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In t roduct ion 

I t is the task of ag ronomic-economic r e s e a r c h to help the 

f a r m e r choose among al ternative technical possibilities he has to 

choose in a cer ta in si tuation. Answe r i ng such quest ions can be 

v e r y h a rd indeed ; the agronomist is often in a difficult position 

b e c au s e he h a s both to take into account a g r ea t number of f ac tors 

and to include some which a r e difficult to m e a s u r e . T h e s e difficulties 

apply par t icu lar ly for the agr icul tur is t studying the economics of milk 

p roduct ion . He must know which al ternative possibilities of a mixed 

f a rming-sys tem of Western E u r o p e should be under tak ing . What a r e 

the financial c o n s e q u e n c e s , for example , of an i n c r e a s e of the g r a s s 

yield through an i n c r e a s e in the nitrogen d r e s s i ng via the cycle : 

soi l , c rop and cattle ? To a lifestock f a r m e r , wo rd s of mathematician 

B R O S S ' b o o k "Des ign for Decis ion" apply par t icular ly : " I t is 

much m o r e difficult to be a good f a rme r than a good mathematician 

b e c au s e the f a rme r mus t deal with so many vague and complex 

p r o b l e m s " . I t is the task of r e s e a r c h to give solutions to these 

p r ob l ems . 
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C l e a r l y it i s n e c e s s a r y , in m a k i n g a jus t i f ied c h o i c e b e t w e e n 

a l t e r n a t i v e s , to h a v e a t o n e ' s d i s p o s a l a q uan t i t a t i ve d e s c r i p t i o n ( a s 

c o m p l e t e a s p o s s i b l e ) of t h e t e c h n i c a l p o s s i b i l i t i e s a n d t h e i r c o n s e 

q u e n c e s . W h e t h e r o n e h a s to a d v i s e t h e f a r m e r with t h e h e l p of 

p r o g r a m m i n g m o d e l s , o r to a n a l y s e a c e r t a i n f a r m r e s u l t , t h i s 

k n o w l e d g e i s a l w a y s n e c e s s a r y . I n t h e f i r s t c a s e , t h e t e c h n i c a l 

r e l a t i o n s h i p s a r e t a k e n f o r g r a n t e d ; in t h e s e c o n d c a s e , t he 

a c c e n t l i e s on t he e x p l a n a t i o n of c e r t a i n p h e n o m e n a . T h e p r o c e d u r e s 

c o r r e s p o n d s i n c e o n e i s m a k i n g a r e p r e s e n t a t i o n of t h e r e l a t i o n s h i p 

o r p h e n o m e n o n b y m e a n s of m o d e l s in bo th c a s e s . I n t he f i r s t c a s e , 

t h e m o d e l i s a s s u m e d to b e k n o w n ; in t h e s e c o n d c a s e , t he m o d e l 

i s c o n s t r u c t e d a s an h y p o t h e s i s w h o s e r e a l i t y i s t e s t e d b y an e x p e r i m e n t 

C o n s e q u e n t l y r e s e a r c h c o n c e r n s i tself with t h e m o d e l m a i n l y a s 

a n h y p o t h e s i s . I n t h i s p a p e r , w e d e a l on ly with p r o b l e m s i nvo lv ing 

t h e i n v e s t i g a t i o n into t h e e x p l a n a t i o n of r e l a t i o n s h i p s . We k n o w , h o w e v e r 

t h a t t he r e s u l t s of t h i s r e s e a r c h c a n b e u s e d f o r all s o r t s of 

p r o g r a m m i n g p u r p o s e s . 

U s e of m o d e l s in a g r i c u l t u r a l r e s e a r c h 

Wha t d o w e u n d e r s t a n d b y m o d e l s a n d w h a t a r e t h e i r f unc t i on s 

in r e s e a r c h ? M o d e l s a r e s impl i fy ing a b s t r a c t i o n s of r e a l i t y , in w h i c h 

on ly t h o s e e l e m e n t s a l r e a d y f am i l i a r to u s a n d w h i c h a r e of r e a l i t y in 

t h e s c i e n c e c o n c e r n e d , a r e c o n s i d e r e d . T h e a b s t r a c t i o n i s e x p r e s s e d 

in s o m e l a n g u a g e , t h a t m a y b e in w o r d s o r in d i a g r a m s , m a t h e m a 

t i ca l ly o r m a t e r i a l l y . Within t h e g i v en l imi ts w e t r y to d e s c r i b e t h e 

r e a l i t y a s c o m p l e t e l y a s p o s s i b l e • 

I t i s of g r e a t i m p o r t a n c e in r e s e a r c h t h a t t h e s e m o d e l s s h o u l d 

h a v e t he a t t r i b u t e t ha t t h e c o n c l u s i o n s d r a w n f r o m t h e m ho ld t r u e 

f o r r e a l i t y . I n o t h e r w o r d s , t h e r e a l i t y of a n a s s u m e d m o d e l i s 

c l o s e l y c o n n e c t e d with t h a t of t h e c o n c l u s i o n s . I t a l s o a p p e a r s t ha t 

t h e h y p o t h e s e s , s o i m p o r t a n t f o r p r o g r e s s in s c i e n c e s , a r e v e r y 

s u i t a b l e f o r b e i n g e x p r e s s e d in m o d e l s . I n t h i s w a y w e ob ta in t h e 

c o n n e c t i o n b e t w e e n m o d e l s and r e s e a r c h a s f o l l o w s . A s in all 
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empir ica l s c i ence s the systematic i n c r e a s e of our knowledge in 

agr icul tura l r e s e a r c h is acquired by the formulation of hypo the se s , 

which a r e tested against reality by means of observa t ions and p r e 

d ic t ions . Ab sence of a g r eemen t between observa t ions and predict ions 

r e jec t s the hypothesis ; p r e s e n c e makes the hypothesis mo r e 

a ccep t ab l e . In connection with the complex and pract ical c h a r a c t e r 

of a g r i cu l t u r e , it a p p e a r s fruitful to build models in the form of 

mathematical equa t ions . In view of the par t icu lar c h a r a c t e r of the 

object , e . g . plant o r milk p roduct ion , some difficulties a r e met in 

the testing and quantifying of the p a r a m e t e r s of the mode l s . T h e s e 

difficulties a r e also p r e s en t in o ther s c i ences such as sociology, 

economy and a s t r onomy . 

