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ABSTRACT. Ttuiough muJttiü asiate statistical, methods, we anje toy lag to 
detect and separate some "outstanding ejuio/is" in visual asisiometsilc da-
tap especially In tenms o/ time, magrvLLude, colou/i ejects. The methods 
asie IJJusisiated iy thein application to the Pastis AstjiolaJLe data. 

1. INTRODUCTION 

Up to n o w , P a r i s star o b s e r v a t i o n s h a v e b e e n used r e g u l a r l y for l a t i t u -

de and t i m e w o r k . For t h e p u r p o s e of f u t u r e r e v i s i o n of t h i s l o n g t e r m 

a s t r o m e t r i c s e r i e s for p r o p e r m o t i o n w o r k and d o u b l e s t a r o r b i t d e t e r -

m i n a t i o n s , a c a r e f u l a n a l y s i s of t h e data a p p e a r s to be n e c e s s a r y , in 

p a r t i c u l a r , in t e r m s of i s o l a t i n g of s o m e " o u t s t a n d i n g e r r o r s " r e l a -

ted to t h e c o n d i t i o n s in w h i c h the o b s e r v a t i o n s are p e r f o r m e d . 

2 . THE D A T A 1 9 5 6 - 1 9 8 2 : C H O I C E OF TWO T E S T - P E R I O D S 

The P a r i s o b s e r v a t i o n s a r e d i v i d e d i n t o g r o u p s g = 1 , . . 1 2 , w i t h n ( g , t ) 

{ 30 s t a r s o b s e r v e d at the m e a n d a t e t, a c c o r d i n g to t h e i r s i d e r e a l 

t i m e ( T S ) of p a s s a g e . The r e l a t e d e q u a t i o n s of c o n d i t i o n are s o l v e d -

at t h e m e a n d a t e t - f o l l o w i n g a m e t h o d d e s c r i b e d e l s e w h e r e ( D e b a r b a t 

and G u i n o t 1 9 7 0 ) by an " O r d i n a r y L e a s t S q u a r e s " fit (OLS r e g r e s s i o n ) 

w i t h t h e u s u a l v a r i a b l e s , i . e » f the c o s i n e and the s i n e of t h e n o r t h 

a z i m u t h Ζ of t h e star o b s e r v e d , and a d e p e n d e n t v a r i a b l e y w h i c h is the 

d i f f e r e n c e b e t w e e n an o b s e r v e d and a c o m p u t e d v a l u e and w h i c h c o n t a i n s 

s e v e r a l s t a n d a r d c o r r e c t i o n s ( in p a r t i c u l a r , a r e f r a c t i o n c o r r e c t i o n ) 

w h i c h we w r i t e as DHC (or D H ) d e p e n d i n g on w h e t h e r the " i n t e r n a l c o r -

r e c t i o n " ( C I ) of t h e s t a r is (or is n o t ) i n c l u d e d . 

The d a t a ( 1 9 5 6 - 1 9 8 2 ) a n a l y s e d h e r e w e r e c o m p u t e d w i t h the IUA sys-

tem 1 9 6 4 - 1 9 8 4 of c o n s t a n t s . T h e y a r e , n e v e r t h e l e s s , not h o m o g e n e o u s be 

c a u s e we h a v e 

(1) two i n s t r u m e n t a l p e r i o d s , n a m e l y 1 9 5 6 - 1 9 7 0 , t h e D a n j o n p r i s m a s -

t r o l a b e ( A P D ) w i t h a r e f r a c t i v e o p t i c a l s y s t e m , and 1 9 7 0 - 1 9 8 2 , 
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the f u l l p u p i l a s t r o l a b e ( Α Ρ Ρ ) w i t h a r e f l e c t i v e - and t h e r e f o r e 

m o r e s t a b l e - o p t i c a l s y s t e m , and 

(2) the o b s e r v e r t e a m c h a n g e d . 

F u r t h e r m o r e o n e f i n d s a "non c o n s t a n t o b s e r v e r e f f e c t " on the e r r o r v a -

r i a n c e s ( " w e i g h t s " , a l s o c a l l e d " q u a l i t y " ) of the r e d u c t i o n as s h o w n by 

a " n e u o b s e r v e r a p p r e n t i c e s h i p c u r v e " u i t h h i g h n e g a t i v e s l o p e at the 

b e g i n n i n g ( B o u g e a r d 1 9 8 7 a ) . 

