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Abstrac t 

The menta l  mode l  theor y postulate s tha t  reasoner s buil d model s 
of  th e situation s describe d i n premises ,  an d tha t  eac h mode l 
represent s a  possibility .  Th e presen t  pape r  propose s tha t  causa l 
relations ,  suc h a s A  cause s B  an d A  allow s B .  hav e meaning s tha t 
concer n onl y possibilitie s an d a  tempora l  constrain t  tha t  B  canno t 
preced e A .  Thi s theor y predict s tha t  cause s an d enablin g 
condition s diffe r  i n meanings ,  contrar y t o a  lon g traditio n i n 
philosoph y an d psycholog y tha t  the y ar e logicall y 
indistinguishable .  I t  als o predict s tha t  individual s shoul d reaso n 
about  causatio n o n th e basi s o f  menta l  model s rathe r  tha n o n full y 
explici t  models .  Thre e experiment s corroborate d thes e 
predictions . 

Introduction 
Peopl e reaso n abou t  causa l  relation s i n orde r  t o predic t  wha t 
wil l  happen .  Fo r  example ,  give n th e followin g inference : 

A prevent s B . 
B cause s C . 
W h at  follows ? 

most  peopl e respond :  A  prevent s C ,  bu t  thi s conclusio n i s 
invalid .  Ou r  goa l  i n th e presen t  pape r  i s t o presen t  a  theor y 
of  causatio n tha t  predict s thi s phenomeno n an d tha t  give s a 
genera l  accoun t  o f  bot h th e meanin g o f  causa l  relation s an d 
of  h o w peopl e reaso n fro m them .  Th e theor y i s  base d o n 
menta l  models .  Ou r  pla n i n wha t  follow s is ,  first,  t o outlin e 
th e theor y o f  menta l  model s an d it s  extensio n t o causa l 
relations ;  second ,  t o explai n h o w enablin g condition s an d 
cause s differ ;  and ,  third ,  t o describ e h o w menta l  model s 
underli e causa l  deductions . 

The Mental Model Theory of Causal Relations 
The menta l  mode l  theor y postulate s tha t  reasonin g i s a 

semanti c process ,  whic h depend s o n understandin g th e 
meanin g o f  premise s an d usin g thi s meanin g t o envisag e th e 
situation s tha t  ar e possibl e give n th e trut h o f  th e premise s 
(Johnson-Lair d an d Byrne ,  1991) .  A  menta l  mode l 
accordingl y represent s a  possibility ,  an d it s  structur e an d 
conten t  captur e wha t  i s  c o m m o n t o th e differen t  way s i n 
whic h th e possibilit y m a y occur .  A  conclusio n i s necessar y 

-  i t  mus t  b e tru e -  i f  i t  hold s i n al l  th e model s o f  th e premises . 
I t  i s  possibl e -  i t  m a y b e tru e -  i f  i t  hold s i n a t  leas t  on e 
model  o f  th e premise s (Bel l  an d Johnson-Laird ,  1998) . 
A n d it s probabilit y -  it s  likelihoo d o f  bein g tru e -  depend s 
on th e proportio n o f  model s o f  th e premise s i n whic h i t  i s 
tru e (Johnson-Laird ,  Legrenzi ,  Girotto ,  Legrenzi ,  an d 
Caverni ,  1998) .  Th e principl e o f  trut h i s a  fundamenta l 
assumptio n o f  th e theory :  i n orde r  t o minimiz e th e loa d o n 
workin g m e m o r y ,  menta l  model s normall y represen t  onl y 
what  i s  true .  Thi s principl e applie s a t  tw o levels : 
individual s represen t  onl y tru e possibilities ;  an d withi n thos e 
possibilitie s the y represen t  th e litera l  proposition s i n th e 
premise s onl y w h e n the y ar e true .  Conside r  th e followin g 
exclusiv e disjunction ,  fo r  example : 

Ther e i s a  no t  a  circl e o r  els e ther e i s a  triangle . 
Th e menta l  model s o f  th e disjunctio n represen t  onl y th e tru e 
possibilities ,  an d withi n them ,  the y represen t  onl y thei r  tru e 
components : 