I t is c l e a r that the ultimate c r i te r ion in agr icul ture is that 

product ion mus t be e x p r e s s e d in some economic t e r m s . In the 

mode l , production ( e . g . the milk yield in k g . p e r h a . , will be 

b rought in c au sa l relation with a number of f a c t o r s . In a simple 

c a s e the function has the following form : milk yield depends on 

the amounts of roughage and c on c en t r a t e s . This is a v e r y simple 

mode l , which applies p e r h ap s for cow stall feeding under cer ta in 

condi t ions . I t is much m o r e difficult, h o w e v e r , to r e la te farm 

economic r e su l t s with the amount of d r e s s i ng s of n i t rogen . No 

d i r ec t relation be tween these two fac tors exists and all kinds 

of f ac tors may i n t e r f e r e . I t is c l e a r , h o w e v e r , that the hypothetical 

model of t hese re la t ionships becomes m o r e complex and that 

testing and quantifying will encounter some difficulties. The following 

g roups can be distinguished among those f ac tors which influence 

the yield o r economic r esu l t s of an operation : 

a) controllable f ac tors which can be v a r i ed , such as d r e s s i n g s 

of ni trogen and amount of concen t ra t e s ; 

b) p r e - de t e rm ined o r non-changeab le f a c t o r s , which can be 

m e a s u r e d p revious ly o r predicted : soil profile and ground—water 

l eve l , s ize of holdings, number of c ows p e r h a . , e t c . ; 
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c ) u n c o n t r o l l a b l e o r n on—changeab l e f a c t o r s , w h i c h c a n n o t b e 

p r e d i c t e d s u c h a s w e a t h e r , d i s e a s e s a nd p e s t s , e c o n o m i c s i t u a t i o n , 

e t c . 

T h e c o m p l e x c h a r a c t e r of p r o d u c t i o n , e s p e c i a l l y u n d e r f a r m 

c o n d i t i o n s , a nd the p e c u l i a r a t t r i b u t e s of t h e a b o v e m e n t i o n e d f a c t o r 

g r o u p s h a v e c e r t a i n c o n s e q u e n c e s in r e s e a r c h f o r t h e c o n s t r u c t i o n 

a nd t e s t i n g of m o d e l s . 

I t i s we l l—known t h a t t he t e s t i n g of a h y p o t h e s i s in n a t u r a l 

s c i e n c e s t a k e s p l a c e m a i n l y b y m e a n s of an a r t i f ic ia l v a r i a t i o n , 

c e t e r i s - p a r i b u s , a c c o r d i n g to t he i d e a t ha t a c h a n g e of a f a c t o r , 

a s s u m e d to b e a c a u s e , m u s t a l s o r e s u l t in a c o r r e s p o n d i n g c h a n g e 

of t h e e f fec t . I n t h i s , t h e c e t e r i s — p a r i b u s a s s u m p t i o n i s v e r y i m p o r t a n t . 

T h e i n t r o d u c t i o n of a v a r i a t i o n i s difficult o r i m p o s s i b l e w h e n w e a r e 

d e a l i n g with f a c t o r s of t h e s e c o n d o r t h i r d g r o u p , f o r t h e y a r e n o t 

c h a n g e a b l e . A s t r o n o m y s h o w s t h a t it i s p o s s i b l e to ob t a in i m p o r t a n t 

r e s u l t s in s c i e n c e w i thou t a r t i f i c ia l c h a n g e . F u r t h e r m o r e , it i s 

d u b i o u s w h e t h e r t h e c e t e r i s — p a r i b u s p r i n c i p l e , u n d e r an a r t i f i c ia l 

c h a n g e , c a n b e m a i n t a i n e d in m a n y c a s e s . C h a n g e s in g r o u n d w a t e r 

t a b l e o r in d r e s s i n g s of n i t r o g e n c a u s e a c h a i n of c h a n g e s of 

o t h e r f a c t o r s w h i c h c a n , in t u r n , affect p r o d u c t i o n . T h e r e s u l t 

i s t h a t c o n c l u s i o n s a b o u t a f a c t o r c a u s i n g a p h e n o m e n o n c a n n o t 

b e d r a w n . A l s o , it i s difficult to i n v e s t i g a t e e f fects of c e r t a i n c h a n g e s 

u n d e r f a r m c o n d i t i o n s . R e s t r i c t i o n s u n d e r f a r m c o n d i t i o n s , c o s t s , e t c . , 

p r e v e n t t h e i n t r o d u c t i o n of e x p e r i m e n t s wi th a r t i f ic ia l c h a n g e s in f a r m 

e c o n o m i c r e s e a r c h . T h e r e a r e p e r h a p s p o s s i b i l i t i e s in c e r t a i n 

p r o d u c t i o n b r a n c h e s of a r t i f i c ia l c h a n g e s w h i c h c a n b e m e a s u r e d 

a p a r t f r o m u n c o n t r o l l e d c h a n g e s . E x a m p l e s m igh t i n c l u d e f e ed i ng 

w h i c h t a k e s p l a c e in t h e c o w s t a l l a n d with p u r c h a s e d f e ed i ng 

s tuffs o n l y . 

A s e c o n d difficulty i s t he g r e a t n u m b e r of f a c t o r s w h i c h i n f l u ence 

t h e p r o d u c t i o n a nd t h e i r i n t e r d e p e n d e n c e . I n p r a c t i c e , c o n s e q u e n t l y , 

t h e r e s e a r c h w o r k e r a l w a y s h a s to i n v e s t i g a t e m a n y f a c t o r s t o g e t h e r . 
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T h e n o r m a l e x p e r i m e n t , with wh i ch t he i n f luence of o n e o r t w o 

f a c t o r s i s i n v e s t i g a t e d , i s no t wel l fitted to s o l v e p r a c t i c a l q u e s t i o n s . 

I t i s a wel l—known fac t t h a t an i n c r e a s e in t h e n u m b e r of f a c t o r s 

i n v e s t i g a t e d s o o n b e c o m e s i m p o s s i b l e ; a n i n c r e a s e in t h e n u m b e r 

of f a c t o r s i n c r e a s e s t h e s i z e of t h e e x p e r i m e n t , b y wh i ch t he r e s i 

du a l v a r i a n c e ( i n ev i t a b l e wi th field e x p e r i m e n t s ) b e c o m e s the m a i n f a c 

t o r . A l t hough s t a t i s t i c i a n s h a v e t r i e d to e l im ina t e t h i s d r a w b a c k by-

i n t r o d u c i n g t h e p r i n c i p l e of c o n f o u n d i n g , a s a t i s fy ing so lu t ion h a s not 

y e t b e e n o b t a i n e d . 

