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Abs t rac t 

Does the language you speak affect how you think about 
th e world' ^  Englis h an d Mandari n speaker s tal k abou t  tim e 
differently .  I s thi s differenc e betwee n th e tw o language s 
reflecte d i n th e wa y thei r  speaker s thin k abou t  time ? Th e 
finding s o f  tw o R T experiment s sho w tha t  differen t  way s 
of  talkin g abou t  tim e lea d t o differen t  way s o f  thinking . 
I n Experimen t  1 ,  Mandarin-Englis h bilingual s wer e 
compare d t o nativ e Englis h speakers .  Th e result s 
suggeste d tha t  Mandari n speaker s use d a  "Mandari n wa y o f 
thinking "  eve n whe n the y wer e "thinkin g fo r  English " 
I n Experimen t  2 ,  nativ e Englis h speaker s wer e traine d t o 
tal k abou t  tim e i n " a Mandari n way "  Result s showe d tha t 
eve n afte r  a  shor t  training ,  nativ e Englis h speaker s 
behave d mor e lik e Mandari n speaker s tha n lik e untraine d 
Englis h speakers .  I t  i s  conclude d tha t  languag e i s a 
powerfu l  too l  i n shapin g thought . 

Introduction 

Does 'h e languag e yo u spea k shap e th e w a y yo u understan d 
th e world ? Linguists ,  philosophers ,  anthropologists ,  an d 
psychologist s hav e lon g bee n intereste d i n th e rol e tha t 
language s migh t  pla y i n shapin g thei r  speakers '  way s o f 
thinking .  Thi s interes t  ha s bee n fuele d i n larg e par t  b y th e 
observatio n tha t  differen t  language s tal k abou t  th e worl d 
differently .  Doe s th e fac t  tha t  language s diffe r  mea n tha t 
peopl e w h o spea k differen t  language s thin k abou t  th e worl d 
differently ? Doe s learnin g n e w language s chang e th e wa y 
on e thinks ? D o polyglot s thin k differentl y whe n speakin g 
differen t  languages ? Althoug h al l  o f  thes e question s hav e 
lon g bee n issue s o f  interes t  an d controversy ,  definitiv e 
answer s ar e scarce .  Thi s pape r  briefl y review s th e empirica l 
histor y o f  thes e question s an d describe s tw o experiment s 
tha t  demonstrat e th e rol e o f  languag e i n shapin g habitua l 
thought . 

T h e stron g Whorfia n vie w tha t  though t  i s  entirel y 
determine d b y languag e ha s lon g bee n abandone d i n th e 
field .  Rosch' s (1972 ,  1975 ,  1978 )  wor k o n colo r 
perceptio n demonstratin g tha t  th e Dani ,  despit e havin g onl y 
tw o word s fo r  colors ,  ha d littl e troubl e learnin g th e Englis h 
set  o f  colo r  categorie s wa s particularl y effectiv e i n 
underminin g th e stron g vie w (bu t  se e Luc y &  Shweder , 
1979) .  Althoug h th e stron g linguisti c determinis m vie w 
seems untenable ,  m a n y weake r  (bu t  stil l  interesting ) 
formulation s ca n b e entertained .  Fo r  example ,  Slobi n 
(1987 ,  1996 )  suggeste d tha t  languag e m a y influenc e 
categorizatio n durin g "thinkin g fo r  speaking. "  I n a  simila r 

vein .  Hun t  an d Agnol i  (1991 )  reviewe d evidenc e tha t 
languag e m a y influenc e though t  b y makin g habitua l 
distinction s mor e fluent .  Recently ,  severa l  line s o f  researc h 
hav e explore d domain s tha t  appea r  mor e likel y t o revea l 
linguisti c influence s tha n suc h lowe r  leve l  domain s a s colo r 
perception .  A m o n g th e ne w evidenc e hav e bee n studie s o f 
cross-linguisti c difference s i n th e object-substanc e 
distinctio n i n Yucate c M a y a n an d Japanes e (e.g .  Ima i  & 
Centner ,  1997 ;  Lucy ,  1992) ,  difference s i n thinkin g abou t 
spatia l  relation s i n Dutch ,  Korean ,  an d Tzelta l  (e.g . 
Bowerman ,  1996 ;  Levinson ,  1996) ,  an d evidenc e 
suggestin g tha t  languag e influence s conceptua l 
developmen t  (e.g .  M a r k m a n &  Hutchinson ,  1984 ; 
W a x m an &  Kosowski ,  1990) .  I t  i s  possibl e tha t  languag e 
i s mos t  powerfu l  i n determinin g though t  fo r  domain s tha t 
ar e mor e abstract ,  i.e .  one s tha t  ar e no t  s o closel y tie d t o 
sensor y experienc e (se e Centne r  &  Boroditsky ,  i n pres s fo r 
relate d discussion) . 

