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AN UNSUFFICIENT INFORMATION PROBLEM 

IN TAXONOMIC MODELLING
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w h e r e :

n -  number o f  o b j e c t s ,

m -  number b f  a t t r i b u t e s  ( v a r i a b l e s ) .

T h e ’ e l e m e n t  xi k  ( i  « 1 ,  2 ,  . . . ,  n ,  к * 1 ,  2 ,  . . . ,  m) o f  t h i s  

m a t r ix  i s  c a l l e d  an e l e m e n t a r y  i n f o r m a t i o n .  The rows o f  t h i s  ma-

t r i x  a r e  c a l l e d  v e c t o r  -  o b j e c t s ,  t h e  co lum ns a r e  c a l l e d  v e c t o r

-  a t t r i b u t e s .

I f  e a c h  e l e m e n t  o f  d a t a  m a t r ix  i s  known, t h e n  t h i s  m a tr ix  i s  

c a l l e d  a c o m p le te  d a t a  m a t r ix .  A m a tr ix  X i s  i n c o m p l e t e , i f  some 

e l e m e n t s  o f  t h i s  m a tr ix  a re  unknown. Then t h e  la c k  o f  e l e m e n -

t a r y  i n f o r m a t io n  i s  c a l l e d  a gap i n  d a ta  m a t r ix .

2 .  I f  a gap in  d a t a  m a t r ix  o c c u r s ,  th e n  i t s  s i z e  s h o u ld  be 

a n a l y s e d .  One s h o u ld  assum e t h e  s u f f i c i e n t  t o l e r a n c e  l e v e l  in  

l a c k  o f  i n f o r m a t i o n ,  s a y  p%. Two b a s i c  c o n d i t i o n s  s h o u ld  be f u l -

f i l l e d - .
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-  i n  e a c h  row o f  d a ta  m a tr ix  no more th an  p% o f  e l e m e n t s  a r e  

unknown ,

-  in  e a c h  column o f  d a t a  m a t r ix  no more than  p% o f  e l e m e n t s  

a r e  unknown.

Three t o l e r a n c e  l e v e l s  are  p r o p o s e d :

1 ) p * 10%, s o  c a l l e d  r l q i d  t o l e r a n c e  l e v e l ,

2) p = 20%, s o  c a l l e d  a v e r a g e  t o l e r a n c e  l e v e l ,

3) p * 30%, s o  c a l l e d  m i ld  t o l e r a n c e  l e v e l .

I f  more than  p% o f  v a l u e s  a re  m i s s i n g ,  th e n  th e  c o r r e s p o n d -

i n g  rows o r  co lum ns are  rem oved from d a ta  m a t r ix .  For t h e  o t h e r  

rows o r  colum ns m i s s i n g  v a l u e s  may be c o m p le t e d .

3 .  Data s h o u ld  be c o l l e c t e d  by p r o p e r  i n s t i t u t i o n s .  T h ese  i n -

s t i t u t i o n s  would a l s o  c o m p le te  t h e s e  d a t a .  In C e n t r a l  Š t a t i s t i -
*

c a l  O f f i c e  th e  d a ta  bank f o r  P o lan d  s h o u ld  be e s t a b l i s h e d .  T h is  

bank w ould  be a v a i l a b l e  f o r  any i n s t i t u t i o n .  For i n t e r n a t i o n a l  

c o m p a r iso n s  t h e  d a t a  bank in  Cracow Academy o f  E conom ics w ould  

be u sed .

4 .  M i s s in g  v a l u e s  i n  d a ta  m a t r ix  may be c o m p le te d  by means 

o f  two g ro u p s  o f  m eth od s:

-  m ethods w i t h  e x t e r n a l  i n f o r m a t i o n ,

-  m ethods w i t h o u t  e x t e r n a l  i n f o r m a t i o n .

5 .  The m ethods w i t h  e x t e r n a l  in f o r m a t i o n  c o n s i s t  In  t h e  e s t i -

m ation  o f  m i s s i n g  v a l u e s  u s i n g  a v a i l a b l e  d a t a .  Only sqroe methods  

a r e  a d m i s s i b l e .  The most im p o r ta n t  a d m i s s i b l e  m ethods a re :

-  i n t e r p o l a t i o n  o f  t r e n d s ,

-  e s t i m a t i o n  o f  m i s s i n g  v a l u e s  by means o f  r e g r e s s i o n  eq u ar  

t i o n s ,

-  ta x o n o m ic  method.

