[ : - . . ) L o

1N .,/ . & S . ‘ ' » . : | - | , . l.. |
o o DOCUMENT RESUME «  ~ : L
- Elf 259 898 I) R Co B S SE 045 864 N . -
e - Lo o S S o oy ' -
o «PITLE® - . .Tha Impact: of .Computing Technoldbgy on School = ~ »’é W
SR - . 'Mathematics. Report of an NCTM Conference.” . -~ . . A
INSTITUTION ‘National Counci} of Teachers of Mathematics, Inc., "/ ' =
; »* "Reston, Va. R ! P e
PUB DATE 84 ~N oL o S \ o s
NOTE _ 6p... S o L SRR ¢
AVAILABLE FROM National Council of Teachers of Mathematics, 1906 ‘o, 3
: * Asgociation Drive, Reston, VA 22091, o o 4
PUB TYPE . Collected Works -~ Conferance Proceedings (021) -- -

.+ “Reportg = Descriptive (141)°
o Ly . Co- S
EDRS PRICE =  MFO01/PCO1 Plus Postage.. L .
DESCRIPTORS * *Computér Literacy; *Computer Science; Curriculum =
_ I Development: *Elemgrntary School Mathematics; ‘
I "Elementary Secondary Education; Higher Education;
o - Mathematics Education; AMathematics Instruction;
- *Secbndary School Mathematics; *Teacher Education .
IDENTIFIERS ~ - *Computer. Uses in Edutationy National Coungjl of .
| : .+ "Teachers of Mathematics; National Science ’
s - -, 7 Foundat¥ion . A z
- ' 4 ' ) '."',..,.' . ’ ’ .
g Qgéwgncw ’- | S - | ) |
DN 0 The National Council of Teachers of Mathematics and , .
the Center for Mathematics. Education of the University of Maryland ¢
-;;/nsponaored a conference to consider the impact of computing on school ‘
-~ mathematics. Participants (including mathematics teacher educatoys,
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mathematics curriculum, mathematics instruction, and mathematics.
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of these arsas, These recommendations (or proposals) are presented in
this document. They are intended as guidelines for selecting the .
content of precollege mathematics curricula, for teaching that b
content in a manner .that takes advantage of emerging technology, and

~ for designing teacher education programs that recogné:gr;hg changing
curricular patterns and instructional roles for teacheTrs. Fiye .
' fundamental assumptions upon which these pnoposals are basad’are v - o
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One of the critical prablems facing mathematics educa- struction and ha? for a-long time devotpgd program siots at
tion today is the need for curricula and instructionai regional and nationai meetings to issues associated with
QO methods to respond to the 'influence that computing. . the impact of technology on mathematics education. The.
O~ - technoiogy is having on mathematicg and its teaching. - eubllc‘atlons.d? NCTM, Inciuding the journals and the 1984 * -
o0 Numerous conferencés, reports, and projects have fo- earbook, refiect the continuing concern of the organiza- . = ¢,
cused on different aspects of the effect of emerging tion with this issue. o . LT '
O™ technology on mathematics curricula and instruction. For - In an effort tg/€ontinue its ieadership roie, NCTM and
W\ exampie, .the Conference Board of the Mathematical the Center for Mathematics Education of the University of
J Sclences produced a set of _%uldelines that identified Maryland, with financlai support provided by the Nationali
fundamentai topics In K-12 mathematics (CBMS 1883), Sclence Foundation,”sponsored a conference at NCTM
€)' ant an NSF-spongbred conference @f the University of -  headquafters during March 1984 to consider “The Impact
LLJ Maryiand resulted in a docuiment that provided insight into of Computing op School Mathematics.” Participants rep-
the effect of the computer on subjects in the traditional resented a number ofipterested constitusncies: .govern- -
secondary mathematics curriculumFey 1984). 'ment funding agencies; commercial publishers of mathe-
o : ST matics materiais, the. standardized testing industry,
NCTM has made many efforts to proyide ieadership-as - mathematics teacher educators, mathematiclans, com-
decisions about the impact of computlng ?chnology. on “puter sclentists, elamentary, middie, and -secondary
. mathematics. education are made. In 198% iis Board of mathemaétics teachers, and district-and state-ievel mathe-
Directors estgblished -the Technology Advisory Commit- - matics supervisors. Participants were asked to respond to
tee, which has subsequentiy enqsaged in several projects =~ a serles of questions related to the jmpact of somputing
and activities that serve members in the area of technolo-  technoiogy on the mathematics curricuium, mathematics
gy and which advises the Board on matters reiating to ingtruction, and mathematics teacher education, and to".
o  technology and mathematics education. NCTM sponsorgp - formulate general recommendations .in each of these
' a continuing series of seminars for K-12 mathematics areas. The conference produced the recommendations

teachers on the uses of computers In mathematics Iin- herein—each gaining proad, If not unanimous, .suppor.