Althoug h thes e n e w line s o f  evidenc e ar e suggestive , 
ther e ar e severa l  limitation s c o m m o n t o mos t  o f  th e 
studies .  First ,  speaker s o f  differen t  language s ar e usuall y 
teste d onl y i n thei r  nativ e language .  A n y difference s foun d 
i n thes e kind s o f  comparison s ca n onl y sho w th e effec t  o f  a 
languag e o n thinkin g fo r  tha t  particula r  language .  Thes e 
difference s canno t  tel l  u s whethe r  experienc e wit h a 
languag e affect s language-independen t  though t  suc h a s 
though t  fo r  othe r  languages ,  o r  though t  i n non-linguisti c 
tasks .  Further ,  comparin g result s fro m studie s conducte d i n 
differen t  language s pose s a  deepe r  problem :  ther e i s simpl y 
no wa y t o b e certai n tha t  th e stimul i  an d instruction s ar e 
trul y th e sam e i n bot h languages '  Sinc e ther e i s n o wa y t o 
k n o w tha t  subject s i n differen t  language s ar e performin g th e 
same task ,  i t  i s  difficul t  t o dee m th e comparison s 
meaningful . 

'  Thi s i s a  proble m eve n i f  th e verba l  instruction s ar e minimal . 
For  example ,  eve n i f  th e tas k i s  non-linguistic ,  an d th e 
instruction s ar e simpl y "whic h on e i s th e same?" ,  on e canno t 
be sur e tha t  th e word s use d fo r  "same "  mea n th e sam e thin g i n 
bot h languages .  I f  i n on e languag e th e wor d fo r  "same "  i s 
close r  i n meanin g t o "identical, "  whil e i n th e othe r  languag e 
it' s  close r  t o "similar" ,  th e subject s i n differen t  language s ma y 
behav e ver y differently ,  bu t  du e onl y t o th e differenc e i n 
instruction s no t  becaus e o f  an y interestin g difference s i n 
thought .  Ther e i s n o sur e wa y t o guar d agains t  thi s possibilit y 
when task s ar e translate d int o differen t  languages . 
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A secon d limitatio n i s tha t  eve n whe n non-linguisti c 
taslc s (suc h a s sortin g int o categories ,  o r  makin g similarit y 
judgments )  ar e used ,  th e task s themselve s ar e quit e explicit . 
Sortin g an d similarit y judgmen t  task s requir e a  subjec t  t o 
decid e o n a  strateg y fo r  completin g th e task .  H o w shoul d I 
divid e thes e thing s int o tw o categories ? Wha t  a m I 
suppose d t o bas e m y similarit y judgment s on ? I t  i s  quit e 
possibl e tha t  whe n figurin g ou t  h o w t o perfor m a  task , 
subject s simpl y mak e a  consciou s decisio n t o follo w th e 
distinction s reinforce d b y thei r  language .  Fo r  thi s reason , 
evidenc e collecte d usin g suc h explici t  dependen t  measure s 
as sortin g preference s o r  similarit y judgment s i s no t 
convincin g a s non-linguisti c evidence . 

Showin g tha t  experienc e wit h a  languag e affect s though t 
i n som e broade r  sens e (othe r  tha n thinkin g fo r  tha t 
particula r  language )  woul d requir e observin g a  cross -
linguisti c differenc e o n som e implici t  dependen t  measur e 
(e.g .  reactio n time )  i n a  non-language-specifi c  task .  Th e 
set  o f  studie s describe d i n thi s pape r  doe s jus t  that .  Th e 
findings  sho w a n effec t  o f  first-languag e thinkin g o n 
second-languag e understandin g usin g th e implici t  measur e 
of  reactio n time .  I n particular ,  th e studie s investigat e 
whethe r  speaker s o f  Englis h an d Mandari n Chines e thin k 
differentl y abou t  th e domai n o f  tim e eve n whe n bot h 
group s ar e "thinkin g fo r  English. " 

Time 

Acros s language s peopl e us e spatia l  metaphor s t o tal k 
abou t  time .  Whethe r  w e ar e lookin g forwar d t o a  brighte r 
tomorrow ,  proposin g theorie s ahea d o f  ou r  time ,  o r  fallin g 
^e/» W schedule ,  w e ar e relyin g o n term s fro m th e domai n 
of  spac e t o tal k abou t  time .  M a n y researcher s hav e note d 
an orderl y an d systemati c correspondenc e betwee n th e 
domain s o f  spac e an d tim e i n languag e (Clark ,  1973 ; 
Lehrer ,  1990 ;  Traugott ,  1978) . 

Thi s pape r  wil l  focu s o n th e event-sequencin g aspec t  o f 
conceptua l  time ,  tha t  is ,  th e wa y event s ar e temporall y 
ordere d wit h respec t  t o eac h othe r  an d t o th e speake r  (e.g . 
"Th e wors t  i s  behin d us "  o r  "Thursda y i s befor e 
Saturday." )  Ther e ar e man y strikin g similaritie s i n th e 
type s o f  spatia l  term s use d t o tal k abou t  tim e acros s 
languages .  I n orde r  t o captur e th e sequentia l  orde r  o f 
events ,  tim e i s generall y conceive d a s a  one-dimensional , 
directiona l  entity .  Th e spatia l  term s importe d t o tal k abou t 
tim e ar e one-dimensional ,  directiona l  term s suc h a s 
ahead/behind ,  o r  up/down ,  rathe r  tha n multi-dimensiona l  o r 
symmetri c term s suc h a s shallow/deep ,  o r  left/righ t  (Clark , 
1973) .  Althoug h al l  language s us e spatia l  term s t o tal k 
abou t  time ,  ther e ar e som e interestin g difference s i n th e 
type s o f  spatia l  term s used . 