T h e l imi ta t ion r e m a i n s , t ha t t h e r e s u l t s of t h e s e e x p e r i m e n t s 

on ly ho ld f o r t h e s p e c i a l c o nd i t i o n s of s o i l , c l i m a t e , t r e a t m e n t , e t c . 

u n d e r w h i c h t he e x p e r i m e n t w a s c o n d u c t e d . T h e e x p e r i e n c e i s , 

t h e r e f o r e , t ha t t h e r e s u l t s of t he d i f f e ren t i n v e s t i g a t i o n s c a n d i v e r g e 

s t r o n g l y . T h e r e s e a r c h w o r k e r c a n t r y to s o l v e t h i s difficulty b y 

c a r r y i n g out a l a r g e n u m b e r of e x p e r i m e n t s to ob t a in a g ood s a m p l e 

of p r o d u c t i o n c i r c u m s t a n c e s . H o w e v e r , on ly an a v e r a g e r e s u l t i s 

o b t a i n e d . N e i t h e r d o e s a s u b - d i v i s i o n , a c c o r d i n g to g e o g r a p h i c a l 

u n i t s , u s u a l in s o c i o l o g y , s a t i s f y . Without a m o r e p r o f ound a n a l y s i s 

of t h e f a c t o r s c a u s i n g t he d i f f e r e n c e s , an e x t r a p o l a t i o n f r om t he 

a v e r a g e r e s u l t to f u t u r e i nd iv idua l c a s e s r e m a i n s d a n g e r o u s . 

S u c h an a n a l y s i s i s p o s s i b l e , h o w e v e r , s i n c e t he t e s t h y p o t h e 

s i s n e e d no t b e r e s t r i c t e d to e m p i r i c a l d a t a o b t a i n ed b y a n a r t i f ic ia l 

c h a n g e o n l y . U n d e r t h e i n f l u ence of n a t u r a l s c i e n c e s , m a n y r e s e a r c h 

w o r k e r s a r e of t h e op in ion t h a t t h e s o - c a l l e d e x p e r i m e n t wi th a n 

a r t i f i c ia l c h a n g e / c o n t r o l l e d e x p e r i m e n t ( l ) _ / i s t h e only c o r r e c t 

m e t h o d . H o w e v e r , it i s qu i t e f e a s i b l y p o s s i b l e to t e s t a h y p o t h e s i s 

b y m e a n s of d a t a f r o m a n e x p e r i m e n t w i thou t t h i s a r t i f ic ia l c h a n g e 

/ u n c o n t r o l l e d e x p e r i m e n t ( 1 ) / , in wh i ch t he v a r i a t i o n of n a t u r e i s 

u s e d . A s f a r a s t h e logic of e x p e r i m e n t a t i o n i s c o n c e r n e d , t h i s 

d i s t i nc t i on i s of no a c c o u n t a t a l l . T h e t e s t i n g of t h e h y p o t h e s i s b y 

( 1 ) I n t h e D j t c h l a n g u a g e r e s p e c t i v e l y " p r o e f m e t i n g r e e p " a n d 
" p r o e f z o n d e r i n g r e e p " , in t he G e r m a n l a n g u a g e " E x p e r i m e n t 
mi t E ing r i f f " a n d " E x p e r i m e n t o h n e E i ng r i f f " . 
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m e a n s of d e d u c t i o n with g i ven p r e d i c t i o n s i s d e c i s i v e . T h e w o r d 

" e x p e r i m e n t " , d e r i v e d f r o m the la t in v e r b " e x p e r i r i " , i . e . to t e s t 

e x p r e s s e s t h i s a l r e a d y . H o w e v e r , b y t h e m e t h o d s a n d r e s u l t s of 

t h e p h y s i c a l a n d c h e m i c a l s c i e n c e s , t h e w o r d " e x p e r i m e n t " h a s c o m e 

to h a v e qu i t e a d i f f e r en t s e n s e , v i z . a r t i f i c ia l c h a n g e , a nd the o r i g i 

na l s e n s e i s often f o r g o t t e n . Of c o u r s e , it m u s t b e s a i d t ha t an 

u n c o n t r o l l e d e x p e r i m e n t a l s o i n v o l v e s c e r t a i n difficult ies , p a r t i c u l a r l y 

in ob t a i n ing a suff ic ient s e p a r a t i o n b e t w e e n t h e p o s s i b l e c a u s a l 

f a c t o r s . T h e difficult ies of a c o n t r o l l e d e x p e r i m e n t s h o u l d not b e 

u n d e r s t a t e d e i t h e r . We h a v e m e n t i o n e d a l r e a d y the u n r e a l a s s u m p t i o n 

of t h e c e t e r i s — p a r i b u s s i t u a t i o n . I n a p r e v i o u s p a p e r w e c o m p a r e d 

t h e a d v a n t a g e s a nd t h e d i s a d v a n t a g e s of bo th m e t h o d s . I t w a s 

e v i d e n t t h a t an e x p e r i m e n t w i t hou t a r t i f i c ia l c h a n g e m a k e s it p o s s i b l e 

to t e s t a n d to quant i fy m o d e l s in w h i c h f a c t o r s of t h e s e c o n d a nd 

t h i r d g r o u p a r e t a k e n up ; f a c t o r s t h e r e f o r e w h i c h a r e no t o r a r e 

h a r d l y c h a n g e d , a n d b y wh i ch d i f f e r e n c e s b e t w e e n t h e r e s u l t s of 

t h e e x p e r i m e n t s c a n b e e x p l a i n e d . 

