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changes are proposed in the breadtk of student participation, methods
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content, 'and achievement-standards. These changes will be

accomplished by: building a strong and

lasting national commitment to

quality mathematics, science, and technology education for all

.students; providing earlier/increased exposure to these fields;

providing a system for measuring student achievement/participatiQn;

retraining current teachers, retaining excellent teachers, and
attracting new teachers of the highest quality and commitment;
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exemplary programs; utilizing available resources, including new
information technologies and informal education: and establishing a
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* * Dr. Lewis M. Branscomb - o
. Chairman o . -
National Science Board v ' .
_ National Science Foundation B oy
Washingten, D.C! 20550 ’ e

Dear Dr. Branscomb; . : o . =
Itisa pleasure to transmit to you the Commission’s final report. This Commission dces not simply decry’
the present inadequate state of riany of the Nation's-schools. Rather, we spell out a détailed plan of action
for all sectors.of society to address the very serious preblems facing America’s elementary and A
secondary educational systems in mathematics, science and technology. Many of our recommendations —
- focus primarily on these fields; however, many apply equally well to other areas of study—literature, -
foreign languages, social }cience, history, art, ¢tc. Thus, we hope this Report is disseminated widely.
The plan of actiori#in this Report is directed toward the Nation’s*achigving world educational®
. leadership (as measured by student achievement®and participation levels and other non-subjective
~ criteria) in mathematics, science aind technology in elementary and secondary schools Ry the year 1995, .+~
Moreover, in keeping with the goals the Commission adopted at its first meeting in July 1982, the
réecommendations are intended not only to increase. opportunities-for outstanding students in these :
fields, but also to enrich the.educational experiences of the entire range of American students—those 0
* planning careers as professional mathematicians; scientists, engineers and teachers ir these fields, those
who will pursue technical careers, and those. who.wil? be the Nation's future political leaders, managers,
laborers, parents, consumers and voters. The Commission believes America’s educational systems must”
provide opportunities and highsstandards of excellence for all our youth because the Nation’s national
security, economic strength and quality of life depend on the mathematics, science and technology
literacy of all its citizens. .- Tl . v ta

The Commission has visited and analyzed acknowledged examples of sﬂ%’ccss\ful‘ programs and
received testimony from a very wide range of individuals and groups. Tk exhibits in this volumie
summarize much of the Commission’s work. In addition, the volpme of source materials accompanying
this Report reproduces many of the reports commissioned explicity to inform our deliberations.

The Report estimates the costs to the Federal govemment of the new programs wé suggést it should
‘adopt. The Federal cost recommended is $1.51 billion for the first year the Commission’s recommend-
ations are in effect (but Federal disbursement would not exceed $956 million in any year). The Report
.also suggests a procedure to ascertain the other. additional costs for the Nation—at Federal, state and
local leyels—to provide the kind and quality of education which the Commission deems necessary for
successful living in the 21st century. The Commission believes the serious problems facing America’s
" elementary and secondary educatiorial systems in mathematics, science and technology can be solved.
23 The job can be done. There are now numerous pockets of academic excellence throughout the United
. States. But raising the entire system :0 a new standard of excellence will require that these exceptions
become the norm. This can only be accomplished through leadership from the Prgsident, Governors and
leaders of local school boards, and by concerted and sustained actions throughout the Nation. We hope
. our Report will provide some guidancé and inspiration to those who will lead the effort and those who
+  must carry it to fruition. : :

o

Y

-The members of the Commission. thank you for the opportuuity to serve.

Sincerely,

o, e+ 9 w i

*illiam T. Coleman, Jr Cecily Cannan Selby
Co-Chair ' Co-Chair
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AN URGENT MESSAGE TO PARENTS DECISION
MAKERS AND ALL Q,T HER AIVIERICANS

* The Nation that dramatlcally and boldly led the world into the age of techn010gy .

is failing to provide its own chlldren with the mtellectual tools needed for the

21st century.

- We continue to lead because our best students are still unsurpassed We
continue to lead because our universities, industries, resour -and affluence

. attract the finest talent from throughout the world. But this is a precanous

advantage. The world is.changing fast. Technelogical know-how is spreading
throughout the world—along with the knowledge that' such skllls and SOphlS-

_ tication are the, basrc capital of tomorrow’s society.

. Already the quahty of our manufactured products, the’ viability of our

trade our leadership in research and development, and our standards of living -
are strongly challenged. Our children could be stragglers in a world of technol-

ogy. We must not let this happen; America must not become an industrial
dinosaur. We must not provide our chlldren a1960s education for a2lst century
world. .

We must retum to basics, but the “basics” of the 21st century are not only

reading, writing and arithmetic. They include communication and hlgﬁerv'
problen)-solving skills, and scientific and technological literacy—the thinking

tools that allow. us. to understand the technological world around us.

+ These new basics are needed by all studentS—not only tomorrow’s scien- -
tists—not only the talented and fortunate—not ‘only the few for whom-excel--

lence is a social and economic tradition. All students need a firm grounding in

mathematics, science and technology. What follows is a difficult and demand- -

ing plan to achiéve this, but it must be-accomplished. Our children are the most

) _unportant asset of our country, they deserve at least the hentage ihat was passed

to us.

® By 1995, the Nation must prov1de for all its youth, 4 level of mathema~-
tics, science and technology education that is the finest in the world,

without sacnﬁcgfng the Amerlcan blrthnght of personal choice, equ1ty
and opportumty

This goal can be achleved The best Amencan students are the equal of any
in the'world. Indeed, the best schools in the world emulate the best of America.

We have the know-how.

The Commission proposes sweepmg and drastic change: in the breadth of

- student participation, in our methods aric: quality of teaching, in the preparation
and motivation of our children, in the content of our courses, and in our’

Py
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. standards of achievment. ‘We propose to initiate this dlfﬁcult change through a
% strategy of (1)-building a strong and lasting national commitment to quatity
mathematics, Science’and technology education for all students; (2) providing
earlier -and .increased exposure to these fields; 3) prov1dmg a system for

. measuring student achlevement and participation; (4) retrammg current teach-
s N ers, retaining excellent teachers and attracting' new teachers of the highest
quality and the strongest commitment; (5), improving the quality and usefulness

of the courses that are taught; (6) estabhshlng exemplary programs—-landmarks :

_of excellence—in .every community to fostef a new standard of academic - .

excellence; (7) utilizing all available resources, including the new information
‘technologies and informal education; and- (8) establishing a procedure to.
.determine the costs of required improvements and how to pay for them. -

In this Report we emphasize the teaching and leammg of mathematics,

scienge. and technology in elementary and secondary schools, that is the .

3 k ' . Commission’s charge. We recognize, lowever, that this area cannot be sepa-

\ rated from the teaching and leaming of many other important subjects, such as
English,, forelgn languages and hrstory We hope that glanng deficiencies m
these other areas will be met w1th the same sens, of urgency. (pp 6, lO)

Leadershrp ) ' R

Reachrng a new standard of academlc ex\.ellence by 1995 requlres clear educa-
tional objectives, strong leadershlp and firm commitment at ail levels. Goals.
_must be set and.progress ! toward those goals assessed. We must recognize the
~ necessary investment, asséss the cost, and accept the respons1b111ty for par-
ticipation at Federal, state and local levels, in both the public and pnvate sectors.
We call upon ourn Zonal leadérs to begm and malntam the process (pp 9-12) -

© The Presrd t should immediately appoint a National Educatlon Coun-

+oclil, reportmg directly to him, to identify national educational) goals to

: recommend and monitor the plan of action, to enisure that partlplpatlon o

' Y Y and progress are measured and- to report regularly to the American
people on the standards and achievements of their schools.

/ ‘ . develop state educational goals, and monitor progress. - - .

.0 Local school boards should foster partnershrps with busmess govern-
ment and academia to encourage, aid and support in solvmg\ the
academic and financial problems of their schools. \

_ : . .® The Federal government should ﬁnance and maintain a natlongl mecha-
-® : nism for measuring student achievement and participation in a manrer
that allows national, state and local evaluatlon and companson of

- ~ educational progress.” R
N \\.

-

Focus on All Students

This Commission’s plan is not only for the affluent or gifted. Whlle it provides
the quality and intensity of education needed to continue their development it
also addressgg, the needs and potential of all other students. It recognizes that

B . . . v""\..-,.,-/ - © o~
Q ‘ ) . L : Lo ’ ' 8

° The States should establish Govemors COuncrls to sumulate cl ange, | -
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) specrallzed assrstance (pp. 17-25) . j

2T

.

substantlal pomons of our populatron strll suffer from -the: consequences ’of“‘**\f

raual social and economic discriminatior; compounded by watered standards,

““social promotion, /poorg’urdance and token. efforts. The Commission-has

four::i;@ﬁually every child can develop an understanding of mathematics,

.~ scienc€and technology if appropriately and skillfully 1ntroduced at the elemen-
" "tary, middle and secondary levels. (pp. 12-14) - "

- ® The Nation should reafﬁrm its commitment to full opportunity and full
achievement by all. Discrimination, and the lingering effects theréof,

- due to race, gender and ether such irrelevant factors must be eradicated -

, completely from the Amencan educatlonal system. “Excellence and
elitism are not synonymous.”

Quallty Teaching and Earlier and Increased Exposure ‘
" Here and in ofher countries, programs that produce excellence and high achleve-

ment have similar characteristics.. Education 'in- mathematics, science and .

technology begins early, is taught by qualified, commiited "teachers,-and
provides a consistent course of study, beginning before elementary school and
cont1nu1ng in a coherent pattern through high school (pp. 17-23), . '

This “vertical”” curriculum’ emphasizes early “hands-on” experience,

disciplined and ngorous study, and a substantlar amount of time-orytask and-

homework at all levels. Above all, it includes strong motivation and commit-

ment. Parents, students and. the-system are all dedicated t6 high achievement
from every student. 'Frnally, successful systems have skrlled and well trained -

_ teachers who are supported by skilled adm1mstrators< ood facilities and
ppo 1 8

This is true of major competitors like Japan and it is true of Amenca S
scattered but equally i impressive model programs Unfortunately, it is not true of
most “of our schools (pp- ‘7—-21) :

® Top priority must be placed on retralnmg, obtammg and retarmng
teachers of high quality in mathematics, science and technology, and

providing. them with a work environment in which they can be'

effective. - S
® Top priority must be placed on providing earlier increased and more

L Consrderably more t1me should be devoted to mathemat1cs science and

_ technology throughout the elementary and secondary grades. This will

. require that the school day, week and/or year be substantrally
lengthened : -

Models for Change

1, 3

__The potential of exemplary or model programs has been demonstrated in cmes :
" and localities throughout the country. Typically, they exhibit high achievernedt -

. from students of every bagkground, have strong links to local resources, and set

an example that should be gmulated and replicated in every school. As a first-
ég:ommend that such landmarks of excellence for

step toward change we

" . \j :
eoovii ’ e _

. . effective instruction in mathematrcs, science and technology in grades
« T K. .
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_munity.. (pp- 23—25) VN .

’. 13

ﬂ - T e _The Federal govemment should encourage and ﬁnance -in part, the ; >

_establxshment of .exemplary programs in mathematics; scienc¢ and
'technology in evéry community, which would serve as exarriples and
catalysts for upgradmg all schools ..

el

schools

estimates, the cost to the Federal government to do so is $829 miilion dlsbursed

‘ - o - ‘atthe rate of $276 mllllorl pe‘r‘year over a three year penod (p 25 arrd Exhlbxt C

| L Solutlons to the 'IEachmg Dllemma ; . _ .
. _ EETRN Ultlmately, quahty begtns in :the classrobm, the teacher is the key. Unfor-
o PR tuhately, we currently have severe shortages of qualified mathematics, science
' -- ™ and technology teachers throughout the Nat10n and many of today’s teachers in

these fields badly need retrammg _ oy »
S S " Many of the teachers in elementary schools are not quallﬁed to teach

mathematlcs and science for even 30 minutes a day. A significant fraction ofour - .

secondary school teachers arg called upon to work in subjects for which they

" with subJects that are in a “state’ of constant change; no one: can . remain
knowledgeable in sc1ence ‘without constant refreshlng (pp.- 27-31)

o State govemments should develop teacher tralnlng and’ retralmng pro-
grams in cooperation with colleges and universities. The potential of

- .. ' science -museums as sites for such programs should be recog'nzed
oo _'encouraged ‘and supported _ _ x

~® It is a_Federal responslblllty to assure that, in the preSEnt crisis,

programs shouild be established with Federal support. The Commission
_ . estimates the cost to the Federal overnment of i 1mt1at1ves for retraining
o e ] mathematics, science and technology. teachers to b_e $349 million per
o : year for five years .(Exhibit C, P. 110) o .

® For the long term teacher tramlng by the States should contlnue asan .

. "' ongoing process. . S , :

° Every State should establish at least one regional training and resource
RS center where teachers can obtain supporting services such as computer
_ 1nstmctlon and software and cumculum evaluation.

e The National Scjence Foundation should provide seed money to de-
velop training programs using the ne7w information technologles

-
«

Q@ L T il Y

i
/

mathematlcs science. and technology educatlon be establxshed in every COm- -

" @ State. governments should promote and local school dlstncts should .
: L estabhshsuch programs as a’ major strategy toward upgra all .

were néver trained. Even the most seasoned and expefienced veterans must deal

. L We recommend that 1mt1allyl OOOsuch secondary schools andl 000.such ’
) S . elementary schools be establlshed throughout the country The Commission

appropriate retraining is available. In-service and summer training" B
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At the same time that we improve the quality of current teaching, we must
raise our-standards for new teachers. We must attract and retain superior talent,
and must provide better training,. better working conditions, and better’ compen-
sation for high qualrty teachers, together with more demandmg standards. (pp

S 31—33) : . .

© States should adopt ngorous ceruﬁcatron standards but not standards
which create artificial bars to entry of quahfied individuals 1nto
', teaching. . .

