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Abstrac t 

An experiment was performed to test the hypothesis that peo-
pl e sometime s tak e physica l  action s t o mak e themselve s mor e 
effectiv e proble m solvers .  Th e tas k wa s t o generat e al l  pos -
sibl e word s tha t  coul d b e forme d fro m seve n Scrabbl e letters . 
I n on e condition ,  participant s coul d us e thei r  hand s t o ma -
nipulat e th e letters ,  an d i n anothe r  condition ,  the y coul d not . 
Result s sho w tha t  mor e word s wer e generate d wit h physica l 
manipulatio n tha n without .  However ,  a n interactio n wa s ob -
taine d betwee n th e physica l  manipulatio n condition s an d th e 
specifi c  lette r  set s chosen ,  indicatin g tha t  physica l  manipula -
tio n help s mor e fo r  generatin g word s i n som e circumstance s 
tha n i n others .  Overall ,  ou r  findings  ca n b e explaine d i n 
term s o f  a n interactiv e searc h proces s i n whic h external , 
physica l  activit y effectivel y complement s internal ,  cognitiv e 
activity .  Withi n thi s framework ,  th e interactio n ca n b e ex -
plaine d i n term s o f  th e relativ e difficult y o f  generatin g word s 
fro m th e letter s give n i n th e differen t  sets . 

Introduction 

Peopl e ofte n adap t  thei r  physica l  environment s t o tak e bet -
te r  advantag e o f  cognitiv e o r  perceptua l  skill s  (Clark ,  1997 ; 
Hutchins ,  1995a ;  Kirs h &  Maglio ,  1994 ;  Kirsh ,  1996) .  Fo r 
instance ,  Tetri s player s tak e action s t o se t  u p thei r  externa l 
environmen t  t o facilitat e perceptua l  processin g (Kirs h & 
Maglio ,  1994 ;  Magl i o &  Kirsh ,  1996) ;  gi n r u m m y player s 
physicall y organiz e th e card s the y hav e bee n deal t  s o a s t o 
b e abl e simpl y t o rea d of f  wha t  i s i n a  han d (Kirsh ,  1995) ; 

an d airlin e pilot s plac e externa l  marker s o n thei r  control s t o 
hel p kee p trac k o f  appropriat e spee d an d fla p setting s 
(Hutchins ,  1995b) .  I n eac h o f  thes e cases ,  peopl e tak e ac -
tio n t o se t  u p thei r  externa l  environment s s o tha t  thei r  men -
ta l  job s ar e easier ,  faster ,  o r  les s error-prone . 

T h e ke y t o suc h processe s o f  interactiv e skil l  i s  tha t  th e 
benefit s o f  adaptin g th e physica l  environmen t  outweig h th e 
cost s o f  takin g th e physica l  actions .  I n th e cas e o f  Tetris , 
fo r  example ,  th e cos t  o f  rotatin g a  fallin g Tetri s piec e to o 
m a ny time s i s smal l  (becaus e over-rotatio n ca n quickl y b e 
corrected )  compare d t o th e benefi t  o f  relyin g o n th e visua l 
syste m t o determin e whethe r  th e piec e fit s i n it s visibl e ori -
entation .  Thus ,  th e hypothesi s i s tha t  i t  i s  mor e efficien t  t o 
rotat e th e fallin g piec e i n th e externa l  environmen t  tha n t o 
imagin e h o w i t  woul d loo k i n a  differen t  orientation . 

Most  peopl e ar e familia r  wit h th e boar d g a m e Scrabble' , 
i n whic h player s for m word s b y arrangin g tile s wit h letter s 
printe d o n them .  W h e n tryin g t o c o m e u p wit h word s i n thi s 
g a m e,  peopl e ca n eithe r  mentall y rearrang e th e letter s o r 
physicall y rearrang e th e letters .  Base d o n th e ide a tha t  peo -
pl e routinel y se t  u p thei r  environment s t o m a k e thei r  cogni -
tiv e job s easier ,  i t  i s  reasonabl e t o suppos e tha t  i t  i s  easie r  t o 
for m word s b y physicall y mov in g th e tile s tha n b y simpl y 
imaginin g thei r  rearrangemen t  (Kirsh ,  1995) .  Bu t  i s thi s 
reall y true ? I f  so ,  i s  i t  alway s th e case ? O u r  firs t  objectiv e 

