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Format of this Issue 

The format of this issue departs from the usual format of this newsletter, where short articles 
on consulting, consulting problems, and reviews of books, tapes, and software are featured. In
stead, the entire issue is devoted to a debate on measurement theory that recently occurred on 
the STAT-L consulting network. Many subscribers of the network expressed appreciation for this 
informative and entertaining discussion. The prinCipal discussants were Warren Sarle and Paul 
Velleman. Because of the page limitation of this newsletter, I have been forced to omit substantial 
contributions submitted by other subscribers. These other discussants include Hans Geilenkirchen; 
Dennis Roberts, Jan de Leeuw, David C. Howell, Robert Burgin, Samuel M. Scheiner, J. A. Hartog, 
Robert Terry, Magnus Stenbeck, and Herman Rubin. Their messages can be. obtained by sending 
the following message by email toLISTSERV@VM1.MCGILL.CA: 

Database Search DD=rules 
*//rules DD 

search measurement theory in STAT-L since 93/10/30 
index 
print all 
/* 

The keyword in this· search is "measurement theory" and the search progresses from the date 
"yr/mo/day" of 93/10/30 to present. 
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2 Statement from the Section Chair - Dallas E. Johnson 


CALL FOR PAPERS 


The Journal of Agricultural, Biological and Environmental Statistics (JABES) is a new journal 
which is to be published jointly by the American Statistical Association and the Biometric Society. 
The first issue is scheduled to appear in 1995. 

JABES will be a journal which emphasizes applications of statistics in the agricultural, bio
logical, and environmental sciences. Published articles should be of immediate and practical value 
to applied workers in these fields. 

JABES aims to develop the interface between statistics and the biological sciences with empha
sis on agriculture, biotechnology, the environment, and natural resources. Only papers addressing 
applied statistical problems in the biological sciences will be considered. Interdisciplinary papers 
and papers which illustrate the application of new and/or important statistical methods using real 
data are strongly encouraged. Expository, review and survey articles addressing broad-based sta
tistical issues in the biological sciences will be valuable. Real data should almost always be used to 
illustrate the statistical applications being discussed and are almost always expected to be made 
available in documented, computer-readable form. 

To summarize, JABES is expected to be a very important and valuable journal for real people 
working with real biological data in today's world. 

Guidelines for authors can be requested by sending an e-mail message to 
DEJOHNSN@KSUVM.ksu.edu, a FAX to 913-532-7736, or by writing to Dallas E. Johnson, Editor, 
Department of Statistics, Dickens Hall, Kansas State University, Manhattan, KS 66506-0802. 

Editor's Note: In the following sequence of articles submitted by the two discussants, previous 
statements have been italicized, while current responses are reproduced using a norm~l font. I wish 
to thank Warren Sarle and Paul Velleman for allowing me to reprint their articles in this newsletter. 

Measurement Theory: Fallacies &, Transformations 

Warren S. Sarle 

SAS Institute Inc. 


Paul Velleman 

Cornell University 


Warren S. Sarle 

Considerable confusion has been exhibited recently on the net and in The American Statistician 
regarding levels of measurement and statistical analysis, so I am going to try again to explain things. 

Measurement of some attribute of a set of things is the process of assigning numbers or other 
symbols to the things in such a way that properties of the numbers or symbols reflect properties 
of the attribute being measured. There are different levels of measurement that involve different 
properties (relations and operations) of the numbers or symbols. Associated with each level of 
measurement is a set of transformations of the measurements that preserve the relevant properties; 
these transformations are called permissible transformations. Permissible is a technical term; 
use of this term does not imply that other transformations are prohibited in data analysis any 
more than use of the term normal implies that other distributions are pathological. A particular 
way of assigning numbers or symbols to measure something is called a scale of measurement. The 
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mathematical theory of measurement is elaborated by Krantz, Luce, Suppes, & Tversky (1971), 

Foundations of Measurement Volume 1. 

The most commonly discussed levels of measurement are as follows: 

Nominal ' 

Two things are assigned the same symbol if they have the same value of the attribute. 

Permissible transformations are any one-to-one or many-to- one transformation, although a many
to-one'transformation loses information. 

Ordinal 

Things are assigned numbers such that the order of the numbers reflects an order relation defined 
on the attribute. 

Two things a; and y with attribute values a(a;) and a(y) are assigned numbers mea;) and m(y) 
such that if mea;) > m(y), then a(a;) > a(y). 

Permissible transformations are any monotone increasing transformation, although a transforma
tion that is not strictly increasing loses information. 

Interval 

Things are assigned numbers such that differences between the numbers reflect differences of the 
attribute. 

If mea;) - m(y) > m(u) - m(v), then a(a;) - a(y) > a(u) - a(v). 

Permissible transformations are any affine transformation t(m) = em +d, where e and dare 
constants; another way of saying this is that the origin and unit of measurement are arbitrary. 

Log-interval 

Things are assigned numbers such that ratios between the numbers reflect ratios of the attribute .. 


If m(a;)/m(y) > m(u)/m(v), then a(a;)/a(y) > a(u)/a(v) 


Permissible transformations are any power transformation t(m) = emd, where e and d are con

stants. 

Ratio 

Things are assigned numbers such that differences and ratios between the numbers reflect differ
ences and ratios of the attribute. 

Permissible transformations are any linear (similarity) transformation t(m) = em, where e is a 
constant; another way of saying this is that the unit of measurement is arbitrary. 

Absolute 

Things are assigned numbers such that a.ll properties of the numbers reflect analogous properties 
of the attribute. 

The only permissible transformation is the identity transformation. 
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In real life, a scale of measurement may not correspond precisely to any of these levels of 
measurement. It is common to have scales that lie somewhere between the ordinal and interval levels 
in that the permissible transforinations are considered to be smooth monotone transformations. 

These measureinent levels form a partial order based on the sets of permissible transformations: 

Weaker (-----------------------------------> Stronger 

- Interval 
I \ 

Nominal -- Ordinal < > Ratio -- Absolute 
\ I 
Log-interval 

Once a set of measurements have been made on a particular scale, it is possible to transform 
the measurements to yield a new set of measurements at a different level. It is always possible 
to transform from a stronger level to a weaker level. For example, a temperature measurement 
in degrees Kelvin is at the ratio level. If you convert the measurements to degrees Celsius, the 
level is interval. If you rank the measurements, the level becomes ordinal. In some cases it is 
possible to convert from a weaker scale to a stronger scale. For example, correspondence analysis 
can sometimes convert nominal or ordinal measurements to an interval scale. 

