
Sinultaneoua Causation

suppose we have collected some data from observing a

person standing wi th  an umbrel ra in  a b lowing ra in .  For

s impl ic i ty  o f  d iscuss j -on,  le t  us suppose that  the densi ty  of

the ra in  and the force of  the wind remain constant  whi le  onry

the d i rect ion of  the wind var j -es,  changing f rom one point  o f

the compass to another as the person stands there trying to

keep a dry face.

Let  Y = amount  of  ra in  in  the face per  un i t  o f  t ime.

X  =  ang le  o f  umbre l l a

the wind.

The f i rs t  s ta tement  of  our

of rain in the face depends on the

stem to the d i rect ion of

theory j .s that the amount

ang le  o f  t he  umbre l l a :

Y  =  a X  +  b .

Here a and b serve to  conver t  un i ts  of  angle in to

uni ts  of  ra in  in  the face per  second and arso to  incorporate

constants  such as the densi ty  of  the ra in ,  the force of  the

wind,  the d iameter  of  the umbrer la ,  and the d is tance of  the

umbre l l a  f rom the  face .  Those  a re  a l r  phys i ca r  cons tan ts .

They could be evaruated us ing a s tat ionary dummy instead of  a
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person .

The phys ica l  l ink here between the angle of  the

umbrel la  X and the ra in  in  the face Y is  the wind carry ing the

rain to the face, the amount arriving there being whatever is

not diverted by the umbrella. No behavior j .ntervenes once the

ang le  o f  t he  umbre l l a  i s  se t .  so  i t  seems ,  € r t  l eas t ,  d t  t h i s

point. Suppose we evaluate the constants and get

Y  =  4 X  +  5 .

Now le t  us look at  the t ink f rom the face to  the

umbrel la .  The person fee ls  ra in  on one s ide of  the face or

the other as the wind shifts direction, and the person moves

the umbrel la  accord ingly .  I f  the person acted instantaneously

and was per fect ly  accurate in  po int ing the umbrel la ,  the

person would get  a lmost  no ra in  in  the face.  As soon as one

drop h i t  the face,  the umbrel la  would turn just  enough to

block the next drop.

But  le t  us say the person is  not  that  sensi t i_ve to

droplets  on the face,  the muscle act ion takes a l i t t le  t ime,

and the person somet imes moves the umbrel la  a l i t t le  too far ,

or  the wind suddenly  reverses i ts  sh i f t ,  and the person lags a

l i t t le  in  fo l lowing.  Fur thermore,  the droplets  do not  a lways

blow in  a s t ra ight  l ine;  the a i r  is  turbulent  past  the edge of

the umbrel la ,  and i t  becomes physica l ly  impossib le  to  avoid

some of  the swir l ing droplets  just  by moving the umbrel la .  So

some ra in s t r ikes the face.  Never theress,  most  o f  the ra in

can be held of f  i f  the person is  suf f ic ient ly  sensi t ive and
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s k i l l f u l .

The amount  of  ra in  that  gets  past  the umbrel la  to  the

face wi l l  depend largely  on the person 's  behavior .  More

exactly, i t  depends on the interaction of the person with the

physics of  the s i tuat j .on.  The amount  wi r r  vary f rom person to

person because of  d i f ferences in  overa l l  sensi t j .v i ty  and

ski l l .  But  the amount  wi l l  a lso vary f rom moment  to  moment

for  any one person because of  i r regular i t ies in  the sh i f t ing

of  the wind,  because of  changing turbulence,  and other

d i f f icu l t ies that  overwherm the capabi t i t ies of  muscles and

umbre I la .

'  Let us use D to stand for what the person does to

change the angle of  the umbrel la .  Then the angle X of  the

umbrel la  wi l l  fo l low f rom Y and D,  i ts  two determinants:

X = a Y + b + D .

Here a and b again serve to convert units. Suppose hre

evaluate the constants  and get

x = t  2 y  + D .

That is the second l ink in our theory. hte can noyt

so lve the two equat ions s imul taneously  to  f ind out  how X and Y

each depend on the behavior  D.  But  before doing that ,  r  should

ment ion that  I  have omi t ted a couple of  character is t ics  of  the

s i tuat ion f rom the equat ions.

