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S i nd e l f i ng e n  

A v a s t  numb e r  o f  d a t a  a n d  r e s ul t s  h a v e  b e en o b t a i n e d  i n  r e c en t  
y e a r s  t h ro u gh i n t e n s i v e  exam i n a t i on s  o f  r o a d  a c c i d e n t s and t h e i r  
s i mu l a t i on o n  exp erimen t a l  p l an t s .  S u r p ri s i n g  s t a t em en t s  w e r e  
f r e q u e n t l y  d e ri v e d , t h e  c re d i b i l i t y o f  wh i c h g a v e  m a n y  a n  exp e r t  
a h e a d a c h e . Now a s  b e f o r e  i t  i s  the b i om e chani c a l  p r in c i p l e s  
whi c h ,  b e c a u s e  s t i l l  l i t t l e  e xp l o red , a g g r av a t e a c o n s e qu e n t  im
provement o f  v e h i c l e s  i n  the s e n s e  o f  i n c r e a s i n g  the p a s s i v e  
s a f e t y .  Wi t h  t h e  r e l e v a n t  b i om e c h an i c a l  exp e ri me n t s ,  i t  i s  o f t e n  
e x t r e m e l y  d i f f i c u l t  t o  u n c o v e r  s a f e  and g e n e r a l l y  v a l i d  c o n 
n e c t i on s , s i n c e  a g r e a t  n um b e r  o f  i n f lu e n c e  p a rame t e r s  a l ways 
d i f f e r  from e x p e r i m e n t  to exp e ri m en t . An imp o r t an t  s t ep wi t h  t h e  
t r e a t m e n t  o f  s u c h  d a t a  quan t i t i e s  i s  t h e  u s e  o f  s o c a l l e d  mu l t i 
v a r i a n t  s y s t e m s  i n c r e a s i n g l y  r e a l i s e d  i n  m o d e rn s t a t i s t i c s .  F ou r  
r e l evant l y  app l i c ab l e  mul t ivari an t  m o d e l s  wi l l  b e  d e s c r i b e d  h e r e . 
P r e r e qui s i t e s  t o  e s t ab l i s h p r a c t i c a l ly i n t erpre t a b l e  r e s ul t s  t ak e  
e f f e c t  a l r e ady wh e n  p l anni n g  t h e  e xp e ri m e n t a l  work . P a r t i c u l a r l y  
u s e f u l  i n f o rm a t i o n  c a n  b e  g a i n e d  from e x p e r i m e n t s o n l y  i f  t h e  
m a r g i n a l  c on d i t i on s  from t h e  p ro j e c t  d e f i n i t i o n  t o  t h e  f i na l  r e 
p o r t  a r e  m a i n t a i n e d . 

S om e  p r o j e c t s  s h ow e d  t h a t  s i x  import a n t  s t e p s  mu s t  b e  o b s e rv e d  
whe n  c o ndu c t i n g  e x p e r im e n t a l  i nv e s t i g a t i' on s : 

1 .  D e f i n i n g  t h e  p ro j e c t s .  

2 .  P l an n i n g  t h e  e x p e r i m e n t s .  

J .  M e a s u r i n g .  

4 .  C a l c u l a t i n g .  

5 .  I n t e r p r e t i n g  t h e  r e s u l t s .  

6 .  R e p o r t i n g .  

I f  t h i s  s e qu e n c e  i s  c h a n g e d ,  f i r s t  e r r o r s  wi l l  c re e p  i n  due t o  t h e  
f a c t  t h a t  many e xp e ri m e n t s are p o i n t l e s s ,  o f t en c au s i n g  m o r e  c on 
f u s i on t h an c on t r i b u t i ng t ow a r d s  a s o l u t i o n  o f  t h e  s e t  t a s k .  
Of c ou r s e , i t  wi l l  o f t e n  b e  n e c e s s ary t o  j ump from a l a t e r  s t e p  
b ac k  t o  a n  e ar l i e r  one . 

1 .  D e f i ni ng t h e  pr o j e c t .  

