-medi a instructio n an d compute r 
systems . 

Data Collection 

We first  instructe d si x undergraduate s i n h o w suc h lock s 
wor k an d the n videotape d eac h o f  the m explainin g th e lock' s 
mechanism s t o thre e othe r  undergraduat e learners .  Fo r  on e 
explanation ,  a  sampl e loc k wa s available ;  fo r  a  second ,  pe n 
and pape r  wa s available ;  fo r  a  third ,  n o extr a materia l 
resource s wer e mad e available .  Explainer s an d learner s wer e 
tol d t o tak e a s lon g a s the y neede d unti l  the y bot h fel t  tha t 
th e learne r  understoo d h o w th e loc k worke d wel l  enoug h t o 
be abl e t o explai n i t  t o anothe r  perso n an d thu s s o th e 
learne r  woul d d o wel l  o n a  tes t  t o measur e tha t  skill . 

Analysis of Explanations 

Al l  1 8 explanation s wer e full y transcribed .  Explainers '  an d 
learners '  speec h wa s code d fo r  pauses ,  hesitations ,  fals e 
starts ,  an d intonationa l  contours .  Al l  hand ,  head ,  an d body , 
movement s a s wel l  a s manipulation s o f  pen ,  pape r  o r  loc k 
wer e described .  Th e timin g o f  thes e physica l  behavior s wit h 
respec t  t o speec h wa s note d t o th e neares t  syllable . 

One episod e withi n eac h explanation— a conversationa l 
contributio n t o c o m m o n groun d (Clar k &  Schaefer ,  1989 ) 
on a  singl e topic—wa s selecte d fo r  mor e intensiv e analysis . 
Hal f  o f  th e episode s focuse d o n topic s learner s appeared  t o 
hav e understoo d o n th e basi s o f  thei r  re-explanation s t o 
explainer s whil e th e othe r  episode s learner s misunderstoo d i n 
some way .  Independen t  rater s constructe d situatio n model s 

t o represen t  wha t  ha d bee n publicl y communicate d abou t  th e 
loc k u p t o th e poin t  th e episod e bega n (th e premodel )  an d b y 
th e en d o f  th e episod e (th e postmodel) .  Fo r  eac h transcribe d 
behavior ,  rater s als o code d whethe r  o r  no t  i t  playe d a  com -
municativ e rol e i n th e explanation ;  an d i f  communicative , 
whethe r  i t  wa s har d t o interpre t  fo r  an y reason . 

Brief Overview of the Findings 

I .  Speech ,  gesture ,  diagram-drawing ,  manipulation s o f  th e 
loc k ar e no t  treate d b y explainers ,  learner s an d rater s a s 
separat e channel s o f  communicatio n tha t  wor k separatel y bu t 
as par t  o f  large r  unit s o f  communicatio n Her b Clar k an d I 
ar e callin g composit e signal s (Engl e &  Clark ,  1995 ;  Clark , 
1996) .  Neithe r  speec h no r  th e non-linguisti c signal s ar e 
full y interpretabl e withou t  eac h other . 
2.  I n particular ,  explainer s signa l  wha t  signal s ar e suppose d 
t o b e par t  o f  th e sam e composit e signa l  b y precisel y 
synchronizin g the m t o co-occu r  durin g th e sam e tim e span . 
Similarl y explainer s us e spatia l  contiguit y betwee n gestures , 
diagrams ,  th e sampl e loc k an d othe r  object s i n c o m m o n 
groun d t o pu t  the m int o th e sam e composit e signal .  I f 
synchron y an d contiguit y ar e no t  sufficient ,  explainer s ca n 
explicitl y  specif y wha t  i s i n th e composite . 
3.  Eac h individua l  elemen t  o f  a  composit e i s give n a  hea d 
star t  o n it s interpretatio n throug h th e identificatio n o f  wha t 
signalin g method—conventional ,  indexica l  o r  iconi c (Feirce , 
1940)—i s bein g used .  I f  a  conventiona l  symbo l  i s bein g 
used ,  interpretatio n involve s accessin g store d interpretation s 
fo r  tha t  conventiona l  symbol .  I f  a n inde x (lik e pointing )  i s 
bein g used ,  interpretatio n involve s directin g attentio n 
toward s somethin g i n physica l  c o m m o n ground .  I f  a n iconi c 
symbol  i s bein g used ,  interpretatio n involve s recognizin g 
what  th e ico n perceptuall y resembles . 
4.  Onc e th e composit e signa l  an d th e componen t  signalin g 
method s hav e bee n specified ,  thi s informatio n ca n b e use d i n 
th e interpretatio n o f  eac h communicativ e elemen t  o f  th e 
composite .  Element s o f  th e sam e composit e ar e assume d t o 
presen t  consisten t  an d complementar y informatio n abou t  th e 
same overal l  topic .  Thi s assumptio n allow s interpretation s 
t o focu s o n th e mos t  appropriat e conventiona l  meanings , 
aspect s o f  object s i n physica l  c o m m o n ground ,  an d 
perceptua l  resemblances . 
5.  Finally ,  al l  thi s i s don e i n orde r  t o allo w th e learne r  t o 
buil d a  workabl e mode l  o f  th e lock' s operation s fro m th e 
explanation .  Explainer s buil d o n c o m m o n knowledg e abou t 
h o w t o us e locks ,  produc e composit e signal s tune d t o th e 
par t  o f  th e explanatio n the y ar e workin g o n (abstract ,  spatia l 
layout ,  causa l  chain) ,  an d revis e thei r  presentation s unti l 
the y ar e satisfie d the y m a k e sens e an d th e learne r 
acknowledge s understanding . 
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