If one wishes to make statistical inferences regarding an attribute based on a scale of measure
ment, the statistical method must yield invariant (or equivariant) results under the permissible 
transformations for that scale of measurement. If this invariance does not hold, then the sta
tistical inferences apply only to the measurements, not to the attribute that was measured. If 
the distinction between measurements and the attribute being measured seems pedantic, consider 
the enormous social consequences of the widespread failure to distinguish between IQ scores and 
intelligence (see, e.g., Stephen J. Gould, 'The Mismeasure of Man ). /' 

The connection between measurement level and statistical analysis has been hotly disputed 
in the psychometric and statistical literature by people who fail to distinguish between inferences 

I 

regarding the attribute and inferences regarding the measurements. If, for some bizarre reason, one 
is interested only in making inferences about the measurements without regard to their meaning, 
then measurement level is, of course, irrelevant to choice of statistical method. The classic example 
is Lord (1953), "On the Statistical Treatment of Football Numbers", American Psychologist, 8,· 
750-751, who argued that statistical methods could be applied "'regardless of level of measurement, 
and concocted a silly example involving the jersey numbers assigned to football players, which 
Lord claimed were nominal-level measurements of the football players. Lord contrived a situation 
in which freshmen claimed they were getting lower numbers than the sophomores, so the purpose 
of the analysis was to make inferences about the numbers, not about some attribute measured by 
the numbers. It was therefore quite reasonable to treat the numbers as if they were on an absolute 
scale. However, this argument completely misses the point by eliminating the measured attribute 
from the scenario. 

The confusion between measurements and attributes has been perpetuated by Velleman & 
Wilkinson (1993), "Nominal, Ordinal, Interval, and Ratio Typologies Are Misleading", The Amer
ican Statistician 47, 65- 72. Velleman & Wilkinson set up a series of straw men and knock some 
of them down, while ignoring the progress in measurement theory in the last 50 years and consis
tently misunderstanding the meaning of meaning '. Velleman & Wilkinson sometimes get things 
completely backward. For example, they complain that the number of cylinders in an automobile 
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engine can be treated, depending on the circumstances, as nominal, ordinal, interval, or ratio, and 
hence the concept of :measurement level "simplifies the matter so far as to be false." In fact, the 
number of cylinders is at the absolute level of measurement. Thus, measurement theory would 
dictate that any statistical analysis of number of cylinders must be invariant under an identity 
transformation. Obviously, any analysis is invariant under an identity transformation, so all of the 
analyses that Velleman & Wilkinson claim might be appropriate are acceptable according to mea
.surement theory. What is false is not measurement theory but Velleman & Wilkinson's backwards 
interpretation of it. 

It is important to understand that the level of measurement of a variable does not mandate how 
that variable must appear in a statistical modeL The measurement level does place restrictions on . 
how a variable can be used meaningfully in a model, and it does suggest reasonable ways to use 
a variable by default. Consider the analysis of fuel efficiency in automobiles. If one is interested 
in the average distance that can be driven with a given amount of gas, one should analyze miles 
per gallon. If one is interested in the average amount of gas required to drive a given distance, 
one should analyze gallons per mile. Both miles per gallon and gallons per mile are measurements 
of fuel efficiency, but they may yield quite different results in a statistical analysis, and there may 
be no clear reason to use one rather than the other. So how can one make inferences regarding 
fuel efficiency that do not depend on the choice between these two scales of measurement? By 
recognizing that both miles per gallon and gallons per mile are measurements of the same attribute 
on a log-interval scale, and hence that the logarithm of either can be treated as a measurement on 
an interval scale. Thus, if one were doing a regression, it would be reasonable to begin the analysis 
using log(mpg). If evidence of nonlinearity were detected, then other transformations could still be 
considered. 

Measurement level must be considered to avoid making meaningless statements. A typical 
example of a meaningless statement is the claim by the weatherman on the local TV station that 
it was twice as warm today as yesterday because it was 40 degrees Fahrenheit today but only 20 
degrees yesterday. Fahrenheit is not a ratio scale, and there is no meaningful sense in which 40 
degrees is twice as warm as 20 degrees. ··It would be just as meaningless to compute the geometric 
mean or coefficient of variation of a set of temperatures in degrees Fahrenheit, since these statistics 
are not invariant or equivariant under change of origin. There are many other statistics that can 
be meaningfully applied only to data at a sufficiently strong level of measurement. 

Consider some measures of location: the mode requires a nominal or stronger scale, the median 
requires an ordinal or stronger scale, the arithmetic mean requires an interval or stronger scale, 
and the geometric mean or harmonic mean require a ratio or stronger scale. 

Consider some measures of variation: entropy requires a nominal or stronger scale, the standard 
deviation requires· an interval or stronger scale, and the coefficient of variation requires a ratio or 
stronger scale. 

Simple linear regression with an intercept requires that both variables be on an interval or 
stronger scale. Regression through the origin requires that both variables be on a ratio or stronger 
scale. 

A generalized linear model using a normal distribution requires the dependent variable to be on 
an interval or stronger scale. A gamma distribution requires a ratio or stronger scale. A Poisson 
distribution requires an absolute scale. 

Warren S. Sarle 
Paul Velleman 

Warren Sarle's comments on measurement and statistics are an excellent illustration of the 
failed communications between two camps that have argued for almost half a century over whether 
measurement levels should determine or restrict statistical methods. Since he chose to attack my 
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work directly (1 think the word "backwards" appears a few times), 1 guess 1 should respond. 
1 have no serious complaint with Warren's definitions of scale types, nor with his description of 

how those in the "measurement determines statistics" camp think. I quite agree with him that if 

i) We know what attributes of individuals we wish to measure. 

H) We have assigned numbers in such as way as to preserve the salient features and relationships 
of these attributes. (Usually, identifying a concatenation operator that maps into addition of 
measurements. ) 

iii) We know what questions we wish to ask about these attributes. 

Then 

a) we can reasonably identify one of the measurement scales that Warren discusses, 
> 

b) we should restrict transformations to those suitable for that measurement scale, and 

c) we should select statistics from among those appropriate for that measurement scale, such as 
those Warren lists. 

Where I think he (and those of his camp) are wrong is in assuming that in real-world data 
analysis we can assume that (i), (ii), or (Hi) are true. The real debate, as 1 see it, is between those 
who think that statistics is for answering well-framed questions aooutwell-measured, well- under
stood attributes of individuals who have been sampled representatively from some homogeneous 
population, and those who recognize that in most data analysis, we do best if we remain open 
to the possibility that we didn't really measure the right attribute, didn't measure it in the best 
way! or might even have proposed a less-than-perfect question before we saw the data or even 
to the possibility that our population was not homogeneous, and thus that there was no simple 
"attribute" available for measurement in the first place. 