B . . . N . . | I . ‘ . R ' A .'
RECOMMENDATIONS ON CURRICULUM, INSTRUCTION, AND TEACHER EDUCATION.~

/

Prologue . P pencii aigorithms shouid be reallocated to support a
! K . ' range of new or previously neglected topics thgt:have a /

Applications of caiculators; computers, and other eiec- ~'valid piace In the K—12 mathematics: curricuium. Morg/”- .
tronic information technoiogy are reshaping the funda- over, teacher edutation programs miust be modified fo *
mental methads of doing and teaching mathendatics. - ~reflect these changes in school mathematics content and
When used as toois for arlthmetic and for the analysis of - to model the delivery of Instruction through appropriate
graphic or symboiic data, calculators and comiputers offer . 89?"030008 of tGCh"°|°PV- : '

~_powerlul newgapproaches to famiilar problems and ac-- he proposais that follow are intended as guidelines for
"cess to entirdly new branches of mathematics. Applica- . selecting the content of précoliege mathematics curricuia, -
" tlons-of these same capabilities to instruction are brlngVug for teaching that content in a manner that takes advan-
major changes to mathematics classrooms and the roles tage of emerging technology, and for designing teacher
" of mathematics teachers. _ . @ducation programs that recognize the changing curricu-

The major Infiusnce of fechnglagy on mathematics lar patterns and instructional roles for teachers. The 5
education {s Its potentlal to ohlftﬁ( ﬁcus of tnatru:noln . proposais are based on flve fundamental assumptions: -~ . .
from an emphasis on manipulativ® skilis to an emphasls . - e -
on developing concepts, relationships, structures, and - gtogﬁdlg\veggdo?hr:g %fnaglé:kﬁmptlr%%?l:rlwr?u“amously .

Froblam-solvlng skills.' Traditignal precoliege mathemat- ‘ ‘2 .

cs curricula have stressed the deveipment of a variety : Qﬂ'osrﬁugﬁﬁ'%.?rﬂgﬁ?:gﬁ'&ﬂ"3353, ccess to n?;'%::

q-_

of mechanical grocedures, (noluding. the computationai \ _ .
| & aigorithms of arlthmetic and the tranaformation of symbol - In the classroom and at home. o
. Ic:expreasions In algebra, trigonomatry, and analyels. The . 3. Al students will experience appragriate adpgﬂb_atlor] .
use of calculators and computes as standard tgols in . of computers In the study of each gkhool dis¢ipline. -
quantitative problem-solving sitiations, however, ftas di- 4, State/provingial, district, and ioc ematics cur-
minished the value of human profiolency In the execution - - rlouium guidelines and criterla for mathgmatios text-
Q of such procedures. Much.of the Instructidial time cyr- book adoption wil be rewritten to reflect the chang- -
rently devoted to aoqulrlmeprsﬂotomy witlt paper-and- .. Ing priorities of sochool mathematics.- : :
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, ‘tional materials will é L
(a) immediately begin developing products atare.
consistery ‘with the changing objectives-of pre- -
, college mathematics; ot L. :
_(b) continue support for that development Q
.. schedule that facliitates the implermentation
proposed'curricular changes. . -,

’
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ATECHNOLOGY AND THE* .
MATHEMATICS CURRICULUM

Today, the computational -skilis of arm\metlc, algebra, -
geometry, trigonometry, and calculus dominate the K-12
mathematics curriculum. The content and sequences of

- courges are .planneg carefully so that students acquire
intricate hierarchies of prerequisite skills for each major

'R computational algorithm. \Although these well-known

mathemaliel procedures originated as. essential aids to, "~
~_ efficient pNlem solving, most of the algorithms of school -
mathematics have now been programmed for rapid exe-.

. cution by‘calculators and computers. - ., y
To do arithmetic today, mental operations are best for -
. obtaining quick approximations; calculators are-the tools
of choice for one-time computations; and computers are
most appropriate_for repetitive calculations. In- algebra,
trigonometry, and calCulus, computers can execute the
numerical and symbolic manipulative procedures that
students spend countless hours mastering.