Time in English In English, we predominantly use 
front/bac k term s t o tal k abou t  time .  W e ca n tal k abou t  th e 
goo d time s ahea d o f  us ,  o r  th e hardship s behin d us .  W e ca n 
move mtcimg s forward ,  pus h deadline s bacli ,  an d ea t  desser t 
befor e we'r e don e wit h ou r  vegetables .  O n th e whole ,  th e 
term s use d t o tal k abou t  th e orde r  o f  event s i n Englis h ar e 
th e sam e term s tha t  ar e use d t o describ e asymmetri c 
horizonta l  spatia l  relation s (e.g .  "h e too k thre e step s 
forward "  o r  "th e dumpste r  behin d th e store") . 

T i m e i n M a n d a r i n C h i n e s e I n Mandarin ,  front^ac k 
spatia l  metaphor s fo r  lim e ar e als o c o m m o n (Scott ,  1989) . 
Mandari n speaker s us e th e spatia l  morpheme s qid n "front " 
and hd u "back '  t o tal k abou t  time .  Figur e 1  show s 
paralle l  use s o f  qid n an d hd u i n spatia l  an d tempora l 
ordering s i n Mandari n an d thei r  Englis h glosses .  Example s 
wer e take n fro m Scot t  (1989) . 

(1 )  SPACE 

zed zhuflz i  qian-bia n zhAn-zh e j 4 g e xueshen g 
ther e i s a  studen t  standm g i n fron t  o f  th e des k 

TIM E 

hu roa n d e qia n } ^  ma n sh i  shenm e niw ? 
vha t  i s th e yeeo r  befor e th e yea r  o f  th e tiger ? 

(2 )  SPACE 

zai  zhuoz i  hou-bia n zhan-zh e y i  g e laosh i 
ther e i s a  teache r  standin g behin d th e des k 

TIM E 

daxu e biy e 3fl[-h6 u v o yo u ji n l e yanjiuyua n 
afte r  graduatin g fro m uxuveisity ,  I  entere d graduat e schoo l 

Figur e 1 :  Example s o f  spatia l  an d tempora l  use s o f 
horizonta l  term s qid n an d hd u i n Mandari n give n wit h thei r 

Englis h glosse s 

What makes Mandarin interesting for our purposes, is 
tha t  i n additio n t o thes e front/bac k o r  horizonta l  metaphors , 
Mandari n speaker s als o systematicall y us e up/dow n o r 
vertica l  metaphor s t o tal k abou t  tim e (Scott ,  1989) .  Th e 
spatia l  m o r p h e m e s shdn g -  "up "  an d xi d " d o w n "  an s 
frequentl y use d t o tal k abou t  th e orde r  o f  events ,  weeks , 
months ,  semesters ,  an d more .  Earlie r  event s ar e sai d t o b e 
shdn g o r  "up" ,  an d late r  event s ar e sai d t o b e xi d o r  " d o w n " 
Figur e 2  show s paralle l  use s o f  shdn g an d xi d t o describ e 
spatia l  an d tempora l  relation s (example s take n fro m Scott , 
1989) . 

(1 )  SPACE 

mao shan g sh u 
cat s clim b tree s 

TIM E 

shanggeyu e 
las t  (o r  previous )  mont h 

(2 )  SPACE 

ta xi a l e sha n me i  yo u 
has sh e descende d th e mountai n o r  not ? 

TIM E 

xiageyu e 
next  (o r  folloving )  mont h 

Figur e 2 ;  Example s o f  spatia l  an d tempora l  use s o f 
vertica l  term s shdn g an d xi d i n Mandari n give n wit h thei r 

Englis h glosse s 
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Althoug h i n Englis h vertica l  spatia l  term s ca n als o b e 
use d t o tal k abou t  tim e (e.g .  "han d dow n knowledg e fro m 
generatio n t o generation "  o r  "th e meetin g wa s comin g up") , 
thes e use s ar e no t  nearl y a s c o m m o n o r  systemati c a s i s th e 
use o f  shan g an d xi a i n Mandari n (Scott ,  1989) .  Th e 
closes t  Englis h counterpart s t o th e Mandari n use s o f  shan g 
and xi a ar e th e purel y tempora l  term s earlie r  an d later . 
Earlie r  an d late r  ar e simila r  t o shan g an d xi a i n tha t  the y 
use a n absolut e framewor k t o determin e th e orde r  o f  events . 