The ta x o n o m ic  m ethod c o n s i s t s  i n  d e t e r m in in g  f o r  e a c h  o b j e c t  

, f o r  w hich  m i s s i n g  v a l u e s  o c c u r ,  h i s  n e a r e s t  n e ig h b o u r s  w i t h  r e -

s p e c t  t o  a l l  a t t r i b u t e s ,  f o r  w h ich  t h e  d a t a  a r e  a v a i l a b l e .  For  

e a c h  a t t r i b u t e  two n e a r e s t  n e ig h b o u r s  s h o u ld  be d e te r m in e d :  

" r i g h t  -  hand s i d e  n e ig h b o u i"  and " l e f t  - ^ a n d  s i d e  n e ig h b o u r " .  

The a v e r a g e  o f  th e  v a l u e s  f o r  t h e s e  n e ig h b o u r s  i s  t h e  e s t i m a t e  

f o r  m i s s i n g  v a l u e .

6.  For  methods w i t h  e x t e r n a l  i n f o r m a t i o n ,  t h e  d a ta  c o r r e s -

p ond in g  t o  o t h e r  t h a n  c o n s i d e r e d  o b j e c t  a r e  u s e d .  So i n  t h i s  s e n -

se  t h e  d a t a  a r e  " p o l l u t e d " .  In  m ethods w i t h o u t  e x t r a n e o u s  i n -

f o r m a t i o n  m o d if ie d  ta x o n o n .ic  p r o c e d u r e s  a r e  u s e d .  U s in g  t h e  d a ta



a v a i l a b l e  f o r  t h e  c o n s i d e r e d  o b j e c t  t h e y  make t h e  m o d e l l i n g  p o s -

s i b l e  .

H e r e ,  two m ethods aVe p r o p o s e d :

-  m o d i f i e d  E u c l id e a n  m e t r i c  m eth od ,

-  c o r r e l a t i o n  m e t r i c  m ethod.

7 .  The i r o a i f i e d  E u c l id e a n  m e t r i c  m ethod makes p o s s i b l e  t o  

compare m u l t i - a t t r i b u t e  o b j e c t s  ( t h a t  i s  m u l t i d i m e n s i o n a l  o b s e r -

v a t i o n s )  i n  d i f f e r e n t  s p a c e s :  X m, X s  (m > s ) .  For e a c h  o b j e c t  

su c h  v e c t o r  s p a c e  i s  d e t e r m in e d ,  t h a t  t h e  d a t a  m a t r ix  re d u ce d  in  

t h i s  s p a c e  i s  c o m p le t e .  The d i s t a n c e  b e tw e en  two o b j e c t s  i s  d e -

f i n e d  a s :

s  -  number o f  a t t r i b u t e s ,  f o r  w h ich  t h e  d a t a  c o r r e s p o n d in g  t o  

b o tn  t h e  i t h  o b j e c t  and t h e  j t h  o b j e c t  a r e  a v a i l a b l e .

The d i s t a n c e s  b e tw e e n  o b j e c t s ,  f o r  w h ich  a l l  d a t a  a r e  a v a i -

l a b l e ,  a r e  d e t e r m in e d  a c c o r d i n g  t o  t h e  fo r m u la :

8 . The c o r r e l a t i o n  m e t r i c  method c o n s i s t s  i n  d e te r ir in in 'g  a 

c o r r e l a t i o n  m a t r ix  R, w hose e l e m e n t s

whe r e :

The v a l u e i s  a c o r r e c t i o n  c o e f f i c i e n t .s

a r e  c a l c u l a t e d  by means o f  t h e s e  com p onents  o f  o b j e c t  v e c t o r s .  

The c o r r e l a t i o n  m e t r i c  i s  d e f i n e d  a s :



9 .  An ex a m p le .  Ten c o u n t r i e s  w ere ch o se n  a s  o b j e c t s :  1 )  B u l-

g a r i a ,  2 )  C z e c h o s l o v a k i a ,  3 )  F r a n c e ,  4 )  S p a i n ,  5 )  GDR, 6 ) Po-

l a n d ,  7") West Germany, 8 ) H ungary, 9 )  G rea t  B r i t a i n ,  10) I t a l y .  