® Elementar'y. mathematics and science teachers should have a strong -
. liberal arts background, college training in mathematics and the biolog-

" ical and physrcal sciences, a limited number of effective education
courses, ‘and practrce teachrng under a quahﬁed teacher.

®. Secondary school mathematrcs and science teachers should htve a full
" major.in college mathematics anid science, alimited namber of effective
‘education courses and practlce teachrng under, a qualified teacher

. ® Both elementary and secondary teachers should be computer hterate
S Teacher-training should incorporate the use 05 calculators and compu-

NS

® Liberal aits colleges and‘academic departments need to assume a much

- greater role in training elementary and secondary . teachers. Basrc
~ education courses should be reviséd to mcorporate current ﬁndmgs in.
-~ the behavioral and social scrences > : ‘ e

L In the short run, the poot of those presently quahhed and teachrng must be
" -enlarged.

-

vhiversities, the military and other governiient departments, and re- -
tired scientists to provide sources of qualified teaching assistance. Local -
. systems should take e ons to facrlrtate the entry and classroom trarntng
o of such special teache; S : !
;- a . . .
, Compensatron for mathematrcs scrence and technology teachers must be
appropriate to their important role in *“academic excellence,” sthieir small

o ‘State'and local school systems should draw upon the staffs of mductry, :

numbers; and their alternatives for employment. Highily qualified and compe-' -

tent mathematics, science and technology. teachers should receive overall -

- _ - rewards that are fair and  relatively competitive with those received by compara- -

" ble professionals in other sectors. Ultimately, the public will gef what it pays for.

* Atthe same time, many teachers and téacher uhrons will have to feexamine their ™
views about drfferentral salaries in areas of shortage and'systems of | pay basedon
factors?other than merely yedrs of service and credits for “staff development i
(pp. 33-35) Examples-of imaginative ways to enhance. teacher compensation =
are provrded in’ Exhibit D " -

L School systems_ should explore means to adJust compensatron in order

-

P

to compete for and retaiis high quality teachers in fields like mathema-

tics, science and technology. Compensatron calculatlons must include

,V - ix - . | 11

B4

o

ters in mathematrcs and science instruction. o L/

pos



v, consideration of intangible benefits such as the length of the work year, |
. promotion potential, and similar factors. .

® State and local governments should provide means for teachers totnove
o . . up asalary and status ladder without leaving the ¢lassroom.

® Local school systems, military and other governmental entities, and the ’

L - private sector should all explore ways to’extend the employment year.. .

.. . ‘\\ while’ provxdmg supplementary income and rev1tahzlng experience.

2T ® Professional societies, schools, States and tHe Nation should find ways .
' to rec0gmze the performance and value of the excellent teacher. °

»

. Finally, we must take action to'make the classroom a place where teachers
. can teach and chlls.lren can learn—an exciting place with more opportunity for
student-teacher inféraction. We must build a proféssional environment that will
attract-and hold talented and well trained teachers despite the allure of the
private sector. (pp- 35-37) ‘

b State and local governments should work to improve the teaching
environment. This includes greater administrative and parental support
~of dlSClplme and attendance, fewer classroom interruptions, and higher.
academic standards, as well as the provision of needed equipment,
' matenals and specxahzed support staff.

~ . : . e

e ‘ ImprOVing What is. Taught and Learned-

- We have.too long regarded mathematics and science as the excluslve domainof

- atalented elite—a preserve for only the gifted. By focusing on educatioof the

‘ well-prepared we have ‘both ignored and di ceufa’gg large numbers with

potential-talent and widened the gap/between the sciences and the public they

- serve. There is no excuse for citizéns in our technologlcal society to say “Idon’t
really kiow anth ngamcslmence' »

. _' B ) Whlle/m’ Crecaing our concern for the most talented, we must now also
“ ' attend to the need for early and sustained stimulation and preparation of- all
/tudents so that we do not unwittingly exclude potential talent and so that we

> T " .produce citizens, political leaders, teachers, managers, workers and ‘other -
e . decision makers who are prepared to deal with.the age of technology Signifi-
T L . cant, immediate progress can be made by simply increasing the amount of

. : exposure students get to mathematics, science arid technology—-although more
persistent ehange will require a more elaborate procéfss of review and revision of
¢ lucational objectives. (pp. 39-41) - /

- = o Locdl school districts should revisé their elementary school schedules
. ' to provxde consistent and sustained attention to mathematlcs science
N r *  and techinology: a miftimum of 60 minutes per day of- fnathematics and -
: 30- minutes per day of science in grades K—6 a full yeas of mathemat|CS
, . and science in-grades 7 and 8.

. Every State should establish ngorous standards for high school gradua~
tion, and local school districts should provide rigorous standards for
grade ‘promotlon We should curtall the process of social pmmouon

’
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” . e Al secondary school students should lse requued to take at least three
- years of mathematics and of scienct and technology, including one year

’ of algebra and one semester of computer science. All secondary schools  :
_ - should offer advanced mathematics and scieflce courses. This requrre- '

B ment should be in place by September 1, 1985. -

| '@ Colleges and umversmec should "phase in h1gher mathematics ‘and
Co science entrance requirements, including four yéars.of high school
PR mathematics,. including a second year of algebra, coursework cqyering .
\ 4 bability and statistics, four years of high school science, including
. . - physics and chemistry, and one semester of computer science.

o Specific school personnel should be obligated to inforr. students of
these ngorous requrremer.ts School districts and community colleges .
should coope:ate in assisting students whose preparation is 1nadequate
to allow them to take the next steps in their education.

' For the long’term, we must establish a pattern of education that will
develop familiarity, skills and understanding consistently and coherently
" - throughout the years of clementary and. secondary education. This does not
1mply either a lockstep or “‘national” curriculum; local d1ver31ty and varjation
is a key strength of American education. Rather, we call for a consensus on new
educational objectives and a coherert national pattern—-a framéwork for con-
- - , s1stent education within which alternative curricula and -materials ‘and local
1nterpretat10n are encouraged (pp. 45-48).

® The Natipnal Scrence Foundation should take a. leadershlp role in
promoting’ curriculim- evaluatlon and development fer mathematics;
science and technology. It ‘shotild-wo closely with classroom teach-
ers, technical experts from bus1nes?%ve@ent school boards and
- educational researchers, as well as with profess1ona15001et1es Repre- .
sentatives of publishers and higher education associations should be-. -
come involved as the work proceeds, to encourage development ak
sfer of these ideas tc actual matenal for the classroom ST

S ® ?e Federal government should support research 1nto the processes of
teaching and leaming at both the basic level aﬂd the level of classroom B
' applrcatlon : . :

- Inthe body of this Report, we prov1de a broad and prellrmnary outline of
the content that should be included in this new.pattern of education for all
students More importantly, we indicate the kinds of problem solving insight
and skills that must be provided. We offer this not as a conclusion, butas a -
begmmng——a place to start the long process of defining and developrng pro-

- grams that prepare Students for 2 wide range of roles and needs. (pp. 41-45 and -
, Exhlblt B) '

New Information Technologies °
Computers are revolutlomzrng many areas of our lives; they may well do the

same for education. They and other new technologies offer the potential to work
. patiently with every student, regardless of level or sophistication. They also
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+ offer a means to relieve téachers of much of the drudgery of routine exercise and

‘record kegping. Furthermore, computers offer a. wealth of interactive learning

_ resourges, 1nclud1ng access to word processing, data bases, graphic capabilities

and a host of related means to expand students learning pciential.

If this pronuse is fulﬁlled computers could simultaneously provide a new
standard of achievement and lower the cost of educatlon (pp. 51-56)

® The National Science, Foundatlon should lead in evaluatmg progress in

the application of new technologies, supporting prototype demonstra-

* _ tions, disseminating information, and supporting research on integra--
.tion of educationa! technologies with the curriculum. These plans -
should not interfere with private initiatives now underway. '

@ States should establish reglonalcomputer centers for teacher educaticn
and encourage the use of computers in the classroom for both teaching
and administration. '

® Top executives in the computer, communication, and information re-
trieval and transfer industries should develop plans which, in a good,
economical and quick way, enable school systems to use the
‘technology. - -

@ The national and state education councils and school boards should
work with school districts and schools to develop plans for 1mplement-
ing these technologies in the classroom. .. —————— "~

Informal Educatton

A great deal of education takes place outside the classroom The most fortunate :
students receive experiences in museums, clubs and independent activities. All
children are strongly conditioned and motivated by their early experiences and
imptessions. The child who has regularly visited zoos, planetaria and science
museums, hiked along nature trails and built model airplanes and telescopes is
infinitely better prepared for, and more receptive to, the mathematics and

science of the classroom.

Formal education should be preceded and supplemented by a wide range
of such.informal learning experiences. (pp. 59—61)

® Youth organizations, museums, broadcasters and other agents of infor-
- . mal gducation should endeavor to ‘make the envuonmerpt for informal
learning as rich as p0551ble

" ® Science broadcasts warrant continued and substantial Federal support
as well as corporate and other, private support. Federal regulation of
c>mmercial stations should include a required perlod of educational
programming for children. : ’

-.® The Federal government should prowde supplementary support to
encourage a full spectrum of community and educational activities by.
science museums. . : ' '

® Businesses and broadcasters should help to promote and publlc1ze the
efforts of institutions like science museums and public broadcastmg

o

i e
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.. ® Local business groups and orgamz tions w1th related interests should
~work with museums to supplement arid encourage their activitiesandto -
“Create new programs that let}nldren see science and technology in the

real world. ‘ y /
! / : :

Fmance ‘ o j' / oo

This Commission has not avoided the dlfﬁcult issue of cost. Change requires
investment. In the end, it may well b2 that a better educational system will yield
greater efficiency, long-term economies and a more valuable output. But in the
near future, our reconu}:lendatlons require substantlal net investment at all
: levels

/

"In particular, as the leader and driving force to encourage: change, we -

believe that the Federal government should anticipate an initial investment of
approximately $1.51 billion for the first full year the recommended Federal
initiatives.are in place (pp. 63-66, and Exhibit C) ($829 million of this amount
will be disbursed over three years at the rate of $276 million per year.) During
succeeding years the Federal appropriation will decline—to approximately

$680 million in the second year and $331 million in the s1xth vear. We do not -

consider this an excessive investment in our Nation’s human - - <1, In fact, the

cost is small compared to the much larger efforts -and inve...aents of local
- school systems, which ultimately carry most of the burden, responsibility and

authority for the quality of our children’s education. The Federal government
~ should study ways to protect the States and Iocal commn't\htles frdta any anti-
-competitive effects on the States and local communmes of i 1ncreas1ng taxes for
‘educational purposes. (p- 66)

Before we shrink from our respon81b1hty, cons1der the heritage that was
passed to us. We miust not do less for our children and future generations.

15
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Alzrming numbers of young Americans are ill-equipped to work ir, contyibewe
to, prfit from and enjoy our increasingly technological society. Far oo miny %
emerge from the Nation’s elementary and secondary schools with an inadequate -
grounding in mathematics, science and technology. As a result, they lack
sufficient knowledge to acquire the training, skills and understanding that are

" needed today and will be even more critically needed in the 2)st century. This

situation must not continue—improved preparatron of all students in the fields of
mathematics, science and technology is esséntial to the maintznance and
development of our Nation’s economic strength, to its military security, to its
continued commitment to the democratic ideal of an informed ard participating -

*. citizenry and to fulfilling personal lives for its people

mathematrcs, sciencejand technology, are well known and well documented.

The problems chmg elementary and secondary Pducatron particularly in
Sunply puit, studen

in our Nation’s schools are learning less ‘mathematics,

~ science and-technology, particularly in the areas of abstract thmkmg and

problem solvmg Since the late 1960s;, most students have taken fewer mathe-

_ matics and science couirses.' Mathematics and science achievement scores of 17

year-olds have dropped steadlly and dramatlcally during the same period. 2
Indeed, the problem is vastly more serious when the way education is

‘. . distributed anlong students is exarmned Twenty-five' percent of our young
people are net even graduating. from high school.> A disproportionate number of

. 'There were declines in the percentages of hlgh school students completing Algebra I (76-64%), .
Geometry (51-44%), Algebra Il (35-31%), Biology (80-77%), Chemistry (34-32%) and General
Science (61- 37%). Source: Clifford Adelman, **Devaluation, Diffusion and the College Connec-’
tion: A Study of High School Transcripts, 196481, Washipgton, DC; National Institute of
- Education, March 1983. (Available through the ERIC Document Reproductron Service, P.O. Box
" 190, Arlington, Virginia 22210. )

2. Between the 1973 and 1982 Natronal Assessments of Mathematlcs mean achrevement scores ‘of ”

‘17-year-olds declined 3.2%. Between 1970 and 1983, the National Assessiments of Sciencg mean
achievement scores of 17-year-olds declined 6.7%. Source: Nation$ Assessment of Educatronal
Progress, Education Commrssron of the States, Denver Colorado. :

© 3, Percentages of high school graduates increased in the United States reachmg a peak of 76.3% in

1969, The percentage declined to 74.5% in 1981. Source: National Center for Education
Statlstrcs Digest o Educatron Stalrsncs 1983 Washingtan, DC U S. Government Printing
- Office, 1983 oL » .
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these non-graduates are minority students, éhildren from poor economic condi-

- tions, and students whose parents-do not speak English at home.* '

. The Cornmission on Precdilege Educatlon in Mathematics, Science and‘
Technology, established by the National Science Board in April 1982, was not
formed to produce yet another report on the problem:. Recently, there have been
a number of dramatic descriptions and cries of alarm. These previous reports®

" have: successfully focused national afteniion on the “‘rising tide of mediocrity [in

~ education] -that threéatens our. very future as a Nation and a people.’® This

Commission’s respon51b111ty is different. Its task is to;ecommend’solutlons

From the outset; therefore, this Commiission has concentratedon develop- ,
ing snecific recommendations 6 move elementary and secondary- education in -
the United States-forward to a new standard of “excellence”7 worthy of a world
leader (the Umted States is still the physrcally richest Natron in the world and the .
one most often called upon to provide international leadershlp) This Report
outlines a plan of action and, for the first time, addresses the all-important
questlon of costs and proposes a procedure to determine the methods of

. financing such a plan (see pp. 63-66, and Exhlbrt Q).