Relative versus absolute terms for time In 
Mandarin ,  shan g alway s refer s t o event s close r  t o th e past , 
and xi a alway s refer s t o event s close r  t o th e future .  Th e 
same i s tru e i n Englis h fo r  earlie r  an d late r  term s 
respectively .  Thi s i s no t  true ,  however ,  fo r  th e othe r 
Englis h term s use d t o tal k abou t  time .  Term s lik e 
before/after ,  ahead/behind ,  an d forward/bac k ca n b e use d no t 
onl y t o orde r  event s relativ e t o th e directio n o f  motio n o f 
time ,  bu t  als o relativ e t o th e observer .  W h e n orderin g 
event s relativ e t o th e directio n o f  motio n o f  time ,  w e ca n 
say tha t  Thursda y i s befor e Friday .  Here ,  befor e refer s t o a n 
even t  that' s close r  t o th e past .  However ,  w e ca n als o onie r 
event s relativ e t o th e observe r  a s i n "Th e bes t  i s befor e us. " 
Here ,  befor e refer s t o a n even t  close r  t o th e future .  Th e 
same i s tru e fo r  ahead/behin d an d forward/back .  Qid n an d 
hdu ,  th e horizonta l  term s use d i n Mandari n t o tal k abou t 
time ,  als o shar e thi s flexibility .  Unlik e before/after , 
ahead/behind ,  an d qidnlhou ,  term s lik e earlier/late r  an d 
shanglxi d ar e no t  use d t o orde r  event s relativ e t o th e 
observer .  Fo r  example ,  on e canno t  sa y tha t  "th e meetin g i s 
earlie r  tha n us "  t o mea n tha t  i t  i s  furthe r  i n th e future . 
Earlier/late r  an d shanglxi d ar e absolut e terms . 

I n summary ,  bot h Mandari n an d Englis h speaker s us e 
horizonta l  relativ e term s t o tal k abou t  time .  I n addition , 
Mandari n speaker s us e th e vertica l  absolut e term s shan g an d 
xi a t o tal k abou t  time .  Thi s wa y o f  talkin g abou t  tim e i s 
most  conceptuall y simila r  t o th e Englis h us e o f  th e purel y 
tempora l  term s earlie r  an d later . 

Of  interes t  t o thi s stud y i s whethe r  thi s differenc e 
betwee n th e Englis h an d Mandari n way s o f  talkin g abou t 
tim e als o lead s t o a  differenc e i n h o w th e tw o group s thin k 
abou t  time .  Th e particula r  questio n i s whethe r  Nativ e 
Mandari n speaker s ar e mor e likel y t o rel y o n vertica l  spatia l 
schema s t o thin k abou t  tim e i n absolut e terms ,  whil e 
Nativ e Englis h speaker s ar e alway s mor e likel y t o rel y o n 
horizonta l  spatia l  schemas . 

I n orde r  t o answe r  th e abov e questions ,  w e wil l  nee d a 
way o f  determinin g whic h spatia l  schema s Mandari n an d 
Englis h speaker s ar e usin g whe n the y ar e thinkin g abou t 
time .  Th e schema-consistenc y paradig m develofje d b y 
Boroditsk y (1998 )  allow s u s t o d o jus t  that .  Th e basi c 
rational e o f  th e schema-consistenc y paradig m i s a s follows . 
I f  a n appropriat e spatia l  schem a i s primed ,  peopl e shoul d b e 
faste r  t o understan d statement s abou t  tim e tha t  emplo y tha t 
same schema .  Therefore ,  i f  Englis h speaker s ar e thinkin g 
abou t  tim e horizontally ,  the n askin g the m t o thin k abou t 
horizonta l  spatia l  relation s righ t  befor e the y rea d a  sentenc e 
abou t  tim e shoul d mak e the m faste r  t o understan d tha t 
sentenc e tha n i f  the y ha d jus t  bee n thinkin g abou t  vertica l 
spatia l  relations .  Th e revers e shoul d b e tru e fo r  Mandari n 

speakers .  W h e n thinkin g abou t  tim e i n absolut e terms , 
Mandari n speaker s shoul d b e faste r  afte r  vertica l  prime s 
tha n afte r  horizonta l  primes . 

I n Experimen t  I ,  Mandari n an d Englis h speaker s solve d 
set s o f  spatia l  primin g question s followe d b y a  targe t 
questio n abou t  time .  Th e spatia l  prime s wer e eithe r  abou t 
horizonta l  spatia l  relation s betwee n tw o object s (se e Figur e 
3) ,  o r  abou t  vertica l  relation s (se e Figur e 4) .  Afte r  solvin g 
a se t  o f  2  primes ,  participant s answere d a  T R U E / F A L S E 
targe t  questio n abou t  tim e tha t  eithe r  use d relativ e term s 
(e.g .  "Marc h come s befor e April." )  o r  absolut e term s (e.g . 
"Marc h come s earlie r  tha n April") .  O f  interes t  wa s whethe r 
th e prim e question s ha d a  differen t  effec t  o n ho w lon g i t 
too k Englis h speaker s t o answe r  th e differen t  targe t 
question s a s compare d t o th e Mandari n speakers . 

T h e whit e w o r m i s behin d th e blac k w o r m . 

Figur e 3 :  Exampl e o f  a  horizonta l  spatia l  prim e use d i n 
Experiment s 1  &  2 

o 

The blac k bal l  i s abov e th e whit e ball . 

