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The conditions under which the exponential and power data 
transformations give similar results, are investigated. When one 
realizes where the exponential data transformations Ile on a plot 
of the likelihood surface, then their interpretation in relation to 
the (shifted) power data transformations, is clear. 

The one parameter family of exponential data transformations, 

=[exp (yy)- I]/y, ()0 

Y, ~~~~y=O 

was defined by Manly (1976). Such transformations have no restrictive 
assumptions on the data values to be transformed, as is the case in the 
two parameter Box-Cox (1964) family of (shifted) power data transforma- 
tions, 

y(Al- A2) =KY+ A2)11 - 1]/Al, AI=O(2) 
loge(y A2), Al = 0, 

where y is restricted to be > - A2. However we believe that a particular 
value of y, estimated from the data, will be harder to interpret than for 
example, the logarithm or square root transformation. Moreover, the 
analysis given below will show that there is in fact a very intimate relation- 
ship between the two families; cf. Tukey (1957). 

We will now demonstrate that the one parameter exponential family 
given by (1) is really just a limiting case of the two-parameter shifted power 
family given by (2). It will be equivalent to show that the family of trans- 
formations generated by, 

/A+ 8(y + v)A, 

also generates the family 

oc+ P eYy. 
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Now 

/t+S(y+ V)A= p+SVA(1 +-) 
v 

= +[Q +Y) / 

=,u+ fevY, for v large. 

Hence, just as the Box-Cox one parameter power transformation 

(yA. 1)/A, A$O0 y(A) = (Y )> 

logy, A=0, 

is embedded in the (Al,A2) family, so also is the exponential transformation. 
The simple power transformation puts A2 =0, whereas the exponential 
transformation puts A1 = yA2, and A2 very large. 

We may then proceed according to the Box-Cox approach, and try to 
maximize (according to their notation), 

Lmax(Ai,A2) = - log{S(X; z)/n}, 

where S(X; z) is the residual sum of squares of Z(A); 

z ()<)_ (yI+ A2)A - 1 
Ai{gm(y+ A2)} Al - 

where gm(y+ A2) is the sample geometric mean of the (yi + A2)'s. 

Now write Z(YA2,A2)I A2 large, as z(Y), which is our special case. Then this 
can be equivalently written as, 

z(,y)(eyy_ -) 

evY 

Hence Lmax(y) can be plotted for various values of y, and the maximum 9 
can be read from the graph, together with approximate confidence 
intervals. It seems better to use special cases of a single family, rather than 
two different families that look completely different, since there is no real 
change in concept or approach. 

Manly also analyses the Box and Cox (1964) data on rats and poisons, 
and he shows the family of exponential data transformations to give as 
good results as the family of power data transformations. One may ask 
why. If we look at Figure 1, a contour plot of the likelihood surface 
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Lmax(Ai,A2), we find the likelihood surface is a ridge going off to infinity. 
This explains why both approaches are good, since from the above 
discussion, the exponential transformations lie on the rays A1 = -yA2, A2 large. 
Figure 1 shows us that the ridge actually follows one of these rays. 
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Figure 1 

Contour plot of likelihood surface for data on rats and poisons. 

59 

This content downloaded from 130.130.37.84 on Sun, 21 Dec 2014 23:20:10 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


REFERENCES 

Box, G. E. P. and Cox, D. R. (1964). An analysis of transformations. Journal of 
the Royal Statistical Society, B, 26, 211-52. 

MANLY, B. F. J. (1976). Exponential data transformations. The Statistician, 25, 
37-42. 

TUKEY, J. W. (1957). On the comparative anatomy of transformations. Annuals of 
Mathematical Statistics, 28, 602-32. 

60 

This content downloaded from 130.130.37.84 on Sun, 21 Dec 2014 23:20:10 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp

	RefBib-1978-Cre-TheSta
	RefBib-1978-Cre-TheSta
	RefBib-1978-Cre-TheSta
	RefBib-1978-Cre-TheSta
	Article Contents
	p. 57
	p. 58
	p. 59
	p. 60

	Issue Table of Contents
	Journal of the Royal Statistical Society. Series D (The Statistician), Vol. 27, No. 1 (Mar., 1978), pp. 1-64
	Front Matter [pp. ]
	Investigating Causal Hypotheses Concerning Delinquent Behaviour, with Special Reference to New Strategies in Data Collection and Analysis [pp. 1-25]
	Common Factor Analysis: Some Recent Developments in Theory and Practice [pp. 27-42]
	Factors and Responses in Multidimensional Contingency Tables [pp. 43-48]
	Sample Dimensions for the Comparison of Growth Rates (or How Long Must You Watch a Rate of Change?) [pp. 49-53]
	Forum
	On Analysing Time-Series Data Showing Cyclic Variation [pp. 55-56]
	The Exponential and Power Data Transformations [pp. 57-60]
	In Defence of Pearson's Goodness of Fit Statistic [pp. 61-62]
	A Comment on Liddell's Practical Test for Comparative Trials [pp. 63-64]

	Back Matter [pp. ]







