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Advantages of Surface Mining 

Having spent the last 23 years work- 

ing in and around both surface and 

underground mines, I have a different 
view of strip mines than is expressed in 
the article by Robert Gillette (News and 

Comment, 2 Nov., p. 456). No mention 
is made of the effect on the miners of 

working underground as opposed to 
that of working on the surface. 

Black lung and silicosis are rare 
diseases among strip miners. Very few 
men are injured by rockfalls in surface 
mines. In an underground mine, if 

something goes wrong, there is nowhere 
to go; the miner is surrounded by 
rock. Explosions of pockets of methane 
can kill or injure miners in an under- 

ground mine. In a surface mine the 
methane has a better chance to leak off 
or blow harmlessly into the air. Rock 

bursts, coal dust explosions, and fire 
are deadly hazards underground, and 
the bodies of miners are often never re- 
covered when the ocean, a lake, or a 
river breaks into an underground mine. 

Strip mines can and should be re- 
claimed. That is not to say that the 
terrain should be put back as it was. 
The character of the rock is changed 
by mining, and a different drainage pat- 
tern might be more desirable. 

Coal seams sometimes serve as aqui- 
fers, but their permeability does not 

approach that of the spoil pile which 
is left by strip mining. The large rocks 
roll to the bottom of the pile, and the 
fine material stays at the top. Thus the 

spoil is segregated according to size and 
forms an excellent aquifer near the 
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would require much less water than 
electric power generation at the mine 
site. 

Underground mining can recover only 
60 percent of the mineral that can be 
recovered by strip mining the same 
deposit. Which resources are we most 
concerned about conserving-human 
lives, the terrain, the vegetation, or the 
mineral? 

DAVID L. KUCK 
Post Office Drawer 369, 
Oracle, Arizona 85623 

Citation Analysis 

The Science Citation Index is a 
valuable and powerful tool when used 
for the purpose for which it was in- 
tended, as an aid in literature search. 
It also invites a variety of statistical 

investigations, which must, however, 
be considered with prudence, since they 
may lead to misleading results. No 
matter how cautiously the authors ex- 

press themselves, the casual readers, 
that is the majority, will treat the re- 
sults as established facts and forget 
about the assumptions underlying them. 
This is also happening with the com- 

puter output for economic models, 
which is accepted as if it were experi- 
mental observation. 

An example is the article by Jonathan 
R. Cole and Stephen Cole (27 Oct. 
1972, p. 368) in which the authors con- 
clude that only a few elite scientists 
contribute to scientific progress, con- 

trary to the generally accepted "Ortega 
hypothesis" that the majority of active 
scientists contribute to the advance. 

Although the authors carefully con- 
sider possible weaknesses in their argu- 
ment, their article proves merely that 
citation statistics give a distorted pic- 
ture of the way in which physics ad- 
vances. Every physicist knows that in 
his research he uses a multitude of con- 
tributions made by others, some im- 

portant, many minor but nevertheless 
essential. Only a few of those are cited; 
others are taken for granted. A striking 
example is the article by Edwin D. 
Becker and T. C. Farrar (27 Oct. 
1972, p. 361) just preceding the article 

by Cole and Cole. It describes the basic 
features of Fourier transform spectros- 
copy. One gathers that its authors con- 
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experimental papers mention techniques 
without a reference to their origin. 
Scintillation counters and photomulti- 
pliers are generally used in experi- 
ments in nuclear and particle physics, 
but their inventors and the dozens of 
researchers who have improved these 
essential tools to their present perfec- 
tion are rarely cited. Many other ex- 
amples of this kind can be found both 
in experimental and theoretical physics. 
The reason for citing a paper is pri- 
marily for possible support of the 
author's contentions and only secondari- 
ly in recognition of previous work. A 
closer study of the referencing habits 
of physicists is needed before one can 
draw reliable conclusions from counting 
footnotes. It is certainly unwarranted 
to accept Cole and Cole's recommenda- 
tion for a reduction in the size of 
science on that basis. 