"Scrabble "  i s  a  registere d trademar k o f  Hasbro ,  Inc . 
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i s  t o tes t  th e conjectur e tha t  th e physica l  actio n o f  movin g 
Scrabbl e tile s facilitate s th e discover y o f  anagra m solutions . 
Mor e precisely ,  give n a  sequenc e o f  seve n letters ,  suc h a s 
" R D L O S N A ",  an d th e tas k o f  callin g ou t  al l  lega l  word s 
containin g a t  leas t  tw o letter s i n fiv e minutes ,  wil l  mor e 
word s b e forme d i n th e conditio n i n whic h th e tile s ca n b e 
moved tha n i n th e conditio n i n whic h th e tile s canno t  b e 
moved? A s w e wil l  show ,  th e answe r  i s yes . 

Overall ,  w e foun d tha t  participant s generate d mor e word s 
when the y wer e allowe d t o manipulat e th e Scrabbl e tile s 
tha n whe n the y wer e not .  However ,  w e als o foun d tha t  thi s 
was no t  alway s th e case .  I n particular ,  physicall y arrangin g 
th e letter s le d t o mor e word s fo r  onl y on e o f  th e tw o set s o f 
letter s tested .  Thoug h w e attempte d t o contro l  fo r  produc -
tivenes s o f  th e lette r  set s throug h a  normin g task ,  i t  turne d 
out  tha t  th e word s foun d i n on e o f  th e set s ar e fa r  mor e fre -
quen t  i n Englis h tha n th e word s foun d i n th e other .  Us e o f 
hand s facilitate d wor d generatio n onl y fo r  th e les s frequen t 
set .  I t  i s  reasonabl e t o suppos e tha t  les s frequen t  word s ar e 
harde r  t o generat e an d s o woul d mor e likel y benefi t  fro m 
any externa l  help . 

Fro m a  theoretica l  perspective ,  i t  make s sens e tha t  physi -
call y arrangin g letter s simplifie s th e tas k o f  formin g words , 
as i t  ough t  t o b e easie r  t o se e word s b y lookin g tha n t o se e 
word s b y mentall y swappin g letter s around .  Bu t  ther e ar e 
many possibl e way s a  perso n migh t  generat e word s whe n 
give n a  se t  o f  letters .  Ou r  modelin g objectiv e i s t o discove r 
an underlyin g proces s mode l  t o explai n ou r  findin g tha t 
peopl e for m mor e word s whe n the y ca n m o v e th e Scrabbl e 
tile s tha n the y for m whe n the y cannot . 

Clearly ,  peopl e engag e i n a  searc h proces s o f  som e sort , 
but  w e ar e no t  sur e o f  th e state-spac e tha t  the y ar e search -
ing ,  th e operator s tha t  yiel d neighborin g states ,  o r  th e sub -
jectiv e metri c tha t  i s  use d t o judg e states .  Th e mos t  obviou s 
state-spac e searc h i s on e i n whic h th e state s represen t  lette r 
string s an d th e transition s betwee n th e state s represen t  th e 
operation s o f  adding ,  deleting ,  an d swappin g letters .  I n 
suc h a  state-space ,  fo r  instance ,  "chat "  migh t  b e foun d fro m 
"hat "  b y addin g a  "c "  t o th e fron t  o f  th e string .  A n alterna -
tiv e state-spac e migh t  contai n operator s tha t  ca n m o v e fro m 
one stat e t o anothe r  alon g a  semanti c o r  associativ e dimen -
sion ;  fo r  instance .  I n thi s case ,  "cat "  migh t  b e foun d fro m 
"hat "  becaus e "cat "  i s  associate d wit h "hat "  i n th e familia r 
title ,  "Th e Ca t  i n th e Hat" .  I n an y event ,  th e mode l  mus t 
accoun t  fo r  h o w th e externa l  action s o f  manipulatin g letter s 
can hav e th e cognitiv e effec t  o f  improvin g performance , 
especiall y fo r  th e se t  o f  les s frequen t  words . 

I n wha t  follows ,  w e firs t  sketc h a  mode l  o f  interactiv e 
skil l  i n Scrabble ,  an d the n describ e ou r  empirica l  study . 