-" O 

where '->' denotes negation, 'o' denotes a model of the circle, 
'• '  denote s a  mode l  o f  th e triangle ,  an d eac h ro w denote s a 
model  o f  a  separat e possibility .  Hence ,  th e firs t  mode l  doe s 
not  represen t  explicitl y  tha t  i t  i s  fals e tha t  ther e i s a  triangl e 
i n thi s case ;  an d th e secon d mode l  doe s no t  represen t 
explicitl y  tha t  i t  i s  fals e tha t  ther e i s no t  a  circl e i n thi s case . 
Reasoner s m a k e a  'menta l  footnote '  t o kee p trac k o f  thi s 
fals e information ,  bu t  thes e footnote s ar e soo n likel y t o b e 
forgotten .  Indeed ,  th e failur e t o cop e wit h falsit y give s ris e 
t o illusor y inference s abou t  moda l  conclusions ,  i.e . 
inference s tha t  nearl y everyon e makes ,  bu t  tha t  ar e wron g 
(Johnson-Lair d &  Goldvarg ,  1997) .  Onl y full y  explici t 
model s o f  wha t  i s  possibl e give n th e exclusiv e disjunctio n 
represen t  th e fals e component s i n eac h model : 

-l O -> ' 

0 • 
wher e a  fals e affirmativ e (ther e i s a  triangle )  i s represente d 
by a  tru e negation ,  an d a  fals e negativ e (ther e i s no t  a  circle ) 
i s represente d b y a  tru e affirmative . 

Th e theor y deal s wit h causa l  relation s i n a  natura l  way . 
It s first  assumptio n i s  tha t  causa l  relation s concer n physica l 
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possibilitie s an d plac e a  tempora l  constrain t  o n them .  Th e 
relatio n A  cause s B  mean s tha t  ther e ar e thre e possibilities : 

a b 
-• a b 
-> a -> b 

and tha t  B  canno t  preced e A  i n time .  Likewise ,  A  allow s 
B mean s tha t  ther e ar e thre e possibilities : 

a b 
a -l b 

-> a  -l b 
and tha t  B  canno t  preced e A  i n time .  Thes e possibilitie s 
correspon d t o full y  explici t  model s o f  th e premises ,  bu t  th e 
theor y postulate s tha t  logically-untraine d individual s 
normall y represen t  onl y thos e possibilitie s i n whic h A  an d B 
ar e true .  Thus ,  thei r  menta l  model s o f  A  cause s B  ar e a s 
follows : 

a b 

where the ellipsis represents those possibilities in which A is 
false .  Tabl e 1  present s th e menta l  model s an d th e full y 
explici t  model s o f  th e fou r  principa l  causa l  relations . 

Table 1: The mental models and the fully explicit models of 

th e fou r  mai n causa l  relations . 

Causal Relation Mental Models Fully Explicit Models 

A cause s B 

A allow s B 

a b 

a b 

A prevent s B  a  - i  b 

A allow s not- B a -l b 

a b 
na b 
Ta -l b 

a b 
a -l b 

na ^ b 

a -lb 
-. a b 

T a  - 1 b 

a -^b 

a b 

1 a  b 

The full y explici t  model s o f  A  cause s B  correspon d t o A 
bein g sufficien t  fo r  B .  Similarly ,  th e full y  explici t  model s o f 
A allow s B  correspon d t o A  bein g necessar y fo r  B .  I n bot h 
cases ,  however ,  th e causa l  model s als o embod y a  tempora l 
constrain t  tha t  i s  no t  essentia l  fo r  necessar y o r  sufficien t 
conditions .  Ther e are ,  o f  course ,  man y othe r  way s t o 
describ e eac h o f  th e causa l  relations .  I f  bot h A  cause s B  an d 
A allow s B .  the n a  stron g causa l  relatio n hold s betwee n the m 
correspondin g t o th e followin g models : 

a b 
-l a -l b 

Likewise ,  ther e i s a  stron g relatio n tha t  combine s A  prevent s 
B an d A  allow s not-B : 

a -l b 

-l a b 

E x p e r i m e n t  1 : 