F i rs t ,  the amount  of  ra in  in  the face cannot  fo l low y

= aX + b for  any angle X whatsoever .  Once the umbrel la  has

moved to an angle large enough that  i t  is  b lock ing no ra in  at
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al l ,  the ra in  h i t t ing the face is  a t  maximum. No more ra in  is

going to  h i t  the face as the umbrel la  moves to  wider  and wider

angles.  That  equat ion,  therefore,  should be speci f ied to  hold

only  up to  that  maximum. Second,  the angle X should be

speci f ied as an absolute dev iat ion;  we expect  the same amount

of  ra in  in  the face whether  the umbrel la  is  too far  e i ther  to

the le f t  or  the r ight .

Wi th those smal l  mat ters  out  o f  the way,  le t  us so lve

the two equat ions s imul taneously .  We get

y = ( 4 / 9 l D + 1

and

x =  l L / g l D - 1 .

At  the outset ,  i t  seemed obvious that  the angle of  the

umbrel la  could be set  on ly  by the behavior  o f  the person.

Nei ther  the ra in ,  the wind,  nor  the umbrel la  i tse l f  could set

i ts  angle.  So we put  D in to only  the equat ion for  X.  But  now

that  we have so lved the equat ions s imul taneously- - for  both

must hold at every moment--we see that both X and y depend on

D. And that ,  a f ter  a l l ,  j .s  the way i t  should be as the person

stands there moving the umbrella to keep the raj-n off the

face .

Now I must confess that I have delayed an important

part of the theory. The two equations just above tel l  us how

X and Y depend on D, but that is not enough to predict X or y.

Wi l l  D take on any va lue whatsoever? Wi l l  i t  vary randomly?

No, what we say about D is the crux of the matter; what we say
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about i t  is  the predict ion we make of  behavior.  And actual ly,

I  have been saying a lot  about i t  impl ic i t ly .  I  have been

wri t ing as i f  the person would always act  to keep as much rain

as  poss ib le  o f f  the  face ;  tha t  i s ,  as  i f  Y  =  0 .  Le t  us  add

that speci f j -cat ion as the thi rd equat ion in the theory.

BILL:  Here I  have gone ast ray,  and I  canr t  f igure out

what  I  have done wrong.  I  can ' t  seem to la tch on to  how to

get  the reference s ignal  for  zero ra in  in  the face in to the

three equat ions.  Actual ly ,  Y = Q can ' t  be the r ight  way to  do

i t .  I f  I  spec i f y  Y  =  0 ,  t hen  I  can  subs t i t u te  tha t  va lue  i n to

the equat ions that  come out  o f  the s imul taneous so lut ion,  and

I  g e t  c o n s t a n t s :  D  =  - 1 9 / 4 1  a n d  X  =  - ( 5 / 4 1 .  I t  d o e s n r t  s e e m

r ight  to  me that  everyth ing should s impl i fy  to  constants .

Does my t rouble l ie  in  the fact  that  I  am wr i t ing s tat ic

equat ions instead of  d i f ferent ia ls? Or have I  misconceived

the  who le  th ing r  o r  wha t?  I ' 11  go  ahead  and  wr i t e  as  i f  y  =  Q

is the right thing to say so that you can see the kind of

argument  r  want  to  present .  But  r  hope you can te l l  me how to

get the equations to work r ight. AND THANKS.

No\d you can see that the kind of theory I am putt ing

into the three equations cannot be seen in any one of the

equat i .ons s ing ly .  The statement  Y = aX + b is  not  about
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behavior at  a l l ;  i t  is  about physics.  The statement X = aY +

b  +  D  i s  i n  t h e  f o r m  o f  S - O - R .  I t  i s  t h e  l i n e a r  r m o d e l . ' I t  i s

insuff ic ient ,  a lone, to predict  the behavior of  any one

person. And the statement Y = Q j .s about a part icular

indiv idual .  The theory l ies in the choice of  the three

equat ions to  be so lved s imul taneously .  The theory is  about

what is proper to be observed in juxtaposit ion. The theory

asks what ,  g iven cer ta in  phys ica l  events in  the envi ronment

and a certain l ink between the person and the environment,

wi l l  be seen to be held co4s!En!  by the person.

The theory (the three equati.ons together) says that i f

we have a person who wants to  keep a dry face (y  = 0) ,  and i f

the envi ronment  threatens ra in  in  the face (Y) ,  and i f  the

envi ronment  and the person 's  connect ion to  i t  o f fers  a way of

keeping the rai-n of f  the face (D and X) , then what we should

predic t  wi l l  be g iven by the s imul taneous so lut ion to  those

three equat ions.