Model of Interactive Scrabble Skill 

One wa y t o thin k abou t  th e proces s o f  generatin g Scrabbl e 
word s i s i n term s o f  th e metapho r  o f  energ y landscapes .  I f 
we regar d th e se t  o f  lega l  word s create d fro m a  lette r  se -
quenc e seve n letter s lon g t o b e a  se t  o f  attractor s distribute d 
i n a  state-spac e consistin g o f  lette r  sequence s betwee n tw o 
and seve n letter s long ,  the n w e ca n interpre t  th e searc h fo r 
word s t o b e som e sor t  o f  stochasti c hill-climbin g process . 
The energ y metri c fo r  thi s landscap e migh t  b e determined . 

fo r  example ,  b y frequenc y o f  bigrams ,  trigrams ,  an d words , 
as wel l  a s th e probabilit y  tha t  a  bigra m suc h a s b r  wil l  b e 
continue d wit h a n e ,  o r  continue d wit h a n o ,  an d s o forth . 
Give n suc h a  landscape ,  w e ca n the n attemp t  t o explai n bot h 
th e timin g an d sequenc e o f  th e anagra m solution s tha t  par -
ticipant s provid e b y suggestin g tha t  the y engag e i n a  par -
ticula r  typ e o f  search . 

I n fact ,  i f  w e assum e som e sor t  o f  stochasti c search ,  th e 
reaso n hand s hel p woul d b e th e sam e regardles s o f  th e de -
tail s o f  th e model .  Specifically ,  physica l  manipulatio n al -
low s on e t o instantl y j um p t o n e w part s o f  th e stat e spac e 
and t o begi n searchin g there .  I n a  sense ,  th e menta l  searc h 
fo r  word s i s hampere d b y th e data-drive n natur e o f  lookin g 
at  th e tiles .  Conside r  th e analog y o f  a  rubbe r  band :  Peopl e 
ca n generat e divers e lette r  combination s i n thei r  heads ,  bu t 
when the y re-examin e th e tiles ,  the y ar e draw n bac k t o th e 
origina l  arrangement ,  lik e a  rubbe r  ban d spring s bac k t o it s 
origina l  shape .  Thus ,  i t  i s  har d t o continu e searchin g fro m 
position s i n th e searc h spac e tha t  ar e distan t  fro m th e visibl e 
arrangemen t  o f  th e tiles .  I f  word s ar e no t  to o difficul t  t o 
find ,  the y ca n b e discovere d quickl y withou t  havin g t o loo k 
agai n a t  th e tiles .  I f  word s ar e difficul t  t o find ,  however ,  i t 
m ay b e helpfu l  t o b e reminde d o f  th e letter s b y lookin g a t 
them . 

Nevertheless ,  t o mak e goo d o n thi s sor t  o f  search-base d 
model ,  w e mus t  specif y i n detai l  no t  onl y th e operator s tha t 
defin e th e state-space ,  bu t  als o th e energ y landscap e o f  th e 
space .  W e ar e jus t  n o w beginnin g t o explor e suc h a  model , 
so w e ca n onl y sketc h i t  i n th e broades t  strokes .  Fo r  in -
stance ,  w e d o no t  ye t  k n o w h o w t o combin e informatio n 
abou t  th e frequenc y o f  word s an d thei r  part s int o a  singl e 
number  tha t  give s th e "closeness "  -  th e energ y leve l  -  o f  a 
state .  No r  ca n w e mak e precis e th e notio n o f  locality ;  tha t 
is ,  h o w t o decid e whe n tw o state s ar e neighbor s (regardles s 
of  h o w distan t  the y ar e i n energ y terms) .  The n ther e i s th e 
questio n o f  definin g th e state-spac e itself ;  fo r  instance , 
shoul d i t  b e define d ove r  lette r  sequences ,  usin g th e opera -
tor s o f  "add" ,  "delete" ,  "substitute" ,  "rearrange "  a s primi -
tives ? A n d ther e i s th e proble m o f  word s tha t  canno t  b e 
forme d fro m th e allotte d letter s bu t  tha t  ar e attractiv e be -
caus e the y hav e a  simila r  soun d o r  meanin g t o word s tha t 
ca n b e forme d fro m th e allotte d letters . 

