
Robert Prost on Thinking 

Readers intrigued by "Causality, struc- 
ture, and common sense" by M. Mitchell 
Waldrop (Research News, 11 Sept., p. 
1297) may be interested in knowing that the 
role of analogy in reasoning has been dis- 
cussed eloquently by poet Robert Frost in 
an essay called "Education by poetry" (1). 
The following excerpts are among his most 
relevant comments: 

I have wanted in late years to go further and 
further in making metaphor the whole of think- 
ing. I find some one now and then to agree with 
me that all thinking, except mathematical think- 
ing, is metaphorical, or all thinking except scien- 
tific thinking. The mathematical might be difficult 
for me to bring in, but the scientific is easy 
enough. . . . 

What I am pointing out is that unless you are at 
home in the metaphor, unless you have had your 
proper poetical education in the metaphor, you 
are not safe anywhere. Because you are not at ease 
with figurative values: you don't know the meta- 
phor in its strength and its weakness. You don't 
know how far you may expect to ride ~t and when 
it may break down with you. You are not safe in 
science; you are not safe in history. . . . 
. . . All metaphor breaks down somewhere. That 
is the beauty of it. It is touch and go with the 
metaphor, and until you have lived with it long 
enough you don't know when it is going. You 
don't know how much you can get out of it and 
when it will cease to yield. It is a very living thing. 
It is as life itself. . . . 

We still ask boys in college to think, as in the 
nineties, but we seldom tell them what thinking 
means; we seldom tell them it is just putting this 
and that together; it is just saying one thing in 
terms of another. To tell them is to set their feet 
on the first rung of a ladder the top of which 
sticks through the sky. 

Perhaps researchers in artificial intelli- 
gence who are teaching computers to reason 
by analogy should include in their curricu- 
1- a coirse in poetry. If so, I suggest they 
start with Frost. His poems have become an 
important feature of my own ecology 
courses because they contain much insight 
into cause and effect in nature, rather than 
mere appearance. 

DAN M. JOHNSON 
Depafi~ent of Biological Sciences, 
East Tennessee State University, 

Johnson City, TN 37614 
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Mathematics Education 

I would like to commend Science for the 
attention it Davs to mathematics and for its 

L ,  

emphasis on the importance of mathematics 
instruction. The excellent Policy Forum by 
Lynn Arthur Steen (17 July, p. 257) is a fine 
example. 

Steen appears to say that neither "new 
math" nor "back to basics" can supply a 
quick fix for this critical problem. It is 
heartening to see such an intelligent, non- 
dogmatic approach to mathematics educa- 
tion. However, I have some reservations, 
which I believe are shared by others, that I 
would like to express. 

I am extremelv concerned bv the current 
emphasis on calculators in the elementary 
and secondary mathematics curriculum. The 
vast majority of my students, to borrow 
Hofstadter's phrase, are woefully innurner- 
ate, a condition I believe has been exacerbat- 
ed by the reliance on calculators. 

The "higher order thinking skills" that 
Steen would like to see emphasized arise, in 
part, from the ability to recognize patterns. 
In order to recognize patterns, one must 
have had some experience observing pat- 
terns. Many of the patterns one can initially 
observe arise from integer arithmetic. The 
increasing reliance on calculators to do 
arithmetic thwarts much of this Dattern rec- 
ognition. As a result, the development of the 
process of pattern recognition is impeded as 
well. 

I also disagree with Steen's contention 
that mathematics teaching must be based on 
both contemporary mathematics and mod- 
ern pedagogy. A thorough knowledge of the 
properties of the real numbers and Euclid- 
ean space provides both the basis and the 
point of departure for much of the mathe- 
matics of the last two centuries. A curricu- 
lum that weaves the ideas of arithmetic, 
algebra, geometry, trigonometry, and calcu- 
lus into a coherent tapestry can close the 
mathematics gap by increasing the student's 
understanding of these basic concepts. In 
biology, one does not teach DNA before 
cells. 