The theory is  not  a  corre lat ional  one about  input  and

output .  We do not  test  i t  by f i t t ing data to  each l inear

equa t ion  i n  t u rn .  As  I  sa id  ea r l i e r ,  i f  we  co l l ec ted  da ta  fo r

the equat ion for  Yr  w€ would be s tudy ing phys ics,  not

behavior, and the equation would be matched by the data very

c losely  except  for  the ef fects  of  turbulence in  the f low of

a i r .

I f  we nere to  take the equat ion for  X by i tse l f r  w€

would have no way to  evaluate i t  for  a  s ing le ind iv idual ;  i t
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al lows anything to happen. Using the method of  re lat ive

f requenc ies ,  we might  ca lcu la te  a  mul t ip le  cor re la t ion .  To

evaluate Y, we might ask each person, "How much rain in the

face do you l ike?" We might then note the angle (D)at  which

the person holds the umbrel la.

BILL :  Tha t  doesn ' t  sound  r i gh t ,  e i t he r .

Af ter  we had done that  wi th  30 or  100 peopler  w€ could

calcu late the corre lat ion.  That  would te l l  us how the data

fe l l  i n  t ha t  co l l ec t i on  o f  peop le ,  bu t  i t  wou ld  no t  t e l l  us

what  was going on in  any s ing le person.

As to the equation Y = 0r we might ask a hundred

people how much ra in they l iked in  the i r  facesr  w€ might  f ind

tha t  mos t  o f  t hem sa id  they  d idn ' t  l i ke  i t  a t  a l l ,  o r  no t

usual ly ,  and we might  postu late a universal  " tendency"  not  to

l ike ra in  in  the face.  That  would not  he lp us,  e i ther ,  to

predic t  the behavi -or  o f  any par t icu lar  person.

The three equations together are meant to predict the

behavior  o f  any par t icu lar  person.  The crux of  the mat ter  is

the person 's  purpose:  Y = 0.  We must  not  assume that  any

person we come across wi l l  prefer  zexo ra in  in  the face.  A

person wi th  a f reshly  made up face,  s tanding on a s t reet

corner trying to get a taxi to take her to a board meeting,
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might  worry  about  every drop.  The same person on a summer 's

day at  the beach might  en joy the warm ra in on her  face.  The

theory in the three simple equations does not undertake to

predic t  the purposes people have.  I t  says s imply  that  i f  the

person wants to  keep a complete ly  dry  face,  then the act ion

w i l l  be  as  spec i f i ed .  I t  says  tha t  t he  ac t i on  i s  a  resu l tan t

of  the s imul taneous requi rements of  the phys ica l  cont ingency Y

= aX + b,  the avai lab i l i ty  o f  the umbrel la  to  do someth ing

about  Y,  and the in ternal  s tandard for  y  = 0.  The test  o f  the

theory is to see whether the person does indeed hold Y at

zero.

We do not  see l inear  causat ion here.  The input .

percept ion of  ra in  on the face does not  produce one par t icu lar

act .  You cannot  even say that  a  cer ta in  amount  of  ra in  on a

cer ta in  par t  o f  the face produces a cer ta in  amount  of  arm

mot ion.  The amount  of  arm mot ion wi l l  depend on how fast  the

wind d i rect ion is  changing,  inc lud ing sudden reversals  of

change.  And i f  we wanted to  th ink s t r ic t ly  in  the S-O-R mode,

we should th ink of  the output  not  as arm mot ion,  but  as muscle

tension, and that wil l  vary even though the arm motj-on is the

same, because of the changing tensions needed to move the

umbrel la  to  a par t icu lar  pos i t ion as the sh i f ts  o f  wind press

upon i t .

The arm mot ion is  not  a  ser ies of  d is t inguishable

acts .  The mot ion is  cont inuous unt i l  the ra in  in  the face

reaches zeto.  Then the muscles reverse against  the iner t ia  of
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the arms and umbrel la  to  s top the mot ion.  But  the muscles do

not  then stop work ing.  They now act  to  hold the umbrel la  in

p lace and the ra in  in  the face to  zero.  The change in  arm

positJ-on is now zero and so is the rate of change, and the

muscles are work ing to  mainta in that  s tate.  The number zero

is  as good a quant i ty  as any other  as far  as the muscles know

anything about the matter, and that zero motion maintains the

zero rain j-n the f ace the person wants.