Dunng the last years of this century, the posmon of mathematlcs science
and technology, historically at the periphery of leaming for all bBut a few

_ American students, must shift to center stage-for all. Americans must agquire a

0

greatly increased understanding of the physical and blologlcal world. This goal
can .be achleVed This Commission has seen convincing evidence that alt
students (except those with insurmountable learning disabilities) can develop a
useful _understanding of mathématics, science,and technology if these subjects
are appropriately mtroduced and sklllfully taught atthe elementary and second-
ary sehool levels. ’

[N

LR
-
. -
®

- 4. Areport of thé Bureau of the Census estimates that-15. 9% of Wh:te 21.3% of black and 36.3% of

Hispanic youths aged 18 to 21 have not graduated from high: school or obtained a high school -
equivalency degree. (Source U.S. Department of Commerce School Eniroliment-Social’ and
Economic Characteristics of Students: October 1981 (Advance Report), Washington, DC: Bu-
feau of the Census, Series P20, no. 373, February 1983,pp 8-9.) The lack of achievement is not
~ based upona difference in ability due fo race orethnicity. It results, in part, from inadequate pre-
. +school and after school exposure, soriietimes from differences in the opportunities to obtain high
quahty education and from societal amtudes toward some of its people Sec pp. 12-14 below .

© 5. For examplos, see: National Science Foundatron and the U.S. Depariment of Education, Scrence

and Engineering Education for the 1980s and Beyond Washington, DC: U.S. Govemment
Printing Office, 1980; U.S. Department of Education, A Nation At Riskz The Imperative for

* Educational Reform, Report of The National Commission on Excellence in Education, Wash-.
ington, DC: U.S. Govemment Printing Office, April 1983; Education Commrssron of the States,
Action for Excellence; A Comprehenstve Plan to Improve Our Nation’s Schools, Report of the:
"[‘ask Force on Education for Economic Growth, June 1983 {Copies available from Education
Commrssron ‘of the States, 1860 meoln St., Suite 300 Denver, CO 80295)

6. See footnote 5 A Nalton at Risk: The Imperauve for Educational Reform. p-S.

7. When speakmg of ““academic or educational excellence,” this Commission does. not'mean the
provrsron of high quality education to only a sme!l group of hlghly talented youth. As used inthis

. Report, “academic Gt educational excellence” refers to educational offerings -and teaching

: techmques and commitments that will not only enlarge the pool of students of highest potential
but also will encourage and enable all students to achieve at alevel equal to their full capability.

- 20
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. e \" ' Promotlng this leammg of mathematics, science and technology will
o ‘ \ require fundamental changes in both what is learned and how it is taight.
Vo Effective leadershrp will be requlred at al] levels of government in order to build
- a new national commitment-to providing quality mathematrcs, science and
', technology education for all Amencan students, while at the same time con-
\ tnually lmp?ovmg *what we'are now doing for the present set of outstanding 7
\students in these fields. Practices and attitudes in the present educational system
must be significantly revised. Substantially more time must be devoted to the
study of mathematics, science and technology. The quality of teaching in these
subjects must be greatly improved, and increased numbers of quahﬁed and
, .~ committed teachers must be found. The substance of mathematics and science
: ' courses must be reviewed and improved, and-technology must become an
Amtegra] part of the study of science, mathematics and other SUb_]CCtS Finally,
improved methods of educatron utrhzmg all- avallable resources,” must be

~developed. -

Each generdtion of Amnrericans has the responsrblhty to prepare future

- generations for the world that will confront them. Our forefathem prepared us to

' I - cope with the complicated world we live in, and we, as the current adult

‘ ~ generations, must fuifill our responsrblhty for preparing our children for the

increasingly technologlcal world of the future. We must heed H. G. Wells’

warning that “human history becomes more and more a race between education "
-and catastrophe.” Action is required now to ensure that Amenca s people are

prepared for the 2lst century o

? . ) t
[

Vo L . 8. - These resources are mentioned throhghout this Report (e.g., technology, pp. 51-56; educational
' research, pp. 29-30, 48; museums, pp. 30, 59-61; business; pp. 11, 24, 32, 46-47, 56, 61.)°
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" THE BASIC OBJECTIVE

L = N h

v

Underlylng every Comrmssron recommendatlon is one basic objective:

" THE IMPROVEMENT AND SUPPORT OF ELEMENTARY AND SEC-

- ONDARY SCHOOL SYSTEMS THROUGHOUT AMERICA SO THAT,BY -
THE YEAR 1995, THEY WILL PROVIDE ALL THE NATION’S YOUTH
“WITH A LEVEL OF EDUCATION IN MATHEMATICS, SCIENCE AND
, TECHNOLOGY, AS MEASURED BY ACHIEVEMENT SCORES AND
R PARTICIPATION LEVELS (AS ‘WELL AS OTHER NON-SUBJECTIVE
L - CRITERIA), THAT IS NOT ONLY THE HIGHEST QUALITY ATTAINED
ANYWHERE IN THE WORLD BUT ALSO REFLECTS THE PARTICU-

LAR AND PECULIAR NEEDS OF OUR NATION. '

Wherr the Supreme Court in Brown vs. Baard of Education 11, 349 U.S.
.~ 294 (1955) addressed the timing of the end of segregation in the public schools,
the Court used the majestic words that racial segregation should end with “all
deliberate speed. ” Desplte this sound of urgency, some 28- years later, racial
segregation: continues in many school districts. This Commissioii;* therefore, '
concluded that a specific date should be set for accomplishing what it recom- -
~-mends in this Report. It selected the date of December 31,.1995, 12 years from
- now, because this represents one.complete education cycle for a generation of-
. school children. This date provides adequate time to retrain present teachers, to
find and train new teachers, to develop the necéssary measurement procedures
and core curricula, for governments to raise the needed funds, and for teachers,
parénts and students to. accept and adjust tothe massive changes If this goal is
_ achieved, then whoever is President of the United States can, in his or her State ’
r Lof the Union Address in 1996, tell the American pubhc that their elementary and
) - secondary schools are providing the kind of education in mathematics, science
-~ and technology that is the best in the world, that will meet the Nation’s human
~ resources requirements and, more importantly; that will provide all .of its
students a fair opportunity to reallze their full potentral in. the technologlcal
envxronment of the next century. - :

©

' To achleve this basic obJectlve by 1995, the Comrmssxon first recommends
a series of major strategic actions. They are aimed- at building a new national -
_ commitment whg?t\:ﬂl initiate major changes in American education and,
provide a systeni to measure the results. Such actions involve firm and con-
. tinuing national leadei$hip, state and local commitments to improved educa-
- .-tion, a popular commitment to “‘academic excellence,” and the development of




.

incentives and mechanisms to promote and bring-about needed change. Such

" mechanisins include the establishment of deadlines by which certain parts of the

. process must be completed, a system to measure progress, both for the Nation
as a whole and for its component School districts, and the creatron of prestrgrohs :
councils (at various levels) to guide the process. -

After summarizing the factors whichexperience has shown to be critical to
the delivery of high quality education in ‘mathematics, science and technology,
this Report sets forth a detailed plan to accomplish the basic objective by 1995.’
The plan outlines specific steps to increase the numbers, quality and status of
teachers and suggests mechanisms for reachmg new educational objectives in
mathematics, science and technology. This plan also includes- earlier and
increased study of mathematics, science and technology for all students and the
establishment of a series of exemplary programs to facrlrtate change and set
examples for others to follow : -

" Consistent with: this Commlssrons charge from the National Science
Board, this Report S emphasrs is on elementary and secondaty school instruc-
tion and learning in mathematics;science and technology. The Commrssron
recognizes, however, the interrelationships among all areas of learning, and that
_ there are also glaring deficiencies in the teaching and learning of Englrsh and-
foreign languages, history, political science, the classics, art, music and other.
, areas of study important for life in the 21st century. Plans-and programs to meet
“these problems are vital, The Commission hopes such plans and programs will
be developed with the same time schedule in mind.’

The Nation must not underestimate. erther the 1mportance or the drfﬁculty
of achieving the basic objective set forth in this-Report. The objective of
*“educational excellence” in mathematics, Science and technology ranks hlgh
.on the Nation’s forrmdable agenda of complex p\thc policy issues. Indeed, in
importance itis li ght years beyond most otherissues on that agénda. At stake is
the quality of life-of the next genetations Of Americans.

Correcting the problems of American elementary, and secondary educa-
" tion will not, however, be quick or easy. Our educational system has, in many,
cases, suffered from shocking past neglect, misdirection, and . deeply en-
trenched practices that are.difficult to alter. Inertia, as well as often sincere
‘opposition to many needed reforms, must also be overcome. Great change is’
requtred 10 : : : Ly .

.

9. Many of the recommendations set out in this Report could have significant value in developing
education in areas-of study other than mathematics, science and téchnology. The application of
.those recommendations to other aspects of America’s elementary and secondary education

* systems should be senously consrdered » . -

10. See-National Science. Board, Today’s Problems, Tomorrows Crises. Report. of the National
Science Board Commission on Precollege Education ify Mathematics, Science and Technology,
Washington, DC: Nationat Science Foundation , October 1982. Change avill not come easily ina
highly pluralistic educational system such as ours. It is difficult to build a strong national.
consensus when major control is"at the local, grass-roots level, and when there are complex local,
state and national interest groups that have developed constituencies, programs, “and sources of
ﬁnancnal suppon over the years Local school boards. teachers, school administrators, vocational



Fundlng needed changes is also a critical consideration. Some of the -

money now being spent at the Federal, state and local levels for elementary and

secondary education might, of course, be directed more efficiently and effec- -

tively, and some of the réforms recommended in this s Report should restilt.in

further economies in the long term." In the near term, however, the necessary-

changes may require mcreased net 1nvestment at the national, state and local
levels . .

Determining the size of the requlred shortterm investment, the appropriate
level of government (Federal, state or local) to fund such investinents, and the
appropriate source of, or methods for, raising required funds are all difficult
- public policy questions which must be addressed immediately with candor and
detegnination. The Commission belleves that-in order to accomplish its objec-

tive by 1995 it is imperatite that a process be established to address these critical -

~ questions. This Report deals with these essential and pressing fiscal issues on
‘pages 63—66 and in Exhibit C. The public in a democratic society, if it is
- aroused, is willing to commit its Jlimited resources to get what it considers
important.'2 Americans will accept added costs if they are convinced that the
money is being spent wisely, fairly, and efficiently, if the blueprint fori 1mprove-
ment is clear, and if they begin to see significant results within a reasonable
period of time. The Commission is confident, therefore, that citizens will accept
additional costs for mathematics, science and technology education if the
importance of such education to our Nation is supported by its leaders and is
‘recognized by its ‘people.- .

[l

education officials, state legislators, chief state school officers, state boards and departments of
education and governors, as well as many other groups and individuals, are all involved in this

complex balancing of interests, expertise and control. Resistance to change can range from -
reflexive avoidance of the yptried, through sincere disagreement with the proposed course of

_ action, to deep-seated opposition on the part of the politically entrenched. At the same time, this

very diversity constitutes the system'’s strength—its’ innovativeness, its adaptability to local X

needs, and its stability. Once mobilized, it can be a powerful force.

1L These long-term economies will be widespread even if sonie may bg subtle to detect. Not anly
wouldeducational reform result in the delivery of better education at lower unit costs, but i itwould
relieve gov%ments of the public expenses conrected with aid to thosc who cannot hold a
meaningful job, relieve private and public employers of some of the costs to train their employees,
create greater productivity, and rcllevc the military of some expenses connected with training ill-
prepared recruits,

4 . -

12. See footnote 10. In outlining the dimensions of the elementary and secondary school problcm the
Commission identified several areas of particular concern which included the need to increase
publie awareness of the problemand'to involve the public in fashioning the solution. But, as stated
there/and after further deliberation, we are even more convinced that if there is a dominant focus
of responsibility it is the public itself;-whose values determine as much as they reflect the
conditions of the schools.

-
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BUILDING A NEW NATIONAL COMMITMENT

A continuous process to'increase and then maintain America’s interest, support
and involvement in elementary and secondary educationis essential. Inorder to
stimulaté w1despread support for excellence in mathematics, science and tech-
nology education, the Commission finds that four national efforts are required.

A. Natmnal Leaderslup is Essential

One of the most nnportant roles of national leaders is to call attention to mational
problems and to impress upon the public the need for constructive change. The
President and leaders of Congress, therefore, must endeavor to make the public
aware of the need to improve mathematics, science and technology education in
the Nation’s elementary and secondary school systems. It is essential that the

"President and other Rational political leaders continue to direct the attention of ‘

the American people to the problems, performance and potential of elementary

and secondary mathematics, science and technology education. Members of

Congress, the Secretary of Education, the President’s Science Advisor, the
Director of the National Science Foundation, Governors, Mayors and other state
and local officials ‘must assist in this vital effort. These efforts should emphasize
that all students have the ablhty to learn mathematics, science and technology,
that all. Americans must be provided with the opportunity to develop their
abilities in these fields, and that such skills'will be a fundamental prerequisite to
successful living in the coming century. It is critical that our leaders also
encourage'a commitment to “educational excellence” among students, teach-
ers, parents, local school board members, business executives, military leaders,

- labor leadets and other influential people

' B. Prestlglous COUIICI]S Are Needed to Guide the Process

Neither a series of Presidential, Cabinet or Congressional speeches nor a
significant increase in Pederal, state and local expenditures can, by themselves,
achieve the objectl'«e called for by this Report. Norcmall the necessary
changes be implemented “at once. Rather, the goal will require a- continuous

" process over the next 12 years (and thereafter) Achievement. of the 1995\goal
~ will require the establishment of a highly visible, viable process to 1dent1fy and

preserve w‘lat is excellent in our present structure while encouraging con-
structive change throughout the entire American educational system. National »

~ state and local pnormes must be set to accomphsh the. most crmcal and



.

workable tasks first. Many sectors of American society must work together in

order to 1mp1ement the fundamental changes needed to achieve our basic goal.