T h ese  o b j e c t s  are  c o n ę a r e d  w i t h  r e s p e c t  t o  s i x  a t t r i b u t e s :

X1 -  w heat  y i e l d  in  kg p er  h a ,

X2 -  b a r l e y  y i e l d  in  kg p e r  h a ,

X3 -  p o t a t o  y i e l d  i n  kg p e r  h a ,

X4 -  b e e f  meat p r o d u c t io n  in  kg p e r  1 ha o f  fa r m la n d ,

Xg -  pork  meat p r o d u c t io n  i n  k g  p e r  1 ha o f  fa r m la n d ,

-  m ilk  p r o d u c t io n  i n  kg p er  1 ha o f  fa rm la n d .

V a lu e s  o f  a t t r i b u t e s  ( e x c e p t  f o r  x 21 i . e .  w h eat  y i e l d  i n  

C z e c h o s lo v a k ia )  a re  g iv e n  i n  T a b le  1 .

The d i s t a n c e s  b etw een  C z e c h o s lo v a k ia  and some o t h e r  o b j e c t s  

were c a l c u l a t e d  on t h e  b a s i s  o f  t h e  a t t r i b u t e s  X2 , X^, X^, X  ̂

and Xg. The v a l u e s  o f  d i s t a n c e s  ( b e f o r e  m o d i f i c a t i o n )  a r e  g iv e n  

a s  a v e c t o r

d° = [1,390 0,000 1,432 1 ,839 1 ,277 1 ,132 2,077 1 ,297 1 ,575 1,004].  

S in c e  m = 6 and s  = 5 ,  th e n  t h e  c o r r e c t i o n  c o e f f i c i e n t
\

/ f  = 1 , 0 9 5 .

M u l t i p l y i n g  d 2 by t h i s  c o e f f i c i e n t  we g e t

d2 = [1,522 0,000 1 ,560 2,01 4 1 ,399 1,239 2,274 1,420 1,725

T a b

S ta n d a rd iz e d  v a lu e s  of a t t r i b u t e s

O b jec ts
i X1

x2 x3
X4 X5 X6

1. B u lg a r ia 0,343 0,516 -1,333 -0,953 -0,652 -1 ,044
2. C zechoslovak ia 0,195 -0,404 0,154 0,011 0,006
3. France 0,716 0,619 1,423 0,344 -0 ,676 0,447
4. Spain -1,851 -2,385 -0,599 -1 ,224 -1,079 -1,273
5. GDR 0,343 0,596 -0,419 -0,099 1,313 0,861
6. Poland -0,845 -0,745 -0,839 -0 ,388 -0 ,487 0,105
7. West Germany 0,967 1 ,170 1,138 2,448 2,152 2,335
8. Hungary 0,160 -0,344, -0,419 -1 ,037 0,686 -0,811
9. Great B r i t a i n 1,333 0,951 1,797 0,095 -0,841 0,059

10. I t a l y -1,173 -0,573 -0,314 0,462 -0,431 -0,472

1 ,099]. 
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The c o m p le t e  d i s t a n c e  m a t r ix  i s :

0 1,522 1,847 1,936 1,735 1,456 2,480 1,364 1 ,910 1,622

1,522 0 1,568 2,014 1,399 1,239 2,274 1,420 1,725 1,099

1,047 1,568 0 2,243 1,673 1,792 2,012 1,778 0,964 1,729

1,936 2,014 2,243 0 2,243 1,575 2,789 1,847 2,352 1,667

1,735 1,399 1,673 2,243 0 1,661 1,881 1,493 1,836 1,723

1,456 1,239 1,792 1,575 1,661 0 2,375 1,382 1,967 1,063

2,480 2,274 2,012 2,789 1,881 2,375 0 2,332 2,121 2,304

1 ,364 1,420 1,778 1,847 1 ,493 1,382 2,332 0 1 ,873 1,526

1,910 1,725 0,964 2,352 1,836 1,967 2,121 1,873 0 1,921

1,622 1,099 1,729 1,667 1,723 1,063 2,304 1,526 1,921 0

As a c o m p a r is o n ,  t h e  d i s t a n c e s  b etw een  C z e c h o s lo v a k ia  and  

some o t h e r  o b j e c t s ,  c a l c u l a t e d  on t h e  b a s i s  o f  c o m p le t e  d a t a  ma-

t r i x  a r e  g iv e n ^ a s  a v e c t o r :

d2 -  C l,396 0,000 1,470 1,987 1 ,285 1,269 2,100 1 ,296 1,673 1 ,304].