Figur e 4 :  Exampl e o f  a  vertica l  spatia l  prim e use d i n 
Experiment s 1  &  2 

If one's native language does affect how one thinks about 
time ,  the n Mandari n speaker s shoul d b e faste r  t o answe r 
absolut e targe t  question s abou t  tim e afte r  solvin g th e 
vertica l  spatia l  prime s tha n afte r  solvin g th e horizonta l 
spatia l  primes .  Englis h speakers ,  o n th e othe r  hand ,  shoul d 
alway s b e faste r  afte r  horizonta l  prime s becaus e horizonta l 
term s ar e predominantl y use d i n English .  Sinc e bot h 
Englis h an d Mandari n speaker s complete d th e tas k i n 
English ,  thi s i s a  particularl y stron g tes t  o f  th e effec t  o f 
one' s nativ e languag e o n thought .  I f  Mandari n speaker s d o 
sho w a  vertica l  bia s i n thinkin g abou t  tim e eve n whe n the y 
ar e "thinkin g fo r  English, "  the n languag e mus t  pla y a n 
importan t  rol e i n shapin g speakers '  thinkin g habits . 

E x p e r i m e n t  1 

M e t h o d 

Participant s 2 6 nativ e Englis h speakers ,  an d 2 0 nativ e 
Mandari n speaker s participate d i n thi s study .  Al l 
participant s wer e graduat e o r  undergraduat e student s a t 
Stanfor d University ,  an d receive d eithe r  paymen t  o r  cours e 
credi t  i n retur n fo r  thei r  participation . 
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Desig n Th e experimen t  ha d a  full y  crosse d within-subjec t 
2 (prime-type )  X  2  (target-type )  design .  Target s wer e 
statement s abou t  time :  eithe r  before/afte r  statement s (e.g . 
"Marc h come s befor e April") ,  o r  earlier/late r  statement s 
(e.g .  "Marc h come s earlie r  tha n April") .  Prime s wer e 
spatia l  scenario s accompanie d b y a  sentenc e descriptio n an d 
wer e eithe r  horizonta l  (se e Figur e 3 )  o r  vertica l  (se e Figur e 
4) .  Eac h participan t  complete d a  se t  o f  6  practic e question s 
and 6 4 experimenta l  trials .  Eac h experimenta l  tria l 
consiste d o f  tw o spatia l  prim e question s (bot h horizonta l  o r 
bot h vertical )  followe d b y on e targe t  questio n abou t  time . 
Participant s wer e no t  tol d tha t  th e experimen t  wa s arrange d 
int o suc h trials ,  no r  di d the y figur e i t  ou t  i n th e cours e o f 
th e experiment .  Participant s answere d eac h targe t  questio n 
twic e onc e afte r  eac h typ e o f  prime .  Th e orde r  o f 
presentatio n o f  al l  trial s wa s randomize d fo r  eac h 
participant . 

Materials A set of 128 primes and 32 targets, all 
T R U E / F A L SE questions ,  wa s constructed . 

Primes :  12 8 spatia l  scenario s wer e use d a s primes .  Eac h 
scenari o consiste d o f  a  pictur e an d sentenc e belo w th e 
picture .  Hal f  o f  thes e scenario s wer e abou t  horizonta l 
spatia l  relation s (se e Figur e 3) ,  an d th e othe r  hal f  wer e 
abou t  vertica l  spatia l  relation s (se e Figur e 4) .  Hal f  o f  th e 
horizonta l  prime s use d th e " X i s ahea d o f  Y "  phrasin g an d 
hal f  use d th e " X i s behin d Y "  phrasing .  Likewise ,  hal f  o f 
th e vertica l  prime s use d th e " X i s abov e Y "  phrasin g an d 
hav e use d th e " X i s belo w Y "  phrasing .  Prime s wer e 
equall y ofte n T R U E an d F A L S E .  Al l  o f  thes e variation s 
wer e crosse d int o eigh t  type s o f  primes .  I n addition ,  th e 
left/righ t  orientatio n o f  th e horizonta l  prime s wa s 
counterbalance d acros s variations . 

Targets :  1 6 statement s abou t  th e orde r  o f  th e month s o f 
th e yea r  wer e constructed .  Hal f  o f  thes e statement s use d th e 
relativ e term s befor e an d after ,  an d hal f  use d th e absolut e 
term s earlie r  an d later .  Al l  fou r  term s wer e use d equall y 
often .  Al l  targe t  question s wer e " T R U E " . 

Fillers :  1 6 additiona l  statement s abou t  month s o f  th e 
yea r  wer e use d a s fillers .  Thes e statement s wer e simila r  i n 
al l  respect s t o th e targe t  question s excep t  tha t  al l  o f  th e 
filler s wer e " F A L S E " .  Thi s wa s don e t o insur e tha t 
subject s wer e aler t  an d di d no t  simpl y lear n t o answe r 
" T R U E"  t o al l  question s abou t  time .  Fille r  tim e question s 
(alon g wit h fille r  spatia l  scenario s draw n randoml y fro m th e 
lis t  o f  al l  spatia l  primes )  wer e inserte d randoml y in-betwee n 
experimenta l  trial s t o ensur e tha t  participant s di d no t  deduc e 
th e tria l  structur e o f  th e experiment .  Response s t o fille r 
trial s wer e no t  analyzed . 