The first major recommendation of this:Commission, therefore, is that Educa-

tion' Councils be established without delay at the national and state levels to
- provide focus, coordination, direction and mid-course corrections (as neces-

sary) to achieve constructive change, and that local communities take appropri-
. ate steps to form partnerships with institutions and individuals who can aid in
. g th. educational process. Thus, the Commission recommends:

‘_ ® The President should immediately appoint a National Education Coun-
' ’ cil® made up of representatives from a cross-section of national inter-
ests. This Council should report regularly to the President. It should
provide leadership in developing, coordinating and implementing plans
to improve and maintain the quality of the Nation’s elementary and
secondary education in mathematics, science and technology. The
President’s National Education Council should, on a continuing basis,
(1) identify national educational goals and recommend the .changes
needed" in the form and content of education to achieve them; (2)
ensure that the assessment mechanism described below is developed
and maintained for measuring and comparing student achievement;
participation and progress toward these goals in every State, school
district and school; 4nd (3) monitor and report arinually to the American
people on the status of American education and progress toward achiev-
ing the new educational goals. It should also facilitate the sharing of
information about successful mathematics, science and technology
educational programs. Finally, the President’s National Education
- Council should recommend incentives to-encourage state, local and.

' private investment in education. -

.

s

n . ) ® At the statelevel, the Commission recognizes and endorses the estab-
, : lishment of Governors’ Councils as recently recommended by the
' Education Commission of the States’ Task Force on Education for
Econonric Growth. Many States are already taking steps of this nature,
and the Commission recommends that each Governor should imme-
~diately form such a Cofincil with representation from key séctors with
interests in elementary and secondary education (for example, govern-
‘ment officials, educators, school board members, professional scien-
. ‘ - ‘, tists and engineers, business, labor and indust:y leaders and parents). -

. 13. Thc .Commission strongly emphasizes that all academic areas are lmportant to an educated
citizenry, For this reason, we recommend a National Education Council that will consider the
overall quality of education. This Commission’s recommendation is, however, limited to a
B science and technology education. If the National Education Council's activities are so limited, a
’ ~ more appropnatc designation might be the President’s Council on. Mathematxcs, Science and

 Technology Educatlon ,

14, As stated on page 41 below, the Commxssnon is not rccommendmg a centrally controlled
educauonal system or that a national curriculum be developed. In fact, the Commission recog-
nizes that many important developments occur at the stateand local level. What the Commxssxon
seeks is a process to get these dcvelopments widely disseminated. :

N

___delineation-of the-National Education Council’s responsibilities with Tespect to mathemmatics,”



These Governors’ Council should develop educational goals for their
States, monitor progress toward those goals, and make recommend-

 ations for the improvement cf education—particularly in mathematics,
science and technology. They should help generate public support for
necessary improvements. They should encourage local boards of edu- -
cation to set higher standards and to monitor and evaluate progress, and
they should facilitate the exchange of information among school dis-
tricts, with the President’s National Educatlon Council, and with the
Govemors’ Councils in other States. -

® Due to the variety and diversity of American commumtles it is neither
desirable nor poss1ble to be specific as to the appropriate mechanism for
inducing c* - +geat the local level. However, the Commission strongly -
recomment... that local school boards foster partnerships between the
school board, school administrators, local officials, business aud indus-
try, labor leaders and parents in order to facilitate constructive change.

involved in education to become active participants and lend fiscal,
political and other support to the local education syStem. They should -
help to further plans for improving educational offerings that. stress
mathematics, science and technology, rigorous curricula, and high
standards of student and teacher commitment and performance. They
should encourage parental involvement in all these efforts. One mecha-
nism which might, in certain situations, be appropriate s the establish-
ment of local councils on mathematlcs sc1ence and technology
education. -

- C. Periodic Ob,]ectlve Measurement of Achlevement and Partxclpatlon
.is Essential to Determine Progress -

In order to evaluate how far the Natiorr has progressed toward meetmg the
Commission’s educational goal, we must know where the Nation stands now
- and at each step on the way. Today, the Nation’s best students rank equally with
those of any other nation. But it is clear that average American student
achievement and participation levels in mathematics and science rank low
among advanced countries of the world. There are, moreover, few national
~ benchmarks with which to make compansons among the various States and

~ school districts. -

Clearly, therefore, an improved natlonal assessment mechanism is needed
to enable local communities, States and the Nation to monitor their progress
toward improving mathematlcs science and technology skills among elemen-
tary ‘and secondary students” and to incorporate such information into -their-
* program development activities. These regular assessments should build on.the

o present work of the National Assessment of Educational Progressl5 and allow

15. The National Assessment of Educatlonal Progress (NAEP), begun in 1968, was originally
* conceived as a comprehensive measure of the results of American education. Goals, objectives
and subsequent banks of specific test items were developed tocover the range of subjects taught in
elementary and secondary schools. These activities were initially supported by the Department of
Health Educatlon and Welfare and-then, after its creation, by the Department of Education.

They should encourage business and other institutions not pnmanly .
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‘for the direct measurement of student achievement and participation against the
Commission’s primary objective—the highest quality education and highest
‘ participation level in the world by the year 1995.

. Sucha national assessiment mechanism, if it is to provide a true Benchmark
against which Americans can evaluate the effectiveness of their schools, must
cover knowledge and competencies which all students should: possess. These
include the ability to write for a purpose, apply hlgher-level problem-solvmg
skills, and analyze and draw conclusions, rather than minimal basic skills such.

-as thé rote memorization of facts. The content covered should reflect:the most
up-to-date knowledge' in mathematics, science and technology, and the tests
should use the most up-to-date testing techniques.-

The mechanism should also provide for the w1despread dissemination of
results and promote the recognition that “excellence in education” should be
the standard for a// students. The Commission firmly believes that achieving-its
educational objective requires regular monitoring of educational progress, and
that such monitoring will itself increase the speed of change. '
Thus, the Commission’s second major recommendation is that:

® The Federal government should finance and maintain a national mecha-

‘' nism to measure studenit achievement and participation in a manner that =

allows national, state and local evaluation and comparison of educa- -

tronal progress Th1s assessment mechamsm should be overseen by the

R : however, should be performred by the. groups responsxble for the Na~ .

T~ tional Assessment of Educational Progress or other such entities experi-
- enced in testing procedures and techmques S e

v

: D. A Strengthened Comnutmmt\At\All%IsguGovémment‘to ’
' | Ensuring Quality Education for All' American de\ts is Required

. ‘ - The plan of action, recommended in this Report is mtended\to keep the
' ~ achievement level hxgh for the students already perforring at a superior level,
but at the same time, to improve the quality of education provided to all
students. Thus, incentives and opportunities must be offered for enrichmentand -
acceleration of the education of our most talented youth. The system must also,
and at the same time, raise the mathematics, science and technology skills of
.. students who will pursue technical careers, and increase the general level of '
/ _understanding of future managers, workers and consumers. In short, the
./ . educational system must provide opportunity and high standards of excellence -
/ ' for all students—wherever they live, whatever their race, gender, or economic
condition, whatever their immigration status.or whatever language is spoken at—
 home by their. parents, aid ‘whatever their career goals

~ This focus on all students reflects the Commission’s view that America’s
security, economic health and quality of life are directly related to the mathema— ‘

tics, science and technology literacy of all its citizens. The opportunity to learn

o . mathematics,. science and technology is at present not fairly and evenly
— provided to all students. Students of high potential are too often deprived of the

an
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opportumty to utilize therr abilities fully. In the past, such inequalities have
resulted from a failure to recognrze and develop potential talent, from inade-
quate educational programs in some communities or for certain groups of
-students, and from the erroneous belief that many students lacked the ablhty to
- 'leam mathematics and science. , '

Although progress has been made in recent yea,rs unacceptable disparities
in achievement, participation and opportumtystrlhe)pst For example, black and .-
Hispanic 17-year-olds scored significantly lower thaniherr white counterparts
on the national mathematics assessment in 1982. The natrona] norm was 60.2%.
White students scored 63.1%, blacks scored 45 0% -and. Hispanics _scored
49.4%.' In addition, although the differences are* dmumshrng, there are still
fewer females choosrng to take advanced mathematics and physrcal science
courses than males. ~

: By 1995, there will be almost 30 per.ent fewer college-age students forthe
.work force."” Furthermore, upwards of 40 percent of these young people: “Q]] be

black or Hispanic, the very groups who, for no reason related to inherent ablhty, .

are now at the botfom of the educational and economic ladder. Such- drspanues w

- mean that the Nation continues to suffer from the inadequate development and -~

utilization of its human resourcepotentral The Nation 1cannot afford educatrcmal L
casualties. - -

- Al of the evidence reviewed by the Commission demonstrates that dis-
pantres in test results are not based on the fact that students of different races,
-students whose parents do not speak English in the home, or students from
disadvantaged socioeconomic backgrounds have inherently different potentials. . -
Indeed, the low achievement scores of a significant proportion of such students
can be tmced dlrectly to both blatant and subtle racial discrimination (1ncludmg
stereotyped racral attitudes), extreme poverty, and, in some cases, unsatrsfacto-

_ry rural or urban conditions. . : _— o :

The Commission finds that there is a stnkrng relatronshrp between'

achlevement in mathematics, science and technology and the early exposure of

- studénts to stimulating ; teachlng and good learning habits in these fields and
enrichment by regular exposure to informal ediicational activities. The skillful

" and early introduction of mathematics, science and technology in the elemen-'
tary schools therefore 1s critical. :

These experiences, for socretal reasons, are frequently unavallable to -
many racial minorities, those whose parents donot speak English at homé; and
. those who are economlcally disadvantaged. The Commission found, however,

“that when they are exposed to a good learning environment, these students .- |

perform as well as any.- Low achievement norms do not reflect ablhty, they
rcﬂect a lack of preparatron and early exposUre '

R T

" 16, Education Comrmssron of the States The Thrrd National Mathematics Assessments Results,
Trends and Issues, Denver, CO: Naticnal Assessment of Educatlonal Progress Education Com-
mission of the States April 1983, pp. 33-36..

_l7 U.S. Depanment of Commerce, Pro_;ecnons qf the Populauon of the United States: 1982 2050
- (Advance Report), Washington, DC: U.S. Depanment of Commerce, Bureau _of the Census,
Senes P25, No. 922, October 1982 _ ®

.
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) The Commission believes that in any achievement testing program minor-
- itiesand other disadvantaged youth should be judged on the same basis and held
“to the same standard ‘as other students. The creation of a different set of

 standards for special groups should be avoided. All students should be encour-
.aged’to achieve a higher standard rather than have standards reduced to enable

some schools to avoid the challenge altogetfier. The true test as to whether a

| school a scheol district, or a State is doing a good job of educating its students is

not only achievement, but also the distribution of that achievement—whether °
progress is being made without regard to race, econormc condition, rmmrgra—
tion status or language spoken at home. e

Discrimination and other disadvantages due to race, gender ethnic back-
ground, language spoken in the home or socioeconomic statis anid the lingering
effects thereof must be eradicated completely from the American educational
=-stem. Our Nation needs full participation by all of its citizens in education and

sployment to address the problems it-faces and to carry out the constitutional
commitment that race and other irrélevant factors, such as’ gender or poverty,

~ have no place in education. Thus, the Cormmss1on s third major recommenda— _

thIl lS

® Each school drstnct should adopt and carry out programs -which will

- identify and eliminate those. barriers to full educational opportunity

which discrifinate against or otherwwe place ata disadvantage elemen-
tary and secondary students on the ba_s;s of race, gender, ethnic back-
ground ‘language spoken in the home or socioeconomic status. Pro- .
grams are needed in mathematics, science and technology that reach all

students and stimulate each to achieve an understanding of these sub-

jects that is limited only by his or her talent and temperament. The o

- unique national role of the Fedg(al government (including important -

Department of Edugation and National Science Foundation programs)
" in ensuring access in its broadest sense to educational opportumty must
" continue:. P

The emphasis i in the past few pages on equallty of educatlonal opportumty
is absolutely essential to the Nation’s commitment to excellence. It is crucial.

' that programs for minority and economically disadvantaged students and for

students whose parénts do not speak English at home continue to strive for the

. same level of excellence as other programs. As Commissioner John B. Slaugh-r :

ter said in his inaugural address as Chancellor of the Umvers1ty of Maryland at
College- Park: ““Excellence and elitism‘are not synonymous. Too oftén we
equate the notions of affirmative action, nontraditional student, or continuous
education with mediocrity-We must open our doors to create educational
opportunities fora wide variety of students, and we must recognize the potential

forexcellence in a dlverse student body Equahty and quallty are not mutually _
; excluswe"’ e

Vo ,) ) . . \'\‘. )

N

,_\\ .