Unfortunately, the debate has historicaJ1y been framed as discussions of measurement scales. 
Let me try the other tack. It is, as Warren points out, a "backwards" tack, for I argue from the 
statistics to the measurement rather than the other way around, but I think this approach reveals· 
the risk of applying even so elegant an axiomatic system as measurement theory where its axioms 
may not apply. 

The primary requirement of good data analysis (and of good science) is an open mind. In 
John Tukey's phrase, we must be willing to look in the data "for those things we believe are not 
there". In-terms that matter to this debate, we must be willing to consider alternative definitions 
of attributes, alternative assignments of numbers to attributes, and alternative models to describe 
relationships among the measured variables. I do not question that variables have a measurement 
scale. I argue that we Inay not know this scale until after we have analyzed the data. This is so 
because our understanding of the attributes ought to grow as a consequence of our analysis. Our 
maturing understanding may well lead to new insight into how the attributes ought to have been 
. defined and measured, whether the population is indeed homogeneous in these attributes, and how 
the measurements of the attributes might relate to each other in terms of mathematical models. 

(At this point, I realize that I must pause for a background position statement. I maintain that 
a one-shot statistical analysis of data is rarely a good data analysis. It is important to look at 
intermediate results and be guided by them in subsequent steps of the analysis. It is possibl~ that 
some of the differences between Sarle's position and my own reflect the interface design differences 
between a program like SAS, which encourages batch':'processed analyses (even when run on a PC) 
and a program like Data Desk, which encourages interaction and graphical display.) 
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Sarle finds Lord's example "silly", but Lord's argument is an important one. Lord did not 
"miss the point" by eliminating attributes from his discussion; Sarle's perspective blinds him to 
Lord's point." Lord presents a simple parable to show that a given set of numbers may represent 
several attributes. In Lord's story the numbers are originally nominal values intended only to 
label football jerseys. They gain a new meaning when the Sophomores taunt the Freshmen for 
having low numbers. In effect, the Freshman now identify the new attribute of "social status", 
which is measured by the football jersey number magnitude. The new question asked about this 
new attribute can be addressed appropriately by granting the numbers interval-scale status. As 
Lord points out, the numbers don't have a scale; the scale derives from an understanding of the 
attribute the ilUmbers are representing in the context of the current question. 

While Lord's story is contrived, in reality such changes happen frequently. Wilkinson and I 
(The American Statistician 47,65-72 (Feb 1993) -also see the exchange ofletters in the November 
1993 American Statistician pp. 314-316.) note several examples of data values originally assigned 
for one purpose, but found subsequently to carry additional information at a different measurement 
scale than originally intended. 

Even when we know the attribute we want to measure (assumption (i»), we may not succeed 
in measuring it correctly (assumption (ii». Tukey gives the example of one of those crescent
shaped postal scales to which you clip an envelope and read the weight as it balances. The correct 
graduations on such scales are not equally spaced. Tukey asks what if you tried to make such a 
sc~e but erroneously made equally-spaced marks. The "weights" you would measure would appear 
correct at first; heavier items would have larger weights. A simple data analysis involving these 
"weights" and, say, the volume of lead corresponding to each would benefit from a transformation 
(which could recover a more precise representation of the attribute we thought we were measuring), 
but such a transformation would be forbidden if we believed that we had the correct assignment 
of numbers to the weight attribute. Without such a transformation, our science might well be set 
back. 

It seems to me to be extraordinary hubris to assert that we know that we have measured an 
attribute on the "correct" scale - especially when the ,decision of how to measure that attribute 
may have been made by somebody else for some other purpose, or might simply be a matte,r of 
tradition. Sarle discusses gas mileage. I agree that we might want to choose between miles/gallon 
and gallons/mile b'sed on the specific kind of question we are asking, but in reality what happens is 
that if you grew up and live in the US you perform your analyses in miles/gallon without thinking 
about it (because "that is how you measure fuel efficiency") and you are quite comfortable asserting 
that it is a ratio variable (and thus that you woiild never consider transforming to its reciprocal). 
But, if you live almost anywhere else in the world, you work in liters/100 km (again, out of 
tradition), and still assert that this is a ratio-scale measurement. If you analyze the data with an 
open mind, you learn that the weight of a vehicle is by far the principal determinant of gas mileage 
and that the gallons/mile (or liters/l00 km) form is linear in weight (While miles/gallon is not). 
Further inquiry reveals that automotive engineers know this well and work with gallons/100 mi 
or liters/tOO km, and that there are some simple arguments based on elementary physics for this 
relationship - but you are unlikely to learn these things until, after you look at the data with an 
open mind. 

It is sometimes possible with physical measurements to have a sufficiently clear understanding 
of the attribute measured that we can make a clear choice among alternatives. I think it is far less 
common that the attributes measured in economics and the social sciences are defined so dearly. 
Indeed, Mosteller and Tukey Data Analysis and Regression, Addison-Wesley, 1977) suggest that we 
should transform most variables, leaving relatively few measurements in their original form. 
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It is fine for Sarle to argue that we should have thought about these issues before choosing an 
analysis scale; the fact is, that we rarely do and (this was the point that Wilkinson and I stress) 
textbooks and computer software that encourage us to identify the measurement scale in which 
the data happen to arrive first and choose statistics methods based on that identification 
discourage investigation of alternatives. Analyses based on this approach may be valid statistics, 
but they are almost always poor data analysis because they are not made with an open mind; with 
a conscious attempt to search for "what we believe is not there". 

Suppose we know what we want to measure (i) and succeed in measuring it in an appropriate 
fashion (ii), we might still ask different questions of the measurements than were originally intended. 
One question that causes great trouble for Sarle's camp is the basic exploratory data analysis 
question: "what is going on in these data?" Time after time I have analyzed data in which the 
researcher thought he/she knew what attributes were measured and was confident that the units 
were. appropriate and the scales well- identified, only to discover something entirely unexpected 
in the data. If I had been constrained to forgo transformation or to select from Sarle's list of 
permitted methods I never would have found the really important patterns. It is experiences such 
as these that led Wilkinson and me to assert that the major problem with proscribing methods 
and transformations is that it doesn't work in real-world science and social science. 