T h e t w o t e s t p e r i o d s c h o s e n , i . e . 1 9 7 7 - 7 9 ( Α Ρ Ρ ) and 1 9 6 5 - 6 7 ( A P D ) 

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

e n o u g h in t e r m s of g r o u p and o b s e r v e r e f f e c t s ( e x c e p t for o n e or two ob-

s e r v e r s n e a r the s m a l l w e i g h t s ) on the e r r o r v a r i a n c e of t h e u s u a l group 

r e d u c t i o n s ( r e g r e s s i o n s ) ( B o u g e a r d 1 9 8 7 c ) . A t e n d e n c y of t h e g r o u p s o b -

s e r v e d in s u m m e r ( N o s . 1 1 , 1 2 , 1 ) to h a v e h i g h e r v a r i a n c e s - s m a l l e r wei-

g h t s - h a s b e e n d e t e c t e d . 

3. D E T E C T I N G S I G N I F I C A N T H I S S I N G V A R I A B L E S IN THE U S U A L H Ö D E L 

S i n c e m i s s i n g v a r i a b l e s in a r e g r e s s i o n m o d e l are s o u r c e s of b i a s in 

e s t i m a t i o n s and c o r r e l a t e d e r r o r s in an O L S fit ( T h e i l 1 9 5 7 , F i r n e i s and 

F i r n e i s 1 9 7 5 , J o h n s t o n 1 9 8 4 , M a z o d i e r 1 9 8 1 ) , and s i n c e s o m e m a g n i t u d e , 

s p e c t r a l - t y p e or t i m e ("Bonneau e f f e c t " , a l s o c a l l e d " r a n k e r r o r " ) e f -

f e c t s w e r e o b s e r v e d in t h e GLS a s t r o l a b e r e s i d u a l s , we try in t h i s s e c -

t i o n to i d e n t i f y v a r i a b l e s w h i c h a r e s i g n i f i c a n t but m i s s i n g in t h e u-

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

3.1 M e t h o d 

For t h i s p u r p o s e , we do not a n a l y s e r e s i d u a l s s e p a r a t e l y a g a i n s t the 

r a n k of the s t a r , m a g n i t u d e or s p e c t r a l t y p e c l a s s e s , but we r a t h e r test 

a l i n e a r m o d e l w i t h e x p l a n a t o r y v a r i a b l e s (in a g r o u p g ) u h i c h a r e s i n Z 

c o s Ζ (as u s u a l ) , and the s i d e r e a l t i m e of p a s s a g e ( T S 0 = T S - 2g + 2 , 

TSO (-0,8h ; 0 , 8 h ) ) , t h e v i s u a l m a g n i t u d e (MV) and the B-V c o l o u r in 

dex ( B V ) . 

The l a s t v a r i a b l e s w e r e s u g g e s t e d by s o m e p r e l i m i n a r y f a c t o r a n a -

l y s i s ( B o u g e a r d 1 9 8 7 a , 1 9 8 8 ) and can o r i g i n a t e from the r e f r a c t i o n , e i -

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

s e r v e r ' s e y e . 

We t h e n u s e a v a r i a b l e s e l e c t i o n t e c h n i q u e such as s t e p w i s e r e g r e s 

s i o n s at a 2 0 $ F ( F i s h e r - S n e d e c o r ) l e v e l of s i g n i f i c a n c e - the u s e of 

t h i s t e s t a s s u m e s a G a u s s i a n e r r o r d i s t r i b u t i o n f u n c t i o n - to d e t e c t the 

v a r i a b l e s w h i c h e n t e r and r e m a i n in the r e g r e s s i o n at the g i v e n l e v e l . 

3.2 T i m e - M a g n i t u d e e q u a t i o n 

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

f o r t h e v a r i a b l e s TSO and MV in the m o d e l and d e t e c t i o n of t h e r e d u c -
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t i o n s from w h i c h t h e y are s i g n i f i c a n t l y m i s s i n g ) for D H - r e g r e s s i o n s for 

the two test p e r i o d s . The r e s u l t s w e r e p u b l i s h e d by B o u g e a r d ( 1 9 8 7 a , 

T a b l e s 5.a , 5.b,6 . a , 6.b ) and are s u m m a r i z e d in t h e d i a g r a m s b e l o w w h e r e 

t h e n u m b e r of r e g r e s s i o n s ( r e d u c t i o n s ) of e a c h g i v e n g r o u p G 1 - G 1 2 in 

w h i c h MV or TSO a r e s i g n i f i c a n t is e x p r e s s e d in p e r c e n t (for e x a m p l e , i n 

g r o u p 1, p e r i o d 1 9 6 5 - 6 7 , MV is s i g n i f i c a n t in 33 g r o u p - r e d u c t i o n s a m o n g 

88 : we h a v e d r a w n 3 3 / 8 8 = 3 7 , 5 $ ) . 