As a consequence of this changing erivironment for
raathematical work, the ctfriculum In gtades K~12 needs
careful reassessment and revision. Classroom teachers,
mathematics, supervisors, members of "state, depart-
ments/provinclal ministries ‘of education, authors and
publishers of textbooks, éevelopers of standardized tests,

and other curricuium ddvelopers must consider the fol-
Jlowing recommendations) and the questions they raise.

-

>

Elementary School Level

v

N ,
The elementary school mathematics curriculum has
traditionally focused oh developing students’ skills_in
computing with whole numbers, {ractions, decimals, &hd
percents. Since computers and calculators can perform
such operations more quickly and accurately than.can -
~ usually be done othdrwise, the. traditional goals of-ele-

mentary school mgthematics must be reexamined and -
the predominance &f computation-related objectives must , -

‘be reassessed. Curriculum developers are urged to con-
sider the following. recommendations that suggest a
broadened view of mathematics appropriate for grades

i ‘ ) :
* Calculators should routinely.be avaliable to-atudents
~ in all activities*associated with mathematics learning,
Incllurc‘jlnf testing. Students should be taught to distin-
guish 8
‘aids to computation from situations In

...' ic
'_Ege appropriate. | .
.. * Emphasis should continue to be placed on etudents’ -
. -,knowledge of basic facts required for proficlent men-
* tal arithmellc and estimalion. However,

] . s '
'

‘5, The pubiehers of standardizél tests and instruc- .

|

mental
" operations or paper-and-pencil Compulations are .

uations In‘which calculators ar%lpﬂroprlato .

significant . .

" standing of topits formerl

.
]

portiong of elementary curricula, devoted ‘to- algo-
. ritdhms for multiple-digit calculations can ba eliminat-
e . ' : 4 . » '

arithmetic operations.-Such.understanding is essen-
tial for problem solving. , ‘

‘Experience with physical manipulat

to be an important phase of learning mathematical

\deas, Bacausg of the Increased instructional empha-

~sis on meaning and understanding, thig activity must
not be overiooked as the curricilum evolves to take
aldvantage of computers and caiculators for instruc-
tion. ~

effectively in~teaching mathematical concepts, no a
priorl assumptions should be made about the appro-
priateness of any ggven mathematical topic for ele-
- mentary students. For Instance, decimals, negative
nurpberg, .and scientific notation appear naturally.
when usihg calculators and can be taught as they
arisg. Computers facilitéte an edrly introduction to

e geometric concepts such as transformations, congru-

ence, and veclors; statistical concepts such as.ran-
. domness; and algebraic concepts such as varlable .
and fungtion. R
Preprogramming activities and simple computer pro-
_..gramming In Logo or BASIC can be dene by students
as early as the kindergarten’ level to convey both °
mathematical and computer concepts. Computer lit-
eracy should come as a natud bY.-Froduét of swch
a

.

experiences rather than as a special addition to the
elementary school curricuum.( = °
' ‘ b

Middie School Levél .

The mathematics cutriculum for the middie schoal
. (grades 5-8) must take Into account incoming students’
- knowledge of new topics such as computing, their under-
reserved for the middie
-grades, and their more limited skills In topics such as
arithmetic " algorithms.
changes proposed for the*elementary grades, curriculum .
- developers for the middie grades shouid consider the
following specific recommendations. .

* Mathematics in the middie grades should emphasize .
the development of “number sense”—the Intuitive
teeling for the relative sizes of numbers that is
essentlal in skillftil gstimation, approximation, méntal

. arithmetic, and the interpretation of resuits for rea-
Sonableness. - ! Ty

Some portion of instructional time should be given to
- the study of discrete mathematics, including count- ‘
“Ing, graph theory, ‘probability, -and logic, ‘which s
‘important and appropriate for the middle grades.
Calculators and computers can be used to teach
iterative procedures for solvln?1 s{ljpnlﬂcant problems
before traditiqnal formal- methods are presented.
Such experiences should be part of the middle
~school mathematics curriculum. S
Anrintroduction to statistice should inciude extensive
'Pathorlng. organization, and presentation of data.
. Important concépts can be developed In the context

*

. “of realdata sets whose mamipulation and examina-
,  llon Is aided by ¢
software. ' -

mputer- analysls and. graphing

]