Cole and Cole refer to one of the 

early citation studies of M. M. Kessler 
(1). However, they fail to cite an 

important warning in another report 
by Kessler and F. E. Heart (2). The 

warning reads: "CAUTION! Any at- 
tempt to equate high frequency of 
citation with worth or excellence will 
end in disaster; nor can we say that 
low frequency of citation indicates lack 
of worth." This conclusion was drawn 
from a citation analysis of 36 volumes 
of Physical Review covering 9 years, 
1950 through 1958, containing 8,521 
articles with 137,108 references. 

There is a rumor afoot that the pro- 
motion of some faculty members is 
now based on the frequency with which 
their work appears in the Science Cita- 
tion Index. I hope that this is just a 
rumor. One way to get cited more often 
than average is to publish an apparently 
important paper that is demonstrably 
wrong. 

S. A. GOUDSMIT 

American Physical Society, 
Brookhaven National Laboratory, 
Upton, New York 11973 
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after a lengthy discussion of the fact 
that a garbage collector can be replaced 
more easily than, say, a brain surgeon, 
they say, "Within science some men 
are more easily replaced than others. 

It may not be necessary to have 

IJLLLI fOr 80 percent of the scientific community occupied in producing 15 or 20 per- 

cent of the work that is used in signifi- n u d ear cant scientific discoveries, if perhaps only half their number could produce * the same work." Thus the fact that 
some men could be replaced becomes 

iristt'iiim eti.t done even if these men were removed 
an indication that the work could be 
from the work force without being 
replaced. 

cilitwzttiiri troduction of evidence that a great deal 
Faulty logic is apparent in the in- 

in physics is not cited at all. 
"cited" is equivalent to "used," 

this evidence is irrelevant to the main 
thesis. To say that some obscure 
physicists do not contribute is not to 
deny that many others do contribute. 
Obviously, in physics as in garbage 

All nuclear counting systems and most radio- collecting or sociology, some workers 
analytical procedures require the use of calibrated are unproductive, and that was true 
reference sources to determine the efficiency of even when we had one-tenth as many 
sample preparation, the absolute counting effi- physicists as we have today. It might 
cieticy of the detection system, or to provide a be more relevant to see if the per- 
convenient check on the proper performance of centage of uncited work has increased 
the instruments, as the number of physicists has grown. 

In the current catalog New England Nuclear lists In any event, because of the way the 
over 100 reference sources of the most commonly grant system works, it is unlikely that 
used radionuclides-alpha, beta, gamma, simu- unproductive physicists absorb much of 
lated, electron, X-ray, and liquid scintillation; our research 'budget. 
calibrated and uncalibrated; in rod, disc, and vial Many factors that could have a bear- 
form. Each calibrated reference source is accom- ing on Cole and Cole's interpretation 
panied by a Certificate of Radioactivity Calibration of their data are either ignored com- 
which describes the method of fabrication and the pletely or else dismissed by the intro- 
method of assay and lists an analysis of the errors duction of some questionable hypothe- 
associated with the calibration measurement. 515. 

Orders for custom reference sources of other 1) They do not mention that some 
radionuclides are welcomed-we can supply fields of research are more popular 
sources of over 100 different radionuclides. Send than others. A person working in acous- tics will receive fewer citations than for our free catalog. 

a worker in high energy physics. 
2) The possibility of more than one 

"generation of influence" on a paper 
is dismissed with a hypothesis that a 
search of further generations would 
not add many names that "appear more 
than once." But these names are the 

New England Nuclear 
very names that the Ortega hypothesis 

575 Albany Street, Boston, Mass. 02118 is all about. It seems odd to set out to 
Telephone (617) 426-7311 Telex: 094-6582 test a hypothesis concerning the effects 

Canada: NEN Canada LId, Dorval, Ouebec. Tel: (514) 636-4971 of obscure researchers, then to say we 
Europe: NEN Chemicals GmbH, D6072 Dreleichenhain, 

Siemensstrasse 1, Germany. Tel: Langen (06103) 8353 do not have to look very far for 
these effects because these men can be 

Circle No. 60 on Readers' Service Card replaced, and finally to say that we 

could therefore have progress without 
'them or without any replacements for 
them. 