T w o — v a r i a b l e m o d e l s ; s i n g l e e q u a t i o n 

Which m o d e l s a n d w h i c h f unc t i on s a r e g e n e r a l l y u s e d in a g r i 

c u l t u r a l r e s e a r c h ? I n t h e f o l l owing d i s c u s s i o n w e h a v e t r i e d to 

i l l u s t r a t e t h e s t a t e m e n t s wi th e x a m p l e s d e r i v e d f r o m i n v e s t i g a t i o n s 

in to milk p r o d u c t i o n , bu t it i s v e r y difficult to find a p p r o p r i a t e 

e x a m p l e s . T h e g e n e r a l c o m p l a i n t in t h e l i t e r a t u r e a v a i l a b l e i s t ha t 

v e r y little i s k n o w n a b o u t t h e n a t u r e of t h e funct ion r e p r e s e n t i n g t he 

r e l a t i o n s h i p b e t w e e n feeding—stuff a nd m-'lk p r o d u c t i o n . B y f o r c e of 

c i r c u m s t a n c e s w e h a v e t a k e n e x a m p l e s d e r i v e d out of o u r o w n soi l 

f e r t i l i ty s t u d i e s . We r e s t r i c t o u r s e l v e s , f o r t h e p r e s e n t , to m o d e l s 

w h i c h c a n b e d e s c r i b e d in a s i n g l e e q u a t i o n with o ne o r m o r e 

f a c t o r s . 

T h e m o s t s i m p l e m o d e l i s t h e h y p o t h e s i s t ha t t h e y i e ld d i f f e r e n 

c e s c a n b e e x p l a i n e d b y o n e o r m o r e f a c t o r s w i thou t a f u r t h e r 

d e s c r i p t i o n of t h e f unc t ion f o r m . T h i s i s t h e po in t of v i e w of t h e 
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a n a l y s i s of v a r i a n c e . T h e d r a w b a c k , of c o u r s e , i s t ha t a p o s s i b i l i t y 

to i n t e r p o l a t e a nd to e x t r a p o l a t e i s difficult b e c a u s e of t h e a b s e n c e of 

a f u n c t i on . E c o n o m i c i n t e r p r e t a t i o n s a r e difficult in t ha t c a s e . 

A n o t h e r p o s s i b i l i t y i s t h e m o d e l r e p r e s e n t e d b y a l i n e a r e q u a 

t ion : a un i t i n c r e a s e of t h e i n d e p e n d e n t v a r i a b l e i n c r e a s e s t h e 

e ffect b y a c o n s t a n t a m o u n t , r e g a r d l e s s of t h e v a l u e of t h e f i r s t 

v a r i a b l e . W e k n o w t h a t t h i s a s s u m p t i o n i s , in m a n y c a s e s , no t 

r e a l , e s p e c i a l l y in mi lk p r o d u c t i o n i n v e s t i g a t i o n s : t h e l i n e a r i t y c a n 

b e u s e fu l in a l imi ted r e g i o n of t h e p r o d u c t i o n . H o w e v e r , a c c o r d i n g 

to e x p e r i e n c e s in a g r i c u l t u r a l r e s e a r c h it wou ld s e r v e a m o r e u s e fu l 

p u r p o s e to u s e n o n - l i n e a r f unc t i on s wh i ch a l l ow r e a c h i n g a m a x i m u m . 

T h e r e a r e a d v a n t a g e s in c h o o s i n g t he m o s t s i m p l e func t ion in t h i s 

c a s e . I n t h e l i t e r a t u r e m a n y e q u a t i o n s h a v e b e e n p r o p o s e d . T h e 

m o s t w e l l - k n o w n e q u a t i o n i s t h e M i t s c h e r l i c h e qua t i on ( fo l lowed b y a 

d e p r e s s i o n ) . S o m e o t h e r f u nc t i on s a r e i n c l u d e d b e l o w : 

y = A ( l - 10~ ) M i t s c h e r l i c h 

y = a x C o b b - D o u g l a s 

_ z / j £E±i ) n 

y = A . 10~ a+i v o n B o g u s l a w s k i - S c h n e i d e r 
2 

y — bx — e x 

y = b \ /x - e x 

We n o w a b a n d o n d i s c u s s i o n of t h e g e n e r a l a nd p a r t i c u l a r p r o p e r t i e s 

of t h e s e f u n c t i o n s . P o r t h i s , w e r e f e r to t h e p ub l i c a t i on of H E A D Y and 

D I L L O N a nd to t h e p a p e r of H O F F M A N N a nd D O R P E L . 

T h e s e e q u a t i o n s h a v e o n e t h ing in c o m m o n . T h e y a r e d e v e l o p e d 

m a i n l y h e u r i s t i c ; t h e i r t h e o r e t i c a l b a s e i s v e r y s m a l l . B y th i s w e 

m e a n to s a y t h a t t h e r e i s n o p r e f e r e n c e f o r s o m e e qu a t i on f r om a 

p h y s i o l o g i c a l o r a b i o c h e m i c a l s t a n d p o i n t . T h e only t h e o r e t i c a l d e r i v a 

t ion w e k n o w i s t h e o n e f o r t h e M i t s c h e r l i c h e qua t i on by L I N S E R 

a n d K A I N D L in t h e field of p l an t n u t r i t i o n . I t i s s t r i k i n g i n d e e d 

t h a t s o little b a s i c r e s e a r c h on p r o d u c t i o n f unc t i ons h a s b e e n u n d e r t a k e n 

I t a p p e a r s t h a t w e a r e u r g e n t l y in n e e d of m o r e b i o log i ca l l y d e r i v e d 

e q u a t i o n s , e s p e c i a l l y in v i e w of t h e g r e a t p o s s i b i l i t i e s w h i c h 

c o m p u t e r s g ive in t h e so lu t ion of t h e s e e q u a t i o n s . 
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P e r s o n a l p r e f e r e n c e d e t e r m i n e s wh i ch e qua t i on i s c h o s e n 

u l t i m a t e l y . T h e c h o i c e i s often m a d e b y t he s u g g e s t i o n of t he o b s e r 

v a t i o n a l d a t a p r o v i d e d . A s t u d y on milk p r o d u c t i o n by H E A D Y , 

