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them in nontraditional ways Students 
are reading more but studying their 
"official" text less

We have found no exemplary sci 
ence programs where the book is the 
curriculum. Teachers and developers 
of exemplary programs make state 
ments like, "We supplement our cur 
riculum with textbooks " A great deal 
of meaning exists in this simple, yet 
profound, statement. These teachers 
are telling us that, as we have always 
known, the curriculum is far more 
than a book and that no book could 
ever fully meet the needs of any isolat 
ed group of students Teachers are 
using texts as broad references, not as 
guides They are putting more of 
themselves and local relevance into 
the curriculums

For instance, teachers in West 
Nyack, New York, recognized that 
their traditional biology class was lack 
ing the human emphasis that might 
make it more interesting, useful, and 
controversial In creating a curriculum 
for "Mankind: A Biological and Social 
View," these teachers found many con 
temporary, relevant articles dealing 
with everything from evolution to ar 

chitecture, from energy to primate be 
havior. They also brought in films, 
outside speakers, and a variety of 
unique ways for presenting and teach 
ing the material and invited students 
to share in locating and identifying 
teaching materials In addition, they 
found appropriate texts in sociology, 
biology, and anthropology' Rather 
than becoming the core of the curricu 
lum, these texts are sources of addi 
tional information. Students learn to 
generate ideas and check them against 
the ideas of others, including authors 
of texts, other students, teachers, and 
the public In the process, students 
become more self-reliant, confident, 
and capable of independent decision 
making.

Some teachers, such as John Chris- 
tensen at Cherry Creek High School in 
Colorado, or the curriculum team in 
the Jefferson County Public Schools 
(Colorado) have developed their own 
hardcover textbooks. But these texts 
are not at all like commerically avail 
able texts. We have also found a num 
ber of instances where students study 
science topics in groups of four. Each 
student reads a different textbook and

independently identifies additional 
materials The final task of the stu 
dents? Reconciling differences in the 
texts and, during examinations, citing 
various points of view with appropri 
ate references These students are 
learning far more about science than 
what is in one mere textbook; they are 
learning to use their texts as refer 
ences, much as a scientist would. In 
doing so, they rely more on their own 
abilities and local sources of informa 
tion and less on the text as the sole 
source of knowledge

By placing the traditional text in a 
supplementary role, teachers have 
more time for other resources and 
for students And their students learn 
to discriminate among ideas, use their 
own judgment, and make decisions. 
Teachers are also in a better position 
to take advantage of learning opportu 
nities for students while increasing 
their own learning

John E. Penick a nd Robert E. Yager are
Professors of Science Education, Science 
Education Center, The University of Iowa, 
Iowa City, Iowa 52242

Mathematics
STEPHEN S. WILLOUGHBY

Will Calculators Rot Our 
Minds?
About 20 years ago I was in the office 
of an accountant. During the conversa 
tion he wanted to know the product of 
10 and "'S. He walked to a large ma 
chine on the table about five feet from 
his desk, pushed some buttons, and 
returned to inform me that ten times 
78 is 780.

I was amazed that a person who 
worked with numbers for a living 
could be so lacking in number sense 
that he would prefer to go out of his 
wav to use a calculator rather than

perform so simple a multiplication in 
his head I supposed that the exercise 
was good for his body, but I wondered 
if a bit of mental exercise might not do 
his mind some good

Today, calculators are everywhere. 
For about five dollars you can buy a 
calculator the size of a credit card that 
will do everything but wash the win 
dows. In light of these changes in 
technology, should we redouble our 
efforts to keep calculators out of the 
schools? According to every report on 
the subject from professional mathe 
matics and mathematics education

groups since 19^5, we should accept 
the calculator in mathematics class 
rooms with open arms We should not 
only let children start using calculators 
at an early age, but we should actively 
teach them to use calculators and en 
courage them to do so.

The main argument against using 
calculators in schools is that they will 
discourage students from using their 
minds, that we will graduate people 
who are unable to think quantitatively 
and who depend on calculating de 
vices This argument has merit, but if 
we continue to teach mathematics as
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though they don't exist, then we will 
encourage the unintelligent use of cal- 
culators

How should we teach mathematics 
to children who will spend most of 
their adult lives in the 21st century-' 
Obviously that's too complex a ques 
tion to answer here, hut a few com 
ments are appropriate For example, 
the ability to approximate answers to 
arithmetic problems is essential Sev 
eral years ago there was a news story 
about a woman who offered a ten 
dollar bill to a fast food attendant to 
pay for two hamburgers, milk shakes, 
and boxes of French fries She re 
ceived $9S-)H in change Surely, the 
ability to make close approximations 
is useful in myriad situations, such as 
when shopping, traveling, anil so on

To approximate answers to arithme 
tic problems quickly and accurately. 
we need to know single-digit addition, 
subtraction, multiplication, and divi 
sion facts Beyond that, we must un 
derstand the base ten svstcm of nu 
meration anil be able to use 11 to 
conclude instantly that 10, (MX) X 
KK).O(M) = l.OOO.OOO.OOO, VM) X ".000 
= 2.100.000 and soon We should also 
understand the relationship between 
mathematics and the real world It 
mathematics is taught properly to chil 
dren, then introducing a calculator 
into the elementary school classroom 
will have beneficial effects Not only 
will children learn to use calculators 
effectively, but they will be free to 
tackle real and interesting problems 
that would otherwise require loo 
much unpleasant compulation

When I introduce calculators into a 
Sth grade classroom. I start by telling 
the children to explore them by push 
ing different buttons to see what hap 
pens Then they try some simple prob 
lems to see if the calculator gets the 
same answers they do For example, I 
ask them to divide one by three and 
then multiply that answer by three 
Most calculators will get an answer of 
09999999 Most children should get 
an answer of 1 Which answer is cor

rect? Children should realize that cal 
culators are capable of producing 
wrong answers and that they only do 
what human beings have programmed 
them to do This realization will give 
students a healthier attitude toward 
calculators, computers, and other such 
devices. Citi/ens of the future must 
realize that people are masters of ma 
chines not vice versa.

After letting students plav with cal 
culators for a while and try some 
simple problems. 1 organi/e a contest 
Halt of the children are allowed to use 
calculators, the others . e not The 
only restriction on those who have the 
calculators is that they must push ev 
en' indicated button For example, if 
they are asked to add 3-1. ~. 82. and S. it 
is not fair for them to add some of the 
numbers in their minds and push:  *] 
+ H". They must push: 3-4 + ~ + 82 + 
S Bv now the children without calcu 
lators are usually unhappy. 1 unveil the 
questions for the race, which include 
about 30 items like the following: 10 X 
73 = ?. 1(X> X ~3 = ''. !.0(X) X ~3 = '. 
8-1, S8S + 0 = ''. -t + K = ?. ? = 9 - ~.

and so on. Out of a c lass of 30. usually 
five to ten students without calculators 
finish before the first person with a 
calculator The moral of this activity, 
and others like it. is that a calculator 
can be a useful instrument in the 
hands of somebodv with judgment, 
but without judgment it mav do more 
harm than good

1 have described only a few wavs m 
which calculators can Ix? used effec 
tively in mathematics classrooms. My 
essential point is that calculators will 
not rot people's minds, nor will they 
prevent those, minds from rotting But 
it we don't teach children to use calcu 
lators and other devices effectively, 
then they are unlikely ever to he 
taught to do so Our leaching methods 
will determine whether or not they 
use their learning and other resources 
intelligently

Stephen S. Willoughby i s Past President. 
National Council ot Teachers of Mathemat 
ics. Rest on. Virginia, and Professor ol Math 
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