JAMES D. STEIN JR. 
Departnzent ofMathematiw, 
California State University, 

Long Beach, CA 90840, and 
Departnzent of Mathenzatics, 

Universiq of California, 
Los Angeles, CA 90024 

In the introduction to their well known 
book What Is Mathematics? ( I ) ,  Courant 
and Robbins warned against the "danger in 
the prevailing overemphasis on the deduc- 
tive-postulational character of mathemat- 
ics." Today's high school curriculum is a 

clear demonstration that we have not heed- 
ed their warning. A generation ago students 
learned proofs in geometry classes. There 
they discovered they could prove surprising 
and unexpected properties, such as the Pyth- 
agorian theorem and the concurrence of 
medians. Todav students are asked to recite 
the axioms of'a field and to use them to 
produce meticulously detailed deductions of 
the obvious. Although the curriculum a 
generation ago was far from ideal, at least 
the students learned that mathematics pro- 
vided a powerful tool for solving interesting 
and difficult problems. Todav mathematical- 
ly strong students are leaving high school 
convinced that mathematics is a boring and 
sterile subject, overloaded with 

Steen approaches this point when he wrote 
"Only tests that measure higher order think- 
ing skills should be used toassess mathemat- 
ics." However he does not define "higher 
order thinking skills." Although deduction is 
an essential part of mathematics, the true 
higher order thinking skills, in mathematics 
as in other sciences, involve inductive rea- 
soning. Until the mathematical community 
recognizes this, there is faint hope that the 
current situation can be reversed. 

NEIL W. RICKERT 
Depament of Computer Science, 

Norchem Illinois University, 
DeICdb, IL 601 15 

REFERENCES 

1. R. Courant and H. Robbins, What Is Mathematics? 
An Elementary A@voacb to Ideas and Method (Ox- 
ford Univ. Press, New York, 1978). 

Response: Stein and Rickart call attention 
to three very important issues in the revital- 
ization of mathematics education: using 
tools of technology wisely, teaching mathe- 
matics in a contemporary style, and encour- 
aging effective problem solving. 

Certainly blind substitution of calculator 
methods for paper and pencil methods 
would not lead to any improvement in 
mathematics education. But the calculator 
makes possible precisely the exploration of 
arithmetic patterns that Stein seeks. To  
translate this possibility into reality will re- 
quire greater emphasis on quality teaching 
so that calculators can be used effectively. 

A contemporary curriculum is more a 
psychological than a logical necessity for 
learning. Biology students do not need to 
study DNA before learning about cells, but 
their motivation for studying cells is en- 
hanced by knowledge that cells contain the 
mechanisms that make possible genetic engi- 
neering, with all its benefits and controver- 
sies. Mathematics too should have such a 
contemporary "hook" to grab student inter- 
est. One does not teach advanced ideas 
before basic concepts, but teachers should 
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know enough about current events in their 
field to relate their classroom agenda to 
student interests. Mathematics should be no 

The need to move students from lower, 
rote skills to complex problem-solving has 
been recognized in virtually every report on 
education during the last decade. It is calcu- 
lation rather than deduction (as Rickert 
states) that improperly dominates today's 
school curriculum. Higher order problem- 
solving involves a variety of approaches and 
skills-not just calculation or deduction. Es- 
timation of reasonable answers. identifica- 
tion of relevent issues, hyyoth~tical "what 
if' approaches, structured approaches to iso- 
late problem components, wise choice of 
tools and resources-all these and more 
must supplement the traditional d e t  of cal- 
culation and rote skills. 

LYNN ARTHUR STEEN 
Dqamnent of Mathematics, 

St .  Olaf College, Northjeld, MN 55057 

ments on a research ~roiect  can result in 
A ,  

awards, increased peer recognition, merit 
pay increases, and upgrading of their posi- 
tion by means of the Office of Personnel 
Management classification system. 

In summary, we in ARS did not find the 
committee's report "by implication highly 
critical of current practices," as Norman 
states. The committee report was straight- 
forward, positive, and constructive. I t  im- 
plied nothing to the contrary. We have 
already taken steps to implement the justi- 
fied recommendations made in the report. 
The agency's official response to the report 
is a 30 July letter from me to Charles M. 
Benbrook, executive director of the Nation- 
al Research Council's Board on Agriculture. 
I will be glad to share that letter with 
anyone. 

T. B. KINNEY, JR. 

A&cultural Research Service, 
U.S. Department ofAgriculture, 

Washin@on) DC 20250 

Peer Review at  the Agricultural 
Research Service 

As administrator of the Agricultural Re- 
search Service (ARS), I was surprised and 
mildly disconcerted to see Colin Norman's 
briefing (News & Comment, 7 Aug., p. 
597) on the recent report (1) by a cornmit- 
tee of the National Research Council's 
Board on Agriculture. The report evaluates 
the ARS project peer-review system. Had 
Norman contacted me first, I would have 
told him that ARS requested and paid for 
this study, that we welcome the Board's 
objective evaluation of our research process- 
es, and that we are finding the report highly 
constructive and helpful to agency manage- 
ment. 