3) Although Ortega specifically re- 
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ferred to "experimental science," Cole 
and Cole make no distinction between 
experimental and theoretical work, and 
they use the words "work" and "ideas" 
interchangeably. Consider a 1968 paper 
by Gell-Mann, Qakes, and Renner (1) 
in the 1971 Science Citation Index. It 
cited 26 papers; all were by theorists. A 
check of the cited papers shows that al- 
most all of the papers cited in them were 
also by theorists. The only references 
to experimental work were "second- 
generation" citations of books or review One Quart 
articles. But review articles were ex- Blendor 
cluded from Cole and Cole's study 707SB 
because they would "distort . . . [their] 
results." Thus their methods must lead 
to the conclusion that Gell-Mann et a!. 
are not influenced by experimental re- 
sults! One Gallon Explosion-Resistant 

Recognition of the difference between Blendor 
theory and experiment makes the CB6SB 
"Pointilliste" analogy more understand- 
able. We may say that experimentalists 
fill in points on the canvas, while 
theorists try to recognize the picture 
that emerges. Eventually a theorist will 
say, "Aha, it's a giraffe (or an octet) ." 

Maybe the theorist does not need every 
point in order to recognize the giraffe; 
maybe some experimenters fill in more 
points than others; maybe some work- 
ers are filling in some obscure cloud 
in the background instead of parts of 
the giraffe. But if too many points are 
missing, the picture is unrecognizable; 
that are not being filled in because of * >';';' 
theorists are already asking for points 
budget limitations. It is difficult to de- 
cide, before the picture is recognized, 
which points will be significant, and Ut> thus where to place our dwindling re- 
sources, but it must be better to base 
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present mechanisms for research fund- contribute to the syntheses of the 
It amounts 

ing and publication had existed in the theoreticians and that theoreticians 
to the same thing. time of Copernicus and Kepler, mak- frequently do not cite the work of 

ing this letter one of my "major con- experimentalists that they have used. 
Everytime. tributions to scientific progress" for that Important experimental work and tech- 

year. These references were due to two nical innovations are frequently cited. 
With our new Micro BIOPETTE semi- letters to the editor that were critical For example, the most cited scientist in 
automatic pipettes, you set the lambda of mine. Nevertheless, they provided the 1971 Science Citation Index (SCI), 
gauge, and then deliver exactly the 
same amount of liquid everytime (until me with two citations, just as this letter 0. H. Lowry, is cited for the develop- 
you re-set the lambda gauge). It's ac- will provide a citation for Cole and ment of a technique. Also consider the 
curate, and more reproducible than Cole. Hence, if a couple of more criti- paper by J. H. Christenson et a!. (1) 
hand pipetting. cal letters are published on the article reporting the violation of CP (charge 

All of which make our Micro B10 by Cole and Cole, their work can, by and parity) conservation. In the first 
PETTE ideal in applications where - 

accuracy and reproducibility are musts. its own standards, be said to have 5 years after it was published, this 
Our Micro BIOPETTE pipette is avail- contributed about as much to scientific article received a total 'of 369 citations. 

able in two size ranges. The 100 lambda progress as my joke about Copernicus. Although Christenson, a graduate stu- 
size provides 3 volumes: 50 ul, 70 ul, ROBERT J. YAES dent at the time, was the first author, 
and 100 ul, The 30 lambda size pro- 
vides 4 volumes: 10 ul, 15 ul, 25 ul, Department of Physics, the two senior authors, I. W. Cronin 
and 30 ul. In addition we offer two other Memorial University of Newfoundland, and V. L. Fitch, received a total of 261 
BIOPETTE pipettes to complete our St. Johns, Newfoundland, Canada and 160 citations, respectively, to other 
line of semi-automatic pipettes: 0.2 ml papers on which they were the first 
and 1.0 ml. References author. On the matter of influential For more information on our com- 1. R. J. Yaes, Phys. Today 24, 11 (December work going uncited, this certainly hap- 
plete line of semi-automatic pipettes i97i). 
write us. Schwarz/Mann, Division of pens in specific papers. What is im- 
Becton, Dickinson and company, BD The criticisms of our article fall into portant, however, is whether or not 
Mountain View Avenue, Orangeburg, two categories: (i) Citations are an in- there is significant work which received 
New York 10962. 