18 Over the past decades, there has been i mcreasmg dxscussnon of. the riced to address d:ffenng
‘student backgrounds, experiences "and-abilities. Those artificial dlsadvantages which handicap - .
the child just entering school must be eliminated so that such a child has an equal opportunity to
beneﬁt from good teaching and appropnate cumcula

,\\ N
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" POINTING THE DIRECTION FOR WIDESPREAD
'DRAMATIC CHANGE.  ~~ ° |

-,

. i L
The problems of Amierican education can be solved. The Jjob can be done within
_ the American system—and without sacrificing either our- goals of our stan-
" dards. The successful practices and performance of other countries have been
Teviewed:and valuable lessons have been learned. This Commission also has
. leamed a'great deal from te€timony receiyed, studies commissioned, research-
conducted, discussions held and visits to programs and schools. o
Importantly, successful American programs demonstrate that students
. from every background can reach high levels of participation, skill and achiéve- )
i " ment. The problem is that these highly successful programs are isolated pockets
of “educational excellence” and not the norm. The Commission believes thata
close look at these successful programs points the direction for constructive
change. “hdes:'pread adoption of the elements responsible for the successs of
) ~ these programs will be a key step toward achieving world leadership in mathe-
PR : matics, science and technology education by 1995. _

A. Lessons From Ot‘hel:. Counhiés -

. An obvious comparison to make is with Japan, because it is often viewed as a
. major international competitor and shares many of America’s educational goals, -
.* Similar conclusions, however, can be drawn from other highly developed

+* countries (see charts below). In the first international mathematics_survey in

1964 and the-first irternational science survey in 19701971, the achievement
- scores of U.S. students tended to be the lowest in both mathematics and science,
at least as far as 18-yearolds were concerned.” The results of the Second
Intemnational Mathematics: Study are expected to be similar and will be pub- -
lishea in the summer of 1984; those of thé Second International Science Study
‘will not be published until 1985. L I '
.. Japan, like' America, pursues the goal of universal education. The top
Students in both nations score equally well in mathematics and science achieve-
ment tests. But the remairiing 90 percent of Japanese pupils do_far better than
. 'their American counterparts. The variation in mathematics and science achieve-
ment scores among Japanesestudents in the same grade is said to be relatively

K}

~ - . . ) T b o
+ . 19* The achievement tests referred to here were part of the lntenlational Assessment for the Evalua-~
" tion of Educational Achievement. For a suruaary, see Torsten Husen, “Are Standards in U.S. . -
" Schools Really Lagging Behind Those in Other Countries?"., Phi Delta Kappan, March 1983,
: . . \— . .
. - © . pp-455461. . T v .
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‘e - Note: The average length of the school day in the U.S. is 54 hours, whereas it ranges from 6 fo 8 hours'in the other countries. In
. - hpan, more time is spent with after school tutoring and homework than in the U.S. 36% of Japanesc high school szniors report
o spending more than 0 hours per week on homework contrasted with only 6% of U.S. seniors. In the U;S., 52% of seniors report
-  spending less than § hours per week, in Japan only 8% of seniors report spending less than 5 hours per week. (Source: William B.
Fetters, Jeffery A, Owings, Larry F:."Suter and Rjcky T. Takai, *Schooling Experiences in Japan and the U.S.: A Cross-National -
Comparison.of High School Students,” & paper presented.at the 1983 Annual Meeting of the American Educational Research

Associstion it; Montreal, Canada, 13 -April 1983.)

s

Source: A Cliallengé for American Precollege Educalion:ls‘clenliﬁc Literacy in Japam: Ching. the Germanies and the Soviet Union.
edited by Margarete Klien and F. James Ruthéiford. New York: the Macmillan Company (in press). Data on school year also
provided by the Embassy of France and The British Embassy, washington, DC, ‘August 1983, ' .

Aruitoxt provided by Eic:
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" Note: While all students study mathemmcs and science (at least one course) cach year in the upper secondary school in Japan, West
» _ Germanyand the U.§,5.R,, the most recent NAEP data (1983) indicate 84% of U.S. students do not take physics, 65% do not take
chemistry, 62% do not take Algebra 11, 48% do not take geometry and 23% do not take biology.

Source: National Center of Educational Statistics, Higit School and Beyond, Washington, DC: Nationa! Center for Educanonal '

. Statistics (NCES 81-244), April, 1981 and A ChallengeforAmencanPncallegeEducauon Scientific Literacy inJapan, China, the

“press).

any . °
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Germanles and the Soviet Union, ed:usd by Margrete Klein and F. James Rutherfoni New York: The Macmillgn Company (in -



narrow. For Amencan students the vanatlon at the same grade level 1§,;nuch
-w1der , , :
* These results strongly suggest that Japan is.doing much better than the

United States in realizing the goat of having all students learn*science and

mathematics. This is ironic, since the Japanese school system, reconstructed in
1945, was closely modeled on our own.

What accounts for the great disparities i performance? Two key answers,’

the Commission' finds, are time-on-task and motivation. Japanese students
attend school 220 days a year. American students go to school 180 days a year
(and are absent more often than the Japanes¢) During the school day, Japanese
¢hildren spend two-thirds or more of their time on academic subjects.. Over 12
yéars of schooling they average 26 percent of their time on mathematics and
science. Their American counterparts spend far less time on these subjects from
the first grade on. For example, in the-primary grades, U.S. students average
 less than 20 minutes aday on science. Irterms of class hours, a typical Japanese
secondary school graduate will spend three times the number of hours in science

than even those U.S. students whaorelect four years of science in high school. *

- The premise in Japan is that all children can and must do well in mathema-

tics, science and other academic areas. This expectation of excellence stands in _ -

sharp contrast to what is demanded from students and teachers in- many
American schools.”

Reflecting thxs commrtment Japauese school systems put a hrgh priority

on mathematics and science education from the earliest grades. Their mathema-

tics and science curricula are structured vertically—beginning very early and -

cont1nu1ng through most of secondary school. In the United States, mathema-
' tics and science are rarely taught in a coordinated manner or in an organized
sequence at the elementary school level. Atthe secondary level, science courses
usually lack coordination and continuity from one course to another. Japanese

\ expendrtures on supplies and instructional matenals are far greater than ours:

Teachers and outside tutors aze considered highly unportant in Japanese
~ society. In contrast tothe Unitéd States, the status and salaries of teachers in
Japan are higher than many other public servants. Japan has estgblished more

than 200 science teachmg centers, where teachers cont1nue the professronal'

development. = = °"‘,;¢,;‘,

* In making such compansons, itis unportant to recogmze that the Japanese
educational system, like those in most other developed countries, is centrally - .
directed and is chard’ctenzed by, basically a culturally homogeneous student
population. This has significant drsadvantages as well as advantages. While 94

‘percent of Japanese students currently: graduate from high school (compared to.
74.5 peicent in the Umted States in 1981), only those who pass an all-important
rigorous examination in grade. 12 are admitted to a university. Consequently,
opportunities for hrgher educatlon and upward social. mobxhty are lmuted Thxs

-~

20. Kay Michael Troost, “Socrety and Science Educatlon in Contemporary Japan,” AC hallenge for

American Precollege Education: Scientific Literacy in Japan, China, The Germanies and the
Soviet Union, edited by Margrete Klein' and F James Rutherford ‘New York: The Macmllhan

Company, (in prCSS)



- strengths of Amenca s diverse educational system

l
is especially true for females who ‘are less than a third as.llkely to obtam a
college degree as males.

The American system provides enormous and unique mobility. The
exceptionally high proportion of our youth who attend college (60 percent of
high school graduates, equivalent numbers of males and females, half of whom
complete college) are able to pick and choose among afeas of study, switch their
interests, and shift careers quite late in life. There are few irretrievable deci-
sions. Given the fast-changing occupational and human resourée demands of

\

our evolving economy, this flexibility provides the Nation great strength and

resilience.
- Equally important, America’s students and its educational syster: are
much less culturally homogeneous th se of other countries. Our schools

reflect a broad diversity of racial, national,: Itural and economic backgrounds
that characterizes the Nation as a 'whole. ' :

This Nation’s unique educational system seeks to promote independent

* thought and judgment, analytical capacity, and the maximum development of
- each individual’s potential. Amierican scientists and’mathematicians excel in

theoretical and experimental science and mathematics and gain world-wide
récogmtxon’as origingfthinkers and leaders in their fields. America also leads in

the application of such knowledge to original and breakthrough technology. We -

- arerespected throughoutthe world for ourcommitment and contributions to the -

_ generation of new knowledge 'Americans can take pride in thisz our educators

"« continue to produce the best in the world desplte dtfﬁcult and demandmg
problems :

Thus, foreign examples do not offer a simple and unmxtlgated formula for

‘ > . our'Nation. Rather they reaffirm’the value of traditional American virtues:
~commztment motivation and hard work° oThe challenge facing the United States

aspects of - monollthlc educational systems while preserving. the umque

‘
2
?

L}

B Amencan Succwses .

Most charactenstxcs of foreign success are not unique. A sxgmﬁcant

- number of American schools already ineet the challenge of *“academic excel-

lence,” and many:of the Commission’s recommended steps for improvement ™
have already been demonstrated in this country. Some examples are discussed in
this Report; others afe set forth in Exhibit A. These imp essively successful -
programs-are - ‘miarked by common characteriStics simil

-—-—agreed upon; clearly defined educatlonal goals
—dynamic and knowledgeable leadershlp

- 7—comrmtted motivated, knowledgeable and resourceful pnnclpals and -

_ teachers -
E -—-adxmmsmmve ﬂexxbthty

: ‘:y

to those found. in
successful forelgn programs. These characteristics are/ - - ' :

L]



—oppo;tunities for, and willingness of, teachers to interact and exchange
ideas. .

—a specific student commitment:

—programs and inshuctionql techniques which motivate the students

—sufficient time-on-task

—demanding standards, of participation and achievement

' —a coherent course of study in mathematics and science, with early
“hands-on"’~experience ' )
& —early exposure to good teaching in elementary school
—adequate resources . .
—innovative use of available facilities -
'{—extensive homework

: Committed teachers, administrators and students, in an environment that
values and rewards achievement, that makes optimum use of available resources
and that fosters a sense of trust and community,‘are essential to educational
success. Three overriding lessons can be leamed from such successful pro-
grams and their learning ‘environments that form tiie basis for most of, the
specific recomrhgndations for improvement found in this Report.

(1) Quality Teaching is Critical ~ ~_{ : ’

If mathematics, science and techriglogy are to be successfully learned, it is
clear that the teachers must be of high talent, high motivation and must be
allowed to function in a setting-in which effective teaching is possible. So .
important is the quality of teaching to the success of America’s educational
system that the Commission sets forth the outline of a comprehensive plan to

 retrain elementary and secondary'school teachers in relevant-aspects of mathe-
matics, science and technology (see pp. 29-32 and Exhibit C, p. 110). Properly
fanaged, this plan would provide the needed retraining of the Nation’s 1.17
million elementary and 200,000 secondary school mathematics and science
. ‘teachers within five years. Therefore, the Commission recommends:

. o Toppriority must be placed on retraining present teachers,and recruiting .

‘ . and retaining teachers in mather-atics, science and tectinology so that
_ , rey all.will be of high quality. Such teachers must be provided with a
e ~.work environment in which they can be effective.- .

o

-

: -, » ,
(2) Early Exposure is Critical ‘ ' o
, Early and substantial exposure to mathematical and scientific’concepts and
processes is critical to later achievement. Early creative and stimulating experi--
. ence is essential to truly equal opportunity and to effective and continuing study
in these fields (see pp. 39, 4‘1—47).. Thus, the Commission recommends: .
° 'Top_priority'must be f)'la?:ed on providing increased and more effective
+ instruction in mathernatics, science and technology in grades K-6.

[ ) Ry . g ' ~
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(3) Increased Time for Teaching of Mathematics, Science and e Imnlm:y is
Required

‘The Commission finds that our students spend too little time in the course
of their schooling in the study of academic subjects (particularly nmthunutlcs
science and technology), and devote too little time to **hands-on”’ prcm,ncc
To remedy this situation, schedules must be changed, more time must be
devoted to the teaching of mathematics, science and technology, and ways must
be found to use time more efficiently and gffectively. Schools must become
more cfficient in the use of their academic day. Many nonacadgmic courses now
offered may have to be reduced or eliminated, or ways found to teach them more
efficiently and effectively, or not within the normal school day.*' The school

day, week and/or year must be lengthened to provnde the required time. These
~ important and necessary changes are discussed in greater detail below (sec pp.

39-48.) ‘ n
The Commission recommends: . = ‘ P /

o Considerably more time should be devoted to the study of mathematics,

- sctence and technology throughout the elementary and secondary

grades. Consequently, the school day, week and/or year must be sub- -
stantiaily lengthened -

C Exemplary Programs—-Catalysts for Change

The Commission has observed that innovative and exemplary programs (some
typés % which are sometimes referred to as ‘“magnet’ or “model’’ programs??)
- often provide dramatic examples of excellence and can be a powerful tool for

_ educational change. Coinmunities such as New York, Chicago, Atlanta,

Houston, and States like North Carolina and Loulsxana have myltiplied or-
leveraged the effects of their limited financial resources by estabhshlng ‘““mag-

t"* schools or “mddel” programs. They have combined: quality teachers,
comrrutted and promising students, committed parents, innovative use of
facilities, demanding standards and increased time-oh-task. The result: impres-
sive gains in student academic achievements.

Contemporary “magnet” schools have been designed to maintain the, .

American emphasis on open access while stressing motivation, commitment
and discipline—all crucial-aspects of educatieit“Some have moved from the

{\Jonglnal concept that they were only for the highly talented. These programs,

based on 2 philosophy of inclusion rather than exclusion, are now open to any
student sufficiently ‘motivated and wlllmg to mesot the requmements of the
school. In such a setting, the likelihood of academic success is substantlal since.
students become willing—even eager——part1c1pants

21.. The Commission is not urging the dropping of sports or such important training as automobile -

" driver education. But such activities should not be at the expense of school time which is requited

for mathematics, science, technology and other important academlc courses like English, foreign -

. Ianguages, history, etc.

22. Ealy* magnet schools like Boston' Latm, Phlladelphla S Central High School, Washmgtcn S
Dunbar, San Francisco’s Lowell and the Bronx High School of Science were based on intellectual
achievement measured in the eighth grade. However, more recent exemplary schools, as stated in
the text; have been based on student and parental commntment—commnment to work harder for a
better education,



- 23.7A number of impressive examples are summarized in Exhibit A. ‘ \ o

.