S C H N I T T K E R , J A C O B S O N and B L O M M , l e a v e s t h e c h o i c e 

b e t w e e n t h r e e f u n c t i o n s , v i z . t h e l o g a r i t h m i c , t h e q u a d r a t i c o r t he 

s q u a r e r o o t e q u a t i o n s . I t i s c l e a r t ha t t h e funct ion u l t imate ly c h o s e n 

s h o u l d b e u s e d a g a i n a s an h y p o t h e s i s in t h e n ex t i n v e s t i g a t i on ; 

e x p e r i e n c e s h o w s t h a t t h i s h a s often no t b e e n d o n e . T h e u n c e r t a i n t y 

a b o u t t h e func t ion to b e u s e d a nd the impos s i b i l i t y to c o m p u t e a t 

t ha t t ime ( t h e r e w e r e no c a l c u l a t i n g m a c h i n e s ) a r e r e a s o n s w h y 

o v e r t h e l a s t 30 y e a r s t he g r a p h i c m e t h o d in o u r so i l fer t i l i ty 

r e s e a r c h h a s d e v e l o p e d , a l w a y s e m p l o y i n g s u g g e s t i o n s p r o v i d e d by 

o b s e r v a t i o n a l d a t a . T h e s a m e m e t h o d h a s b e e n e m p l o y e d in e c n omic 

r e s e a r c h in t h e U n i t e d S t a t e s of A m e r i c a . A s an e x a m p l e w e s h o w 

in F i g u r e 1 t h e r e s u l t s of a n i n v e s t i g a t i on on t he r e l a t i o n s h i p b e t w e e n 

p o t a s h - s t a t u s of t h e so i l a n d t h e l o s s in po t a to y ie ld w i thout p o t a s h -

d r e s s i n g e x p r e s s e d in p e r c e n t a g e s of t h e m a x i m a l y i e l d . E a c h po in t 

r e p r e s e n t s t h e r e s u l t of o ne field e x p e r i m e n t , t h e d i f f e r e n c e s in 

p o t a s h - s t a t u s a r e a c q u i r e d w i thou t a r t i f ic ia l c h a n g e b y t ak ing n a t u r a l 

s i t u a t i o n s . We m a y e x p e c t t ha t t he d i f f e r e n c e s b e t w e e n t he g r a p h i c 

a n d n u m e r i c a l m e t h o d will b e s m a l l . 

M u l t i - v a r i a b l e m o d e l s ; s i n g l e e qua t i on 

We k n o w t h a t t w o - v a r i a b l e m o d e l s m o s t l y do not m e e t t h e n e e d s 

of a c o m p l e t e o r s a t i s fy ing d e s c r i p t i o n of p r o d u c t i o n p r o c e s s e s . 

With a v i e w to t h i s d e s c r i p t i o n , f unc t i ons with m o r e f a c t o r s h a v e 

b e e n d e v e l o p e d s u c h a s : 

y = b l X l + b 2 x 2 + 

A ( 1 - 1 0 ~ ° 1 X 1 ) ( 1 - 1 0 ~ 2 2 ) M i t s c h e r l i c h 

b b 
a x . 1 x 2 Cobb—Doug l a s 

1 2 B 

y = b ^ + b 2 x 2 + b 1 2 X l x 2 
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T h e p r o p e r t i e s of t h e s e e q u a t i o n s will no t be d i s c u s s e d e i t h e r , 

a l t hough t h e y a r e i m p o r t a n t in c o n n e c t i o n with s u c h t e r m s a s i s oc l i ne s 

s ub s t i t u t i on r a t e s , e t c . We on ly po in t to t h e p o s s i b i l i t y of i n c l ud ing 

e q u a t i o n t e r m s f o r i n t e r a c t i o n s ; in t h e l a s t e q u a t i o n s , t h e p r o d u c t 

t e r m r e p r e s e n t s t h e i n t e r a c t i o n . A l t hough t he i n t e r a c t i o n , in o u r 

o p i n i o n , i s m o s t l y n o n e o t h e r t h an a w o r d to m a r k o u r l a ck of 

k n o w l e d g e . F i g u r e 2 s h o w s a t e s t e d m o d e l with i n t e r a c t i o n in w h i c h 

t he effect of p o t a s h — d r e s s i n g d e p e n d s on t h e po t a sh—s ta tu s of t h e s o i l . 

T h e e x t r e m e c o n s e q u e n c e s of t h e p o s s i b i l i t i e s of an e x p e r i m e n t 

w i t hou t a r t i f i c ia l c h a n g e a nd of m n l t i - v a r i a t e m o d e l s a r e t he i n v e s t i 

g a t i o n s in wh i ch t h e r e s e a r c h w o r k e r t r i e s to f ind , in a g r a p h i c o r 

n u m e r i c a l w a y , a n e x p l a n a t i o n f o r t h e d i f f e r e n c e s in y ie ld o r e c o n o 

m i c f a r m r e s u l t s b y m e a n s of s i n g l e p l o t s o r f a r m s , r e s p e c t i v e l y . A 

m o d e l h a s b e e n d r a w n up w h i c h a i m s to g ive an e x p l a n a t i o n of t h e 

to tal v a r i a n c e p r e s e n t in n a t u r e . T h e upbu i l d ing of t h e m o d e l with 

m a n y f a c t o r s g o e s r a t h e r f a r . I n c o n t r a s t to t h e d e s i g n of t h e a n a 

l y s i s of v a r i a n c e , to m a k e t h e r e s t v a r i a n c e a s s m a l l a s p o s s i b l e , 

t h e s e m u l t i - f a c t o r i a l i n v e s t i g a t i o n s a r e i n t e r e s t i n g e s p e c i a l l y in a 

l a r g e s t a r t i n g v a r i a n c e . F i g u r e 3 s h o w s t h e p o s s i b i l i t y of a u c h an 

a n a l y s i s b y m e a n s of t h e c o r r e l a t i o n b e t w e e n a c t u a l a n d e s t i m a t e d 

y i e l d s . T h i s a n a l y s i s w a s b a s e d on a m o d e l with t h i r t e e n f a c t o r s , 

of w h i c h n i n e h a d a s t a t i s t i c a l l y s i gn i f i can t i n f l u e n c e . F i g u r e 4 s h o w s 

t he d e c r e a s e of t h e y i e ld v a r i a n c e b y s u c c e s s i v e e l imina t ion of t h e 

f a c t o r i n f l u e n c e s . T h e d i a g r a m a l s o s h o w s a p h e n o m e n o n w h i c h i s 

p r o b a b l y m o r e g e n e r a l : wh i l e m a n y f a c t o r s h a v e a s m a l l i n f l u e n c e , 

o n ly a f ew f a c t o r s h a v e a r e l a t i v e l y g r e a t i n f l u e n c e . We will r e t u r n 

l a t e r to t h i s s u b j e c t . 