T o start ,  suppos e w e choos e th e followin g operators , 

ear => bear ore => ogre - arbitrary add 
ag o = > ag e boo r  =>boe r  =>boa r  -  arbitrar y substitut e 
bor e = > or e bra g = > ba g -  arbitrar y delet e 
ogr e = > gor e bea r  = > bar e -  arbitrar y rearrang e 

Taken together, these seem too powerful. After all, there 
i s a  cos t  t o menta l  search ,  an d t o performin g computation s 
i n workin g memory .  Perhap s i t  woul d b e appropriat e t o 
restric t  "add" ,  "delete" ,  an d "substitute "  operator s s o tha t 
the y onl y appl y t o th e beginnin g o r  en d o f  a  wor d (i.e. ,  n o 
cente r  embeddin g i n a  singl e step) .  T o achiev e arbitrar y 
lette r  strings ,  then ,  thes e operator s woul d hav e t o b e com -
bine d wit h "rearrange" .  Perhap s w e shoul d includ e "re -
verse "  a s a  specia l  typ e o f  rearrangemen t  tha t  permit s mor e 
globa l  change s i n a  singl e move ,  suc h a s 
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go b = > bo g gar b :: *  bra g -  reversal ,  specia l  rearrang e 

Of course, people are not dealing with abstract and arbi-
trar y string s whe n playin g Scrabble .  String s for m syllables , 
syllable s for m words ,  an d s o on .  I n arrangin g lette r  strings , 
peopl e mus t  conten d wit h word-formatio n constraint s o f 
English ,  includin g permissibl e consonan t  clusters ,  conso -
nant-vowe l  sequences ,  o r  vowel-vowe l  sequences .  Fo r  ex -
ample ,  r d an d d r  ar e bot h permissibl e consonan t  cluster s i n 
English ;  however ,  r d i s no t  allowe d i n word-initia l  position , 
and d r  i s no t  allowe d i n word-fina l  position .  Suc h ortho -
graphi c an d phoneti c constraint s ar e fa r  to o numerou s an d 
comple x t o lis t  here . 

A simila r  issu e concern s th e unit s th e operator s ac t  on . 
Thes e unit s migh t  b e restricte d t o individua l  letters ,  s o tha t 
onl y on e lette r  ca n b e altere d i n a  singl e action ,  a s i n ogr e = > 
gore ,  o r  the y m a y b e abl e t o operat e o n entir e lette r  se -
quence s (bea r  = > bare) .  Perhap s th e operator s ough t  t o b e 
restricte d t o bigram s a t  th e beginnin g o r  endin g o f  a  string , 
as i n 

bar => barge - append bigram 
rag e = > gea r  -  rearrang e bigra m 

In this first pass analysis, however, such questions about 
operator s ar e o f  les s consequenc e tha n th e metri c tha t  de -
termine s ho w clos e (eas y t o reach )  neighbor s are .  Accord -
ingly ,  eve n i f  w e ar e wron g i n supposin g tha t  gar b i s a n 
immediat e neighbo r  o f  bra g i n state-space ,  th e ke y facto r 
determinin g whethe r  bra g i s  generate d soo n afte r  garb ,  i s 
principall y a  functio n o f  thei r  closenes s i n term s o f  energ y -
tha t  is ,  th e relativ e difficult y o f  makin g th e transitio n fro m 
one stat e t o another .  I n thi s way ,  ou r  modelin g approac h i s 
simila r  t o Hofstadter' s (1983 )  Jumb o program ,  whic h use d 
relativel y littl e knowledg e o f  Englis h t o solv e anagra m puz -
zle s throug h a  stochasti c searc h o f  th e spac e o f  lette r  an d 
syllabl e clusters .  I n suc h a  stochasti c system ,  th e primar y 
means fo r  assurin g tha t  enoug h o f  th e spac e i s  searche d 
(i.e. ,  t o downpla y th e influenc e o f  loca l  maxima )  i s t o in -
creas e th e chanc e o f  movin g fro m on e arbitrar y stat e t o an -
other . 