Once the ra in  has begun,  there is  no c lear  un i t  o f

S-O-R here.  Act ion is  cont inuous,  and the causat ions between

X and Y are s j .mul taneous and c i rcu lar ,  not  l inear  and

sequen t ia l .

Now le t  us pretend the causat ion is  l inear  and that

the person posi t ions the umbrel la  through a ser ies of  S-O-R

sequences.  In  the f i rs t  S-O-R sequence,  a sp lat  o f  ra in  in

the face causes a mot ion of  the umbrel la .  In  the second,  the

mot ion of  the umbrel la  causes a cessat ion of  the ra in  in  the

face,  and so on.  I f  we were to  use our  two equat ions in

a l ternat ion instead of  s imul taneously ,  what  would we predic t?

Let  us begin wi th  no ra in  in  the facet  that  is ,  wi th  Y

= 0.  Then we would predic t

t_0

X = t  2 Y  + d
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Taking X = 1 + D for the second S-O-R' w€ would predict

Y = 4 X + 5

= 4 ( 1  + D ) + 5

= t + 4 D .

Taking Y = ! + 4D for the third S-O-R, w€ tdould Predict

x = 1 - 2 Y + D

=  t  2 1 9  +  4 D )  +  D

= L'I-7D

And so on.  The four th S-O-R would g ive Y = 73 28D,  the

f i f t h  X  =  -145  -  55D,  and  the  s i x th  Y  =  -575  220D.

You can see that we are gett ing new eguations at every

cyc le .  I f  D  va r ies  on l y  a  l i t t l e  up  and  downr  ds  i t  wou ld '

then th is  a l ternat ing use of  the equat ions in  S-O-R fashion

$rould predic t  larger  and larger  osc i l la t ions of  umbrel la  angle

and ra in in  the face as the cyc les cont inue--an absurd

1 L
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predict ion.  A reasonable predict ion about

standing in the rain must be made from the

solut ion of  the equat ions.

this person

simultaneous

Nor could we make a reasonable predic t ion f rom any of

the equat ions s ing ly .  I f  we r r rere to  use the equat ion for  ra in

in  the face Y as a funct ion of  umbrel la  angle X.  we would

learn nothing about the behavior of the person; we could study

a mot ion less dummy, vary ing the angle of  the umbrel la

ourselves to  get  readings of  ra in  in  the face.  I f  we used a

personr  w€ would have to  take very f ine readings,  because the

person would keep the umbrel la  po inted very c losely  in to the

wind (g iven a constant  force of  wind,  not  sudden gusts) .  But

any scat ter  o f  the data poj -nts  would be due to  turbulence.

The fa l l  o f  the data points  would be due ent i re ly  to  the

physics of  the s i tuat ion.  I f  we were to  use the equat ion for

X,  we would be in  the s i tuat ion I  descr ibed ear l ier .  The

equation would not enable us to predict the behavior of a

person taken s ing ly .  We would be forced in to a corre lat ion

over  people.  That  would be pret ty  s i l ly ,  s ince the in ternal

s tandards for  ra in  in  the face would d i f fer  among the people,

and the direction of the wind when we happened to measure

angles would be d i f ferent .

In  sum, the assumpt ion of  s imul taneous causat ion f i ts

the behavior  o f  l iv ing creatures,  one at  a  t ime,  every one at

every t ime.  The assumpt ion of  l inear  causat ion does not .  The

th ing to  predic t  is  the percept ion the person holds constant

L 2
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(no ra in  in  the face) ,  not  a  change in  par t icu lar  act ion

( tens ing of  muscles)  fo l lowing upon a change in  par t icu lar

s t imu la t i on  ( ra in  i n  t he  face ) .  The  l a t te r  k ind  o f  p red i c t i on

j-n not invariant over persons. It  changes with the internal

s tandard  (Doesnr t  t ha t  ra in  fee l  good?) .  I t  changes  w i th  the

environmental events that disturb the perception of

input- -changes of  ra in  densi ty ,  gusts  of  wind,  and so on.  I t

changes with the way the person makes use of environmental

opportunit ies--the distance away from the face the person

ho lds  the  umbre l l a ,  t he  sens i t i v i t y  and  sk i l l  o f  t he  pe rson ,

and even whether the person chooses to use an umbrella to keep

ra in of f  the face instead of  go ing ins ide a nearby bui ld ing.
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