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CONFIDENCE LIMITS FOR THE RATIO OF TWO MEANS 

GERDA KLERK-GROBBEN / 

The method to determine confide11ce limits for the ratio of the means f 
and r; of two variates with a two-dimensional 11ormal distribution, usual i11 
biological assays (E. C. Fieller, 1944), can be brought into the following more 
ge11eral form. 

General formulation. 
To determine confidence limits for a.= -

?'} 
five functions 

x, y, 8 11 , a12 and 8 22 of the observations w1, ... , wk, such that: 
I. x and y are N (t, rJ; a11, a12 , a 22 ) distributed witI-1 unknown parameters; 

2. 
def 

Z rJX-ty 

def • / 2 I:. I:2 
Sz = + ·v 'i'J 811 - 2r;~a12 + ~ 822 

are independe11tly distributed; 
3. for some k11own integer / 

Is; . 2 
-2-, with <Yz = rJ2a11 - 2ri~a12 + ~2a22 

C1z 

has a x; -distribution. 

(I) 

(2) 

z 
From these conditions it follows that t = - has Student's-distribution 

Sz 
with / degrees of freedom. If t8 is determined by 

z p =1-D C,' 

then it follows from (I) and (2), that the inequality 

(x2 
- t!a11 ) - """' - (xy - te812 + - y - t;a22 ) < 0 

rJ rJ2 
(3) 

has a probability I - e. t 
All values a.' which, substituted for-, satisfy (3) (the value oo i11cluded), 

~ rJ 
form a confidence interval for a == - correspo11ding to the confidence level 

1-s. 

Examples. 
The method may e.g. be applied to the following situations: 



tl. i11(lt'f.)t:~11(lt:11t {)i:tirs {_)f <.>hSl'f\~;:tti(>tlS (X1, y 1), ... (x,1 , Yrt), of X a11ci y are 
g·i \'t.•11. \\'llt'rt· x ,111Li y r1~1 \'t.• ~t sin1t1l t;:-1.11e(:>11s nc>rm'-11 clistril)tl tio11 vvi th ·nk·;:111s 
,,J 

.. i .. art< ,, · 
" J ' 

l}. i11{it'IX'IlClE·r1t ol)ser\r::1tit>11s X 1 •.. . , Xn a11d Y1, .. . , Y-m c>f X a11cl y art:• 
gi\'t"ll, v,rhE"ft~ x :::1r1d y are ir1(lependently 11l1rmc1lly distributed with r11e;:1r1 ~ 
rt:s1). YJ ,t11cl \',1ri,1nce a! resp. a; --= k O-i: t provided k is a k11own C<)nstar1 t 
(t.)it1lc)gi(:al ass,1 ys). 

"fht: n1<)rt~ ger1er,1l c;:1se, ,vher1 tl1e ratio of a;: to a; is unkno\vn, ca1111ot 

l>t~ S()lve(l l)V this methocl . ., 

c. ~[lie <~<>r1ficlence limit.s for the slope of a line \Vhen both varic1tes are 
sut>jt~ct t(> err(lrs (\vi th a twodirne11sional r1orn1al clistribu tio11), gi \re11 by 
1\. \\1ald (lf)4()), is ,lnotl1er ex,tmplt:. of this method. 
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