
Computers and Mathematics:
A Revolution in Progress

By Clifford Pope, Jr. and Ruth Atkinson Pope

ight now, a revolution is in
progress that is as important

and as far-reaching as the Indus-
trial Revolution. Those who suc-
ceed in the Information Age wil l be
able to use technology to extend
mental powers as Industrial Age
technology extends people's physi-
cal powers. The development of
skil ls associated with the mathe-
ma t i cs  cu r r i cu lum i s  more  impor -
tant today than ever in order to
effectively use new technologies
and interpret the vast amounts of
material being spewed from com-
puters. This article wil l discuss
some ways in which computer
technology may help Adventist
educators develop pupils' abil it ies
to think. learn. and act.

Drill and Practice-
or Problem Solving?

An examination of textbooks
and observation of current prac-
tices shows that the emphasis in
most math classes is on computa-
tional skil ls. The majority of com-
puter programs now used for math
can be classified as "dri l l  and prac-
tice." Studies indicate that usine
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interpret the vast

omounts of material
being spewed from

computers.

dril l-and-practice software gener-
ally produces small but statistically
significant gains in student compu-
tational skil ls, possibly as a result
of pupils spending more time on
task when using the computer."t '3

Standardized test results also show
that children usually score higher
on  compu ta t i ona l  po r t i ons  o f
mathemat ics examinat ions than
they do on those sections dealing
wi th concept  development  and
problem solv ing.o ' t 'o

Nevertheless, the development
of cognitive thinking skil ls and the
abil ity to understand and solve
problems continues to be l isted as a
major objective of mathematics in-
s t ruc t i on . ' ' *  P rob lem so l v i ng  i s
regarded "as the most significant
preparat ion for  the real  wor ld
because i t  teaches students to
th ink." '  Bob Underhi l l ,  author  of
a mathematics methods textbook,
states, "Today, we want to use the
ru les and thought  processes of
mathematics, along with the facts,
to develop a reasoning pattern that
wil l translate to our everyday l ives,
making us better thinkers. " 'o

The math curriculum must de-
velop elementary computational
skil ls, since these are required for
estimating and evaluating reason-
ableness of answers. Dril l  and
practice is important because it can
lead to mastery of fundamental
knowledge necessary for learning
additional concepts.

However, a student cannot ap-
ply a principle unti l he or she
understands the concept(s) in-
volved." James H. Wiebe, writ ing
in School Science and Mathemat-
ics, says that "children should be
discovering many principles and
concepts themselves-research has
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shown that children remember
longer what they discover, and that
they are better able to transfer the
discovery to new learning situa-
tions than what is merely told to
them and memorized.""

The computer 's  capabi l i t ies
(vast memory; collection, storage,
organization, and reorganization
of data; information retrieval;
graphics; branching; speed of cal-
cu la t i ons ;  t ex t  man ipu la t i on ;
speech synthesis; ease of manage-
ment) make it possible to deter-
mine quickly what each pupil
knows-and doesn' t  know-so
that the steps in guided discovery
of concepts "are at the student's
level," "contain as many or as few
steps and hints as the learner
needs," and "are appropriatelv
paced. " '  l

Using Logo to
Develop Concepts

One of the well-known aspects
of computing, the turtle graphics
portion of the Logo language, can
be used to help students move
from the concrete to the semicon-
crete. and then to the abstract level
of thinking about a concept. For
example, init ially each child phys-
ically moves himself or herself
about the classroom to form a rec-
tangle. The semiconcrete stage
consists of getting the turtle to per-
form the same movements on the
screen, i.e., making a rectangle,
while the abstract step is under-
standing the characteristics of a
rectangle and using its properties
in constructing more complicated
shapes.

The following concepts, some
quite complex, can be taught using
Logo: open and closed figures;
convex and concave; regular poly-
gons; units of measure; angle
measurement; similarity and con-
gruence; procedural definitions of
terms such as triangle, square,
et cetera; relationships between

interior and exterior angles of
polygons; variables; recursions;
plotting of coordinates; invari-
ance; rotations; slides; histogram
plotting; point plotting; and func-
t ion p lot t ing. 'o ' ' r

These concepts are best learned
through the d iscovery method.
Students involved in these activi-
t ies must be guided by a teacher
who has an understanding of Logo
language and the computer.

Which concepts are semicon-
crete and abstract are relative to

"Reseorch has shown
that children remember

longer what they
discover, and that they

ore better able to
tronsfer the discovery

to new learning
situstions than what is

merely told to them and
memorized. "

the experience of the individual. At
the secondary ievel, for example,
watching the graphical addition
of two functions on a computer
screen might provide the concrete
experience a student needs to un-
derstand the concept and be able to
use i t  to  solve problems.