Causa l  Possibilitie s 

Our  firs t  experimen t  wa s designe d t o tes t  th e theor y 
embodie d i n Tabl e 1 .  Th e participants '  tas k wa s t o lis t  th e 
tru e possibilitie s an d th e fals e possibilitie s fo r  fiv e causa l 
assertions .  The y wer e th e thre e relations :  A  cause s B .  A 
allow s B .  an d A  prevent s B :  an d tw o differen t  way s o f 
paraphrasin g cause :  A  prevent s not-B .  an d not- A allow s not -
B.  W e devise d fiv e lexica l  content s tha t  wer e rotate d ove r 
th e relation s fo r  differen t  participants ,  s o tha t  eac h 
participan t  sa w eac h conten t  jus t  once ,  bu t  i n th e experimen t 
as a  whol e eac h conten t  occurre d equall y ofte n wit h th e five 
relations .  Th e content s ar e illustrate d b y th e followin g 
examples : 

Exercis e tha t  i s excessiv e cause s th e developmen t  o f 
angina . 

Use o f  sola r  energ y prevent s th e occurrenc e o f 
globa l  warming . 

Twent y Princeto n undergraduate s carrie d ou t  th e experiment . 
They wer e tol d t o lis t  al l  possibilitie s tha t  woul d mak e a n 
assertio n tru e an d al l  possibilitie s tha t  woul d mak e i t  false . 
They coul d lis t  the m i n an y order .  Th e mode l  theor y make s 
thre e mai n predictions .  First ,  a s Tabl e 1  implies ,  th e 
participant s shoul d lis t  bot h tru e case s an d fals e cases . 
Second ,  the y shoul d star t  wit h th e possibilitie s correspondin g 
t o th e menta l  model s o f  th e relations .  Third ,  the y shoul d 
ten d t o confus e allow s wit h causes ,  becaus e the y hav e th e 
same menta l  models . 

Experiment 2: 

Enabling Conditions and Causes 

Many philosopher s an d psychologist s hav e argue d tha t  ther e 
i s n o logica l  distinctio n betwee n th e meanin g o f  enablin g 
condition s (a s expresse d b y allows )  ̂ n d cause s (se e e.g . 
Mill ,  1843 ;  Mackie ,  1980 ;  Har t  an d Honore ,  1985) .  What 
the n doe s distinguis h them ? A  wid e variet y o f  answer s i s t o 
be foun d i n th e literature :  enablin g condition s occu r  earl y bu t 
cause s immediatel y precipitat e th e effec t  (Mill ,  184 3 ) ; 
enablin g condition s ar e c o m m o n bu t  cause s ar e rar e (Har t 
and Honore ,  1985) ;  enablin g condition s ar e th e nor m bu t 
cause s violat e th e nor m (se e e.g .  Kahnema n an d Tversky , 
1982 ;  Kahnema n an d Miller ,  1986 ;  Einhor n an d Hogarth , 
1986) ;  enablin g condition s ar e constan t  bu t  cause s ar e 
inconstan t  (Chen g an d Novick ,  1991) ;  enablin g condition s 
ar e irrelevan t  t o explanation s bu t  cause s ar e relevant(e.g . 
Mackie ,  1980 ;  Turnbu U an d Slugoski ,  1988 ;  Hilto n an d Er b 
,  1996) .  An d ther e ar e stil l  othe r  view s (se e Hesslow ,  1988 , 
fo r  a  review) . 

Al l  o f  thes e hypothese s coul d b e true ,  yet ,  a s Experimen t  1 
showed ,  peopl e ca n dra w a  distinctio n betwee n th e meanin g 
of  enabUn g condition s an d causes .  Th e tw o ar e logicall y 
distinct .  W e propos e tha t  causa l  interpretatio n depend s 
cruciall y o n ho w peopl e conceiv e th e circumstance s o f 
events ,  tha t  is ,  o n th e particula r  state s tha t  the y conside r  t o b e 
possible ,  whethe r  real ,  hypothetical ,  o r  counterfactual . 
Consider ,  fo r  example ,  th e followin g scenario : 
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1.  Give n tha t  ther e i s goo d sunlight ,  i f  a  certai n ne w 
fertilize r  i s use d o n poo r  flowers ,  the n the y gro w 
remarkabl y well .  However ,  i f  ther e i s no t  goo d sunlight , 
poor  flower s d o no t  gro w wel l  eve n i f  th e fertilize r  i s 
used o n them . 