‘ ives and other
-, concrete representations of concepts must continue

In addition o building on the” .

instruction must shift to emphasize, the ,meanl'ng of * ,

B T

s

Because computers and calculators can be used .- .. '
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Middle school mathematics programs shouid take
advantage of the visual display capabilities of com-
puter graphics that support and underscore the im-
portance of informal geometry objectives. Transtor-
, mations, mensuration formulas, and spatial

visualization can be vividly illustrated by using com-
puter graphics. » . .
Increased bmphasis should be placed on such non-
traditional methods of problem solving as organized
lists, guess and check, geometrical sketches, and
successive approximations, all of-which are made
feasible by calculators and computers.  *

Computer programming experiences that introduce
the concepts "of variable and function should be
provided. These experiences should help prepare
students for the study of -algebra. :

By the end of gr3de 6, students should be able to
write simple computer programs that require looping
and branching concepts. The emphasis in such pro-
gramming activities should be on problems that con-
vey significant mathematical ideas. b

L

Senior High School Level \

Developers of senior high school mathematics curricula
must consider both the changing preparation of their
entering students and the changing college and work
environments their graduates will enter. The following
recommendations are suggested as guidelines for the
curricular evolution that must occur if high school mathe-
matics programs are to reflect appropriately the influence
of technology on mathematics and its teaching.

* The selection and sequencing of high school mathe-
matics for college-bound students should no- longer
be governed solely by preparation for calculus. The
most important mathematics for many students will
consist of topics from discrete mathematics and
slatistics. High school programs must reflect these
goals in their conterit and priorities.

* Computing is changin% calculus and its traditional
prerequisite subjects. Computer symbolic systems,
graphics, and numerical analysis software make Stu-
dent mastery of manipulative procedures less impor-
tant and, at the same time, offer dynamic tools for the
illustration of fundameqtal concepts and proggsses.
Such changes should be considered as th(ﬁince
of calculus on high school mathematics is #sessed.

The content priorities and agproaches to topics in
high school geometry should

of compuler graphics and their applications.
‘geometry of three-dimensional space, trigonometry
vectors, coordinates, and transformations are all
made more accessible with computer assistance
through visual displays and complex calculations.

The skill-objactives of algebra must be reassessed to
identifty those procedures more easlly done by com-
puter (e.g.. combination of expressions or solution of
equations) or calculator (e.g., values of trigonémetric
functions, logarithms, or exponentials). The proper-
ties of elementary functions are’ still important for
modeling quantitative relationships, but proti(fienc?/ in
many familiar\computational processes s of little
vélue.

In many topics of high school mathématics, comput-
ers and calculators can be used to discover. and test
principles and methods. For example, concepts and

"

e

~

e reconsidered in light

LY

‘.

v

~

. ) '

theo®ms can be illustrated numerically and graphi-
cally to develop sound understanding betore formal
proof is attempted. ' . -

For high school $tudents with limited ability or interest
in mathematics, technology offers an O)portunitz/ to
enrich curricula with realistic problem?solving situa-
tions without insisting on a mastery of skill prerequisi-
ties. For example, these students can concentrate on
the skills needed to collect, organize, and interpret
mathematical information, skills appropriate for esti-
mation and approximation, problem-solving strate-
.~ gies, data analysis methods, and reasoned evalua-
tion of results. '

The time needed for new curricula will probabl exceed
the time that can be saved py reduced emphasis on
topi¢s of diminished importanggs- or by a more efficient
organization of instruction. Mathematics'is of such funda-
mental importance, however, that sthools must allocate
moré time to its study. This means more minutes per day-
in the elementary and middle grades and more years of |
mathematics in secondary-s%hpol. '

TECHNOLOGY AND MATHEMATICS INSTRUCTIQN .

. change in traditional teachin /Iearning

M ’

The impressive capabilities of emerging tethnologies

romise major changes in the or?anization of rgathemat-
ics ipstruction and in the roles o students and"teachers.
Computers offgr a dynamic electronic chalkboard for the
demonstrationi)[ mathematical ideas. As laboratory tools,
they assist in the exploration and discovery of concepts,
the practice of skills, applied problem solving, and instruc-
tion by simulation. Computer-based evaluation and infor-
mation management provide further opportunities fot
patterns.

Although there may be risks associated with changing
in8tructionai patterns and teachers’ and. students’ roles, .
the potential for -improved instruction in mathematics
makes the search for ways to reduce those risks worth-
while. If teachers and students are to éxploit the potential
of technology to support instruction, they must become
adept at the new roles described in the recommendations

.below.