As mentioned ,  however ,  give n an y choic e o f  operator s 
and energ y metric ,  ou r  hypothesi s i s  tha t  peopl e improv e 
when the y ar e permitte d t o physicall y mov e letter s becaus e 
movement  enable s the m t o instantl y "reset "  thei r  positio n i n 
th e landscape .  Thus ,  whe n the y find  themselve s trappe d i n 
a particula r  region ,  the y ca n us e til e rearrangemen t  a s a n 
interactiv e strateg y t o assis t  interna l  search .  I n a  sense ,  suc h 
physica l  reorganizatio n provide s a n elemen t  o f  randomnes s 
tha t  support s intelligen t  behavio r  (cf .  Mitchel l  &  Hofstadter , 
1995) . 

We no w tur n t o ou r  experimenta l  dat a o n th e Scrabbl e 
task . 

Scrabble Experiment 

The goa l  o f  th e experimen t  wa s t o examin e performanc e i n 
a wor d formatio n tas k usin g Scrabbl e letters .  Specifically , 
we hypothesize d tha t  peopl e woul d generat e mor e word s 
wit h a  se t  o f  Scrabbl e tile s whe n allowe d t o physicall y ma -

nipulat e th e tile s tha n whe n no t  allowe d t o physicall y ma -
nipulat e th e tiles .  Becaus e w e coul d no t  tes t  th e sam e per -
son o n th e sam e se t  o f  tile s i n bot h conditions ,  w e first  at -
tempte d t o establis h tw o set s o f  letter s fro m whic h peopl e 
naturall y generat e abou t  th e sam e numbe r  o f  words . 

Norming Task 

Si x set s o f  seve n letter s eac h wer e create d b y randoml y se -
lectin g tile s fro m th e Scrabbl e game .  T w o sequence s fo r 
eac h o f  th e set s wer e randoml y generate d (e.g. , 
" R D L O S N A"  an d " A R L N D O S " )  t o tes t  whethe r  ther e wa s 
an effec t  o f  th e orde r  o f  th e letters . 

Sixtee n undergraduate s fro m th e Universit y o f  California , 
Sant a Cru z participate d i n th e normin g tas k t o fulfil l  a  re -
quiremen t  i n a  psycholog y course .  Eac h participan t  sa w 
one o f  th e tw o sequence s fo r  eac h o f  th e si x originall y  cho -
sen sets .  Th e sequence s an d th e orde r  i n whic h th e se -
quence s wer e presente d wer e balance d acros s participants . 
Thus ,  eigh t  participant s sa w on e o f  th e tw o sequence s o f 
eac h set . 

I n thi s pencil-and-pape r  task ,  participant s wer e give n five 
minute s t o writ e dow n a s man y word s a s the y coul d b y rear -
rangin g th e letter s fro m eac h sequence .  Th e participant s 
wer e informe d tha t  word s di d no t  hav e t o us e al l  th e letter s 
i n th e sequenc e bu t  coul d var y i n lengt h betwee n tw o an d 
seve n letters . 

For  eac h o f  th e twelv e lette r  sequences ,  mea n numbe r  o f 
word s generate d wa s calculated .  W e the n compare d tota l 
number  o f  word s generate d fo r  eac h set .  A  serie s o f  f-test s 
betwee n eac h pai r  o f  order s fo r  a  give n se t  showe d n o effec t 
fo r  th e numbe r  o f  word s generated ,  s o th e result s fo r  eac h 
set  wer e collapse d acros s th e tw o orderings .  A  one-wa y 
analysi s o f  varianc e ( A N O V A )  amon g th e si x set s o f  letter s 
showe d a  significan t  effect ,  F(l ,  5 )  =  26.2 ,  p  <  0.001 ,  indi -
catin g tha t  mor e word s wer e generate d fo r  som e o f  th e set s 
tha n fo r  others .  Inspectio n o f  th e dat a reveale d tha t  abou t 
th e sam e numbe r  o f  word s wer e generate d fo r  thre e o f  th e 
si x set s (se e Tabl e 1) . 

Table 1: Mean number of words generated per letter set. 