Geilenkirchen (who joined the debate last week) makes pretty much the same errors. In a 
previous comment in this debate, he said 
Geilenkirchen: However, it is always possible that, depending on the questions we have in mind, 
we are not interested in measuring a variable on the technically highest possible scale. So e.g. we 
may measure a ratio-scaled variable using classes of unequal width, i.e. we apply an ordinal scale. 
But the moment we have measured the variable that way, we may not complain that we cannot 
answer questions that require a ratio-scale. Also it is commonly known that it is not inconsistent 
to apply techniques developed for measurements on a lower scale on variables measured on a higher 
scale (although possible with some loss of information), for instance computing the median of a 
ratio-var·iable. However, the moment we compute a median of a ratio-scale variable, we may not 
conclude that the variable is measured on an ordinal scale. In our opinion this is the error of 
thought Velleman and ~ilkinson make in their example of the tickets at the ASA reception: it is 
a ratio-scaled variable but it is used on a nominal scale to select the price winner. The same holds 
for their example of the number of cylinders of a car. 

I agree with him that after the fact it is clear that the raffle ticket numbers were ratio-scale 
values dragooned into the cause of nominal prize-winner identification. My point is that if you 
asked the statisticians in the room "what is the measurement scale of your raffle ticket number?" 
the overwhelming response would have been "nominal". It only became clear that the numbers 
could function on a ratio scale to measure number of attenders afterwards. Had we forbidden 
scale-inappropriate sUIilmary statistics, we never would have realized that this function was possible. 

As statisticians and those who use statistics, we acknowledge at the outset that the numbers 
presented for analysis have errors. We cannot restrict our consideration of those errors to random 
perturbations. A healthy skepticism about how numbers have been assigned to represent the 
underlying phenomena is inherent in any sound philosophy of data analysis. . 

Wilkinson and I do not reject measurement theory. We suggest that after a data analysis 
is complete, the analyst should consider the measurement scale required to support the analysis. 
If there is doubt that the data could possibly have carried this information, there is reason to 
question the analysis itself. However, it' has been my experience that often what is learned is 
that there was something more to the data than was originally presented. For example, "nominal;' 
identifying codes are often assigned in temporal order, and thus carry unintended (but often useful) 
information. (See Brian Joiner's (Joiner, 1981) excellent article on "lurking variables" for several 
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other examples.) 
Finally, I must point out to Warren that (contrary to his assertion) Wilkinson and I never 

said that the theory of n~easurement was wrong. We merely asserted that it was a poor basis for 
designing software that purports to help users analyze data. We assert that this is so because the 
theory requires strong assumptions about the population, the attributes measured, the assignment 
of numbers to these attributes, and the questions to be' asked of these numbers, and that to make 
these assumptions a priori is likely to lead to poor data analysis. The theory of measurement is 
axiomatic mathematics. As such, it is true whenever its axioms are true, and should be applied 
whenever you are willing to assume that its axioms apply (for that is the nature of an axiom). Our 
point is simply that it is unwise to assume that these particular axioms apply to most real-world 
data analyses. 

- Paul Velleman 
Warren Sarle 
In a previous article Paul Velleman writes: 
PV > Warren Sarle's comments on measurement and statistics are an excellent illustration of the 
failed comniunicatiow'I between two camps that have argued 

Indeed. 
for almost half a centu1'y over' whether measurement levels should determine or restrict statistical 
methods. Since he chose to attack my work directly (/ think the word "backwards" appears a few 
times), / guess / should respond here. 
/ have no serious complaint with Warren's definitions of scale types, nor with his description of 
how those in the ((mea..'1urement determineB Btatistics" camp think. / quite agree with him that if 

i) We know what attributes of individuals we wish to measure. 

ii) We have a<'1signed numbers in such as waya..'1 to preserve the salient features and relationships 
of these attributes. (Usually, identifying a concatenation operator that maps into addition of 
measurements.) .' 

iii) We know what questions we wish to w;;k about these attributes. 

Then 

a) we can rewlOnably identify one of the measurement scales that Warren discusses, 

b) we should restrict transformations to those suitable for that measurement scale, and 

This is where the backwardness comes in. The point of measurement theory is not to restrict 
transformations in a statistical analysis. That is not what "permissible transformation" means. 
The point is that statistical methods should be used that give invariant results under the class 
of permissible transformations, because those transformations do not alter the meaning of the 
measurements. "Permissible" was undoubtedly a poor choice of words, but Stevens was quite clear 
about the meaning. For example (Stevens 1959): 

" In general, the more unrestricted the permissible transformations, the more restricted the 
statistics. Thus, nearly all statistics are applicable to measurements made on ratio scales, but only 
a very limited group of statistics may be applied to measurements made on nominal scales." 

c) we should select statistics from among those appropriate for that measurement scale, such as 
those Warren list<'1. 
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Where I think he (and those of his camp) are wrong is in assuming that in real-world data 
analysis we can assume that (i), (ii), or (iii) are true. The real debate, as I see it, is between 
those who think that statistics is for answering well-framed questions about well-measured, well
understood attributes of individuals who have been sampled representatively from some homogeneous 
population, and tho.se who recognize that in most data analysis, we do best if we remain open to 
the possibility that we didn't really measure the right attribute, didn't measure it in the best way, 
or might even have proposed a less-than-perfect question before we saw the data or even to the 
possibility that our population was not homogeneous; and thus that there was no simple "attribute" 
available for measurement in the first place. 

Measurement theory was developed largely by psychologists because problems such as· those 
mentioned above are pervasive in psychological research. Measurement theory and many other 
methods of data analysis used in psychology and other social sciences are intended to provide 
constructive and systematic approaches to dealing with not-well-measured, not-well-understood 
attributes. The point is that if you can't do any better for measurement than "rate this on a 
I-to-5 scale", you'd better not try to interpret a coefficient of variation. The pervasive problem 
with not-well-understood measurements is over-interpretation (such as the weatherman's "twice as 
warm"), not under-interpretation. 
PV > The primary requir'ement of good data analysis (and of good science) is an open mind. In 
John Tukey's phrase, we must be willing to look in the data "for those things we believe are not 
there". In terms that matter to this debate, we must be willing to consider alternative definitions 
of attributes, alternative assignments of numbers to attributes, and alternative models to describe 
relationships among the measured variables. I do not question that variables have a measurement 
scale. I argue that we may not know this scale until after we have analyzed the data. This is so 
because our understanding of the attributes ought to grow as a consequence of our analysis. Our 
maturing under<'1tanding may well lead to new insight into how the attributes ought to have been 
defined and measured, whether the population is indeed homogeneou,'1 in these attributes, and how 
the measurements of the attributes migh(~late to each other in terms of mathematical models. 