01 Schwarz/Mann and 8.0 adequate way to measure the quality few or no citations in the entire body 
are trademarks et Sectee. Ockinsee and ce,eeans of scientific work or intellectual infiu- of literature. One only has to consider 

ences on it; and (ii) the conclusions we the example used by Goudsmit himself. SI. reach concerning the size of science are Although Fellget't and Jacquinot are not warranted by the data. not cited by Becker and Farrar, Fellgett 
Schwarz/fflann First consider the specific criticisms received 33 citations and Jacquinot 42 

Science that are made of the use of citations. (not counting self-citations) in the 1972 
for Mankind 1) The number of citations received SCI. These totals would put them in 

by an article is dependent upon the the top 10 to 15 percent of all scien- 
"popularity" of the specialty (McGer- tists. Although any one paper may fail 
vey) - This is only partially true. The to cite a paper that has been influential 

 sheer size of a field is not, in fact, in its genesis, the critical point, which 
closely related to the number of cita- is missed by Goudsmit, is that the prob- 

- ,. tions papers receive. While large spe- ability of an important paper going un- 
cialties have more participants, they cited in the entire body of literature 
also have more literature to draw upon. is low. 
Papers published in the larger specialty 3) One of the most frequent criti- 
of solid-state physics, for example, do cisms of the use of citation counts to 
not receive more citations than those measure the quality of work is that it 

/ published in the smaller specialty of is impossible to tell the difference be- 
high energy physics. Further, McGervey tween a "positive" and a "negative" ci- 
assumes that the popularity of a spe- tation. This criticism is based upon 

1 cialty has nothing to do with the cur- an incorrect definition of high-quality 
rent opinion by scientists of the relative work. "Correctness" is only one of the 

 importance of work done in that spe- criteria we use in evaluating scientific 
cialty. Is acoustics merely a less popu- work. Much trivial work is "correct," 
lar specialty than high energy physics, and much important work turns out in 
or does high energy physics, more than historical retrospect to have been "in- 

 acoustics, address a set of questions correct." If we take Kuhn's (2) argu- 
which are seen by physicists as more ment seriously, then the work of most 

1 1 central to the advance of physics in of the great figures in the history of 
 general? science was in a sense "incorrect." A 

2) Experimentalists "fill in points on paper which is important enough to 
the canvas, while theorists try to recog- receive a large number of critical cita- 
nize the picture that emerges" (Mc- tions is probably a significant contribu- 
Gervey) - Two things are implied here: tion. Why would a large number of 
that experimentalists make many minor scientists waste their time pointing out 

C,rcle No 94 on Readers Serv,ce Card (infrequently cited) discoveries that a trivial error? In fact, they do not. 
32 SCIENCE, VOL. 183 
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Papers 'which are trivial and receive letters have been analyzed in some de- H I G H 
critical citations will not accumulate tail in this literature. Critics of citation PERFORMANCE 
large numbers of citations. Thus, Yaes' analysis have a responsibility to fa- 
letter, which received two critical cita- maliarize themselves with this literature. 
tions, is not, even by our own rough The second criticism of our paper a b so rb a n ce 
empirical measure, a significant contri- suggests that even if most scientists are 
bution. indeed rarely cited (accepting this in- itn r 

4) Counting citations in an made- dicator of influence as valid), this does "' "'"" 
quate way to evaluate individual scien- not mean that scientific progress would 
tists when tenure or other similar de- be unaffected by a reduction in the 
cisions are made. We cannot emphasize number of scientists. Consider Mc- 
strongly enough that we totally agree Gervey's implicit assumption that, since 
with this point. Nowhere have we ever all research. scientists might contribute '> " 

suggested that citations be used as a some slight piece of relevant knowledge, '. '. 