Then t h e  d i s t a n c e s  b e tw e en  a t t r i b u t e s  w ere c a l c u l a t e d .  The 

d i s t a n c e s  b e tw e en  a t t r i b u t e s  X2 , X j ,  X^, Xj. and X̂ . w ere d e t e r -

mined on t h e  b a s i s  o f  a l l  d a t a ,  t h e  d i s t a n c e s  b e tw e en  X1 and 

some o t h e r  a t t r i b u t e s  on t h e  b a s i s  o f  a l l  d a t a  w i t h o u t  t h e  d a t a  

c o n c e r n in g  C z e c h o s l o v a k i a .

The d i s t a n c e matr i x i s  as f o l l o w s

0 0,120 0 ,588 0 , 7 9 0 0 , 8 4 6 0,666

0,120 0 0 , 7 2 1 0 , 6 3 3 0 , 7 8 0 0 , 5 5 1

D “ 0 , 5 8 8 0 , 7 2 1 0 0 , 6 4 5 0 , 9 8 6 0 , 6 6 7

0 , 7 9 0 0 , 6 3 3 0 , 645 0 0 , 6 0 2 0,1 57

0 , 8 4 6 0 , 780 0 , 986 0 , 6 0 2 0 0 , 4 3 0

0,668 0 , 5 5 1 0 , 6 6 7 0 , 1 5 7 0 , 430 0

As a c o m p a r is o n ,  t h e  d i s t a n c e s  b e tw e en  X̂  and some o t h e r  

a t t r i b u t e s  ( c a l c u l a t e d  on t h e  b a s i s  o f  c o m p le t e  d a t a  m a t r i x )  a r e  

g i v e n  a s  t h e  f o l l o w i n g  v e c t o r :

[I  ■) = 0 , 0 0 0  0 , 1 2 0  0 ,601 0 , 790 0 , 8 4 6  0 , 6 6 8 ]

10.  The a u t h o r s '  e x p e r i e n c e  shows t h a t  t h e  q u a l i t y  o f  d a ta  

u se d  in  d i f f e r e n t  f i e l d s  o f  a p p l i e d  e c o n o m ic s  e . g .  in  e c o n o m e t r i c  

m o d e ls ,  i n  s t a t i s t i c a l  f o r e c a s t i n g  o r  f i n a n c i a l  r e p o r t s  i s  o f t e n



o f  poor  q u a l i t y .  The gap s  e x i s t i n g  i n  t h e  s c o p e  o f  d a ta  a r e  

f i l l e d  up by some e s t i m a t e s  o b t a i n e d  by means o f  v a r i o u s  i n t e r -  

-or/and e x t r a p o l a t i o n  t e c h n i q u e s .  The p ro b lem  i s  e x t r e m a ly  im por-

t a n t  n o t  o n ly  i n  e c o n o m e t r i c  m o d e l l i n g  b u t  a l s o  in  s t a t i s t i c a l  

m u l t i v a r i a t e  i n t e r n a t i o n a l  c o m p a r iso n s  or  in  l i n e a r  and n o n l i -

n ea r  program m ing. In t h e  p r e s e n t  p a p e r  we aim  a t  d i s c u s s i n g  th e  

n e c e s s i t y  o f  p u t t i n g  a s t r e s s  on t h e  d a t a  w h ich  are  recommended  

a s  a s t a t i s t i c a l  b a s i s  f o r  t h e  u s e  in  v a r i o u s  ec o n o m ic  a n a l y s e s  

and e x p e r im e n t a l  d e s i g n s .
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PROBLEMY NIEDOSTATECZNEJ INFORMACJI 

W MODELOWANIU TAKSONOMICZNYM

. Celem a r ty k u łu  j .e s t  p r e z e n t a c j a  metod modelowania taksonomicznego w sy -

t u a c j i  b ra ku jący ch  in fo rm a c j i  w z b io r z e  zmiennych o b ja ś n ia j ą c y c h .  Rozważa s i c  

s y t u a c j e ,  w k tó ry ch  b rak u ją ce  in fo rm ac je  można u z u p e łn i ć ,  s t o s u j ą c  metody 

w ykorzys tu jące  in fo rm ac je  zewnętrzne lub n ie  b io r ą c e  pod uwagę tych in form a-

c j i .  W a r ty k u le  proponuje  s i ę  2 metody w ykorzys tu jące  in fo rm ac je  zew n ę trzn e ,  

a mianowicie:

-  metoda zmodyfikowanej m etryki E u k lidesow ej ,

-  metoda metryk i k o r e l a c y jn e j .