Th e t a sk f o r  an e xp e r i me n t a l  i nv e s t i ga t i on c an b e  s e t  b y  
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princ i p a l s ,  o ri gina t e  from one ' s  own ini t i a t ive o r  b e  t h e  
resulting p ro j e c t  from a n  e arl i er inve s t i ga t i o n .  Careful s t ud i e s  
o f  l i t e rature and good cont a c t s  t o  o t her i n s t i t u t i on s  and group s 
of r e s e archers h e l p  t o  avo i d  d oub l e  work . The inve s t i ga t i on 
targe t mus t  b e  c l early f o rmu l a t e d  and should b e  s e t  down i n  
wri t ing t o  avo i d  l a t e r  d if f erenc e s .  T h e  t a sk m u s t  b e  carefully 
demarc a t ed . The things that cann o t  be e st ab l i shed or are to b e  
e s t ab l i shed wi t h  the experimental i nv e s t i ga t i on should b e  c l e a r .  

2 .  Planning o f  experiment s .  

A s  a rul e ,  t h e  s c o p e  and the numb e r  o f  the experimen t s  are 
limi t ed b y  t h e  means ava i l ab l e . Such means are experimen t al in
s t a l l at i on s  whi c h  exi s t  or mus t  be newly e s t ab l i sh e d , me a suring 
ins t rument s ,  the ava i l ab i l i ty of sui t a b l y  trained p e rs o n s , the 
frequently s e t  t ime and the ava i l ab i l i ty o f  m e a suring o b j e c t s  -
b e  i t  veh i c l e s ,  vo lun t e e r s  or simi l a r .  
The c h o i c e  o f  t h e  exp e riment a l  i n s t a l l a t i on i s  d e t e rmined b y  the 
ob j e c t i ve of the inve s t i ga t i on ; m e a suring a c cura c y ,  systema t i c  
and c oi n c i d e n t a l  measuring e rrors are imp o r t ant c r i t e r i a  f o r  the 
s e l e c t i on of t h e  m e a suring i n s t rumen t s .  

The c hara c t e r s  t o  b e  mea sured c an b e  divided i n t o  i nd e p endent 
and dependent charac t ers ; dep endent charac t e r s  are such quan t i 
t i e s ,  t h e  influenc ing t hrough chang e s  o f  t h e  independent c h arac
t ers o f  whi c h  are to be unc overed by the exp e riment s .  

The i ndependent chara c t e r s  can b e  d i v i d e d  i n t o  two c l a s se s ; 
i n t o  s e t  independent charac t e r s  whi c h  c annot b e  changed b y  t h e  
experimen t a t o r ,  s u c h  a s  h e i gh t , w e i ght e t c . and s e l e c tab l e ,  i n
dependent chara c t e r s  whi c h  can b e  d e t ermined b y  t h e  exp e r i 
ment a t or from c a s e  t o  c a s e , such a s  i mp a c t  s p e e d , a c c e l e ra t i on 
et c .  

The exp eriment p lan h a s  t h e  f o rm o f  an n-dimensi onal m a t r i x  
( wi t h  n i nd e p endent c haract e rs ) ,  i n  whi ch t h e  numb er o f  ex
p e riment s wi t h  c ertain p r e s e t  c harac t e r  conf i gura t i on i s  entered 
a s  e l ement s .  The experiment a t o r  now has the p o s s i b i l i t y  o f  
c ombi ning the p r e s e t  independent chara c t ers wi th t h e  s e l e c t ab l e  
one s i n  such a way t h a t  a l l  c harac t er s  i n i t i a l ly c on s i de r e d  a s  
independent wi l l  finally b e  i nd e p endent o f  e a c h  o th e r  a s  f a r  a s  
p o s si b l e . Thi s  c an b e  c h e cked b y  d i v i d i ng t h e  n-dimensi onal 
exp e r iment mat r i x  i n t o  

( 1 )  N = 
n irt ( n  - 1 )  

2 

2 dimens i on a l  c onfidence t a b l e s  f o r  e a c h  2 indep endent chara c t e r s  
and e s t ab l i sh i n g  t h e  mutual indep endenc e w i t h  t h e  chi - s quare - t e s t  
o r  b y  means o f  t h e  c o n t ingency c o e f f i c i en t . 
If a genu i n e  independenc e o f  a l l  " indep endent " charac t e r s  c annot 
be a t tained , t h e  numb e r  of c r i t e r i a  w i l l  have to be redu c e d  t o  

242 



a s  c omp l e t e  a s  p o s s i b l e  a s e t  of ac tually inde p e ndent charac t e r s .  
The 1 a c t o r  analys i s  h a s  p roved t o  b e  a u s e ful a i d  f o r  thi s 
purp o s e . 