The circumstance s describe d her e correspon d t o th e tull y 
explici t  possibilities : 

Sunligh t  Fertilize r  Grow-wel l 
Sunligh t  - > Fertilize r  Grow-wel l 
Sunligh t  - I  Fertilize r  - < Grow-wel l 

-> Sunligh t  Fertilize r  - > Grow-wel l 
-I  Sunligh t  - > Fertilize r  - < Grow-wel l 

I n thes e circumstances ,  sunligh t  i s  a n enablin g conditio n fo r 
th e flower s t o gro w well : 

Sunligh t  Grow-wel l 
Sunligh t  - > Grow-wel l 

-I  Sunligh t  - •  Grow-wel l 
I n contrast ,  al l  fou r  possibl e contingencie s occu r  concernin g 
th e fertilize r  an d th e flower s growin g well .  But ,  th e sunligh t 
enable s th e fertilize r  t o caus e th e flower s t o gro w well . 

Now,  conside r  th e followin g scenario : 
2.  Give n th e us e o f  a  certai n ne w fertilize r  o n poo r  flowers , 

i f  ther e i s goo d sunligh t  the n th e flower s gro w 
remarkabl y well .  However ,  i f  th e ne w fertilize r  i s no t 
used o n poo r  flowers ,  the y d o no t  gro w wel l  eve n i f 
ther e i s goo d sunlight . 

Thes e circumstance s correspon d t o th e possibilities : 
Sunligh t  Fertilize r  Grow-wel l 

-1 Sunligh t  Fertilize r  Grow-wel l 
-I  Sunligh t  Fertilize r  - > Grow-wel l 

Sunligh t  - 1 Fertilize r  - > Grow-wel l 
-1 Sunligh t  - > Fertilize r  - •  Grow-wel l 

I n thes e circumstances ,  th e respectiv e causa l  role s hav e bee n 
swappe d around :  th e fertilize r  enable s th e sunligh t  t o caus e 
th e flower s t o gro w well .  I n bot h thes e cases ,  th e caus e an d 
th e enablin g conditio n hav e differen t  meaning s an d neithe r 
of  the m i s constan t  i n th e circumstance s . 

Experimen t  2  teste d whethe r  2 0 Princeto n Undergraduate s 
coul d distinguis h cause s an d enablin g conditions .  Chen g an d 
Novic k (1991 )  showe d tha t  individual s coul d distinguis h 
the m i n case s wher e th e enablin g condition s wer e constan t 
and th e cause s wer e inconstant .  Ou r  ai m wa s t o sho w tha t 
the y coul d d o s o whe n neithe r  enablin g condition s no r  cause s 
wer e constant .  W e prepare d eigh t  pair s o f  scenario s suc h a s 
th e example s above ,  i n whic h ther e wer e tw o precursor s t o 
th e effec t  an d thei r  respectiv e role s a s enablin g conditio n an d 
caus e wer e counterbalance d i n th e tw o scenarios .  W e als o 
prepare d version s o f  th e pair s o f  scenario s i n whic h w e 
reverse d th e orde r  o f  mentio n o f  caus e an d enablin g 
condition .  Thu s fo r  th e previou s examples ,  ther e wer e 
scenario s a s follows : 
r .  I f  a  certai n ne w fertilize r  i s use d o n poo r  flowers ,  the n 

give n tha t  ther e i s goo d sunlight ,  the y gro w remarkabl y 
well .  However ,  i f  ther e i s no t  goo d sunlight ,  poo r 
flower s d o no t  gro w wel l  eve n i f  th e fertilize r  i s  use d o n 
them . 

and: 
2' .  I f  ther e i s goo d sunligh t  the n poo r  flower s gro w 

remarkabl y wel l  give n th e us e o f  a  certai n ne w 
fertilizer .  However ,  i f  th e ne w fertilize r  i s no t  use d o n 

poo r  flowers ,  the y d o no t  gro w wel l  eve n i f  ther e i s 
goo d sunlight . 

Each participan t  encountere d jus t  on e versio n o f  a  particula r 
scenario ,  bu t  a n equa l  numbe r  o f  th e fou r  sort s o f  scenari o i n 
th e experimen t  a s a  whole .  Th e orde r  o f  presentatio n wa s 
randomize d fo r  eac h participant .  Th e tas k wa s t o identif y th e 
enablin g conditio n an d th e caus e i n eac h scenario ,  an d th e 
experimen t  include d tw o fille r  item s -  on e i n whic h ther e 
wer e tw o join t  cause s an d on e i n whic h ther e wer e n o causes . 
The participant s correctl y identifie d th e enablin g condition s 
and cause s o n 8 5 % o f  trials ,  an d ever y participan t  wa s 
correc t  mor e ofte n tha n no t  ( p =  0.5^) .  Hence ,  individual s 
can distinguis h enablin g condition s fro m cause s eve n i n 
scenario s wher e neithe r  i s  constant . 