Lette r  Sequenc e 

"NDRBEOE" 
"ESIFLCE " 

"EMTGPEA" 
"RDLOSNA" 
"IRCDEOE" 
"LNAOIET " 

Number  o f  Word s 
19.8 8 
12.0 6 
22.2 5 
20.8 1 
16.1 9 
26.0 7 

Anothe r  one-wa y A N O V A indicate d tha t  th e numbe r  o f 
word s fo r  " E M T G P E A " ,  " R D L O S N A " ,  an d " N D R B E O E" 
di d no t  differ ,  F(l,2 )  =  1.01 ,  NS .  Thus ,  w e chos e th e first 
tw o o f  thes e thre e sequence s a s stimul i  fo r  ou r  experimen t 
becaus e the y share d th e fewes t  letters . 

Scrabble Method 

Twent y undergraduate s fro m th e Universit y o f  California , 
Sant a Cru z participate d i n th e experimen t  t o mee t  a  re -
quiremen t  i n a  psycholog y course .  Eac h participan t  wa s a 
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nativ e speake r  o f  Englis h o r  demonstrate d a  hig h profi -
cienc y i n th e language ,  a s determine d b y response s o n a 
questionnair e an d vocabular y tes t  give n prio r  t o th e experi -
ment . 

The experimen t  wa s a  2  x  2  mixe d design ,  wit h physica l 
manipulatio n (Hand s vs .  N o Hands )  a s th e within-subject s 
factor ,  an d lette r  sequenc e ( "RDLOSNA "  vs .  " E M T G P E A " ) 
as th e between-subject s factor .  Th e lette r  sequenc e an d th e 
orde r  i n whic h th e Hand s o r  N o Hand s conditio n wa s per -
forme d wa s balance d acros s participants . 

Participant s wer e informe d tha t  the y woul d hav e fiv e 
minute s t o generat e a s man y Englis h word s a s possibl e tha t 
wer e a t  leas t  tw o letter s long .  Word s wer e lega l  onl y i f  the y 
wer e mad e fro m th e tile s given .  Participant s wer e in -
structe d no t  t o us e prope r  name s (e.g. ,  "Ron" )  o r  acronym s 
(e.g. ,  " IBM") .  The y wer e als o instructe d t o spel l  ou t  th e 
word s a s the y foun d the m (e.g. ,  " T E A M ,  T-E-A-M" )  s o tha t 
homophone s (suc h a s " B E "  an d "BEE" )  coul d b e easil y 
distinguished . 

The tas k bega n wit h a  practic e trial .  Hal f  th e participant s 
wer e give n instruction s fo r  th e Hand s condition ,  an d th e 
othe r  hal f  wer e give n instruction s fo r  th e N o Hand s condi -
tion .  Participant s i n th e Hand s conditio n wer e tol d tha t  the y 
coul d us e thei r  hand s t o physicall y rearrang e th e tiles ,  bu t 
tha t  i t  wa s no t  necessar y t o m o v e th e tile s t o find  an d cal l 
out  words .  Participant s i n th e N o Hand s conditio n wer e tol d 
tha t  the y coul d no t  us e thei r  hand s t o physicall y rearrang e 
th e tiles . 

The se t  o f  Scrabbl e tile s wa s lai d ou t  o n th e tabl e i n fron t 
of  th e participan t  an d th e practic e tria l  began .  Practic e pro -
ceede d fo r  fiv e minute s an d the n th e participan t  performe d a 
distracto r  tas k fo r  five  minutes .  A t  thi s point ,  th e partici -
pant  performe d th e tes t  tria l  i n th e sam e conditio n a s th e 
practic e tria l  (i.e. ,  Hand s practic e followe d b y Hand s test) . 
Afte r  fiv e minute s o f  th e wor d generatio n task ,  th e partici -
pant  move d t o anothe r  distracto r  task ,  an d the n ont o th e 
othe r  Hand s o r  N o Hand s conditio n i n th e sam e wa y a s be -
fore :  practic e followe d b y distracto r  followe d b y test . 
Throughou t  th e practic e an d tes t  trials ,  th e experimente r 
transcribe d th e word s a s the y wer e calle d ou t  an d th e ses -
sio n wa s taped . 