Procedure Participants were tested individually. All 
participant s wer e teste d i n Englis h wit h Englis h 
instructions .  Stimul i  wer e presente d o n a  compute r  screen , 
one questio n a t  a  time .  Fo r  eac h question ,  participant s 
wer e aske d t o mak e a  T R U E / F A L S E respons e a s quickl y a s 
possibl e b y pressin g on e o f  tw o key s o n a  keyboard . 
Respons e time s wer e measure d an d recorded  b y th e 
computer .  Ther e wa s a  respons e deadlin e o f  5  seconds .  I f  a 
participan t  di d no t  provid e a  respons e withi n 5  seconds ,  th e 

compute r  simpl y wen t  o n t o th e nex t  question .  Ther e wa s 
no feedbac k fo r  th e experimenta l  trials . 

Results 

Separat e 2  (prim e type )  X  2  (targe t  type )  repeate d measure s 
A N O V As wer e conducte d fo r  dat a collecte d fro m Englis h 
and Mandari n speakers .  Respons e time s exceedin g th e 
deadline ,  incorrec t  responses ,  an d thos e followin g a n 
incorrec t  respons e t o a  primin g questio n wer e omitte d fro m 
al l  analyses . 

As expected ,  nativ e Englis h speaker s wer e faste r  t o solv e 
tim e question s afte r  horizonta l  prime s ( M =  212 8 msecs , 
S D =  54 5 msecs )  tha n afte r  vertica l  prime s ( M =  230 0 
msecs ,  S D =  68 2 msecs) .  Th e mai n effec t  o f  th e prim e 
was significant ,  F  (1 ,  25 )  =  13.76 ,  p  =  0.001 .  Ther e wa s 
no interactio n betwee n prime-typ e an d target-type ,  F  (I ,  25 ) 
= .75 ,  2  =  0.40 .  Englis h speaker s wer e faste r  t o solv e al l 
question s abou t  tim e i f  the y followe d horizonta l  prime s 
tha n i f  the y followe d vertica l  primes . 

Th e dat a fro m Mandari n speaker s looke d ver y different . 
Ther e wa s n o mai n effec t  o f  prime ,  F  (1 ,  19 )  =  .01 ,  p=.92 . 
Overall ,  Mandari n speaker s answere d tim e question s jus t  a s 
fas t  afte r  horizonta l  prime s ( M =  242 2 msecs ,  S D =  49 3 
msecs )  a s afte r  vertica l  prime s ( M =  242 8 msecs ,  S D =  44 3 
msecs) .  However ,  ther e wa s a  significan t  interactio n 
betwee n prime-typ e an d target-type ,  F  (1 ,  19 )  =  4.55 , 
p<.05 .  Lik e th e Englis h speakers .  Mandari n speaker s wer e 
faste r  t o answe r  th e relativ e before/afte r  targe t  question s 
afte r  horizonta l  prime s ( M =  234 0 msecs )  tha n afte r  vertica l 
prime s ( M =  250 9 msecs) .  A s predicted ,  th e patter n wa s 
exactl y reverse d fo r  th e absolut e earlier/late r  targets .  Unlik e 
th e Englis h speakers .  Mandari n speaker s wer e faste r  t o 
solv e earlier/late r  target s afte r  vertica l  prime s ( M =  234 7 
msecs )  tha n afte r  horizonta l  prime s ( M =  250 3 msecs) . 

Discussion 

Nativ e Englis h an d nativ e Mandari n speaker s wer e foun d t o 
thin k differend y abou t  time .  Thi s wa s tru e eve n thoug h 
bot h group s performe d th e tas k i n English .  I n Experimen t 
1,  Englis h speaker s wer e alway s faste r  t o answe r  question s 
abou t  tim e afte r  horizonta l  prime s tha n afte r  vertica l 
primes .  Mandari n speaker s showe d a  ver y differen t  pattern . 
Lik e th e Englis h speakers ,  the y wer e faste r  t o answe r  th e 
relativ e before/afte r  target s afte r  horizonta l  prime s tha n afte r 
vertica l  primes .  Th e revers e wa s tru e fo r  th e absolut e 
earlier/late r  targets ;  unlik e th e Englis h speakers .  Mandari n 
speaker s wer e faste r  t o answe r  th e absolut e earlier/late r 
target s afte r  vertica l  prime s tha n afte r  horizonta l  primes . 
Overal l  thes e finding s sugges t  tha t  whil e Englis h speaker s 
relie d o n horizonta l  spatia l  schema s t o thin k abou t  bot h 
type s o f  targets ,  Mandari n speaker s relie d o n horizonta l 
schema s onl y whe n thinkin g abou t  th e relativ e term s befor e 
and after .  Fo r  th e absolut e earlierAate r  targets .  Mandari n 
speaker s relie d o n vertica l  schemas .  Thi s i s exactl y th e 
patter n w e woul d predic t  fro m th e wa y Mandari n speaker s 
tal k abou t  tim e sinc e Mandari n use s vertica l  metaphor s 
{shan g an d xia )  t o tal k abou t  tim e i n absolut e terms ,  an d 
horizonta l  metaphor s {qid n an d hdu )  t o tal k abou t  tim e i r 
relativ e terms .  I n short .  Mandari n speaker s i n ou r  stud ' 
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showe d a  patter n o f  first-languag e thinkin g i n second -
languag e understanding . 