J .  M e a s u r i ng. 

Mea surab l e  are a l l  chara c t e r s  t h e  value s o f  whi ch can b e  read on 
a s c al e .  Such cardinally s c a l e d  quant i t i e s  ( such as H I C , a ,  • • •  ) 
are p a r t i cularly sui t ab l e  for a s ys t em analys i s w i t h  t h e  a i d  o f  
mod e l s . Howeve r ,  i t  i s  a l s o  p o s s i b l e  t o  i nc lude ordinally s c a l e d  
quan t i t i e s  ( such a s  A I S  and s i m i l a r ) . T h e  i n t erpre t a t i on o f  c a l cu
l a t i on re sul t s  i s  t hen s omewh a t  more d i f f i cul t .  

Howev e r ,  i f  c hara c t e r s  are only nominally s c a l e d  ( e . g . type of 
the e xp eriment al dummy ,  t yp e  o f  the re s t raint s y s t ems , • • •  ) , the 
data quan t i ty must be divided into s u i t a b l e  c l a s s e s  in order t o  
prove the i nf lu enc e o f  t he s e  c r i t e ri a .  Wi t h  t h e  a i d  o f  t h e  c h i 
s quare - t e s t  or t h e  c on t i ngency c o e f f i c i en t  i t  c an t h e n  b e  d e t e r
mined whe th e r  an influenc e on t h e  d e pendent chara c t er i s  
c on s i d e r a b l e  o r  n o t . Pri or t o  a mea surement i t  i s  t h e r e fore 
n e c e s sary to always e s t a b l i s h  the most prac t i c a l  s c a l e  for e a c h  
chara c t e r .  It mus t  b e  maint ained , s i n c e  sub s e quent exp e riment s 
c an no l onger b e  i n c luded i n  t h e  t o t al quant i t y  o f  t h e  measuring 
dat a .  It i s  p ra c t i c al t o  rec ord addi t i onal info rmat i on re gardi n g  
t h e  f l ow o f  t h e  experiment i n  a mea suring pro t o c o l  i n  add i t i on 
t o  t h e  numeri c a l  valu e s  ( and t h e  ac curacy ) - even i f  a t  f i r s t  
c on s i d c red a s  sub o r d i n a t e  marginal c ond i t i ons - and t o  o b s erve 
and n o t e  down s p e c i al even t s .  Such pro t o c o l s  are an e x t remely 
valuab l e  aid when r e su l t s  o b t a i n e d  from a mod e l  c al c u l a t i on are 
t o  be int e rpre t e d .  

4 .  Ca l c u l a t i n g .  

A f t e r  and f r e qu en t l y  even during t h e  p erf orman c e  o f  e x t ens ive 
mea sureme n t s  _ t h e  measuring r e s ul t s  wi l l  be graphi c al ly r e 
p r e s ent e d .  A �  a rul e ,  the s c a l e s  o f  2 charac t e r s , an independent 
one and one d e p ending on t h e  f o rme r ,  w i l l  be u s e d  as ab s c i s s a  and 
ordinate axe s and t h e  r e l evant real i s a t i on s  o f  t h e s e  two c r i t e r i a  
b e  entered a s  m e a suring p o i nt s .  Thi s  provi d e s  a f i r s t  o p t i c a l  
imp r e s s i o n  as t o  t h e  i n t e rdependence o f  t h e s e  t w o  c r i t e r i a .  

4 . 1  C o rre l a t i ons 

Wi t h  nominal l y  s c a l e d  charac t e r s  the chi - s quare - t e s t  or t h e  
c o n t ingency c o e ffi c i en t  i nd i c a t e s  whe t h er a not i c e ab l e  in
f l u en c e  o f  a c e r t ai n  independent chara c t e r  on an o b s e rved de
p endent charac t e r  c an be prove n .  I f  a l l  data are c l as s i f i e d  
a c c ording t o  t h e  nomin a l l y  s c a l c d  cri t e ri a ,  an order o f  rank 
( w i t h  r e sp e c t  t o  t h e  " ef f e c t " ) can o f t en b e  e s t ab l i sh e d . In t h i s  
way nominal s c a l e s  can o f t en b e  c onver t ed i n t o  a rank or ordinal 
s c al e .  Wi t h  c e r t a i n  limi t s ,  nomina l l y  s c a l e d  c r i t er i a  c an b e  in-
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c luded i n  the further c a l cu l a t i on i n  thi s way. An ini t i al im
pre s s i on re garding more or l e s s  int ense r e l a t i ons b e tween 
ordinally or c ardinally s c a l e d  chara c t ers i s  given by the c or
relat i on c o effi c i ent , e . g . c a l c u l a t e d  a c c ording to BRAVA I S 
PEARSON and SPAERMAN . 