Such programs have taken various forms to fill varied needs.”” Some
Versions. utilize a local- school, with specialized equipment, facilities and
programs. Others are weekend programs. Still others commit students to begin
school before the normal startlng time or continue after the end of the normal
‘school day. Some programs select studénts on the basis of talent, some on the

- basis of.commitment. The objective is an exemplary educational program. In
+ many cases, a new environment must be creatqu through a strategy such as
starting a school afresh as a “magnet” or “model” school, whereas in other

cases school leadership is such that the optlmum environment can be developed
within existing sfructures. When visited by thé Commission, leaders at these
successful contemporary- schools uniformly, reported that their programs are
neithe}divisive nor solely for the afflizent. More spegifically, the most important
findings are that the most effective of such-exemplary schools generally:
—have better academic achievernent, better attendance, and usually fewer
behavior problems;

—provide quality education for average-as well as above average students;

—have strong leadershlp and support from the supermtendent and school
board;

—can have strong lmks to other community resources, “such as univer-

. sities, businesses, hospitals, and theaters;

~—are, wherever possible, racially and ethmcalrly mtegrated and usually

reflect the larger population they serve. They often operate in an

environment of reduced racial tension, as parents and students identify
~ special programs that appeal to them; N -

—succeed equally well in “good” and *“‘bad™ neighborhoods, as long as

they provide a quallty learning environment; '
~ —can be created, organiZed, and managed well within the administrative
capabilities of all but perhaps extremely small school districts.

Some problems can be more realistically addressed within school systems
by creating islands of excellence rather than by attempting immediate system-
wide changes. When multiplied over time, such exemplary programs have the
potentlal of building to a critical mass and transforming American educatlon
Thus _ultimately the exemplary school can become the norm.

* Moreover, such exemplary schools in science, mathematics and technol-

-, ogy can also serve.as laboratdries for the development of curricula, teacher

training, pilot materials, and instructional strategies for dissemination to-other
schools. Special attention must, of course, be focused on forging linkages with
other schools. New ways of. sharmg resources and linking faculties must be

Therefore the Commission’s recommends -

" @ The Federal govemment should encourage and ﬁna.nce in part the

_ establishment of exemplary schools or programs in mathematics, sci-
ence and technology in each commynity throughout the Nation to serve
as examples and catalysts for upgrading all schools.

ST — : . e

24 - 41 S )




Q‘ . . . - . : - .

© The Federal government should évaluate current resource allocaticn
policies, entertain redistribution® and, where necessary, appropriate
funds to support the deVelopment of such programs.

® The Department of Education and the National Science Foundation
should support and facilitate the -dissemi tlon of mformanon to help
build this national network of exemplary) programs.

® State govemments should study and promypte, and local school districts
shoulid establish, such schools or programs \n mathematics, science and
technology in each community,? to'serve as xamples for upgrading all ...
_schools

© The Commlssxon estimates, based on dlfferences in sizes of commu-
- . ~ nities and on the number of existing exemplary schools, that, as an
” effective initial step, the Federal government should appropriate funds
" to aid the establishmemt by local communities of at least 1,000 such
exemplary schools at the secondary level and at least 1,000 such schools

at the elementary level throughout the country.

The Federal cost will require;an appropriation of $829 million in the first
year, but thesz funds will be disbursed at a rate of $276 million per year over a
three vear period. (Exhxbxt C, p. 109)>* : ‘

. : The Commi .sm’v’n is not suggesting that establlslnng more such exemplary
‘ ' * programs alone will accomplish the primary goal of this Commission: improv-
ing the academic performance, especially the mathematics, science and tech-
nology achievement, of the entire range of students by 1995. Indeed, we have
, - seen many examples (listed in Exhibit A) where neighborhood schools are
- achieving excellent educational results within existing budgets. The Commis-
' sion, moreover, would not like to see the majority of resources or all- talented
; , 'Vteachers move from regular schools into such schools. \ o
‘ Most commumtxes, however, lack sufﬁcnent resources of time, talent and
money to restructure completely their mathematlcs, science and technology
education programs at one time. In the meantime, exemplary programs can
provide a substantial i improvement for those students who are already motivated
and ready to learn. Such programs, moreover, will provxde a format for
emulation by other schools in the school district or State—a major step toward a
more general level of excellence.? By applying broadly the characteristics of
the- schools which use the approaches set forth above, these programs—
. especnally the underlying philosophy—will, the Comrmssnon is confident, have
a s1gmﬁcant impact. .

24. All Federal programs, whether or not dealing wnth educauon. should be evaluated

25.. Extremely small communities can beneﬁt by having exemplary classes of, where dxstance allows, '
by having joint exemplary schools and programs. '

252 One Commission member feels that the plan to create 1,000 exemplary secondary schools and
I 000exemplary elementary schools is too ambitious. That member feels that the number should
not exceed 1,000 of such schools and that the Federal costs per school should be $100,000.

26. These same exemplary schools and programs could also be vehicles through which teaching of
other subjects, such as English and foreign languages, history, political science, the classics, art,
music and other important disciplines can be conducted in the same innovative fashlon
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SOLUTIONS TO THE TEACHING

" The teacher s the key to education—the vital factor in motlvatlng and maintain-

ing student interest in mathematics, science and technology This opportunity to
have a direct impact in the course of students’ lives mways been one of the
important rewards of teaching. The Commission has seen and heard of many
cases where the commitment and creat1v1ty of a particular teacher profoundly
affected the lives of his or her students. As Justice Oliver Wendell Holmes, Jr. "'
said; in another context, in explaining his ability to render superb public service
to the Nation: “Through our: great good fortune, in our youth our hearts were
touched with fire.” Public- ‘misperception.of science and mathematics as cold "
subjects makes lighting such fires particularly*difficult—yet precious.

More well-qualified teachers will be needed for U,S. students to spend
more time studying mathematics, science and technology, a major recomimen-
dation of this Report. Moreover, teachers must be able to communicate in a
positive way the most current and appropriate information (see: pp. 41-45
below). This is the most pressing problem facmg mathematics, science and
technology education today. Our Nation’s educational systems must attract and
retain qualified mathemiatics, science and technology teachers.

Despxte this critical need, all available ev1dence suggests that there aré

cumently severe shortages of qualified”’ mathemattcs, science and technology

teachers in many parts of the Nation, 2 Fewer college students are entenng the

27. The Commission is not using the word “quahﬁed" as necessarily embraemg the term “certmed.
Some certified teachers are not qualified and some qualified teachers may not be certlﬁed (See~
also footnote 32. )

28. A study of teacher demand in all subje_cts from 1976 through 1983 (Jam'es N. Akin, Teacher
_ Supply/Demand: 1983 Madison, WI: Association for School, College and University Staffing,
~ 1983.) found the most severe teacher shortages in mathematics, physics and chemistry. Trevor
Howe and Jack A. Gerlovitch found 42 states reporting problems in recruiting adequate secondary
school mathematics, physics and chemistry teachers in 1982 (Trevor G. Howe and Jack A..
Gerovich, National Study of the Estimated Supply and Demand of Secondary Science and
Mathematics Teachers: 1980-1982, Ames, lowa: Iowa State University, November 1982). A
National Science Teachers Association survey of college and umversnty placement officers (James
A. Shymansky and Bill G. Aldridge, “The Teacher Crisis in Secondary School Scrence and .
Mathematics,”” Educational Leadership, November, 1982, pp. 61-62) found that between 1971 -
and 1980, students enrolled in practice teaching courses in mathematics declined fourfold and
science threefold, and only half of these student teachers ended up in teaching jobs. The survey

~  also found that almost 25 percent of those currently teaching secondary school mathematics'and
science plan to leave in the next five years. The American Council on Education’s longitudin\al\ )
study of higher education (Alexander W. Astin, Margo King Hemond and Gerald T. Richardson, *
The: American Freshman: National Norms for Fall 1982, Los Angeles, CA: University of

- California at Los Angeles, December 1982) reports. that the 22 percent of entering college

freshmen choosmf education as a major field in 1966 dropped steadily to 4.7 percent by l982

27-'4 l ﬁ‘, 44‘




teachmg pmfessron particularly mathematics and :science teachmg, and in-
creasing numbers of experienced teachers of mathematics and science are -
leaving. In 1980-81, four percent of these teachers left for more’ attractive
careers, pnmarﬂy in business and mdustry———a rate ﬁve times the loss due to
teacher retirement.? - -

The deClining mterest in teachmg has been -accompariied bya declme_ -
during the 1970s in the academic potential, as measured by SAT scores, of *
students planning to major in educatlon By 1982, these scores were 80 points
below the national average.*® More striking, perhaps, is the fact that the
Commlssnon found virtually no examples of high- oreven adequately-achlevmg
students in mathematics and science who were being encouraged to enter
“elementary and secondary school (eachmg In part, the decrease in the numbers
of highly capable teachers is being‘adversely affected by salutary developments
in American society. As the barriers of race and sex discrimination come down,
those members of minorities.and those women who earlier only had teaching
careers open to them now are often hired by business, or enter other professxons' '
such as law, medicine and economics."

Because of the serious shortages of mathematlcs an science teachers that
exist throughout the Nation, school systems have often been forced to disrégard
state certification requirements and fill the gaps with unquallﬁed32 instructofs
- hiréd on an emergency basis. 33 In addition, -certification requirements have
tended to becorne less rigorous in recent yéars so that even when certified,
teachers often have not been adequately prepared (qualified) to teach mathema-
tics and science.> Equally serious is the fact that muny classroom veterans have

——___not upgraded their skills and knowledge—-—anccessxty in rapldly evolvmg fields
. hke mathematlcs and science=—= . ‘

- ‘_\'
R

29. James A. Shvmansky apd Bill G. Aldndge, “The Teacher Crisis in 83 *ondary School ,Scnence
and Mathematics, * Educational Leadership, November 1982.

30. This difference is approximately 15 percentile points. Source: College Entrance Examination -
Board, National* College-Bound Semors 1982, New York: College Entrance Exammahon
Board, 1982. . S

Na 31. Asthe Governor of Utah Scott M. Matheson, sald lhlS spring in expfammg a50 percent declme in
’ the number of teachers trained in the state over the last ten years, *“The truth is that bright, capable
.women have been the mainstay of public schools for years. We have simply escaped paying them_
what their talents might have been worth because few other professions were open to them.”
Ren&arks of Governor Matheson to the Utah Educational Semfgar Salt Lake City: Umversny of .
Utah, March 17, 1983. o .

. . 32. The terms “certified” and “quahﬁed" cannot be and in this Report arenot used mten:hangea-
= o " bly. A qualified teacher is one adequately prepared to teach the subject. A certified teacher is one
= licensed to teach the subject, even if {nqualified and licensed on an emergency basis.

¥

«33. The Natjonal Sclence Teachers Assoclatlon_found that half of the teachers hired nationwide in - -

1981- to teach secondary mathematics and science were unquahﬁed Only IS5 percent of the‘

B mathematics and science teachers hired in the Pacific stdtes region in 1981-82 were quallﬁed
.. - {See footnete 29.)

34. Sce, for example, Recommendations for Improving the_Quqlity of Science and Mathematics '
Education in North Carolina's Puplic Schools, Raleigh, NC, North Carolina Board of Science
and Tech_noloéy'and the State Department of Public Instruction, July. 1982, Raleigh, NC.

. -
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The reasons behind these declines in quality and numbers of teachers are
comiplex. They include the perception of teaching as a low status profession, the
working environment of the profession, frustration with the low levels of student
laterest, inadequate training and certification standards whrch are meffectlvely
enforced, insufficient financial rewards, and a failure to provide long-tenn
opportunities for advancement and satisfaction in the classroom. In SOITiE cases,
certification procedures and standards are mappropnate barriers that prevent a
truly quahﬁed person from teaching. =~ .

The problem of attracting .able people to the teaching pnofessron w1ll
continue well into the next decade. The key to its solution lies in improving the . :
effectiveness, status and attractiveness of teaching. Public prestige, the oppor-
tunity for fair and just compensation for all-qualified teachers and recognition -
for the superior teacher are vital. . :

Most of the responsrblhty for addressing the problem hes at the state and
local level. Many States are already drlrgently seeking ways to upgrade. the
standards for teacher cemﬁcauon, improve teacher training and compensation,
and attract. more and better students into the proféssion (especially into mathe- *
‘ matics and science teaching, where the shortage is currently most pronounced).

. * These efforts include extensive retraining and upgrading of skills, forgivable
loans, scholarships and summer stipends, and fair and just compensation for the
qualified and superior person who wishes to teach. Such efforts are to be
commended especially givenfthe great pressure on state and local budgets.
Steps must be taken immediately to ensure that the Nation has a sufficient -
number of qualified mathematics, science and technology teachers available to’
accomplish the objectxves set forth in this Report by 1995. F

A Improving the Qualrty of 'Ibachmg

In order to improve the quahty of teaching, substantlal efforts must be made at -

 three levels: (1) the skills and understandmg of many current teachers must be

upgraded; (2) the trammg of incoming teachers must be improved; and (3) in the

interim, persons who are qualified to teach mathematlcs science and technol-

. ogy must be found from “non—tradrtlonal” sources. ‘ : \
' : -\
1. Upgradmg Skzlls and Knawledge q’ Current- Teachers . : ”-_“\\

o The quality and style of elementary and secondary teachmg constitute the
' most obvious and immediate source of the problems facing mathematics and
science education. New measures must be developed and exemplary materials

and models disseminated for i in-service training of large numbers of teachers. A
substantial number of our. Nation’s 1.17 million elementary school faculty -

. members lack sufficient knowledge, training and, in many cases, interest to

teach mathematics and stience effectively. In the short term, the use of special

-~ instructors to teach mathematics and science at this level would reduce the
. number of teachers who must be retrained. But the nimber need: ing retraining is -

still expected to total hundreds of thousands. Most of the Nation’s 200,000

. wwsecondary mathematics.and. science. teachers also_require additional. trammg

because of the rapld development of new knowledge in mathematrcs and science”

"




~iy

«

and in cognitive psychology. Traditional summer worl{@/tjs Minsiturces canngy
accommodate this large a number of both elementary y A sPhondany 7 teacherg
and retrain them at a reasonable cost. ' R .
* The Comuhission has concluded that the Federal § s\ Apiut fusst playan,
. important role in helping to provide such teacher tranv] . Nowevet, = Signifi-
cant part of sf_lch training is the tesponsibility of state gv\efww, Joczal schoo)
boards and teachers themselves. , N o

Thus, the Commission recommends a conﬁbinatiqn, R progars i provide
- upgrading of teachers: - . L

@ State governments should develop teacher m‘\é‘\ﬁ PPyas L mathe.
‘matics, science and technology in cooperati th,‘ Qgllefess , univer

programs to meet the particular needs of that Syt (4 Yymber— of Statess.
have already begun ta dothis.) In establishing VV\" MWagraMs. industry

-~ scieritists and engineers and certain governmyg; YAysumé! SThould be
encouraged to participate as teacher trainers wh A A oy fias® Reaticilar, -

. +  needed expertise. _ b

® The Federal govemm.e‘nt hasa resébhsibility tQ %/\\M thatsickn trz;}ining
is available and should provide”funding for V\»AVW rachex= training

 sities and science museums, and provide for acy A Ayl Your AR Summey.