basis for rewards. Sociologists use cita- they are therefore deserving of support. 
tion analysis to study the community In a world in which resources were  
of scientists, not individual scientists unlimited, we too would be in favor of  
per se. In any large aggregate of scien- the society supporting anyone who I U 
tists there will be a relatively high cor- wanted to be a scientist. Science is cer- .---. - 

relation between the number of citations tainly an intrinsically more interesting   

received and other methods of evalua- and worthwhile endeavor than many 
tion. There will always be individual others. Unfortunately, we live in a 
cases, of course, where the rough sta- world in which there is a limitation on The ISCO Model UA-5 absorb- 
tistical measure is inaccurate. Using available resources. In such a situation, 
citation counts to determine the future rather than bemoan the sad state of ance monitor gives you the high sen- 
of a scientist's career would be com- science, it is the responsibility of the Sitivity, stability, and response speed 
mitting the "fallacy of 'misplaced con- scientific community to consider how required for high speed, high pres- 
creteness," would be reifying the sta- the limited resources we do have can sure chromatography - plus the wide 
tistical indicator, and would be grossly be most effectively utilized. absorbance ranges and specialized 
unfair to the individuals involved. Al- Nowhere in our article do we suggest flow cells required for conventional ch though counting citations is indeed a that there should be any cutback in the romatography, density gradient 
rough way to measure quality and level of spending for scientific research fractionation, electrofocusing, and 
influence, it has allowed us to address and development. Our findings raise gel scanning. Stationary cuvettes al- 
a whole range of substantive problems the issue, however, of whether limited low recording of enzyme and other 
which, heretofore, were not negotiable resources might best be concentrated reactions. 
because there was no adequate mea- in support of the relatively small num- High sensitivity. 8 full scale ab- 
sure of research performance. Max her of scientists who have 'the highest sorbance ranges from .01 to 2.OA, 
Delbruck was well aware of the need probability of making significant dis- plus %T. 13 wavelengths include 
at times for adopting less than perfect coveries. We hypothesize that such a 254 and 280nm supplied in the basic 

the scientist is policy would not bring about a decline Instrument; 3lOnm, 340nm, and measures, as long as other wavelengths to 660nm are 
aware that his measures are crude. His in the rate of scientific progress. We do available at low cost. Options in- 
"principle of limited sloppiness" (3) not claim to have proved this conclu- dude a built-in 10cm recorder, a 
does not, of course, excuse muddled sively. We claim 'to have presented Peak Separator to automatically de- 
thinking or poor logic. But his idea shows enough data in support of hypothesis posit different absorbance peaks into 
an acute awareness of the processes by to merit its further consideration, different tubes, and a multiplexer- 
which knowledge advances at various JONATHAN R. COLE expander which allows monitoring 
stages in 'the development of disciplines. Department of Sociology, of two separate columns or one col- 

Finally a word about criticism by Columbia University, 
some natural scientists of work in the New York 10027 umn at any two wavelengths. Auto- 
sociology of science. When a physicist STEPHEN COLE matic 4X scale expansion prevents criticizes the work 'of another Department of Sociology, oversized peaks from going off scale. publicly The current ISCO catalog de- 
physicist, he is usually advised to be State University of New York, scribes the Model UA-5 as well as 
at least somewhat familiar with the Stony Brook 11790 ISCO fraction collectors, metering 
literature on the subject of debate. 
When some natural scientists publicly References and gradient pumps, and additional 
criticize the work of sociologists of 1. J. H. Christenson, J. XV. Cronin, V. L Fitch instruments for chromatography and R. Turlay, Phys. Rev. Lett. 13, 138 (1964). ' other scientific research. Your copy science, they do not appear to be 2. T. 5. Kuhn, The Structure of Scientific Revo- is waiting 
familiar with literature on the topic. lutions (Univ. of Chicago Press, Chicago, 1962). 
The criticisms about citation counts in 3. M. Deibruck, as cited by J. D. watson, in 3. 

Cairns et al., Eds., Phage and the Origins of Fli the letters here are a case in point. Molecular Biology (Cold Spring Harbor Lab- 
There is now a substantial body of oratory of Quantitative Biology, Cold Spring 

Harbor, New York, 1966), p. 242. IL s c o literature on the methodological prob- 4. For a bibliography, see Science Citation Index lems involved in using citation counts. 1972 Guide & Journal Lists (Institute for Sci- LJ.PL.!p 
entific Information, Philadelphia, 1973), pp. Virtually all criticisms raised in these 64-68. BOX 5347 LINCOLN, NEBRASKA 68505 
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