I agree with this. In fact, psychologists have developed methods for trying to determine the 
level of measurement empirically. 
PV > (At this point, I realize that I must pause for a background position statement. I maintain 
that a one-shot statistical analysis of data is rarely a good data analysis. It is important to look at 
intermediate results and be guided by them in subsequent steps of the analysis. It is ,possible that 
some of the differences between Sarle's position and my own reflect the interface design differences 
between a program like SAS, which encourages batch-processed analyses (even when run on a PC) 
and a program like Data Desk, which encourageB interaction .and graphical display.) 

Another straw man. I have never done a "one-shot statistical analysis" outside of an intro stat 
class, even back when I. used BMD (before the "P"). This has nothing to do with batch processing. 
The commercial insinuations are irrelevant to the discussion. 
PV > Sarle finds Lord's example "silly", but Lord's point is an important one. Lord did not 
"miss the point" by eliminating attributes from his discussion; Sarle's point of view blinds him to 
Lord's point. Lord presents a Bimple parable to show that a given set of numbers may represent 
several attributes. In Lord's Btory the numbers are originally nominal values intended only to label 
football jerseys. They gain a new meaning when the SophomoreB taunt the Freshmen for having 
low ntf,mbers. 'In effect, the FreBhman now identify the new attribute of "social status", which is 
measured by the football jersey number magnitude. The new queBtion asked about this new attribute 
can be addressed appropriately by granting the numbers interval-scale status. 

Going from the interpretation of football numbers in terms of social status to the conclusion 
that they represent an interval-level measurement is a large and unjustified leap. 
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PV > As Lord points out, the numbers don't have a scale; the scale derives from an understanding 
of the attribute the numbers are representing in the context of the current question. 

That's true, but Lord said nothing of the sort in "On the Statistical Treatment of Football 
Numbers", Velleman is reading far more into the article than is there, at least in my copy of it. 
Lord did indeed eliminate attributes from the discussion. He did not redefine the attribute in terms 
of social status, He simply said, "The sophomore, team was laughing at them because they had 
such low numbers," Lord's interpretation was entirely in terms of "numbers", not social status, 
PV > Even when we know the attribute we want to measure (assumption (i)), we may not succeed 
in measuring it correctly (assumption (ii)). Tukey gives the example of one of those crescent
shaped postal scales to which you clip an envelope and read the weight as it balances. The correct 
gradations on such scales are not equally spaced, Tukey asks what if you tried to make such a scale 
but erroneously made equally-spaced marks. The "weights" you would measure would appear correct 
at fir'st; heavier items would have larger weights. A simple data analysis involving these "weights" 
and, say, the 110lume of lead corresponding to each would benefit from a transformation (which could 
1'ecove1' a more pr'ecise representation of the attribute we thought we were measuring), but such a 
transformation would be forbidden if we believed that we had the correct assignment of numbers to 
the weight attribute, Without such a transformation, our science might well be set back. 

Backwards again. Such transformations are NOT "forbidden" by measurement theory. 
PV > It seem."1 to me to be extraordinaf'Y hubri..'1 to assert that we know that we have measured 
an attribute on the "correct" scale - especially when the decision of how to measure that attribute 
may have been made by somebody else for some other purpose, 01' might simply be a matter of 
tradition. Sarle discusses gas mileage. I agree that we might want to choose between miles/gallon 
and gallons/mile based on the specific kind of question we are asking, but in reality what happens is 
that if you grew up and live in the US you perform your analyses in miles/gallon without thinking 
about it (because "that is how you measure fuel efficiency") and you are quite comfortable asserting 
that it is a ratio variable (and thus that you would never consider transforming to its reciprocal). 

Backwards yet again, "Hubris" comes in assuming, for example, that a mark on a line in 
response to the question "how much does it hurt?" represents a ratio-level measurement of pain 
intensity, 
PV > It is fine for Sarle to argue that we should have thought about these issues before choosing 
an analysis scale; the fact is, that we rarely do and (this was the point that Wilkinson and 
I stress) textbooks and computer software that encourage us to identify the measurement scale in 
which the data happen to arritle first and choose statistics methods based on that identification 
discourage investigation of alternatitles. A nalyses based on this approach may be valid statistics, 
but they are almost always poor data analysis because they are not made with an open mind;. with 
a conscious attempt to search for "what we believe is not there". 

Still backwards. The, purpose of using levels of measurement in statistical software is to discour
age people from computing the mean of football numbers, which is almost always a meaningless 
thing to do. Lord is free to define his football numbers as ratio-level if he insists. People who 
can't think for themselves will do data analysis just as poorly with Velleman's software as with any 
other. 
PV > As statisticians and those who use statistics, we acknowledge at the outset that the numbers 
presented for analysis have errors. We cannot restrict our consideration of those errors to ran
dom perturbations. A healthy skepticism about how numbers have been assigned to represent the 
underlying phenomena is inherent in any sound philosophy of data analysis. 

And this is precisely the motivation of measurement theory. 
PV > Finally, I must point out to Warren that (contrary to his assertion) Wilkinson and I never 
said that the the.of'Y of measurement was wrong. 
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Aside from "misleading", the terms used in the article included "false". 
PV > We merely asserted that it was a poor basis for designing software that purports to help 
users analyze data.· We assert that this is so because the theory requires strong assumptions about 
the population, the attributes measured, the assignment of numbers to these attributes, and the 
questions to be asked of these numbers, and that to make these assumptions a priori is likely to 
lead to poor data analysis. The theory of measurement is axiomatic mathematics. As such, it is 
true whenever its axioms are true, and should be applied whenever you are willing to assume that 
its axioms apply (for' that is the nature of an axiom). Our point is simply that it is unwise to 
assume that these particular' axioms apply to most real-world data analyses. 

On the contrary, measurement theory shows that strong assumptions are required for certain 
statistics to be meaningful. Measurement theory encourages people to think about the meaning of 
their data. It encourages critical assessment of the assumptions behind the analysis. It encourages 
respqnsible real-world data analysis. 

Warren S. Sarle 
Paul Velleman 

1 hope this exchange between Warren Sarle and myself helps the readers to understand how 
difficult it has been for the two sides of this debate to communicate. We use the same words; we 
speak a different language. I will try again: 
(lines preceded by "PVII >" were mine to begin with, repeated by Warren for clarity.) 
WS> The point of measurement theory ... is that statistical methods should be used that give 
invariant results under the class of permissible transformations, because those transformations do 
not alter the meaning of the measurements. 

The "meaning of the measurements" is a phrase that suggests that this meaning is somehow 
fixed and well-determined before the analysis. If, as I said, this is the cC),se: i..e. that the attributes 
being measured are well-defined, that the measuring instrument assigns numeric values to these 
attributes with an appropriate mapping, and that the scientific "meaning" of these attributes are 
understood, at least in the context of ~he curtent analysis, then by all means, let's restrict our 
analyses to those that give invariant results and make no impermissible transformations. 