Computers for Problem Solving

Strengthening problem-solving
skil ls takes a lot of class time;
therefore.  teachers must  incorpo-
rate the teaching of concepts and
p r i nc ip les  o f  marhemar i cs  i n ro
in te rd i sc ip l i na ry  p rob lem-so l v -
ing activit ies. "Recent research
findings have shown that certain
strategies taught to students can
significantly improve their prob-
lem-solv ing achievement .  " 'u

Some teachers are a l ready
c h a n g i n g  t h e i r  i n s t r u c r i o n  t o
concentrate on problem-solving
techniques, and so give learners an
extended per iod of  t ime to work on
problems.  Students are encouraged
t o  i r r r e s t i g a l e  a l t c r r r t t i r c  i r n .
i l r ( ) ac l l e  \  and  c r  a lua rc  d i l ' i ' c r cn t

i.'q*;ot+r, \liii:,- -Wffi*
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solutions. Computer simulations
are being used as a catalyst to stim-
ulate discussion about real-world
problems such as pesticide use,
food shortages, and nuclear power
stat ions. ' '  Students in  these s i tua-
t i ons  have  the  oppo r tun i t y  t o  use
computers to explore problem-
solving strategies.

Cooperative Learning
With Computers

Software with a format that pro-
vides the opportunity for children
to work together ,  e.g. ,  the Search
Ser ies, ' *  a l lows students to ex-
change ideas and learn from one
another 's  unsuccessfu l  as wel l  as
successfu l  at tempts to solve prob-
lems. Contrary to fears expressed
by parents and teachers, using
computers in  schoolrooms has not
restr ic ted socia l izat ion but  has
actual ly  enhanced student  in tcrac-
t i on .  S tuden ts  a l so  l ea rn  how to
make  the  g roup  p rocess  u ' o r k .  ' '

In  ( -ot r tputers i r t  Teut  l t in .q
. \ lu t l ter r rut i t ' :  Pctc-r  Kclman and
r ) l h c r \  \ a \  t h a t  t h e  ! L ) m p u t c r  " n ) J \

radically alter what it means for
students to solve problems,"20 for
pupils "can probe problems, store
and retrieve data, test out solu-
tions, simulate problem situations,
and calculate results . the way
real -wor ld problem solvers do." ' '

Move From Concrete
to Abstract

"Students of all ages need a
solid background with manipula-
tives before they deal with abstrac-
t i on ,  " t t

Standsrdized test results
also show thst children
usuolly score higher on
computational portions

of mathemotics
exominations than they

do on those sections
dealing with concept

development and
probletn solving.

Children in the elementary grades are,
for the most part, in the stage of concrete
operations, which means they . . . need to
be able to use or visualize physical objects
when dealing with mathematical abstrac-
tions. . . . Thus, whenever it is appropriate
while developing math understanding with
software, computer programs should ask
the child to think of specific concrete expe-
riences that relate to the concept being
developed, should ask the child to actually
do the manipulations pictured on the screen,
and/or  should use graphic represenlal ions
of concrete models on the screen to help
clarify symbolic manipulations of abstract
discussions. ' � r

Because "spatial abil ity is of im-
portance to the complete learning
of many concepts and skil ls"'n and
correlates "highly with success in
abstract mathematics,"25 using
physical objects along with picto-
rial representations on the screen
will improve students' abil it ies to
visualize and mentally manipulate
objects.' �6 Students who can al-
ready do abstract thinking prob-
ably benefit most from symbolic
instruction and may find the use of
manipulatives distracting.'7

Types of Programs,
Software Available

Today, software programs are
available that (l) develop concepts
about numbers, geometric shapes,
classification by attributes, money,
probabil ity, metric measurement,
et cetera; (2) provide opportuni-
ties to explore logical thought
sequences, e.9., the Factory,2t
Rocky's Boots,2e (3) enhance eye-
hand coordination and spatial rela-
tionships, e.g., Logo, educational
gaming, (4) give practice in round-
ing off numbers and estimating,
(5) provide opportunities for deci-
sion-making through simulations,
e.g. Pesticides,3o and (6) develop
deductive and inductive reasoning
skil ls by such activit ies as inter-
preting graphs. However, "not all
concepts lend themselves to dem-
onstration on a screen. . . . It is the
responsibility of educators to learn
how to discriminate, how to recog-

(To page 42)
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Computers and
Mathematics

(Continued from page l3)

nize 'appropriate' uses of com-
puters, " 3r

Choosing Appropriate Software

Here are some guidelines for
teachers choosing software for
mathematics instruction to con-
sider:

1. Carefully preview software
for school purchases. Choose ex-
cellent quality materials that meet
the needs of your students. "Math-

ematical software should stress
mathematical relationships, prin-
ciples, and meanings" for "re-

searchers have concluded that
students wil l retain more, achieve
higher scores on tests, and be able
to transfer more to new situations
if they understand what they are
doing. "" Let publishers know
what kinds of programs you want.