The report states correctly that ARS uses 
peer review to improve the quality of our 
research. Unlike the National Institutes of 
Health and the National Science Founda- 
tion, ARS is not a granting agency. Our 
h d s  are appropriated by Congress for spe- 
cific research programs. We therefore use 
peer reviewers, including outside scientists, 
to answer two questions about each pro- 
posed research project: Will it help solve the 
problem? Is it good research from a scien- 
tific standpoint? 

Also, there seems to be some confusion 
about the relation between project peer re- 
view and position classification review. 
These are two different review systems, the 
former deals with the scientific aims of 
specific projects, and the latter deals with a 
scientist's work performance. They are relat- 
ed to the extent that the scientist's achieve- 
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Response: The first paragraph in the sec- 
tion of the report headed "principal conclu- 
sions" states: "The committee finds a lack of 
understanding and agreement among ARS 
staff regarding the purpose, use, and effect 
of the project peer-review system. Many 
staff members also believe the system has no 
real impact on ARS research. As a result, 
some view it more as busy work than a 
substantive review of real or potential value 
to ARS scientists and, ultimately, to the 
ARS. This view seems logical because it 
appears the results of project peer review 
have no direct bearing on decisions affecting 
project funding, staff promotion, and merit 
pay increases." 

I am surprised that Kinney does not find 
the report highly critical of current practices. 

-COLIN NORMAN 

International Science Foundation 

Marjorie Sun's article "Strains in U.S.- 
Japan exchanges (News & Comment, 31 
July, p. 476) addresses the fact that Japan is 
riding free on the knowledge developed out 
of basic research done in the United States 
and discusses the search for means to com- 
pensate for this. However, the arguments 
presented from various experts do not ad- 
dress the most crucial issue, inherent to basic 
research in both countries. 

The goal of basic research is to produce 
new knowledge, with creativity serving as 
the base. Japanese society, which emphasizes 
conformity, harmony, and consensus and 
suppresses individualism and uniqueness is 
inherently unsuitable for carrying out cre- 
ative research; it does, however, match per- 
fectly with the development of comme;cial 
products. The opposite holds for American 
society, where individualism is emphasized. 
~rnericans are thus more suitable for per- 
forming creative research, but less so for 
developing commercial products, where co- 
ordinated teamwork is required. 

Because of the sharp contrast in the social 
backgrounds between the United States and 
Japan, even if Japan increases basic research 
funding by a significant factor, the trend of 
Japanese industries having a free ride on the 
output of American basic research will con- 
tinie. The o u t ~ u t  of basic research is new 
knowledge that cannot be sold or patented, 
but is crucially needed by humankind. It is 
wealth that human beings should share, 
without the restrictions of national borders. 
Clearly the most efficient way of supporting 
basic research is to fund the most ~roductive 
laboratories or individuals in thekorld. 

In view of these realities, I propose that 
we set up an International science-~ounda- 
tion (ISF) to which interested nations 
would contribute funding, perhaps in pro- 
portion to their gross national products. 
The ISF would fund basic research in mem- 
ber nations on the basis of proposals and 
peer review by scientists in the member 
nations. 

The system would work on the basis of 
merit and the fairness of the scientists who 
review the proposals. The foundation could 
be started by the United States and Japan. 
In this case, funding would flow from Japan 
to the United States for the conceivable 
future, because basic research activity in the 
United States is much stronger. The trend 
would continue until Japan revolutionizes 
her educational and merit systems. Howev- 
er, it would resolve the current strain be- 
tween the two nations in a most effective 
way. 

AKIRA HASEGAWA 
AT@T Bell Laboratories, 

600 Mountain Avenue, 
 MU^ Hill) NJ 07974-2070 

Ewmwm: In the map accompanying the article 'War 
on cattle disease divides the troops by John Walsh 
(News &Comment, 11 Sept., p. 1289), the name Up er 
Volta was incorrectly given for the country now cded 
Burkina Faso. The country is correctly identified in the 
text. 

Ewatwm: The Louisville Twin Study, referred to on 
page 600 (column 2) of 'The genetics of ersonality" by 
Constance Holden (Research News, 7 lug. ,  p. 598), 
was started in 1957 by Frank Falkner, a pediatrician at 
the University of Louisville, not by Ronald Wilson, as 
stated in the article. 
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