
In my review I did not mean to im- 
ply that those who seek a broader base 
for the explanation of phenomena are 
therefore ill-advised; on the contrary 
I was myself suggesting that the scien- 
tific community clearly needs a broader 
conception of deception. But of course, 
I also think that anyone who tries 
to move away from accepted patterns 
of research is apt to appear ridiculous; 
this in itself is a fascinating aspect of 
the humor of science. However, there 
is nothing "wrong" in appearing ridicu- 
lous, just as there is nothing really 
"wrong" in being deceived. 

C. WEST CHURCHMAN 

School of Business Administration, 
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Studies of Nonrandom Groups 

In his letter (21 Oct.) Walberg does 
not make clear that hypothesis testing 
in studies involving nonrandomly chosen 
"grab groups" is feasible. If it were 
not, the results of many comparative 
experiments in the behavioral sciences 
would be difficult to interpret statisti- 
cally, because any differences whatso- 
ever might be attributed to chance fluc- 
tuations. The great Sir Ronald Fisher's 
work on statistical inference must be 
supplemented by that of Wilk and 
Kempthorne, Cornfield and Tukey, Col- 
lier and Baker, and many other statis- 
ticians whose extensions of randomiza- 
tion and permutation theory Fisher 
himself anticipated. 

Generalization of the conclusions of 
such an experiment to units other than 
those in the grab group cannot be 
made probabilistically, however. This 
generalization depends on empirical evi- 
dence, secured outside the experiment, 
that no characteristics of the nonran- 
domly obtained units interact with the 
treatments so that the effects would 
probably be different in another group. 

For example, one might grab the 
first 100 students passing one's door, 
assign 50 of them randomly to one 
treatment and the remaining 50 to the 
other, and conduct a controlled experi- 
ment. Suppose the "treatments" con- 
sist of having 50 students read a short 
story printed in German Gothic type 
and the other 50 read the same story 
in ordinary typewriter type of the same 
size, one might find comprehension 
better for the Gothic type if the grab 
group consisted chiefly of students 
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majoring in German, but better for ordi- 
nary typewriter type if one had hap- 
pened upon a sight-saving class. 

Thus, if the difference between the 
two styles depends greatly on erudition, 
visual acuity, or other characteristics 
of the experimental subjects, the par- 
ticular grab group used may lead to 
an ungeneralizable conclusion. Note, 
though, that such interactions may be 
infrequent or small enough not to 
restrict greatly the generalization of 
conclusions about differences obtained 
from experiments conducted with non- 
randomly chosen groups (1). On the 
other hand, errors in estimating group 
parameters (such as, in the foregoing 
example, the mean reading-comprehen- 
sion score) from the scores of a non- 
random sample of persons subjected to 
only one of the treatments seem likely 
to be great. 

For example, if the height of a student 
does not interact with the style of 
printing type, it will make no difference 
whether one's grab group consists chief- 
ly of atypically tall (or short) per- 
sons if one is trying to estimate the 
differential effect of the two styles on 
reading comprehension. If, however, 
one wishes to estimate the average 
height of male students on the cam- 
pus from a sample of such men, bias 
will occur unless the sample is rep- 
resentative-and drawing a sample in 
a probabilistic fashion is the usual way 
to secure representatives within the 
known limits of sampling fluctuations. 
Walberg stressed the latter point. The 
former needs emphasis, too. 
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Center for Advanced Study in the 
Behavioral Sciences, 202 Junipero Serra 
Boulevard, Stanford, California 94305 
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Astronomy's Crucial Requirements 

If United States astronomers were 
asked to draw up a list of the most 
exciting problems today in astronomy, 
we would include the following: (i) 
the nature of quasars; (ii) the identifi- 
cation and interpretation of x-ray, y- 
ray, and nonthermal sources and the 
nature of the far ultraviolet and in- 
frared emissions from various celestial 
sources; (iii) the establishment of dis- 

tance scales and the large-scale distribu- 
tion of matter in the universe; (iv) the 
origin and evolution of the stars and 
solar system and eventually that of the 
stellar system itself; and (v) the solar 
magnetic cycle and phenomenology- 
solar-terrestrial relationships. 

Many of these problems require ob- 
servations secured from above the 
earth's atmosphere. Therefore we should 
impress upon NASA that astronomy 
has a greater stake in the space effort 
than any other science. As with radio 
and x-ray astronomy, we can anticipate 
important results when space and 
ground-based observations are com- 
bined. The complementarity of optical 
radio, rocket,' and satellite observa- 
tions cannot be overemphasized. Equal- 
ly indispensable is the large ground- 
based optical telescope located at a 
suitable dark-sky site. These are in 
grievously short supply. 

All of us will agree that astronomy 
is a unique science. One of its unique 
features is that as late as A.D. 1967, 
its most productive research tool, the 
200-inch (508-centimeter) telescope was 
provided by private funds made avail- 
able 40 years ago! The second largest 
instrument, the 120-inch (305-centi- 
meter) telescope was supplied by the 
California taxpayers to the University 
of California. Some 3 years ago, the 
federal government, through the Na- 
tional Science Foundation, initiated pre- 
liminary work on a 150-inch (381- 
centimeter) telescope for the Kitt Peak 
National Observatory. 

The solution of the quasar problem 
may be delayed because it requires ex- 
tensive'use of large telescope time. As 
for stellar evolution and cosmological 
problems, nature has provided us with 
a celestial Rosetta stone in the Magel- 
lanic Clouds. The most urgent require- 
ment for astronomy today is a number 
of large instruments in the southern 
hemisphere. This urgency was empha- 
sized in the Whitford report (1) and 
reemphasized in the Physics Survey 
committee report (2). Whether Ameri- 
can scientific policy-makers also ap- 
preciate this great need is not clear. 
Three well-documented proposals for 
telescopes with apertures of 150 to 200 
inches for the Southern Hemisphere 
have been presented to various iagen- 
cies by responsible and experienced 
groiu~ps of U~niteld States astronomers. 
The most recent one included an offer 
of equal cost-sharing by a southern 
hemisphere country and involved only 
the very moderate expenditure of $5 
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