HOWEVER, 1 assert (once again) that we generally do not know what attribute really was 
measured, nor that the measurement appropriately assigned numbers to the attribute, nor even 
what questions we should ask of these measurements. In that context, it is folly to restrict our work 
to permissible transformations. Indeed, it is by transforming the data and trying unanticipated 
statistics that we have the best hope of discovering more about the attributes and measurement 
instruments. 
WS> Measurement theory and many other methods of data analysis used in psychology and other 
social sciences are intended to provide constr'uctive and systematic approaches to dealing with not
well-measured, not-well-understood attributes. 

Yes, but Measurement theory does so by forcing us to degrade our analyses to those suitable 
for poorer-quality (usually rank) data. When we do this we lose the opportunity to discover linear 
or additive relationships (after a suitable transformation), which might have important theoretical 
implications. I believe that it is almost never a good idea to degrade measurements to rank data 
for purposes of analysis. (I would therefore apply nonparametric measures primarily to answer 
intrinsically nonparametric questions or where I particularly valued their robustness.) 
w.,> The point is that if you can't do any better for measurement than "rate this on a J-to-5 
scale", you'd better not try to interpret a coefficient of variation. The pervasive problem with not
well-understood measurements is over-interpretation (such as the weatherman's ''twice as warm"), 
not under-interpretation. 
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I would say that the pervasive fear driving measurement theory is of over-interpretation. In 
his rush to protect us from over-interpreting,' Warren would throw out the baby with the bath 
water. I repeat: you.sh~uld consider the measurement scales of your data after your analysis is 
complete and consider carefully whether the data can support your model and analysis; that is 
where the weatherman should catch his nonsense. 
WS> In fact, psychologists have developed methods for trying to determine the level of measurement 
empirically. 

Now that's frightening. 
WS> The commercial insinuations are irrelevant to the discussion. 

Agreed. Sorry. 
WS> Going from the interpretation of football numbers in terms of social status to the conclusion 
that they represent an interval-level measurement is a large and unjustified leap. . . . [Lord} did 
not redefine the attribute in terms of social status. He simply said, "The sophomore team was 
laughing at them ,because they had such low numbers." Lord's interpretation was entirely in terms 
of "numberB", not social status. 

I'll appeal to the readers on this one. If Warren is happier with the term "risibility index" 
rather than "social status", I'll accept that. The point is not in which particular new attribute was 
now being measured by the jersey numbers; The point is that Lord established that the numbers 
had taken on an additional meaning. The sophomores were laughing at the freshmen "because 
they had such low numbers". It is the lowness of the numbers that was relevant to the students, 
and that made the magnitudes of the numbers important. It may be a stretch to get from "low 
numbers" to interval scale, but even if Warren will grant ordinal scale (and use a non parametric 
test for Freshman number magnitude vs sophomore number magnitude), Lord's point is made: 
numbers that had been assigned as nominal labels can take on other meaning. This is not an 
uncommon occurrence. Joiner mentions an example of rat cage ID's carrying information about 
local environment; Wilkinson and I cite raffle numbers carrying information about attendance; I 
have seen several other cases (and mention one below). Lord chose foot ball jersey numbers because 
they are the archetypal nominal value used in many stat texts. . 
FVII > Tukey asks what if you tried to make such a scale but erroneously made equally-spaced 
marks. The "weights" you would measure would appear correct at first; heavier items would have 
larger weights. A simple data analysis involving these "weights" and, say, the volume of lead 
corresponding to each would benefit from a transformation (which could recover a more precise 
representation of the attribute we thought we were measuring), but such a transformation would 
be forbidden if we believed that we had the correct assignment of numbers to the weight attribute. 
Without such a transformation, our science might well be set back. 
WS > Backwards again. Such transformations are NOT "forbidden" by measurement theory. 

Oh? I thought that if 1 took, say square roots of ratio-scale values I would be accused of altering 
the "meaning of the measurements". After all, ratio data permit, say, a regression, but taking a 
square root of the dependent variable will alter the slope and may alter the significance of the t-test. 
Surely that is not a permissible-transformation and, as you said at first, "statistical methods should 
be used that give invariant results under the class of permissible transformations, because those 
transformations do not alter the meaning of the measurements." 
FVII > It seems to me to be extraordinary hubris to assert that we know that we have measured 
an attribute on the ((correct" scale - especially when the decision of how to measure that attribute 
may have been made by somebody else for some other purpose, or might simply be a matter of 
tradition. Sarle diBcusses gas mileage. I agree that we might want to choose between miles/gallon 
and gallons/mile based on the specific kind of question we are asking, but in reality what happens is 
that if you grew up and live in the US you perform your analyses in miles/gallon without thinking 
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about it (because "that is how you measure fuel efficiency") and you are quite comfortable asserting 
that it is a ratio variable (and thus that you would never consider transforming to its reciprocal). 
W S > Backwards yet again. "Hubris" comes in assuming, for example, that a mark on a line in 
response to the question "how much does it hurt?" represents a ratio-level measurement of pain 
intensity. 

But I advocate no such assumption. I want to assume that,I don't know a priori what level of 
measurement I have, or even what attribute I have measured. I hope to learn about both of these 
by analyzing the data and refining the questions I ask of the data and the models I use to describe. 
and summarize the data. It is Sarle who assumes that we can choose between miles per gallon 
and gallons per mile before we look at the data merely by thinking about it (and implicitly by 
assuming that we know the right attribute and that it has been measured appropriately.) I think 
his response dodges the issue here. 
PVI! >textbooks and computer software that encourage us to identify the measurement scale in 

which the data happen to arrive first and choose statistics methods based on that identification 

discourage investigation of alternatives. Analyses based on this approach may be \alid statistics, 

but they are almost always poor data analysis because they are not made with an open mind; with 

a conscious attempt to search for "what we belie1,e is not there". 

WS > Still backwards. The purpose of using levels of measurement in statistical software is to dis

courage people from computing the mean of football numbers, which is almost always a meaningless 

thing to do. Lord i,'1 free to define his football numbers as ratio-level if he insists. 


Aha! So Warren wants to protect us all. I suppose I should appreciate the training wheels, but 
I'd rather learn to ride the bicycle without them. This is exactly what Wilkinson and I objected 
to in our article. If I am protected from treating my data in any way that formal measurement 
theorists find "meaningless", then I will also be protected from discovering that there is something 
in the data that I didn't expect. (And if our goal is a padded environment for beginning data 
analysts, I think we can do far better than touse measurement scale as the center of our software 
design.) 