2. Choose programs that pro-

The majority of
computer programs

now used for math can
be classified as "drill

and prsctice."

vide an interdisciplinary, problem-
solving approach and uti l ize the
computer's unique capabil it ies.

3 .  Cons ide r  p rog rams  tha t
allow groups of students to work
cooperatively without the necessity
of continual access to a computer.

4. Choose software that allows
students to use the computer the
way it is used in real l i fe-to solve
problems;  gather ,  s tore,  and
retrieve data; reorganize data;

manipulate text; et cetera.
5. Choose dril l  and practice

programs that emphasize what you
consider to be really important,
that are correct factually and algo-
rithmically, and that include a
management program for keeping
a record of students' progress.

A New Look at
What to Teach in Math

With the renewed interest in the
quality of education and the feasi-
b i l i ty  of  having computers in  every
classroom, educators have "an un-
precedented opportuni ty  to recon-
sider why they teach what they
teach and whether they should be
teaching other skil ls and ideas alto-
gether."r3 Studies by Jean Piaget
and others demonstrate that many
youngsters have not reached the
maturational level necessary to
master some of the concepts cur-
rently expected of them.3a

Adventist educators must decide
how to restructure the scope and
sequence of math instruction to
best meet the needs and abil it ies of
individual students, particularly in
the context of multigrade class-
rooms.  Now is  the t ime to in tegrate
computers into the curriculum to
take advantage of their capabil it ies
to help each student develop his or
her fullest potential.

Since "computers used for in-

Sources of Software for Preview

o Local computer stores and
dealers, some of which have an
educational consultant and wil l
allow previewing of any material
they carry.

. Catalog companies that have
a 30-day return policy-the for-
mat of many otherwise good pro-
grams is not suitable for church
schools, and catalog l istings may
not describe the format.

r Local, county, or state agen-
cies dealing with computers in
education.

r Local school districts.
. computer users groups in

your area.
r Other teachers in your con-

ference.
e Public service television pro-

grams that preview software for
teachers.
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struction are no better than the
mater ia ls  they conta in,"3,  c lass-
room teachers, curriculum spe-
cialists, learning theorists, and
computer programmers need to
work together to develop software
that  nrakes the computer  "an in-
teractive, f lexible, and powerful
medium for  teaching and learn-
ing." 'u  Some bel ieve that  by ut i -
l iz ing the unique capabi l i t ies of
computers,  educators can indiv id-
ual ize inst ruct ion " to achieve the
goal of mastery learning, where
everyone learns all material essen-
t ia l ly  per fect ly . " r '

Studies indicate that
drill-and-practice

software generolly
produces small but

s t st is t ica I ly s ig nifica n t
gains in student

computqtionsl skills,
possibly os a result of
pupils spending more

time on task when using
the computer.

Quality courseware for teaching
mathematics that reflects Seventh-
day Adventist philosophy needs to
be selected and/or developed for
church schools.  A few denomina-
t i ona l  educa t i ona l  i ns t i t u t i ons
should be delegated the respon-
s ib i l i ty  of  evaluat ing sof tware,
inc luding f ie ld test ing,  and then
disseminat ing the resul ts  of  these
evaluat ions.  Funds must  be pro-
v ided for  th is  purpose.  Carefu l
coordination among the institu-
tions involved can prevent dupli-
cation of costs and effort.

Because computers are so new in
schools,  in-depth research is
needed to srudy rhei r  impacr  on
the mathematics curriculum, the
learner and the learning process, as
well as on the role of the teacher.

When educators consider the use
of computers in the classroom,
they should "not be thinking
about computers" but "should be
th ink ing about  educat ion." , '  t r
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Motivating Math
Students

(Continued from page 7)

ticipate in various hands-on ex-
periences, such as taking bites out
of a graham cracker unti l they
think what is left is a gram mass.
They then weigh it and the student
who comes the c losest  to  a gram
wins. We also measure the room
all over with a meter stick or try a
ball-throwing contest in which
students measure in meters the
distance the ball has traveled.

Another invaluable aid that I use
with students who have not yet
learned their multiplication tables
is  math st icks.  This act iv i ty  in-
volves ten craft sticks and some
grosgrain ribbon. The numerals
l -10 are l is ted across the top and
down the side of the first stick. The
other sticks l ist vertically multiples
of the number at the top of each
stick. When the sticks are com-
pleted, they constitute a multipli-
cation fact table. The student can
use the sticks to assist him in mas-
tering facts he has not yet learned.
An added benefit of the sticks is
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