- programs in mathematics, science ‘and techlv]‘/  {ymmegr and in- - |

. * .- sérvice institutes, supported by the Nation} Asighce Fovandation,
. providea proven model for the upgrading o gAdht kills. - ’

® The potentiabof science museums as a site for WA Ryin/g goTogrms -

should be recognized, encouraged and suppy i /A-

‘@ Thie entire fe(r’eﬁxiing and upgladihg' program A/Wlé be comaspleted iy,
" “five years. The Commission estimates that the \/a Aty ipar® et the cogy
of such training is $349 million per year (sey YW Cyp- 110

. @ For the long tgrm-,’states and local school LW /vghguld exasure thag
teacher training continues as an ongoing pro,AA, '

: X - : B / Co
- SR In the near future, such upgrading efforts should 4 /\\}bplg'rneﬂtwd by New,

: * communications technologies suchas closed circuit T\/, Ag\je 7V e interac.
tive telecommunications. The new information techno), /A ¢ proVicIeonsite -
instruction which could be widely available to all teach n/ withia fi'e ¥/€arsang

- could be proyided at a substantially lower cost than uni), APV O confex—encesite
- instruction. o T : -

¢ -

34a. One Commission member feels that the plan to retrain 1.16 mill@/ Aesio fivee years 'is not

workable sinice, in that Commission member’s judgment, t.h_év A\ O fficient facilitl_es ‘o

S complete the plan within the recommended time period. In this\/\Mgtivsion Meember's judg_

a o . ment, either the plan should be completed over a longer tima YM/ of fowes leac=hers shoy)g
- -receive training. : _ - T .

'




Therefore, the (%mmrssron recommends:

L The-Natronal Science Foundation should provrde seed money to de
velop and establish, state-wide or regional on-site teacher trarmqg
programs usmg the new mformatlon technologles

2. Establtshmg Htgher Standards for New Teachers

- At the same time that the knowledge and skills of in-service teaChers are .

f bemg upgraded, steps must be taken to ensure that new teachers who €nter the
- profession also provide high quahty teachmg States are responsible for Settmg .

certification standards: = _
Therefore, the Commrssron recommends: .

States should adopt rigorous certification standards for incoming Math-
ematrcs and science teachers. Such certification standards should not se
up any artificial barriers to entry into the teaching profeSSlon, butshoyjg

* beonly those which are relevant to ensuring high quahty inthe *eaching -

" of mathematics, science and technology

+ ~ The primary requirement for elementary SChool teachmg should be 5.
comprehensive liberal arts education supplemented by a limited number of

.-effective education courses togettier with demonstrated teaching, mcludmg

appropriate internships under a highly qualified teacker. The primary reqQuire-
ment for secondary school teaching should be a'full major in the subject matter
to be taught, SuPplemented by a limited number of effective education COurseg
together with demonstrated teachmg, including appropnate mternshlpS Under a

highly qualified teacher’

States should set umetahles and estabhsh a process to ensure that all

secondary teachers are certified and teaching in their field of speciality. Out-of.

field teaching should be permitted only under extreme and carefully l"’Stﬂcted
conditions. Finally, local school boards- and administrators should uphold thege

~ modified standards through teacher evaluation and hiring practlces

Instltutrons of higher education also have a crucial role to play in imprqy,.
ing the, training of new teachers. Currently, such institutions, partICUIaﬂy the.
colleges of liberal arts and engineering, give httle evidence of interest il trauun
elementary and secondary teachers or encouragmg able students to €nter the
teaching profession. One contributing factor is that incentives and rewards jp

. colleges and umversrtles are heavrly welghted towards research

" The Federal govemnment should examine current policies of support 1o

~“colleges and universities in order to identify ways of providing additiony) -
incentives for teacher training without jeopardizing the research effort. ).
 timately, however, the primary responsibility lies with the Nation’s colleges and

umversmes themselves. Therefore, the Commrssron recommends

® Institutions of higher learning should take steps to improve the qualrty_ |

" of mathematics and science téachers, including the establlShment of
higher admission, cumcqum and graduanon staridards for such futyre
teachers ' » : ? :
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‘The process of change is already underway in a number of colleges and
universities and other institutions of higher education. are urged to follow.
Substantlal improvement will be reahzed if the followmg steps are taken:

-

_—Liberal arts colleges need to assume a much greater role in training
elementary and secondary mathematlc§ and science teachers.

Y -

—Basic educatlon courses requtred of prospectlve teachers should be
thoroughly reviewed and revised to incorporate the findings of recent .
research in behavioral and social sciences.

[}

-—Elementary mathematlcs and science teachers should be required to’

have a strong liberal arts background, 1nclud1ng college courses in -

S , mathematics and the biological and physical sciences. Student teach-
e "\ ing, which acquaints the teaching candidate. with children and class- .
BN ' ' _room procedures and proven methods courses should be empha312ed

—College courses er prospective elementary school mathematlcs teach- -
ers should provide sufficient background for an: "understanding of the
relationships between algebra and geometry, flll‘lCthl‘lS elementary
probabllrty and statistics.

—Secondary school mathematics and science teachers should have a full
‘major in college mathematics or science, an appropnate number of

_ effective education courses, and teachmg expenence under a h1ghly
quallﬁed teacher. : o

——Future elementary and secondary teachers should be computer literate;

teachers must be:familiar with computers to promote literaCy among
_ their students. Teacher training should incorporate the use of calculators ’
J + . and computers in mathematics and science instruction. - :

3. Filling the Present Gap., ‘

- For the 1mmed1ate future, the number and quahty of students certrﬁed for
careers in mathematics and science teaching will fall far short of meeting the =

. demand. A curriculum which motivates and prepares students in ‘mathematics,

‘science and technology will help, among other factors, to alleviate the critical

*  shortage of mathematics and science teachers in the long run. But in the short

' run, any:intensification of mathematics and scicnce education will make the

shortage worse. It is necessary, therefore, to turn to other sources of talent for

_ qualified people who can teach matherhatics and science, particularly at the
secondary level. Suitable mathematics and science majors* without education -

: . _ credits must be glven the opportunity to acquire a knowledge of classroom
.~ S management and educatxonal psychology ThlS could be accomphshed through :

T ’,' ’ ’ ) . . . . o o 4
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mtensxve trammg programs or by placmg them under the direct supervision of a

more experienced teacher, Obviously, hiring practices should first select those
candidates with good common sense, good communication skills, and an
interest in and understandmg of children. In the secondary school, these new
teachers should report to the principal or department head who would regularly

~ observe the teacher and serve as a mentor.

Thus, the Commission recommends that the pool of potential mathematics
and science teachers be enlarged immediately through the following actions:

~ @ State and local school systems should draw on industry, universities and -

the military and other governmental bodies as well as on the ranks of

* retired scientists, engineers and teachers, as sources of teaching assis-

tance where necessary and possible: States should modify certification

~ requirements for special teachers who are quahﬁed in the subJect matter

~but. lack certain education credits. e

® Local schoﬁadnﬁnistrators should facilitate the use of special teachers

who are qualified in the subject matter and should arrange for appropri-
ate classroom supervrsron as necessary. :

‘B. Makmg the Classroom a Rewarding Place to Work

“ If this Nation’s educational systems are to attract and retain hlgh quality

mathematics and science teachers, it is- critical that the classroom become a
rewarding place to work. The Commission believes that it is absolutely essential

for the public to recognize thie vital role played by teachers. Financial rewards -

should be adequate to attract and hold well-qualified and excellent teachers of
mathematics, science and technology. Equally important, however, classroom
conditions ’ ‘must be lmproved so that such teachers have the, opportumty to
teach effecuvely oo , -

b

I. 'Teac-he-r C orrfpensatioh

Teacher compensatlon is a dlfﬁcult and complex issue that has long been a -

_problem. It is affected, in part, by ingrained traditions-and practices and by the

fact that any changes in teacher compensation have a direct and substantial

. effect on public finances. Objective comparison, moreover, is complicated by

differences between the length of the school year—generally 180 days or 36
weeks—and the length of the work year elsewhere i in our society—generally
240days or48 weeks. Additional factors include the decline in the qualifications
of teachers and the fradition of lockstep pay increases based on seniority and
training expenences that may have little to do w1th performance in the




Public perceptions of teaching also complicate the problem. There is often
a failure to recognize that many teachers work long hours,* that in terms of
purchasing power teacher salaries today are 15 percent below the level they were
- in 1970-71,% and that many teachers must supplement their teaching salaries by
additionally working part-time during the school year and. &ll-time during the °

summer if they are: to support their fam'lies.

At the same time, teachers must reexamine their long-held views with

respect to increased pay for areas where there is a shortage and with respectto a

system of pay based on years of service and credits for “staff development.” |
Many teachers have expressed concern that salaries based more on performance -

- would be impossible toadminister in a non-prejudicial or nion-preferential way. C
‘However, many teachers have also expressed frustration at the absence of.
opportunities to advance in salary without leaving the classroom, Many States
. are already séeking ways to improve teacher compensation, and to attract more
and better students into the profession, especially into mathematics and science "
teaching where the shortage is currently most pronounced. These efforts, which
include- relatively-competitive . compensation for the qualified and superior

~ person who wishes to teach, forgivable loans, scholarships and: summer sti-

pends, are to be encouraged. (See Exhibit D) o
1 The Commission believes that once qualifications, work time, and other
| factors can be placed on a comparable basis with other sectors of the economy,
|  the public will support adjustments in compensation for highly qualified and
e ; ‘highly competent teachers, particularly in fields where shortages exist. Some
o States and communities have already begun to tackle this problem. Highly

/ qualified and competent mathematics, science and technology teachers should

/’ : receive overall rewards that are fair and relatively competitive with those

‘ - recéived by comparable professionals in other sectors. Thus, the Commission
recommends: ' - ‘

.

. o .
- @ School systems should explore means to adjust compensation in order
to compete for and retain high quélity teachers in fields where shortages
exist, such as mathematics, science and technology. States, together
with teacher unions when they are the bargaining agents, school boards
- . and industry representatives, should carefully examine€ current working :
- conditions, salary levels, issues of comparability, length of the work —
day/week/year, tenure provisions, promotion procedures and other fac-
tors that are important aspects of teacher compensation. -

e State and local gdvemments should reward excellence in teaching and
~ should provide opportunities for high quality teachers to move.up a
. - salary and status ladder without leaving the classroom. R

-°35. According tothe National Education A_ssociation,A (Status of the American PublicSchool Teacher,
1980-81, Washington, DC: Nationa! Education Association, 1982), the average number of hours
.. per week spent on all teaching duties of public school teachers- was 46 in 1981. :
36. National Center for Education Statistics, The Condition of Education, 1982, Statisticdl Report,
Washington, DC: U.S. Government Printing Office, 1982, pp. 86-87. T




® Local school systems should explore ways to extend the employment
year for mathematics, science and technology teachers by providing
- reimbursement for in-service te€acher education, curriculum develop-
ment, student workshops and other ancrllary activities, and by length-
ening the school year : :

. @ Industry, the military and other governmental entities should furmsh
some summer or year-round, part-time employment for mathematlcs,
-'science and technology teachers

e meessional societies schools, school districts, States and the Nation —
© should find ways to recognize, through pubhcrty and special financial
rewards the excellent teacher

v
)

2; Improvmg Classroom Condmons——EnabImg Teacherv to be Eﬁ”ecnve

Teachers of mathematrcs, science and technology must be enabled. to -

: devote the time they have with their students to teaching the subject. They

‘ should be given the time to teach and be relieved of other tasks now often thrust

' upon them or their students during the class period. Moreover, a working -
environment must be provided that supports teachers with the best tools,

materials and methods of instruction. One innovative method for incorporating -

" new equipment and other resources into the classroom would be the develop-

ment of regional training and resource centers. The Commrssron recommends

-® Every state should develop at least one regional training and resource

center to provide a variety of supporting services for mathematics and .

' . ‘ ‘science teachers (including computer instruction and software evalua-
' °. "tion). These centers could alsoserveasa local focus forthe paﬁlcrpatlon
of business, educators and government,.and would include equipment

for assistance in ‘technology instruction.

In addition to prov1dmg ade@ate facilities, action must be taken to address
the detenoratron of the school erivironment which results in teachers spending
less and less time on academic matters. Discipline must be maintained, admin-
: , istrators must work with and be supportive of teachers, and student involvement . -
L “‘and interest in learning must be better activated and hamessed.