Althoug h thes e result s ar e highl y suggestiv e o f  a n effec t 
of  languag e o n thought ,  ther e ar e som e concerns .  First ,  th e 
differenc e i n th e tim e metaphor s use d i n Englis h an d 
Mandari n i s clearl y no t  th e onl y differenc e betwee n th e tw o 
languages .  M a n y othe r  factor s coul d conceivabl y hav e le d 
t o th e difference s w e observed .  On e importan t  facto r  t o 
conside r  i s tha t  o f  writin g direction .  Wherea s Englis h i s 
writte n horizontall y fro m lef t  t o right ,  Mandari n wa s 
traditionall y writte n i n vertica l  column s tha t  ra n fro m righ t 
t o left .  Althoug h thi s differenc e i n writin g directio n i s 
interesting ,  i t  canno t  explai n th e result s obtaine d i n 
Experimen t  1 .  Th e writin g directio n explanatio n woul d 
predic t  a  mai n effec t  o f  prim e sinc e Mandari n i s writte n 
vertically .  Mandari n speaker s shoul d alway s b e faste r  t o 
answer  tim e question s afte r  vertica l  rathe r  tha n afte r 
horizonta l  primes .  Thi s predictio n wa s no t  born e ou t  i n 
data .  Mandari n speaker s showe d a n interactio n betwee n 
targe t  an d prime ,  an d no t  th e mai n effec t  predicte d b y 
writin g direction .  Therefore ,  writin g directio n canno t  b e 
responsibl e fo r  th e difference s observe d i n thi s experiment . 

Beyon d difference s i n language ,  ther e ma y b e man y 
cultura l  difference s betwee n nativ e Englis h an d nativ e 
Mandari n speaker s tha t  ma y hav e lea d t o difference s i n th e 
respons e patterns .  Althoug h a  clea r  non-language-base d 
explanatio n tha t  woul d predic t  th e observe d patter n o f 
result s i s no t  readil y apparent ,  w e ca n no t  a  prior i  discoun t 
th e possibl e effect s o f  cultura l  differences .  Experimen t  2 
was designe d t o minimiz e difference s i n non-linguisti c 
cultura l  factor s whil e preservin g th e interestin g differenc e i n 
language . 

I n Experimen t  2 ,  nativ e Englis h speaker s wer e traine d t o 
tal k abou t  tim e usin g vertica l  terms .  Fo r  example ,  the y 
learne d t o sa y tha t  "car s wer e invente d abov e fa x machines " 
and tha t  "Wednesda y i s belo w Tuesday. "  Th e us e o f 
vertica l  term s abov e an d belo w i n thi s trainin g wa s 
maximall y simila r  t o th e us e o f  shan g an d xi a i n Mandarin . 
Abov e an d below ,  lik e shan g an d xid ,  wer e use d a s absolut e 
terms .  Earlie r  event s wer e alway s sai d t o b e above ,  an d 
late r  event s wer e alway s sai d t o b e below .  Afte r  th e 
training ,  participant s complete d exactl y th e sam e 
experimen t  a s i n Experimen t  1 .  I f  i t  i s  indee d languag e 
(an d no t  othe r  cultura l  factors )  tha t  le d t o th e difference s 
betwee n Englis h an d Mandari n speaker s i n Experimen t  I , 
the n th e "Mandarin "  linguisti c trainin g give n t o Englis h 
speaker s i n Experimen t  2  shoul d mak e thei r  patter n o f 
result s loo k mor e lik e tha t  o f  Mandari n speaker s tha n tha t 
of  Englis h speakers . 

E x p e r i m e n t  2 

M e t h o d 

Participant s 3 2 Stanfor d Universit y undergraduates ,  al l 
nativ e Englis h speakers ,  participate d i n thi s stud y i n 
exchang e fo r  cours e credit . 

Materials and Design Participants were told they 
woul d lear n " a ne w wa y t o tal k abou t  time. "  The y wer e 

give n a  se t  o f  5  exampl e sentence s tha t  "use d thi s ne w 
system "  (e.g .  "Monda y i s abov e Tuesday" )  an d wer e aske d 
t o figur e ou t  o n thei r  ow n ho w th e syste m worked .  Th e 
ne w syste m use d abov e an d belo w a s absolut e terms . 
Event s close r  t o th e pas t  wer e alway s sai d t o b e above ,  an d 
event s close r  t o th e futur e wer e alway s sai d t o b e below . 
Participant s wer e the n teste d o n a  se t  o f  9 0 question s tha t 
used thes e vertica l  term s t o tal k abou t  tim e (e.g .  "Nixo n 
was presiden t  abov e Clinton") .  Thes e tes t  question s wer e 
presente d o n a  compute r  scree n on e a t  a  time ,  an d 
participant s responde d T R U E o r  F A L S E t o eac h statemen t 
by pressin g on e o f  tw o key s o n th e keyboard .  Immediatel y 
afte r  th e training ,  participant s wen t  o n t o complet e th e 
experimen t  describe d i n Experimen t  I .  Afte r  th e initia l 
training ,  al l  materials ,  instructions ,  an d procedure s wer e 
identica l  t o thos e use d i n Experimen t  I . 