4 . 2  Regre s s i on 

With a re gre s si on c a l c ul a t i on i t  i s  a s sumed t h a t  t h e  r e l a t i on 
b e tween two chara c t e r s  c an b e  approxima t e d  b y  a l i ne ar func t i on .  
The approxima t i o n ,  a s  a rul e ,  takes p l a c e  wi th t h e  method o f  the 
smal l e s t  quadrat i c  devi a t i on s  or a c c ording t o  t h e  m e t h o d  "Maximum 
Lik e l ihood Quot i en t " .  

4 . J  Mod e l s  

With a great e r  numb e r  of i nd e p endent charac t ers , influ en c e s  o f  
i ndividual independent chara c t e r s  a r e  fre quent ly c on c e a l e d  b y  t h e  
influenc e s  o f  o t h e r  charac t er s , e sp e c i al l y  when t h e  mutual in
fluenc e i s  roughly indent i cal. In such c a s e s  i t  i s  advi s a b l e  to 
empl o y  s o - c al l e d  mult i vari ant s ys t ems . Wi t h  t h e s e  syst ems the 
t yp e  of the approximat ing fun c t i on i s  always s e l e c t e d  and a t t empt s  
are made t o  f ind t h e  func t i on p aram e t ers s o  t h a t  f o r  i n s t an c e  t h e 
s quared differenc e s  b e tween m e a sured value and t h e  approxima t i on 
b e c ome smal l e st . We wi l l  introduce four d i fferent t yp e s  o f  
func t i on ,  p opularly c a l l e d  mode l s .  

The d a t a  o f  each experiment are c la s s i fi e d  i n  a l in e  ve c t o r ,  the 
e l emen t s  of whi ch are t h e  chara c t e r s  unde r  c on s i d erat i o n .  The 
t o tal number of the evaluabl e  exp e r i ment s d e t e rm i n e s  the numb e r  
of such l i n e  v e c t o r s  whi c h  a r e  n o w  arranged i n  f orm of a mat r i x .  
W e  o b t a i n  t h e  m a t r i x  of t h e  m e a suring dat a ,  t h e  number o f  c o lumns 
o f  whi c h  i s  i d en t i c a l  w i t h  t h e  numb e r  of the charac t e r s  under 
considerat i on and the numb e r  of l i n e s  of the l a t t e r  i s  i dent i c al 
with the numbe r  o f  the evaluable exp e riment s .  Cons e qu e n t l y  a 
c olumn v e c t o r  cons i st s of a l l  r e al i s a t i on s  of a c er t a i n  charac t e r .  

4 . J . l  The l inear mode l . - - - - - - - - - - - - - - - - - - - - - - - -

Th e linear model i n  the l i t e rature i s  some t ime s c al l e d  mul t i p l e  
regre s s i o n .  However ,  thi s d e si gnat i on i s  a l s o  app l i e d  t o  methods 
w i t h  whi c h  t h e  u sual r e gre s s i on c a l cu l a t i on i s  suc c e s s i v e ly 
a p p l i e d  a t  f i r s t  t o  t h e  chara c t e r  w i t h  the great e s t  influenc e ,  
t hen t o  t h o s e  wi th the s e c ond- gre a t e s t  influence e t c . 
W i t h  the l in e a r  mod e l  the c olumn v e c t o r  of t h e  dependent chara c t e r  
under cons i d erat i on i s t  r e p r e s e n t ed a s  linear fun c t i on of the 
c olumn v e c t o r s  o f  s e l e c t ed inde p endent charac t e r s . 
I f  y i s  the c olumn v e c t o r  o f  t h e  d e pendent chara c t e r ,  

X i s  t h e  matrix o f  t h e  i ndep endent charac t ers und e r  
c o n s i d e ra t i on ,  a sub-ma t r i x  of t h e  me a suring d a t a  m a t r i x ,  
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then 
( 2 ) 