Multi—equation m o d e l s , c h a i n p r o c e s s e s 

T h e e q u a t i o n s of t h e m o d e l a d i s c u s s e d a b o v e a r e e s s e n t i a l l y 

n o r m a l r e g r e s s i o n e q u a t i o n s . T h e r e g r e s s i o n m o d e l i s c h a r a c t e r i s e d 

b y t h e h y p o t h e s i s t h a t a c a u s a l r e l a t i o n s h i p e x i s t s b e t w e e n t he s o -

c a l l ed i n d e p e n d e n t o r c a u s a l f a c t o r s a n d t h e d e p e n d e n t f a c t o r o r 

1 0 1 
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ef fec t . I t i s a l s o a s s u m e d t h a t a c h a n g e in an i n d e p e n d e n t f a c t o r 

a f fec ts t h e d e p e n d e n t v a r i a b l e on ly a nd d o e s no t affect t h e o t h e r 

i n d e p e n d e n t f a c t o r s . T h e s a m e a s s u m p t i o n m u s t a l s o b e m a d e in t he 

e x p e r i m e n t with a r t i f i c ia l c h a n g e a c c o r d i n g to t h e c e t e r i s - p a r i b u s 

p r i n c i p l e . We f i nd , h o w e v e r , t h a t t h e s e a s s u m p t i o n s a r e no t often 

in a g r e e m e n t with t h e f a c t s , bo th in t h e e x p e r i m e n t with a r t i f ic ia l 

c h a n g e a nd in t h e e x p e r i m e n t w i thou t t h i s c h a n g e . T h i s m e a n s tha t 

t h e a s s u m e d m o d e l i s i n c o r r e c t a nd c a n n o t b e a p p l i e d . 

We c a n d e m o n s t r a t e t h i s b y m e a n s of an e x a m p l e f r om an 

i n v e s t i g a t i o n c o n c e r n i n g the f a c t o r s a f fect ing the m a g n e s i u m c o n t e n t 

of h e r b a g e . A t f i r s t , a n o r m a l r e g r e s s i o n m o d e l w a s c o n s t r u c t e d 

a nd t e s t e d b y o b s e r v a t i o n s out of an u n c o n t r o l l e d e x p e r i m e n t . T h e 

d i a g r a m in F i g u r e 5 s h o w s t h e h y p o t h e t i c a l m o d e l w h e r e m a g n e s i u m 

c o n t e n t of t h e h e r b a g e i s t h e d e p e n d e n t v a r i a b l e o r e f fec t . F u r t h e r 

it i s a s s u m e d t h a t t h e f a c t o r s m a g n e s i u m , p o t a s h a nd h u m u s c o n t e n t 

of t h e s o i l , t h e c r u d e - p r o t e i n c o n t e n t a n d t h e p r o p o r t i o n of w e e d s 

in t h e h e r b a g e , will i n f l u ence c a u s a l l y t h e m a g n e s i u m c o n t e n t of t he 

h e r b a g e . I n t h e d i a g r a m t h e s e i n f l u en c e s a r e m a r k e d b y a r r o w s ; 

t h e r a t e a n d t h e d i r e c t i o n a r e c a l c u l a t e d f r o m t he o b s e r v a t i o n s . T h u s 

w e a s s u m e t ha t a c h a n g e of t h e m a g n e s i u m c on t en t of t h e so i l on ly 

a f fects t h e m a g n e s i u m c o n t e n t of t h e h e r b a g e bu t d o e s no t affect t h e 

c r u d e - p r o t e i n c o n t e n t a nd t h e p r o p o r t i o n of w e e d s . H o w e v e r , w e 

k n o w f r o m o t h e r i n v e s t i g a t i o n s t ha t t h i s i s no t t r u e ; the m o d e l i s 

t h e r e f o r e n o t a c c e p t a b l e . E s s e n t i a l l y w e m e e t , in t h i s c a s e , a 

s o - c a l l e d c h a i n p r o c e s s , w h i c h i s no t d e s c r i b a b l e b y m e a n s of o n e 

e q u a t i o n . 

T h e d i a g r a m in F i g u r e 6 d e s c r i b e s a m o d e l of t h e s e r e l a t i o n 

s h i p s w h i c h a r e p r o b a b l y m o r e in a g r e e m e n t with r e a l i t y . T h e 

v a r i a b l e s c r u d e - p r o t e i n c o n t e n t a nd t h e p r o p o r t i o n of w e e d s a r e no t 

only t a k e n a s i n d e p e n d e n t v a r i a b l e s ; bo th v a r i a b l e s a r e n o w c a u s e 

a s we l l a s e f fec t . A c h a n g e of t h e m a g n e s i u m c o n t e n t of t he so i l 

a f fects t h e m a g n e s i u m c o n t e n t of t h e h e r b a g e no t on ly d i r e c t l y bu t 

a l s o i n d i r e c t l y v i a t h e c h a i n : p r o p o r t i o n of w e e d s a nd c r u d e -

p r o t e i n c o n t e n t . T h e m o d e l of F i g u r e 5 w i thou t t h e s e c h a i n p r o c e s s e s 
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Figure 5 

REGRESSION MODEL WITH MAGNESIUM CONTENT OF THE HERBAGE AS DEPENDENT VARIABLE, 

OTHER VARIABLES AS INDEPENDENT CAUSAL VARIABLES 
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can be represented by one equation 

y l = a l X l + a2X2 + a3X3 + a4X4 + a 5 X 5 ' 

the second model needs a system of the following three equations : 

^3 + a l2X2 + a l3X3 
y = t>. y„ + b , y + a. x + a x 
' l 12*2 1373 " '" -

y2 = b23y3 + a21X l + a22X2 " a
2 3

X
3 

y3 = a31X l + a32X2 + a33X3 + &34X4 

Such system? of equations can be solved by the method of 

path co-efficients. The term "path" is concerned with paths via 

which the influence is effected. By this method the hypothesis for

mulated in a model concerning these relationships is tested and 

quantified. The influence is represented by the path co-efficient, 

giving the rate and direction of the effect change for every unit change 

of the causal variable. Table 1 gives the results of the analysis of 

the model shown in Figure 6, 

The general form of an equations system describing a chain 

process is as follows : 

b l i y i + • • • • + blMyM + a l l X l + • • • • + a i L X L = «1 

b 2 l y l + • • • • + b2MyM + a21Xl + • • • • + a2LXL = U
2 

b Ml y i + • • • • + bMMyM + aMlX l + • • • • + a M L \ ~ % 

It is clear that some path co-efficients ' a ' and ' b ' (a priori) 

may be assumed to be zero in real models. By means of this 

method it is also possible to investigate models in which feedback 

systems are included. In our opinion, such models are to be 

preferred to the normal regression models, especially by reason of 

their closer correspondence to the reality. It is possible to use 

non-linear functions in these systems. The method is closely related 

to the method of simultaneous equations as used in econometrics. 