Results and Discussion 

As i n Experimen t  1 ,  respons e time s exceedin g th e deadline , 
incorrec t  responses ,  an d thos e followin g a n incorrec t 
respons e t o a  primin g questio n wer e omitte d fro m al l 
analyses .  A  2  (prim e type )  X  2  (targe t  type )  repeate d 
measure s A N O V A wa s conducted . 

The patter n o f  result s i n thi s experimen t  wa s ver y simila r 
t o tha t  obtaine d fo r  Mandari n speaker s i n Experimen t  1 . 
Ther e wa s n o mai n effec t  o f  prime ,  F  (1 ,  31 )  =  1.29 , 
2=.27 .  Unlik e untraine d Englis h speakers ,  participant s 
traine d i n th e ne w syste m fo r  talkin g abou t  tim e wer e no t 
significantl y faste r  t o answe r  tim e question s afte r  horizonta l 
prime s ( M -  223 5 msecs ,  S D =  59 9 msecs )  tha n afte r 
vertica l  prime s ( M =  230 0 msecs ,  S D =  58 8 msecs) . 
However ,  jus t  a s wa s th e cas e wit h Mandari n speakers , 
ther e wa s a  significan t  interactio n betwee n prime-typ e an d 
target-type ,  F  (1 ,  31 )  =  5.40 ,  p  <.05 .  Jus t  lik e Mandari n 
speaker s an d untraine d Englis h speakers ,  traine d participant s 
wer e faste r  t o answe r  th e relativ e before/afte r  targe t 
question s afte r  horizonta l  prime s ( M =  214 1 msecs )  tha n 
afte r  vertica l  prime s ( M = 233 4 msecs) .  A s predicted ,  th e 
patter n wa s exactl y reverse d fo r  th e absolut e earlier/late r 
targets .  Lik e th e Mandari n speakers ,  an d unlik e th e 
untraine d Englis h speakers ,  traine d participant s wer e faste r 
t o solv e earlier/late r  target s afte r  vertica l  prime s ( M = 226 6 
msecs )  tha n afte r  horizonta l  prime s ( M =  233 0 msecs) . 
Overall ,  Englis h speaker s wh o wer e traine d t o tal k abou t 
tim e usin g vertica l  above/belo w terms ,  showe d a  patter n o f 
result s ver y simila r  t o tha t  o f  Mandari n speakers .  Thes e 
result s confir m that ,  eve n i n th e absenc e o f  othe r  cultura l 
differences ,  difference s i n talkin g ca n indee d lea d t o 
difference s i n thinking . 

Conclusions 

I n th e real m o f  abstrac t  domain s lik e time ,  one' s nativ e 
languag e appear s t o exer t  a  stron g influenc e o n ho w on e 
think s abou t  th e world .  I n Experimen t  1 ,  Mandari n 
speaker s relie d o n a  "Mandarin "  wa y o f  thinkin g abou t  tim e 
eve n whe n the y wer e thinkin g abou t  Englis h sentences . 
Mandari n speaker s wer e mor e likel y t o thin k abou t  tim e i n 
vertica l  term s whe n a n absolut e referenc e fram e wa s used , 
but  no t  whe n a  relativ e referenc e fram e wa s used .  Thi s 
patter n o f  result s i s predicte d b y th e wa y Mandari n talk s 
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about  time ;  vertica l  term s ar c use d i n a n absolut e reference 
frame ,  an d horizonta l  term s ar e use d i n relativ e referenc e 
frames .  Englis h speaker s wer e alway s mor e likel y t o thin k 
about  tim e horizontall y becaus e horizonta l  spatia l  term s 
predominat e i n Englis h tempora l  descriptions .  I n 
Experimen t  2 ,  nativ e Englis h speaker s w h o ha d jus t  bee n 
traine d t o tal k abou t  tim e usin g vertica l  term s showe d a 
patter n o f  result s ver y simila r  t o tha t  o f  Mandari n speaker s 
i n Experimen t  I .  Thi s finding  confirm s tha t  th e effec t 
observe d i n Experimen t  1  i s drive n b y difference s i n 
language ,  an d no t  b y othe r  non-linguisti c cultura l 
differences .  Further ,  thes e result s sho w tha t  learnin g a  ne w 
way t o tal k abou t  a  familia r  domain ,  ca n chang e th e wa y 
one think s abou t  tha t  domain .  Languag e ca n b e a  powerfu l 
too l  i n shapin g abstrac t  thought .  W h e n sensor y 
informatio n i s scarc e o r  inconclusiv e (a s i s th e cas e wit h 
th e domai n o f  time) ,  language s appea r  t o pla y a n importan t 
rol e i n determinin g ho w thei r  speaker s think . 
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