I recently analyzed data from a c6mpany that had opened nationwide outlets. Outlet ID was 
given to me as a (nominal) code number. However, a plot of annual sales vs outlet ID showed 
curvature and heteroskedasticity. Log(sales) was linear in outlet ID and homoskedastic - but with 
a gap in the data and an outlier. Inquiries revealed that outlet ID had in fact been assigned in 
chronological order as new outlets were opened. The gap was the Canadian outlets, which had been 
omitted from the data provided to me. The outlier was an error (and, as an otherwise plausible 
value, would not have been discovered except in its failure to follow this "illegal" pattern). Sales, of 
course, had been growing exponentially at. each outlet, so older outlets showed more sales and more 
variance. Warren would "protect" me from learning any of this by preventing the "meaningless" 
scatterplot. The res~lting analyses would, of course, suffer from still having the uncorrected outlier. 
Thanks, Warren, but I'll muddle along without your protection. 
WS> People who can't think for themselves will do data analysis just as poorly with Velleman's 
software as with any other. 

Of course they will. But people who can think for themselves will do much better with a 
program like Data Desk that is open-ended, encourages many graphic displays, and links them 
with statistical analyses than with a program that restricts what you may do based on arbitrary 
attributions of scale type to variables. 
PVI! > As statisticians and those who use statistics, we acknowledge at the outset that the num
bers presented for analYBis have errors. We cannot restrict our consideration of those errors to 
random perturbations. A healthy skepticism about how numbers have been assigned to represent the 
underlying phenomena is inherent in any sound philosophy of data analysis. 
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wS > And this is p1'ecisely the motivation of measurement theory. 
On the contrary. I suggest that we be skeptical about the data and the model. Warren wants 

us to be skeptical about the data analyst and the methods. Measureml'lnt theory expresses full 
faith that the assigned numbers really measure the appropriate attribute in the right way. It then 
expresses skepticism that the data analyst can be trusted to keep to the straight-and-narrow and 
not infer too much from these data. As Tukey and others have noted with disapproval, it often 
does this by degrading the data to rank scale just to be sure that we don't infer too much. 

You can't make people honest with arbitrary restrictions. If I want to cook my results, I will 
just make up the data. If I am an honest and serious data analyst, then I am interested in learning 
as ~nuch of the truth from any dataset as I can, and need no restrictions to "protect" me. 
PVII > Wilkinson and I never said that the theory of measurement was wrong. 
WS> Aside from "misleading", the terms used in the article included "false". 

Warren, let's at least be honest. Wilkinson and I say (p 69): " ... the assertion, common to many 
traditional statistics texts, that 'data values are nominal, ordinal, interval, or ratio' simplifies the 
matter so far as to be false." 

Do. you really want to stretch that to suggesting that we claim that measurement theory is 
false? 
PVII > Our point is simply that it is unwise to assume that these particular axioms apply to most 
1'eal-world data analyse<'l. 
W S > On the contrary, measurement theory shows that strong assumptions are required for certain 
statistics to be meaningful. Measurement theory encourages people to think about the meaning of 
thei1' data. It encourages critical assessment of the assumptions behind the analysis. It encourages 
responsible real-world data analysis. 

Measurement theory encourages critical assessment of the assumptions behind the analysis 
only after you uncritically accept that the attribute identified has been measured and that the 
measurement instrument has been properly calibrated. That is an odd sort of critical assessment, 
and is anything but responsible real-worlddata analysis. Responsible analysis requires that we look 
everywhere - even where we expect to find . nothing and where we think that the measurement scale 
may not support our method. After the analysis we are obliged to think hard about the attribute, 
the measurement instrument, and the measurement scales, but it is folly to restrict ourselves before 
looking at the data. Software designed to do so ties one hand behind the user's back. 

Paul Velleman 
Warren S. Sarle 
Paul Velleman writes: 
PV > OM I thought that if I took, say square roots of ratio- scale values I would be accused of 
altering the "meaning of the measurements". After all, ratio data permit, say, a regression, but 
taking a square root of ~he dependent variable will alter the slope and may alter the significance 
of thet-test. Surely that is not a permissible transformation and, as you said at first, "statistical 
methods should be used that give invariant results under the class of permissible transformations, 
because those transformations do not alter the meaning of the measurements." 

This seems to be the fundamental misunderstanding regarding measurement theory. The word 
"permissible" was not used by Stevens in the ordinary sense of the word. Perhaps the word 
"mandatory" comes closer to the intended meaning. 

When we measure something, the resulting numbers are usually, to some degree, arbitrary. We 
choose to use a 1 to 5 Likert scale instead of a -2 to 2 scale. We choose to use Fahrenheit instead 
of Celsius. We choose to use miles per gallon instead of gallons per mile. The conclusions of a 
statistical analysis should not depend on these arbitrary decisions, because we could have made the 
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decisions differently. We want the statistical analysis to say something about reality, not simply 
about our whims regarding meters or feet. 

Stevens chose to describe this arbitrariness in terms of classes of transformations that he called 
"permissible" fransformations. The set of arbitrary choices of measurement scale, i.e., the choices 
that do not affect the nature of the correspondence between the measurement and the attribute 
being measured, often can be expressed in terms of transformations of anyone of those arbitrary 
scales. This idea led to the formulation of the nominal, ordinal, interval, log-interval, ratio, and 
absolute levels of measurement. This list is not exhaustive, and details regarding these levels can 
be obtained from my previous articles . 

. Stevens said that the conclusions of a statistical analysis should be invariant (or equivariant I'd 
rather not bother with that distinction) under "permissible" transformations of the measurements. 
This does not mean that one is allowed to apply any of these transformations. Rather, it means 
that one must apply all of these "permissible" transformations and verify that the conclusions are 
e~sentially the same for all of them, i.e., invariant. This is why I suggest that "mandatory" might 
be a better term than "permissible". 

Obviously, one cannot actually conduct an infinite number of analyses of a real data set cor
responding to an infinite class of transformations. However, it is often straightforward to verify 
or falsify the invariance mathematically. I think the application of this idea to summary statistics 
such as means and coefficients of variation is fairly widely understood. For example, a mean is 
equivariant under changes of origin and scale, hence it is a suitable location estimator for a variable 
measured at the interval level. The coefficient of variation is not invariant under changes of origin, 
so it is not a suitable scale estimator for an interval-level variable. 

The confusion arises when we come to linear or nonlinear models and consider transformations 
of variables. Recall that Stevens did not say that transformations that are not "permissible" 
are prohibited. In fact, I can't think of any reason why measurement theory would prohibit any 
transformation (I'd rather not commit myself absolutely to this position, though). What Stevens 
said was that we should consider all "permissible" transformations and verify that our conclusions 
are invariant. 