One of .the most immediate consequences of the
integration of technology into mathematics instruction is
the Increased need for teachers to make informed deci-
sions about questions that relate-to certain aspects of the
mathematics curriculum. The following recommendgtions
focus on these issues. s ‘

* Teachers must be able to make infgrmed curricular
decisions about the appropriate place and strategy
for, using technology to enhance-nstruction.

Teachers must learn hew dyngmic visual displays
made possibfe by computers cgn aid transition from
concrete experience to abstract mathemaiical ideas.

Teachers must become adept at interpreting and
-elaborating computer-based evaluation of student
learning and in using information management sys-
tems that organize curriculurn options and agsess-,
ment data. L

New roles for classroom -tgachers and studer.)ts‘.are
also made possible by technological enhancements of
matihematics instruction. Among these roles are the fol-
lowing:
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* Teachers must become effective Eatélysts for stu-

dent-directed learning. They must be able to pose
stimulating problems and to probe student under-
standing with questiohs that begin "“What would
happen if .. .?"

! Teachers must serve as learnihg models in attacking

mathematical questions. They must be comfortable-

assisting students in learning situations in which the
topic being studied or the resource employed is
unfamiliar. Teachers must Be prepared to- say, “I
don't know yet,” while they join students in explora-
tion. '

Teachers must become facilitatorsﬁ cooperative
learning as students engage in realistic learning
projects that computers make attractive. Teachers
and sjudents must emulate real problem solvers as
they deal with problems of complexity, accuracy, and
precision that occur in the &olldction and analysis of
real date” . '

For students, the greatest promise and challenge of
technology in mathematics learning is the move
toward more self-directed and salf-monitored learn-
ifg. Students myst become adept'at using computer-
. based instructional materials, mathematical tool soft-
ware, and personal programming skills to develop
and practice the use.of mathematical concepts, prin-
ciples, ahd problem-solving processes. -

* Student-directed learning suggests that students
may become. dispersed-throughout the learning envi-
ronment. Teachers must know how to maintain effec-
tive communication with and. among learners and
must recognize that individualized techndlogy-en-

hanced learning is not synonymous with independent

study.

The fundamental theme ‘that underlies recommended
changes in patterns of mathematics instruction and in the
roles of teachers and students is the emergence of a new
relationship among teachers, students, and the subject
matter. The presence of computers and calculators in
~ demonstration, practice, problem solving, and evaluation
creates a new classroom dynamic in which teachers and

students are natural partners in the search for an under-.
standing of mathematical ideas and a solution ¢of mathe-

matical problems.

., . K%
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TECHNOLOGY AND MATHEMATICS -
TEACHER EDUCATION o

—_—

T ————————

The recommendations in previous sections of this
. report suggest -a new look to mathematics classrooms,
with concepts and problem solving the focus of curricula
and teachers joining their students as aative partners in
lgamingr1f these €hanges are to occur, classroom teach-
ers mugst be the primary agents of change. Consequently,
preservice and in-service mathematics teachsr education
programs must be restructurad to prepare teachers for
their new roleés. . )

Computer education for teachers of mathematics re-
quires understanding and skill n three areas: (1) the uses
of computers and calculators as problem-solving tools in
mathematics; (2) the uses of-computefs for the presenta-
tion, evaluation, and management of instruction; and (3)
the concapts of computer literacy that contribute to, or

. N ‘. .

S . T T
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depend on, the knowledge of mathematics. The breadth
and depth of appropriate comput®r education”will vary
with the teacher's gratle level and_subject spgcialization.
‘The following reGommendations provide gyidelines to the
content and form of preservice and in-service experi-
ences suitable for elementary, middle, and senior hig
school mathematics teachers. -
Mathematics content and methods courses in teacher
education programs must be examined and restructured
to ﬁive more ‘attenjion to priority «content areas and to
ke calcutator and computer use an integral part of all
such.courses. In particular,'the following recommenda-
tions apply: - ' : :

* Students preparing to teach at the elementary level
must complete the mathematics requirements out-
lined in the Guidelines for the Preparation of Teach-
ers of Mathematics (NCTM 1981), with special em-

y phasis on estimation, approximation, meéntal
arithmetic, data organization and analysis, informal
geommetry (using a’ Variety of approaches to the
subject that reflect its visual nature such as transfor-
mations, vectors, and coordinates), probability con- -
cepts, and measurement concepts. - T

. * Computer literacy and programming concepts heed-
ed by elementary #®achers should Be. acquired
through experience in the mathematics content and

" methods courses. Consequently, teachers preparing
to teach at this level .need not ge required to take a
formal computer science course, although a course
focusing on, computer applications in education is
recommended.