1 0 5 
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Ex t r eme c a s e s of such models a r e those on which factor 

analysis is b a s e d . The number of limiting conditions in a factor 

analys is model is small ; a s a r e su l t the sys tem of equations has 

become so—called unidentifiable — an exact solution cannot be obtai

ned by mathematical a rgument s only. The schematic d iagram of such 

a model is given in F i gu r e 7 . The causa l x—variables , h e r e named 

P , a r e unknown. Next the analysis t r i e s to calculate t hese F - v a r i a -

bles a s so -ca l l ed a s p e c t s . Th is factor analysis is not only important 

for the testing of such mode l s , it can a lso be u sed to provide ideas 

for d r awing up a m o r e limited hypo thes i s . The possibilities of this 

analys is a r e many . The method is v e r y sui table, for example , to 

indicate and to quantify the ecological p r ope r t i e s of g r a s s e s g rown 

unde r na tura l condi t ions . The s tart ing point for the analysis is the 

matr ix of co r re la t ion co-efficients be tween soil f ac tors and soc io lo

gical c h a r a c t e r i s t i c s , in this c a s e the f requency p e r cen t age s of the 

g r a s s e s . The factor analysis with a following rotation of the a spec t 

axes r esu l ted in a number of a spec t s given in Table 2 , of which the 

f irst a spec t r e p r e s e n t s the g r a s s react ion to wa te r supply. The 

differences in n u m b e r s running from plus one to minus one a r e a 

m e a s u r e of this r e ac t ion . The positive n umbe r s show the hydrophile 

c h a r a c t e r , the negative ones the drought r e s i s t e n c e . The most 

r emarkab le r e su l t is that it is obtained by a mathematical analysis 

followed by a rotation to the simple s t r u c t u r e only. The choice of a 

rotation to the s imple s t r uc tu r e is b a s ed on the a l r eady mentioned 

phenomenon, that many fac tors have a small influence and only few 

fac tors have a g r e a t one . A rotation of the model to simple s t r uc tu r e 

t r i e s to r e a c h the s ame situation. In the Ne t he r l and s , the Ag r i cu l 

tura l Economics R e s e a r c h Institute is using this factor analysis model 

in f a rm management r e s e a r c h . 
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T a b l e 2 

I n t e r d e p e n d e n c e s of so i l f a c t o r s a n d 

f r e q u e n c y p e r c e n t a g e s of g r a s s e s ; 

a s p e c t v a l u e s a f t e r r o t a t i o n to s i m p l e s t r u c t u r e 

F a c t o r 

p H ( K C l ) 

H u m u s c o n t e n t 

S i l t c o n t e n t 

S a n d c o n t e n t 

S p e c i f i c s u r f a c e s a n d 

M a g n e s i u m c o n t e n t so i l 

P h o s p h a t e c o n t e n t soi l ( w a t e r ) 

P h o s p h a t e c o n t e n t ( c i t r i c a c i d ) 

P o t a s h c o n t e n t 

C o p p e r c o n t e n t ( A s p . ) 

D i s t a n c e f a r m 

D e p t h c l ay—laye r 

T h i c k n e s s h u m u s — l a y e r 

M o i s t u r e c o n t e n t 

G r o u n d w a t e r l e v e l 

F l u c t u a t i o n 

N i t r o g e n d r e s s i n g 

P h o s p h a t e d r e s s i n g 

P o t a s h d r e s s i n g 

P o a p r a t e n s i s L . 

F e s t u c a r u b r a L . 

A s p e c t s 

1 

0 , 655 

0 , 684 

0 , 8 1 1 

- 0 , 8 8 1 

0 , 6 7 1 

0 , 5 7 5 

- 0 , 1 3 7 

0 , 6 5 0 

- 0 , 04 9 

0 , 6 4 7 

0 , 3 1 8 

0 , 1 9 7 

0 , 0 2 3 

0 , 6 1 1 

0 , 6 2 6 

- 0 , 4 9 5 

- 0 , 151 

0 , 0 0 7 

0 , 0 2 3 

- 0 , 4 0 1 

0 , 3 8 3 

2 

- 0 , 2 4 6 

- 0 , 0 9 8 

- 0 , 2 9 8 

0 , 2 4 2 

- 0 , 2 6 1 

- 0 , 3 8 5 

0 , 5 5 0 

0 , 184 

0 , 6 9 1 

- 0 , 3 4 0 

0 , 0 2 9 

0 , 3 6 0 

- 0 , 0 0 4 

- 0 , 124 

- 0 , 3 8 1 

- 0 , 2 1 4 

0 , 3 5 2 

0 , 4 6 1 

0 , 5 3 8 

0 , 0 5 2 

- 0 , 1 3 1 

3 

- 0 , 2 0 9 

0 , 0 0 3 

- 0 , 1 1 3 

0 , 0 74 

- 0 , 2 5 8 

0 , 2 6 6 

0 , 2 5 5 

0 , 1 1 2 

0 , 3 9 6 

- 0 , 0 9 6 

- 0 , 4 9 3 

- 0 , 0 4 0 

- 0 , 0 3 8 

- 0 , 0 6 2 

- 0 , 0 7 5 

0 , 0 5 9 

0 , 3 5 7 

- 0 , 0 3 7 

0 , 2 5 2 

0 , 103 

- 0 , 4 1 2 

4 

- 0 , 074 

- 0 , 2 4 0 

0 , 0 0 3 

0 , 110 

- 0 ,0 28 

- 0 , 1 5 2 

0 , 0 1 0 

0 , 2 4 3 

- 0 , 4 63 

0 , 0 5 5 

0 , 0 2 0 

0 , 3 8 0 

0 , 5 6 8 

0 , 400 

- 0 , 4 09 

- 0 , 0 23 

0 , 3 2 0 

0 , 0 5 9 

0 , 116 

0 , 2 4 8 

0 , 2 9 8 

1 0 8 



A g r o s t i s t e n u i s S i b t h . 