-
b i s  t h e  v e c t or of the linear c o e f f i c i en t s ,  whi c h  i s  

det erm i n e d  by sui t ab l e  c al c u l a t i on method s ,  
the v e c t o r  of the 1 1 npproxima t i on devi a t i on s " ,  

- = ... -
y = x * b + E 

THE LINEAR MODEL . S e en ge ome t r i c a l l y ,  the re l a t i on ( J )  

( 3 ) 
-0 = -
y = X * b 

rep!e s ent s a mul t i - dimensi onal ( c orresponding t o  t h e  dimen s i on 
of b and { ) p l an e  whi ch approximat e s  t h e  measured d a t a  c l oud 
as good as p o s s i bl e ,  e . g .  in t h e  s e n s e  of GAUSS w i t h  sma l l e s t  
quadra t i c  devi a t i on ,  equa t i on ( 4 ) : 
( 4 ) • ..... _,. 0 - =� .' c = y - y = y - xb = Min 

.... 
The e l ement s b .  o f  b are t h e  r e s p e c t i v e  grad i e n t s of t h e  
approximating J p l ane i n  t h e  d i re c t i on o f  t h e  j ' th chara c t e r  axi s .  
In order t o  b e  a b l e  t o  compare t h e s e , t h e  chara c t e r s  Xj were 
rendered dimen s i onl e s s  t hrough the t ransforma t i on ( 5 ) .  
( 5 ) x .  � i , J  

X . .  l , J  

x .  J 

X .  
J 

Xj b e ing t h e  r e s p e c t i ve a r i t hm e t i c  mean value o f  t h e  value supply 
o f  t h e  j ' th c r i t e ri o n .  For t h e s e  new c r i t e ri a ,  the gradi ent s b �  
can a l s o  be i n t e rpre t e d  as influence f a c t ors . J 

The s o - c a l l e d  momen t s  can be c al c u l a t e d  a l s o  f o r  m e a suring values 
di s t ribut ed not normal l y ,  but at random . The moment o f  t h e  1 s t  
order wa s already encoun t ered a s  ari t hm e t i c  mean i n  t h e  t rans
format i on ( 5 ) .  Ge ome t r i c a l l y  i t  can be u s e d  to c a l c u l a t e  the 
" gravi t a t i onal c en t r e "  o f  the n-dime n s i onal data " c l o ud " . It can 
b e  shown that the approximat i ng p l an e  a lways p a s s e s  t hrough t h i s 
point . The moment o f  2nd order i s  b e t t e r  known a s  s tandard 
devi at i on and can be u s e d  as a g o o d  s t andard f o r  confidence 
limi t s .  The moment o f  Jrd order i s  c al l e d  o b l i qu i t y  and it indi
c a t e s  whe t h e r  the shall ows on the r i gh t  or l e f t  o f  the mean value 
are l onger or short e r .  

I f  t h e  numeri c a l  value s o f  a l l  charac t e r s  are l o gari thma t ed , 
t h e  l inear m o d e l  

i s  

= b .  
p 

l o g  b0 + � 
J = l 

e quivalent t o  t h e  PRODUCT MODEL ( 6 ) .  

0 l o g  y i J 
* l o g  X . . l J 
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( 6 ) * X � 1 
1 1  

* X i 2  ti + b 
0 

Consequently one c an u s e  t h e  s ame a l g o r i t hm a s  in 
4 . J . l .  

�! 2!2- -���-�����-��!�- ���E!��- ��E����!�! 
The MODEL WITH ADAPTED EXPONENTS work s  with the f o rmula t i on ( ? )  
( 7 )  p 

r: 
j =l 

b . J 
;;i, .  J X . .  l J  

W i t h  t h i s f o rmu l a t i on ,  f i r s t �. and than b .  are d e t e rmined w i t h  
t h e  m e t h o d s  from 4 . J . 2  and 4 . 3 . 1 .  Ext en s i � e  inve s t i ga t i o n s  w i t h  
gradi ent m e t h o d s  have shown t h a t  a t  l e a s t  a l oc a l  minimum o f  t h e  
quadrat i c  devi a t i on s  are Cound . 