* Students rep\arig to teach at the middle school
level should also mﬁlete the mathematical require-
ments outlined in the NCTM Guidelines for this level,
with special attention to the priority topics recom-
,mended for alementary teachers and experience with
more advafced topics from algebra, analysis; statis-
tics, and discrete mathematics.

* Middle school mathematicg teachers shquld com-
. plete-a course on computer applications i tion
. and a ‘computer science course that s on

problem solving and, mere specifically, onthe, nature

of algdrithmic thinking and the corpputer implementd-
tion of problem solutions. . ’ '

* Students preparing to tedach mathefnatics at the
secondary level should complete the mathematics
. major outlined in the NCTM " Guidelines and
.« coursework in discrete mathematics, probability and
statistics (including expjoratory data analﬁsiS)._ and
numerical analysis. All topics must be tadght iy ways
that demonstrate appropriate applications of comput-

ing to mathematics. e

* In addition to the computing courses recommended
for middle school teachers, secondary mathematics
teachers'should complete study that provides further -
experience with structured programming, algorithmic
thinking, mathematical modeling, and other mathe-
matics fundamental to computer $clence.

To provide teachers of mathematics with the knowl-
ed%e and skills neqded to use computers and other
fechnology effedtively for instruction, programs of preser-
vice and in-se#vice education must include the following
components: { .

* Level 1 (awareness). Through the use of computers,
calculators, gnd other tachnology as an integral part
of the delivery of instruction in mathematics, teachers
must be exposed to a variely of applications that

“p




enhance their understanding of the potential of these
technologies. They must experience a range of
hands-on activities and explorations and see demon- *
strations of appropriate uses of technology in“class-
rooms. '

-Level 2 (interaction with prepared software). Teach-

ers at this level must be given training in the selection

and use of appropriate software to enhance instruc-

tion in mathematics, and information shoutd be given -

to them about sources of mathematics-related Soft-
ware. -They must develop, deliver, and gvaluate -
+» lessons and units that |ntegrate exnstnng softWare into->
mathematics instruction. » " .

should ‘be given the opportunity to engage in pro-

gramming-related activities such as tracing, debug-

.~ ging, or modifr}ing existing programs, all pf which can ™
enhance mathematics . Iearning *Such experiences

should focus on how programming ideas can be used

to teach mathematical.concepts, not on developing

the teacher's personal programming skills.

THe most important point in these recommendations for
change in mathematics teacher education is the require-
ment that preservice and in-sgrvice programs must model
the desired changes. Teachers must experience mathe-

" matics content and methods courses that emphasize *
priority topics and that present those topics using a
variety of techniques that fully integrate computers, calcu-
lators, and other information-processing technologies.
The realization of this goal will require commitment and
aooperation among mathematics and teacher education
faculties. Institutions must commit needed resources for
equipment and must support facujty study time.

" Every institution should identity a computer resource .
teacher who can serve As a technical advisor for-alt
teachers and a mathematucs/computer rasource
teacher who can provide leadership in helplng teach-
ers make appropriate use of computing devices in
mathematics instruction. Institutional support for '
training such individuals will be needed. .

Institutions must provide ongoing support mecha-
nisms. Administrators must be educated about pro-

- posed changes in mathematics content and the
delivery . of instruction and must be supportive of
» changes. Initiative and achievement must be recog- -

nized. -

Colleges and universities should work with local
» schools and districts to devise creative models for in-
service programsto upgrade 'teachers’ backgrounds
and ways to provide support for teachers as changes
-are implemented. Such ﬁrograms must build in”
mechanisms to inform teachers at upper levels about
# curricular dnd instructional changes at lower levels
and vice velsa.

*/IProfessional organizations such as NCTM must offer
‘training workshops to prepare teacher educators for -
leadership roles in effecting change. Funding agen- - *
cies-must offer support for retraining activities.  \ .
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Well- educated committed teachers, will be_the key to
the successful implementation of currlcular Andmstruc-
tiorral improvéments. The computer education of preser-
vice and in-service teachers represents a critical |nvest-

ment necéssary. for change to occur.
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