L o l i u m p e r e n n e L . 

P o a a n n u a L . 

A l o p e c u r u s g e n i c u l a t u s L . 

A g r o p y r o n r e p e n s P . B . 

P e s t u c a p r a t e n s i s H u d s . 

P o a t r i v i a l i s L . 

A g r o s t i s s t o l o n i f e r a L . 

D a c t y l i s g l o m e r a t a L • 

A c h i l l e a Mil lefol ium L . 

R a n u n c u l u s r e p e n s L . 

C a r d a m i n e p r a t e n s i s L . 

C a r e x s t o l o n i f e r a H o p p e 

G l y c e r i a m a x i m a H o l m b . 

R a n u n c u l u s a c e r L . 

R u m e x A c e t o s a L . 

H o l c u s l a n a t u s L . 

A n t h o x a n t h u m o d o r a t u m L . 

C e n t a u r e a J a c e a L . 

B e l l i s p e r e n s i s L , 

C y n o s u r u s c r i s t a t u s L . 

A l o p e c u r u s p r a t e n s i s L . 

L u z u l a c a m p r e s t i s L a m . 
e t D . C . 

T r i f o l i um r e p e n s L . 

B r o m u s mo l l i s L . 

P h l e u m p r a t e n s e L,, 

T a r a x a c u m off icinale W e b . 

L e o n t o d o n a u t u m n a l i s L . 

P h a l a r i s a r u n d i n a c e a L • 

Qua l i t y f i g u r e g r a s s 

- 0 , 3 4 1 

- 0 , 2 5 4 

- 0 , 2 1 9 

0 , 3 2 1 

- 0 , 2 4 6 

0 , 7 8 7 

0 , 3 1 4 

- 0 , 105 

- 0 , 1 1 1 

- 0 , 2 7 0 

0 , 0 5 1 

0 , 3 4 6 

0 , 7 1 6 

0 , 8 0 7 

0 , 2 9 7 

0 , 3 9 3 

0 , 2 7 4 

0 , 172 

0 , 174 

0 , 0 9 9 

0 , 0 4 6 

0 , 14 1 

- 0 , 1 3 7 

- 0 , 1 0 4 

- 0 , 0 6 9 

0 , 0 2 4 

- 0 , 1 1 6 

- 0 , 2 2 9 

- 0 , 2 0 7 

0 , 0 5 0 

•0 , 2 5 9 

• 0 , 2 1 7 

0 , 2 5 2 

0 , 3 0 1 

0 , 0 7 5 

- 0 ,024 

- 0 , 7 2 6 

- 0 , 1 8 6 

0 , 0 6 9 

0 , 0 7 2 

- 0 , 4 27 

- 0 , 5 2 1 

0 , 0 9 9 

- 0 , 0 1 8 

- 0 , 3 4 4 

- 0 , 1 5 2 

- 0 , 1 8 3 

- 0 , 2 4 6 

- 0 , 2 0 1 

- 0 , 4 82 

- 0 , 3 0 0 

- 0 , 04 7 

0 , 0 3 3 

- 0 , 2 0 3 

0 , 0 3 1 

0 , 0 1 1 

- 0 , 0 8 3 

- 0 , 1 9 9 

0 , 176 

- 0 , 1 9 6 

- 0 , 2 1 3 

0 , 2 8 2 

0 , 5 6 3 

0 , 3 3 6 

0 , 3 7 2 

- 0 , 0 05 

0 , 0 3 4 

- 0 , 3 6 5 

0 , 1 5 6 

0 , 2 2 7 

- 0 , 0 8 6 

- 0 , 0 2 5 

- 0 , 1 6 5 

- 0 , 1 3 8 

- 0 , 4 8 9 

- 0 , 4 14 

- 0 , 5 68 

- 0 , 6 7 6 

- 0 , 2 5 1 

- 0 , 101 

- 0 , 2 3 2 

0 , 0 2 2 

- 0 , 5 5 6 

- 0 , 0 4 1 

- 0 , 2 1 6 

0 , 3 0 9 

0 , 129 

0 , 2 5 6 

0 , 0 6 2 

0 , 2 6 6 

-0 , 44 6 

- 0 , 166 

-0 , 0 6 9 

• 0 , 3 5 7 

0 , 3 2 6 

0 , 154 

0 , 1 8 1 

- 0 , 1 0 7 

0 , 3 4 2 

0 , 1 8 1 

- 0 , 2 1 8 

0 , 0 0 4 

0 , 0 4 3 

0 , 2 1 4 

- 0 , 181 

0 , 2 7 2 

- 0 , 1 3 4 

- 0 , 0 2 0 

0 , 2 0 2 

0 , 3 0 7 

- 0 , 3 7 3 

0 , 2 5 2 

- 0 , 0 2 3 

- 0 , 5 4 5 

0 , 3 3 7 

0 , 124 

0 , 6 7 1 

0 ,080 

- 0 , 0 1 5 

- 0 , 1 0 3 

1 0 9 



S u m m a r y 

We have the expe r i ence that c ausa t ion , especial ly in agr icu l tura 

phenomena , is complex, and that the method of analysis used in natur 

s c i ence is not sa t isfactory in all r e s p e c t s . Some sugges t ions for 

d isentanging this complexity based on the following ideas a r e g iven. 

The f i rs t point is connected with the notion that in agr icul tura l 

r e s e a r c h , with its applied c h a r a c t e r , the hypothesis e x p r e s s e d in a 

model and followed by a testing has to supply the main contribution 

to new knowledge . Accord ing to ou r expe r i ence this is f requently 

forgot ten . 

The second point is the idea that this testing c an also be 

c a r r i e d out with observa t iona l data f rom exper iments without artificial 

change (uncontrolled e x p e r i m e n t s ) . 

The third point is the knowledge that the r e s e a r c h w o r k e r can 

choose be tween many models and funct ions. In this it is not n e c e s 

s a r y to confine the choice to functions with few fac tors and to 

r e g r e s s i o n mode l s , in which the c e t e r i s - p a r i b u s principle must be 

a s sumed . 

Definite advice on which a pp roach and which models and 

functions should be c hosen cannot be g iven. E a c h problem must 

s eek its own method of analysis and each r e s e a r c h w o r k e r mus t 

go his own way and choose his own mode l s . 
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