~T25Z '50% '75% 

Gl 

G2 I 

C3 Γ 
G4 1 
G5 
G6 
G7 
G8 
G9 _ ) 
G 1 0 _ 
Gi l 

J 

G12 J 

MV e n t r y ( i n p e r c e n t ) , per iod 1965-67 

'25% 

I D 
75% '100% 

MV entry ( i n p e r c e n t ) , per iod 1977-79 

Gl _ 
G2 _ 
G3 _ 
G4 _ 
G5 _ 
G6 _ 
G7 _ 
G8 _ 
G9 _ 
G10_ 
G l l _ 
G12 

'25% •50% "75% n 100% f25% •50% '75% "Tl00% 

J 

TSO entry ( i n p e r c e n t ) per iod 1965-67 TSO entry ( i n p e r c e n t ) per iod 1977-79 

We n o t e a s u r p r i s i n g t i m e - e f f e c t for the p e r i o d 1 9 7 7 - 7 9 (for an a p r i o -

ri m o r e s t a b l e i n s t r u m e n t ) , a l a r g e m a g n i t u d e e f f e c t in g r o u p 1 ( w h i c h 

may c a u s e p r o b l e m s for the r a d i o - s t a r 111 ( A l g o l / P e r s e i ) o b s e r v e d in 

g r o u p s 1 and A as a c a t a l o g u e s t a r ) , h i g h l y d i f f e r e n t e f f e c t s in t h e 

g r o u p s ( p r o b l e m s w i t h the u s u a l c h a i n - m e t h o d for the e v a l u a t i o n of groiç) 

c o r r e c t i o n s in l a t i t u d e and t i m e ) and f u r t h e r m o r e , we d e t e c t e d a d e p e n -

d e n c e of t h e t i m e - e r r o r ( T S O ) on the o b s e r v e r s d u r i n g t h e t e s t p e r i o d 

1 9 7 7 - 7 9 ( B o u g e a r d 1 9 8 7 a ) . 

3.3 T i m e - m a g n i t u d e - c o l o u r e q u a t i o n 

In t h i s s e c t i o n , we h a v e a n a l y s e d the " t i m e - m a g n i t u d e - c o l o u r " e q u a t i o n 

in g r o u p s 7, 8, 9, 1 0 ; g r o u p 7 h a s b e e n c h o s e n s i n c e it o f t e n a p p e a r s 

to be a r e f e r e n c e ( z e r o g r o u p c o r r e c t i o n ) in T i m e e s t i m a t i o n s e v a l u a t e d 

by the so c a l l e d " c h a i n - m e t h o d " . S t e p w i s e r e g r e s s i o n s h a v e b e e n p e r f o r -

med on the e x p l a n a t o r y v a r i a b l e s : 

sin Z, c o s Z, BV , TSO , MV 

for all the DH and DHC r e d u c t i o n s of the t e s t p e r i o d s 1 9 7 7 - 7 9 ( f u l l p u -

p i l a s t r o l a b e / 1 7 2 5 8 s t a r o b s e r v a t i o n s ) , and 1 9 6 5 - 6 7 ( d a n j o n p r i s m a s -
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t r o l a b e / 2 1 4 6 5 s t a r o b s e r v a t i o n s ) . F u r t h e r m o r e , s i n c e the m e t h o d ( F 

t e s t for e n t r y of a v/ariable in t h e m o d e l and F - t e s t for the d e l e t i o n 

of any v/ariable w h i c h b e c o m e s s u p e r f l u o u s ) a s s u m e s g a u s s i a n e r r o r s , t h e 

f o l l o w i n g a t y p i c a l s t a r s w i t h v e r y i n f l u e n t i a l and i l l - b e h a v e d O LS r e -

s i d u a l s (see B o u g e a r d 1 9 8 7 c ) h a v e b e e n d e l e t e d : g r o u p 7 : the s t a r w i t h 

r a n k 26 (FK4 s u p p 2 8 8 9 ) , g r o u p 9 : star F K 4 s u p p 3 1 8 5 , and in g r o u p 1G, 

s t a r s F K 4 s u p p 3 5 9 4 , 3 7 3 3 (with r a n k s 13 and 28 r e s p e c t i v e l y ) . 