Results 

The numbe r  o f  legitimate ,  uniqu e word s generate d b y eac h 
participan t  i n eac h conditio n wa s calculated .  Th e mea n fo r 
th e Hand s conditio n wa s 20.7 0 (S D =  5.00 )  an d fo r  th e N o 
Hands condition ,  19.3 0 (S D =  5.58) .  A  two-wa y repeate d 
measure s A N O V A showe d a  mai n effec t  fo r  th e within -
subject s facto r  (Hand s vs .  N o Hands) ,  F(l ,  18 )  =  5.165 ,  p  < 
0.05 ,  indicatin g a  differenc e i n performanc e fo r  Hand s vs . 
No Hands .  Th e effec t  o f  lette r  sequenc e wa s no t  significant , 
F(l,18 )  <  1 ,  indicatin g ther e wa s n o differenc e betwee n 
" R D L O S N A"  an d " E M T G P E A " .  However ,  a n interactio n 
was obtaine d betwee n manipulatio n conditio n an d lette r 
sequence ,  F(l ,  18 )  =  91.739 ,  p  <  0.0001 ,  indicatin g th e us e 
of  hand s ha d differen t  effect s o n th e tw o differen t  sequence s 
(se e Tabl e 2) . 

Tabl e 2 :  Mea n numbe r  o f  word s generated . 

Hands No Hand s 

" E M T G P E A"  ( n =  10 )  23.3 0 16.0 0 
" R D L O S N A"  ( n =  10 )  18.1 0 22.6 0 

To try to make sense of the manipulation by sequence 
interaction ,  pos t  ho c comparison s wer e conducted.  Fo r 
" E M T G P E A ",  a  significan t  differenc e wa s foun d betwee n 
th e Hand s an d th e N o Hand s conditions ,  r(18 )  =  4.97 ,  p  < 
0.0001 ;  bu t  fo r  " R D L O S N A " ,  n o suc h differenc e wa s 
found ,  r(18 )  =  1.87 ,  p  >  0.05 .  Thus ,  physicall y movin g th e 
tile s improve d performanc e fo r  on e lette r  sequence ,  bu t  i t 
had margina l  an d opposit e effec t  o n th e othe r  lette r  se -
quence . 

Additiona l  test s wer e conducte d t o investigat e whethe r 
orde r  o f  presentatio n (Hands ,  N o Hand s vs .  N o Hands , 
Hands )  ha d a n effec t  o n th e numbe r  word s produced ,  o r 
whethe r  th e averag e lengt h o f  word s produce d varie d acros s 
conditions .  N o effec t  fo r  orde r  wa s obtained ,  f(18 )  <  1 ,  N S , 
indicatin g tha t  th e numbe r  o f  word s generate d di d no t  de -
pen d o n whic h conditio n (Hand s o r  N o Hands )  wa s see n 
first.  Similarly ,  ther e wa s n o effec t  o f  manipulatio n condi -
tio n o r  lette r  se t  o n th e averag e lengt h o f  th e word s pro -
duce d pe r  participant ,  F(l,18 )  <  1 ,  N S ,  i n al l  cases .  Overall , 
th e mea n wor d lengt h wa s 3.3 0 (S D =  0.22) . 

Discussion 

Overall ,  mor e word s wer e generate d whe n participant s wer e 
allowe d t o manipulat e th e tile s tha n whe n the y wer e no t 
allowe d t o manipulat e th e tiles .  Thi s bear s ou t  ou r  initia l 
hypothesis .  Th e interactio n betwee n manipulatio n an d lette r 
sequence ,  however ,  wa s unanticipate d -  th e normin g dat a 
wer e suppose d t o assur e u s tha t  a n equivalen t  numbe r  o f 
word s woul d b e generate d fo r  bot h lette r  sequences . 

O ne possibl e explanatio n fo r  thi s interactio n concern s th e 
relativ e difficult y o f  producin g word s fro m th e differen t 
lette r  sets .  Th e mor e difficul t  i t  i s  t o generat e word s fro m a 
set  o f  letters ,  th e mor e w e suppos e physica l  rearrangemen t 
woul d help .  I n term s o f  th e state-spac e searc h mode l  out -
line d previously ,  us e o f  hand s migh t  b e mor e effectiv e i f  th e 
word s ar e mor e sprea d ou t  i n th e space .  I n thi s case ,  physi -
call y rearrangin g th e tile s ha s th e effec t  o f  easil y resettin g 
th e system' s positio n i n th e energ y landscape ,  enablin g 
wide r  coverag e durin g search . 