Experiment 3: 

Mental Models in Causal Deductions 

The previou s experiment s corroborat e th e mode l  theor y o f 
naiv e causation ,  bu t  the y ma y b e consisten t  wit h othe r 
accounts .  Rip s (1994 ,  p .  33 6 ) ,  fo r  example ,  argue s tha t  i t 
shoul d b e possibl e t o fram e a n accoun t  o f  causa l  reasonin g 
base d o n forma l  rules .  I s ther e an y critica l  tes t  t o sho w tha t 
individual s ar e usin g model s i n reasonin g abou t  causa l 
relations ? Th e answe r  i s tha t  menta l  model s predic t  th e 
occurrenc e o f  certai n systemati c error s i n reasoning . 
Consider ,  first,  a n inferenc e o f  th e followin g form : 

A cause s B . 

B prevent s C . 

What follows? 
The premise s yiel d th e followin g menta l  model s (seeTabl e 

1) : 
a b  - •  c 

Reasoners should therefore conclude: 
A prevent s C . 

The full y explici t  model s o f  th e premise s als o suppor t  thi s 
conclusion ,  an d s o i t  i s  valid .  Second ,  conside r  a n inferenc e 
of  th e followin g form : 

A prevent s B . 
B cause s C . 
What  follows ? 

The premise s yiel d th e followin g menta l  models : 
a -> b 

b c 

Reasoners should therefore conclude: 
A prevent s C 

becaus e A  occur s i n a  mode l  tha t  doe s no t  yiel d C ,  an d C 
occur s i n a  mode l  withou t  A .  I n thi s case ,  however ,  th e 
conclusio n i s invalid .  Th e full y explici t  model s o f  th e 
premise s ar e a s follows : 

a -l b c 
a - > b  -i c 

-• a b  c 
-1 a  -l b c 
-1 a  -l b - 1 c 
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Tabi c 2 :  Th e 1 6 causa l  inference s i n Expxsrimen t  3 ,  an d th e conclusion s tha t  th e menta l  model s o f  th e 

premise s suppor t  (invali d conclusion s ar e asterisked) .  Th e tabl e als o show s th e numbe r  o f  participant s ( n 

= 20 )  w h o dre w th e predicte d conclusion s . 

A cause s B 

F IRS T P R E M I S E 

A allow s B  A  prevent s B Not- A cause s B 

S E C O ND 
PREMISE 

B cause s C 

B allow s C 

B prevent s C 

Nol- B cause s C 

A cause s C : 

* A allow s C : 

A prevent s C : 

* A allow s nol-C : 

20 

19 
20 

8 

*  A  allow s C :  1 8 

A allow s C :  1 9 

* A allow s not-C :  1 4 

A allow s nol- C 1 2 

* A prevent s C : 

A prevent s C : 

* A prevent s C : 

A cause s C : 

19 

20 

15 
17 

Not- A cause s C :  2 0 

*Not- A allow s C :  2 0 

Not- A prevent s C :  2 0 

*Not- A prevent s C:1 5 

As thes e model s show ,  ther e i s n o causa l  relatio n betwee n 

A an d C . 

Experimen t  3  examine d al l  possibl e inference s i n 

whic h th e premise s wer e lai d ou t  i n th e followin g figure : 

A -  B . 
B -  C . 

and eac h o f  th e fou r  causa l  relation s wa s systematicall y 

inserte d i n orde r  t o yiel d th e 1 6 distinc t  inference s show n 

i n Tabl e 2 .  Th e mode l  theor y predict s tha t  reasoncr s 

shoul d dra w a  conclusio n i n al l  1 6 cases ,  bu t  a s th e Tabl e 

shows ,  hal f  o f  thes e conclusion s ar c valid ,  an d hal f  o f 

ihe m ar c invalid . 

Twent y Princeto n undergraduate s carrie d ou t  th e 1 6 

inference s i n rando m orders ,  an d A ,  B ,  an d C ,  referre d t o 

abstrac t  topics ,  e.g .  obedienc e allow s motivatio n t o 

increase ;  increase d motivatio n cause s eccentricit y . 