Consider, for example, the problem of estimating the parameters of a nonlinear model by 
maximum likelihood (ML), and comparing various models by likelihood ratio (LR) tests. We 
would want the LR tests to be invariant under the "permissible" transformations of the variables. 
One way to do this is to parameterize the model so that any "permissible" transformation can be 
inverted by a corresponding change in the parameter estimates. In other words, we can make the 
ML and LR tests invariant by making the inverse-permissible transformations mandatory (this is 
the same set of transformations as the permissible transformations except for a degeneracy here 
and there which I won't worry about). 

To illustrate, suppose we are modeling a variable Y as a function fO of variables N, 0, I, L, 
R, and A at the nominal, ordinal, etc. measurement levels, respectively. Then we can insure the 
desired invariance by setting up the model as: 

Y = f(arb(N),mon(O),a+bI,cLd,eR,A, ...) 

where arbO is any (estimated) function, monO is any ( estimated) monotone function, and a, b, c, 
d, and e are parameters. Then any "permissible" transformations of N, 0, I, L, R, and A can be 
absorbed by the estimation of the arbO and monO functions and the parameters. The function fO 
can involve any other transformations such as sqrts or logs or whatever. fO can be as complicated 
as you like-the presence of the "permissible" or "mandatory" transformations as part of the model 
to be estimated guarantees the desired invariance. 
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If one were designing software for fitting linear or nonlinear models, one might want to provide 
these "mandatory" transformations in a convenient way. This, in fact, was the motivation for 
numerous programs developed by psychometricians that anticipated many of the features in ACE 
and generalized additive models. 

To be continued ... 
- Warren S. Sade 

Paul Velleman 
This time Warren Sarle and I agree more, but not entirely. 

WS> Note that this is not a measurement-theory issue. These concerns apply to all scales of 
measurement. 

absolutely. 
In a recent article on the net, Dennis Roberts wrote: This suggests that statistical work should 
mimic reality ... present a model that reflects what actually is being observed. But, if that is the 
case, why is it commonplace to take data that are seriously skewed (for example) and perform some 
arcsine transformation on them PRIOR to doing some analysis that more or less assumes a norrnal 
distribution? Isn't this distorting reality? ... 

No, it is simply recasting your measurements on a different scale. There are many phenomena 
that can be measured in different ways, including earthquake strength, light intensity, and gas 
mileage. Social Science phenomena are usually even less well~defined. (Is the strength of a stimulus 
measured by physical intensity? the log of intensity? How do we measure intensity? By "Income" 
do we mean dollars paid or the reward felt by the recipient of the money (which is probably closer 
to logedollars)?) Reality is not defined by how we (or worse, someone else) choose to measure it. 
WS> if you do take logarithms and do a t test, then you're comparing geometric means of the 
original variable, not arithmetic means. But if you want to compare geometric means, then it may 
be an excellent idea to take logarithms even if it intr'oduces some negative skewness-if necessary, 
use robust 01' distribution free methods, but test the right hypothesis, or estimate a meaningful 
parameter! 

I agree, but be sure that you do not assume that there is any magic in the original units or 
scale of measurement. The fundamental fallacy is that the data were measured in the "right" or 
"best" way and that therefore there is something "wrong" with values that record the same general 
information in different units or on a different scale. Thus, for example, gas mileage (to trot out 
the old example again) can be measured either as miles/gallon (in the US) or as liters/l00 km 
(elsewhere in the world). Both forms record information about the same general concept (fuel 
efficiency). If we know nothing in particular about fuel efficiency, then it is completely appropriate 
to use information from the data to make a choice. That is, once we note that weight is the best 
predictor of fuel efficiency in vehicles and that Itr/100 km is linear in weight, while MPG is not, I 
have no problem with ~iding with the rest of the world on Itr/100 km, 

From here it is but a short step to being willing to transform any data unless you have solid 
theoretical reasons to know that the measurement scale is unequivocally the correct one. Of 
course you are answering a (slightly) different question, but the point of good data analysis is to 
ask better questions, not just to provide answers to the ones we thought to ask before we knew 
anything. 
WS> One should devise a meaningful question first, and then try to find a statistical method for 
answering it. 

As I said, Warren and I disagree on some things. Certainly it is good to have some questions (and 
some models) in mind first. But the goal of the vast majority of data analyses is the formulation of 
better questions. These may lead to further research before you can do much inferential analysis, 
but that is how science advances. 
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WS> Too many people decide on the statistical method first, and then try to figure out what the , 
result means. 

Hear, Hear! 
WS> To return' to transformations, the advice ,. to transform to normality or to equal variances, 
for the sole purpose' of satisfying the assumptions of some statistical method, is probably the most 
common fallacy promulgated by statisticians and statistics textbooks. 

If the sole justification were to satisfy assumptions, I guess I would agree. However, the major 
justification is that usually we cannot be certain that the data were measured on the "appropriate" 
scale for the kind of science we are doing. Transforming to obtain linearity and homoskedasticity 
have been shown to lead to better models and clearer understanding in many different analyses. 
Statisticians of the reputation and experience of Bartlett, Box, Cox, Mosteller, and Tukey have all 
recommended a liberal hand with applying transformations. (Mosteller & Tukey Data Analysis and 
Regression, Addison Wesley ) recommend that you transform almost every variable asa matter of 
"first aid" before doing any analysis, and then consider yet another transformation after you learn 
more about the data.) 
WS> The second most common fallacy in statistics textbooks is probably that you should test for 
normality before doing a t test or ANOVA. The operating characteristics of the test for normality 
are just the opposite of what you need. 

I agree entirely. 
Paul Velleman 
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Call for Contributions 

Anyone wishing to publish an article in this forum on any aspect of Consulting contact Rob Leighty. 
I am particularly interested in contributions concerning 

• 	 Consulting problems suitable for a problem corner- Difficult consulting problems that we 
could write up with a call for comment by our readership. While this is clearly less responsive 
than a consulting news network, it does provide a mechanism for obtaining feedback on vexing 
problems. 

• 	 Reviews of books, tapes, software or other educational materials appropriate for those who 
perform statistical consulting or statistical consulting education. We would be interested in 
suggestions for items you would like having reviewed. 

• 	 Articles on non-statistical aspects of statistical consulting 

• 	 Case studies suitable for presentation in classroom settings 

My email address is rml@osustat.mps.ohio-state.edu. My US mail address is: 

Department of Statistics 

The Ohio State University 


1958 Neil Avenue 

Columbus, Ohio 43210-1247. 
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