One simpl e measur e o f  word-generatio n difficult y migh t 
be wor d length .  I f  th e state-spac e searc h wer e base d pri -
maril y o n orthographi c feature s an d operations ,  w e woul d 
expec t  longe r  word s t o b e mor e difficul t  t o generate ,  a s lon g 
word s mus t  requir e mor e operation s t o compos e tha n shor t 
words .  O f  course ,  w e foun d n o effec t  o f  th e physica l  ma -
nipulatio n condition s o n th e lengt h o f  word s generated , 
suggestin g tha t  wor d lengt h i s no t  relate d t o difficulty . 

A semanti c measur e o f  word-generatio n difficult y relate s 
t o th e productivenes s o f  th e lette r  string s an d th e frequenc y 
of  th e word s tha t  ca n b e formed .  First ,  9 2 word s ca n b e 
generate d fro m th e letter s " R D L O S N A " ,  wherea s onl y 5 3 
ca n b e generate d fro m " E M T G P E A " .  Second ,  4 7 o f  th e 9 2 
word s i n " R D L O S N A "  d o no t  appea r  i n th e Kucer a an d 
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Franci s (1967 )  corpu s o f  writte n Englis h an d th e mea n fre -
quenc y o f  th e remainin g 4 5 word s i s 2735 ;  ninetee n o f  th e 
58 word s i n " E M T G P E A"  d o no t  appea r  i n Kucer a an d 
Franci s an d th e mea n frequenc y o f  th e remainin g 3 9 i s 336 . 
I n th e Brow n (1984 )  corpu s o f  spoke n English ,  th e mea n 
frequenc y fo r  " R D L O S N A "  i s 1395 ,  an d fo r  " E M T G P E A " , 
221 .  I n bot h writte n an d spoke n English ,  th e word s con -
taine d i n " R D L O S N A "  ar e fa r  mor e frequen t  i n Englis h 
tha n thos e containe d i n " E M T G P E A " .  Thus ,  i t  i s  plausibl e 
t o suppos e tha t  physicall y arrangin g th e letter s woul d b e 
helpfu l  whe n tryin g t o produc e word s fro m th e les s produc -
tiv e an d les s frequen t  set ,  a s i t  mus t  b e mor e difficul t  t o 
produc e word s i n thi s case . 

For  th e participant s i n th e experimen t  wh o chose  t o us e 
thei r  hand s ver y littl e o r  no t  a t  all ,  ther e wa s littl e differenc e 
betwee n th e Hand s an d N o Hand s conditions. ^  Interest -
ingly ,  whe n aske d wh y the y di d no t  mov e th e letter s more , 
thes e participant s almos t  universall y responde d tha t  the y 
though t  the y coul d mov e th e letter s faste r  i n thei r  head s tha n 
the y coul d o n th e table .  A s w e hav e argued ,  thi s c o m m o n 
intuitio n seem s t o b e fals e i n thi s cas e an d i n man y other s 
(Clark ,  1997 ;  Hutchins ,  1995a ,  1995b ;  Kirsh ,  1995 ;  Kirs h & 
Maglio ,  1994) . 

Conclusion 

We teste d th e hypothesi s tha t  physica l  action s ca n mak e 
proble m solvin g easier .  I n ou r  study ,  peopl e wer e give n 
set s o f  Scrabbl e letter s an d aske d t o generat e word s i n tw o 
conditions :  wit h thei r  hand s an d withou t  thei r  hands .  Th e 
result s indicate d tha t  mor e word s wer e generate d whe n peo -
pl e use d thei r  hand s tha n whe n the y di d not ,  althoug h th e 
stor y i s somewha t  mor e complicated .  W e argue d tha t  i n thi s 
case ,  th e physica l  action s o f  movin g th e letter s allo w peopl e 
t o effectivel y us e th e externa l  environmen t  a s par t  o f  a n 
interactiv e proces s o f  searchin g fo r  words .  I n futur e ex -
periments ,  w e hop e t o contro l  bette r  fo r  th e productivenes s 
of  th e string s an d fo r  th e frequenc y o f  th e word s tha t  ca n b e 
produce d fro m them . 
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chos e no t  t o us e thei r  hand s o r  use d thei r  hand s onl y briefly .  Th e 
smal l  sampl e her e make s statistica l  analysi s difficult .  W e not e thi s 
onl y a s a  passin g observation . 
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