The f o l l o w i n g r e s u l t s h a v e b e e n o b s e r v e d . Q u i t e d i f f e r e n t e f f e c t s 

in t h e g r o u p s of the s a m e t e s t p e r i o d , a h i g h B-V c o l o u r e f f e c t in group 

7 ( 5 0 $ of the s i g n i f i c a n t e n t r i e s for e a c h p e r i o d ) and w h e n t h e i n t e r -

n a l c o r r e c t i o n of the s t a r s is i n c l u d e d in the d e p e n d e n t v a r i a b l e , it 

m a g n i f i e s in s o m e g r o u p s (for e x a m p l e g r o u p 1 0 ) the t i m e e f f e c t . In 

g r o u p 1 0 , t h e s e c o r r e c t i o n s w e r e c a l c u l a t e d w i t h two a t y p i c a l s t a r s 

w i t h h i g h r e s i d u a l s of o p p o s i t e s i g n s . 

The i n c l u s i o n of t h e i n t e r n a l c o r r e c t i o n a l s o m a g n i f i e s the B-V 

c o l o u r e f f e c t in the A P P - o b s e r v a t i o n s of g r o u p 9 and r e d u c e s t h i s e f -

f e c t in g r o u p 7 . T h i s c o m e s f r o m t h e fact t h a t t h e s e i n t e r n a l c o r r e c -

t i o n s ( c a l c u l a t e d from D a n j o n ' s p r i s m a s t r o l a b e o b s e r v a t i o n s in 1 9 6 4 ) 

a p p e a r to be c o r r e l a t e d w i t h the B-V c o l o u r i n d e x of t h e s t a r s in s o m e 

P a r i s o b s e r v a t i o n g r o u p s (by i n t r o d u c i n g an a p r i o r i i n t e r n a l c o r r e c -

t i o n , we i n t r o d u c e s t a t i s t i c a l l y a s u p p l e m e n t a r y v a r i a b l e in t h e m o d e l 

the c o e f f i c i e n t of w h i c h is f o r c e d to be e q u a l to 1 ) . 

F i n a l l y , the s e p a r a t i o n of t i m e , m a g n i t u d e and B-V c o l o u r e f f e c t s , 

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

by w h i c h it b e c a m e a p p a r e n t t h a t on the f i r s t a x i s t h e r e is a s e p a r a -

t i o n of " e n t r y " of t h e s e e f f e c t s in the r e g r e s s i o n m o d e l and " n o n e n t r y " 

( g r o u p 8 n e a r " n o n - e n t r y " ) ; on the s e c o n d a x i s , a s e p a r a t i o n of the 

" t i m e e f f e c t " from the " m a g n i t u d e - c o l o u r " e f f e c t s ( g r o u p 7 and observer 

l\lr 49 p r o j e c t e d n e a r t h e s e last o n e s ) , and on the t h i r d a x i s , a s é p a r a 

t i o n of t h e m a g n i t u d e e f f e c t f r o m the B-V c o l o u r e f f e c t for t h e t e s t 

p e r i o d 1 9 7 7 - 7 9 . 

4. C O N C L U S I O N 

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

s o m e o u t s t a n d i n g d i s t u r b i n g e f f e c t s in t h e P a r i s A s t r o l a b e d a t a . T h e s e 

e f f e c t s a p p e a r as n o n h o m o g e n e o u s t h r o u g h o u t the d i f f e r e n t g r o u p s . S o m e 

of t h e m d e p e n d on t h e o b s e r v e r s and on t h e i n s t r u m e n t a l o p t i c a l s y s t e m 

C o n s e q u e n t l y , s o m e c a r e is n e e d e d in p o o l i n g the d a t a for c a t a l o g u e 

w o r k as far as t i m e , m a g n i t u d e , c o l o u r e f f e c t s are c o n c e r n e d . 

D e t a i l s a r e to be f o u n d in t h e R e f e r e n c e s . 

5. A C K N O W L E D G E M E N T S 

T h e a u t h o r g r a t e f u l l y a c k n o w l e d g e s f i n a n c i a l s u p p o r t from t h e l a b o r a -

t o r i e s BIH and D A N 0 F ( P a r i s O b s e r v a t o r y ) , and C N R S (UA 1 1 2 5 ) . The c o m -

p u t a t i o n s h a v e b e e n p e r f o r m e d w i t h S . A . S . at C I R C E ( O r s a y , F r a n c e ) . 

S h e e x p r e s s e s her s i n c e r e a p p r e c i a t i o n to Dr E i c h h o r n H. for f r u i t f u l 

c o m m e n t s w h i c h g r e a t l y i m p r o v e d t h e c o m p o s i t i o n of the P a p e r . 
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