Thes e content s wer e rotate d ove r  th e se t  o f  inference s s o 

tha t  eac h conten t  occunre d equall y ofte n wit h eac h sor t  o f 

inferenc e i n th e experimen t  a s a  whole .  Th e participant s 

dre w th e predicte d conclusion s whethe r  the y wer e vali d 

(93 % o f  conclusion s a s prxxlictal )  o r  invali d (80 % o f 

conclusion s a s predicted) .  Eac h participan t  dre w mor e 

pnxlictc d tha n unprcdicte d conclusion s ( p =  0.5^ )  an d 1 5 

out  o f  th e 1 6 inference s (Sig n test ,  p  <  0.00) . 

C e n e r a l  D i s c u s s i o n 

The experiment s corroborate d th e mode l  theory' s accoun t 

of  causa l  relations .  Individual s envisag e th e possibilitie s 

correspondin g t o causa l  relations .  The y ca n distinguis h 

betwee n enablin g condition s an d causes ,  eve n though , 

accordin g t o th e mode l  theory ,  neithe r  relatio n necessaril y 

depend s o n th e constan t  presenc e o f  a n anteceden t  (pac e 

Cheng,  1997) .  Likewise ,  a s th e theor y predicts ,  reasoner s 

dre w systematicall y invali d conclusion s supporte d b y th e 

menta l  model s o f  th e premises .  W e hav e carrie d ou t 

othe r  studie s tha t  als o suppor t  th e theory .  W e 

conclud e tha t  individual s represen t  th e meaning s o f  causa l 

relation s i n menta l  models .  Thes e model s denot e 

possibilitie s an d constrai n th e orde r  o f  antecedent s an d 

effects :  effect s d o no t  preced e thei r  antecedents .  Th e 

interpretatio n o f  causa l  relation s depend s o n ho w 

individual s represen t  th e circumstance s ,  i.e. ,  th e model s 

tha t  the y envisag e o f  enablin g conditions ,  causes ,  an d 

effects .  Becaus e menta l  model s d o no t  mak e th e 

possibilitie s full y  explicit ,  reasoner s shoul d b e misle d i n 

th e cas e o f  certai n inferences .  Experimen t  3  corroborate d 
thi s prediction . 

I s ther e an y alternativ e explanatio n o f  ou r  results ? 

One possibilit y  i s  tha t  peopl e us e forma l  rule s o f 

inferenc e t o mak e causa l  deductions .  N o suc h accoun t 

currentl y exists ,  an d i t  i s har d t o se e tha t  i t  coul d account , 

say ,  fo r  th e result s o f  Experimen t  1 ,  whic h depen d o n a 

semanti c interpretatio n o f  causa l  verbs .  Anothe r  clas s o f 

psychologica l  theorie s postulate s tha t  caus e i s a 

probabilisti c  notio n (se e e.g .  Suppes ,  1970 ;  Cheng , 

1997) : 

A caus e B  =^ t  P( B I  A )  >  P( B I  no t  A ) 

I n ou r  view ,  probabilitie s ente r  int o th e inductio n o f 

causa l  relation s fro m empirica l  observations ,  bu t  no t  thei r 

meaning .  Thus ,  fo r  example ,  naiv e reasoner s distinguis h 

betwee n th e assertion : 

Smokin g cause s lun g cance r 

and: 

Smokin g cause s lun g cance r  wit h a  certai n 

probability . 

The latte r  clai m woul d b e superfluou s i f  causa l  claim s 

tacitl y  embodie d probabilities .  Likewise ,  th e definitio n 

abov e applie s equall y t o cause s an d enablin g conditions . 

I n fact ,  caus e ma y appea r  t o b e probabilisti c  becaus e o f 

th e rol e o f  enablin g conditions .  Th e circumstanc e ofte n 

allo w case s i n whic h th e caus e doe s no t  lea d t o th e effect , 

becaus e th e enablin g conditio n fail s  t o hold . 

I s ther e anythin g mor e t o th e meanin g o f  causa l 

relation s apar t  fro m possibilitie s an d th e tempora l 

constraint ? W e hav e ye t  t o discer n an y suc h missin g 

elemen t 
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