The HYPERBOLA- PARABOLA MODEL ( 8 )  r e qu i r e s  t h e  m o s t  c a l cu l a t i on 
work o f  t h e  mode l s  introdu c e d  h e r e . 

( 8 )  y . ]._ = b 
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p 

+ [:  
j = 1 

b .  
J 

X . .  
1 J 

p p 

+ r:  L: 
k= 1 j = 1 

At f i r s t  t h e  linear prop o r t i o n  i s  d e t e rmined a s  wi t h  t h e  l i n e ar 
mod e l . Wi t h  t h e s e  raw valu e s  i t  i s  then p o s s i b l e  t o  f ind t h e  
c ompl e t e  s e t  o f  t h e  parame t e r s  b .  and c . k f o r  i n s t an c e  wi t h  the 
aid o f  t h e  method o f  FLETCHER ANrl REEVES ( c o n j u g a t e d  gradi ent s ) .  

4 . 4  Mod e l  s e l e c t i o n .  

Each o f  t h e  introdu c ed mode l s  h a s  i t s  own c h arac t e r i s t i c  " curve 
shape " ,  whi c h  c an b e  b e n t  and shi f t ed t hrough t h e  c h o i c e  of t h e  
c o e ff i c i en t  t o  a grea t e r  or l e s s e r  d e gr e e . C on s e qu e n t l y  t h e  
de c i s i on a s  t o  what m o d e l  s h o u l d  b e  app l i e d  depends on t h e  
prob l em and t h e  t yp e  o f  t h e  me a sured d a t a . T h e  f a c t  t h a t  t h e  
m o d e l  whi c h  renders the remaining quadrat i c  devi a t i o n  b e t w e e n  
measurement and approximat ing m o d e l  small e s t  a s  c ompared w i t h  
other model s  should be appl i e d  e a c h  t ime , c an b e  u s e d  a s  a 
d e ci s i on rul e .  
The quan t i t y  LQ o f  t h e  r e l a t i on ( 9 )  can b e  c on s i dered a s  a type 
o f  l i k e l i h o o d  quo t i en t . 

( 9 ) LQ = :e 

The s t andard devi a t i on s app l i e s  t o  t h e  mod e l ,  
measuring d a t a  o f  t h e  d e pendent charac t e r .  

s t o  t h e  e 
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5 .  I n t e rpre t a t i on, conclu s i on s .  

Th e prac t i c al u s e  o f  an experiment a l  t a sk depends gre a t l y  on the 
extent t o  whi c h  one suc c e e d s  in int erpreting the o b t a i ned 
r e su l t s  and i n  c onverting them into l o gi c al st a t ement s .  Howeve r ,  
a s i gnifi c ant d� t e rmina t i on or at l e a s t  a s t a t ement re garding the 
magni tude o f  the error probab i l i t y  b e l ongs to each derived s t a t e 
ment . Such informati on c an b e  e s t a b l i sh e d  from the conf i d e n c e  
ran g e s  o f  t h e  individual c o effi c i en t s and t h e  re s idual devi a t i ons 
of t h e  mode l s .  

When formu l a t i n g  s t at ement s ,  the pro t o c o l s  and r e c ords menti oned 
in the Jrd chap t e r  proved very h elpful . If so r e qu i r e d , an 
e s t ab l i shed , unc er t a i n  s t at ement mus t  b e  b a c k e d  up or refut ed b y  
j umping b a c k  t o  s t e p  2 .  

6 .  Repo rt i n g .  

Unfortun a t e l y  t o o  l i t t l e  s i gn i f i c an c e  i s  o f t en a t t ached t o  r e 
p o r t i n g .  I t  i s  a f a c t  t h a t  e v e n  a n  e xp e r imen t al work c an only 
b e  evaluat ed after the final report . The expendi ture for t h i s  
ne c e s sary work i s  o f t en h i gh l y  undere s t ima t e d . 
I t  i s  d e s i ra b l e  t h a t  a t  l e a s t  t h e  r e p o r t e r  i s  informed about a l l  
s t ag e s  of the exp erimental inve s t i g a t i ons to b e  l e c tured on , and 
knows the app l i ed m e a suring and c a l c ul a t i on m e t h o d s  a t  l e a s t  t o  
the extent t h a t  rough errors b y  wrong app l i c a t i on o f  t h e s e  today 
s t i l l  qui t e  c omplex aids are avo i d e d . 
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