. . Dzsczplme Breakdown of order in' the classroom is one of the more
/ dlsturbmg manifestations of today’s educational crisis. Discipline and, there- -
VA . ~ fore, the ability on the part of 'students to concentrate istod often absent in
—— ! classrooms across the Nation. Such problems make it difficult for even  knowl- "
. edgeable, creative teachers to teach. Thelack of disciplinary codés and the
‘ mterpretatron of the law often limit administrators and teachers from effecnvely
o dealing with discipline problems. ‘Actions that should be taken to maintain a

‘i | - classropm environment that is conducive. to' teaching and learning include:

; ; —-The adoptron by schools and school districts of ngorous discipline - - - -

polrcres wh1ch reﬂect goals and expectatlons

o
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—Clear, written statements of the rules. These statements should be
* distributed to students and parents at the beginning of the yéar. All rules
should be applied consistently, fairly and 1mpart1ally '

——Modrﬁcatlon where necessary, of state laws37 to perrmt effectlve disci-
pline in tl/le/s’chools ‘ o

. /—G%upport by parents of dlsc1phne in the school and classroom.

3

b Administration of the Schools. Most, if not all, successful schools boast ..

a pnncrpal who is highly accessible to teachers, who involves them in the
‘planning and decisionmaking process, and who is 'a knowledgeable educator.
The principal’s effective organization of the staff and the school’s priorities can
greatly i improve teacher workmg conditions. w

In the admlmstratwe process, teachers, principals and supermtendents
need to be supportive of each other and accountable for activities in their
classnooms, schools and school districts. Th1s requires: . '

'-—-An obJecuve evaluanon of admmlstrators and teachers which relates to
salary, advancement and retentxon of their current posmon in the school
‘'system.

—Greater administrative support for better d1sc1plme, attendance, fewer

classroom interruptions, and higher academic expectatxons in the class-
room (as discussed previously). o :

,———Reasonable and manageable class sizes. o

_ —Support from local school systems and school administrators for teach-
efs to obtain necessary equlpmen‘t “and classroom materials.

—Up-to-date textbooks and cumculum materials.

c. Increasmg Student Involvement, Interest and Achzevement The decline

of student interest also makes it more difficult for good teachers to teach.

- According to a recent report, ‘61 percent of American students were enrolled in
‘general science in: 1969 in contrast to only 37 percent in 1981. Algebra I
“enrollments fell to 64. percent in 1981 from 76 percent in 1969. Conversely,

) student enrollments in driver education skyrocketed to 59 percent in 1981 from a

mere 0.3 percent in 1969.* - .

Many of today’s students «do not focus on academlcs, do not apply
mselves to difficult subjects and, for the' tost part, have lost réspect for a

ty education and an understanding of the importance of the time spent in

' the ol assroom Some suggesuons?for allev1at1ng these pfoblems are:

-

36,

37. State law may play amajor role in determining such condmons as permissib'e disciplinary action.
In ‘addition, States and/or school boards can control attendance requirements and, for instance,
provrde that if a student does not spend a certain number of hours in the classroom that student

© except in raré circumstances, does not receive full credit.

- 38: Report by Clifford Adelman to the Department of Educatlon s National Commnssron on Exoel-

]

* lence in Education. (See, footnote 15

)




,—Normed achievement measures shou]d be used effectively. Intelhg,ently
.. used, they provide an objective, consmxctwe measure of student and
“teacher performance, contribute. a sense of purpose and direction to
academic activities and encourage responsnbnllty for achieving mea-
sured yrogress.
. —Every effort should be made to fill the available hours with.purposeful,
T substantive content. This can beé encouraged through procedural
' changes such as eliminating interruptions for public affairs announce-
ments during class time, immediately beginning work when the class
period starts and freeing teachers and students of other tasks often thrust
upon them during class. In addition, at the secondary school level,
: _ - providing the students with course outlines so they know what they are
N to do,;when'they are to do it and why they are domg it will promote
' achievement.

—Specific homework assignments should be required of all students on a
regular basis. Such assngnments should be smtab]y evaluated by the
teacher., X .

—A clear attendance pohcy with sanctions should be adopted
.—Social promotions should be curtailed.-

. Vo ;\







IMPROVING WHAT IS TAUGHT AND LEARNED

In addition to 1mprov1ng the quahty of mathematics, science and technology
teaching, efforts must be made to improve what and how Students learn about
those subjects. Immediate and significant progress can be made by increasing
the amount of time students spend learing mathematics, science and technol-

. -ogy. Persistent i improvements, however, require redes1gmng educational objec-

tives and related cufricula and lnstructlon to conform to those new educatlonal o
objectives.

A. Raising Requtrements for Mathematlcs, Science and ’Ibchnology
Education i . P

This Commission is convmced that increased time-on- task 1s a crucial element
to, improving mathematxcs science and technology education in our Nation.
_ Short-term improvements will result from increasing the amount of time spent -
" studying these subjects in the elementary school and by i mcreasmg the reqmre-
ments for high school graduation and college entrance.

1 Ramng Requzrements in K-8

Mathematics, science and technology education must begtn at an early
‘age. Knowledge and skills in specific subject areas must be developed in
incremental steps, and equally important, good habits of study-—the ability to
apply oneself to more difficult tasks—must be nurtured and reinforced over
time. Therefore, the Commission récommends:

® Local school districts should revise their elementary school schedules
to provide more time-on-task for the study of mathematics, science and"
- technology. In grades K+6, a minimal daily allocation of 60 minutes
per day for mathematics and 30 minutes for science should be required.

© A full year of mathematics and of science and technology should be
required each year in grades 7 and 8 (hlgh school requirements are
discussed in the next section).: |

39. When kindergarten is taught for only one- half day these requxrements would, of course; be
halved for ‘kindergarten. :

N ‘. . "56
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2. Raising Requiféments for High School ‘Graduation and College Entrance .

The trend .in the 1960s toward reduced high school graduation require-
ments in many school systems and reduced admiss ions criteria in many college
systems is frequently blamed for producing a decnzased emphasis on academic
standards and achievement in sécondary schools. In fact, many students gradu-
ate from high school with only one year of mathematics and one year of science.
Lessening rigor in secondary schools directly affects priorities in elementary
schools. The Commission believes that high school graduation and college
entrance requirements in mathematics and science, which in many school
systems now amount to only a bare minimum, should be significantly increased
and this should be done forthwith. This is already occurring in a number of
school and university settings. ‘

The Commission is aware that education must meet the needs of all
students, and that not all will pursue similar careers. To recommend equally
demanding courses of study in mathematics, the sciences and technology for
each secondary school student may not be sound. This is not to say that high
expectations should. not drive all of our educationai endeavors. But, rather,
reality suggests that we prepare the academically talented for further study in
our colleges and universities in a rigorous manner and perhaps in areas different
from those who will not choose to continue formal education in institutions of

_ higher learning.

Thus, the Commission further recommends:

'@ Each state should institute statewide pérfqrman‘ce standards and strict
high school graduation requirements, and each local school district .
should institute more stringent grade prometion requisites.

@ All secondary school students should be required to take at least three
years of high school mathematics including one year of algebra (see
Exhibit B for suggested course content), and at least three years of
science. and technology, including one semester of computer science,
prior to high school graduation. This requirement should be mandated
at the state and/or local level to take efféct no later than September 1,
1985.% . a -

® All schools should provide opportunities for their students to develop

. their mathematical and scientific skills to the limits of their abilities and -
should offer appropriate sequences of courses for students at various
levels of ability. - o : '

® Steps should be taken to phase in higher mathematics and science - '
entrance requirements for all colleges and universities (a development
now underway in many institutions of higher education). Such college
requirements should include four years of high school science, includ-

40. Requirements should be instituted forthwith, but the Commission recognizes these requirements

must be phased in so as to avoid penalizing current students who do not have sufficient time.
remaining before graduation to meet all of these new requirements; those students should have to
fulfill as many of these requirements as possible. .

- -
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ing phy91cs chemlstry and one semester of computer science, fou;,
years of mathematics, mcludmg a Second year of algebra and course-
- work covering probability and statistics.

* @ Every school district and each middle and secondary school should-
establish mechanisms and procedures which opligate specific school
personnel to inform, in time for such courses to be taken, ail students of
these college entrance requirements. :

© Guidance counselors play an important role in academic and career

advising of students. School districts must give special consideration to
the preparation and responsibilities of those persons who occupy such
‘positions. In addition to competence in the technical areas of advising
and counseling, guidance counselors should be selected and trained

with appropriate emphasis on their sensitivity and understanding of the i
Nation’s commitment to abolishing discrimination based on race, sex, -

ethnicity or socioeconomic circumstances.

® School districts and community colleges should cooperate in providing

- " appropriate oppor'tunities for students whose mathematics and/or sci-

ence preparation is inadequate to allow them to take the next steps in
the1r education.

- B. New Educatlonal Objectives

Throughout this Report, the Commission has asserted that American students
require a substantially improved background' in ‘mathematics, science and
technology. Many of the courses now taught in most American schools badly
need revision and updaging; better trained teachers must have more up-to-date
courseware in order to teach effectively. These needs result from the explosion
of knowledge in scientific and mathematical fields, the availability of new
technologies for the commumcatlon of this knowledge, the recent results of
cognitive and behavioral research about how students think and learn, and the . -
failure of some teachers to keep their skills current. Some improvements can be

<

- made in the short term by increasing high’ school graduation and college
* entrance requiréments (see discussion above, Pp. 40-41). For the long term,
however, a continuing process of planning and review must be established atall - -

levels of America’s educational ‘systems. In the process, new educational
objectives will have to. be set and rhet. With this capacxty, our educational
system may be able to avoid perlodlc crises.

The Comrmsslon sets-forth herein a suggested set of educational objec- !

tives. This should not be construed as a suggestion for the establishment of a
national curriculum; rather these are guides that state and local officials nught
use in developing curricula for local use.

Factors that must now be considered in setting new educational objectives

are:

-—The need to expand the focus of mathematics, science and technology
education from only the pre-professional to all students;

oy
X 1
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—The changes.in what students should know about mathematics, science
and technology; o : '
—Theé availability of new communicati

. —The promise for education resulting from recent work in the social and

)

- behavioral sciences; _ : o
—The tendency of the present system to' motivate only the already

motivated and pre-professional students to continue to study and enjoy
the fields of mathematics and the sciences; B,

—The evidence that students entering primary school exhibit a natural
curiosity about numbers and about the world around them, but are
discouraged from consideration of serfous study in these fields early in
the elementary grades due to inadequate teaching or lack of
motivation.*! S -

, In the Cofmission’s discussions with a variety of groups, including the
education, biisiness and government communities, very few endorsed an em-
. . phasis on specific job-related skills. Rather, there was. general agreement that -
~ our contemporary society requires youth who are “trainable,” that is, who have
the capability of continuing to learn as changes take place in our society,
whether at work or elsewhere. Teaching specific job-related skills instead of
providing a strong general education is deemed ill-advised because specific job
skills might be needed only for a short span of time. : .
_Suggestions for selection criteria, course topics and student outcomes are
presented in Exhibit B anid summarized below. Many of these suggestions were
developed by conferences sponsored by the Commission. We are confident that
these suggestions. will move the Nation’s educational systems in appropriate
directions. They are presented to stimulate further discussion and debate. The
Commission urges their careful review by organizations of scientists, mathe-
maticians, teachers, technologists and educational researchers.

Objectives for Mathematics Education

Mathematics is a way of thinking that opens doors to new- knowledge in .

_virtually every field (e.g., art, music, social sciences) and is essential for
understanding the sciences. The applications of various aspects of mathematics
in the.sciences and engineering are changing and will continue to change as
computers and calculators become ever more pervasive. The skills listed below
provide a base for the study of other disciplines and are considered essential for
the use of current technology and for further study in the mathematical sciences.

~ Analysis of current student performance in mathematics—particularly the
use of mathematical skills in unfamiliar areas—indicates that they are leaming
to be technicians but not problem solvers. Opportunities should be provided for

/
{

41. Paul DeHart Hurd, *State of Precollege Education in Mathematics and Science,” paper prepared

for the National Convocation on Precollege Educationin Mathematics and Science, Washington,

" DC, May 12-13 1982, sponsored by the National Academy of Sciences and the' National
Academy of Engineering, Washington, DC. , _ :

. (_ﬁ-'
» o5 -

tand edulcationalﬂ technologies; *
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the appiication of arithmetic and mathematics in a variety of areas—in the

natural and social sciences, in consumer-related experiences and in other real- -

.~ life situations where analysis through mathematics is possible. In this context,
“cemputers and calculators make it possible to present simulation as a problem-

- . and secondary learning.

solving tool with important applications in virtually every aspect of elementary

- Mathematics instruction at the elementary level 'shoﬁld be designed to

- produce the following outcomes:

—Comprehensive understanding of and. facility with one—digii number
facts, place values, decimals, percentages and exponential notations; .

—Skill in informal mental arithmetic, estimation and approximnation; .

—Ability to use calculators and computers seIectively; ' '

—Basic understanding of elementary data analysis, simple statistics and
probability, and fractions; , _ _ .

—Ability to use some algebraic symbolism and techniques;,

- —Thorough understanding of aritl}metic operations and knowledge of

when each should be used. o )

H

At the secondary level there is a need to examine the content, emphasis,

“and approaches of courses in algebra, geometry, precalculus methods and

trigonometry. Some components in the traditional secondary school mathema-

" tics curriculum have little importance in the light of new techinologies. The

o

current_' sequence which isolates' geometry in a year-long course, rather than
integrating aspects of geometry over several years with other mathematics
courses, must be seriously challenged. Some concepts of geometry are needed
by all students. Other components can be streamlined, leaving room- for

important new topics. =

—Discrete mat_hematics,‘elementary‘ statistics and probability should now
be considered fundamental for all high school students.

The development of computer science as well as computer technology
suggests new approaches to the teaching of all mathematics-in which emphasis
should be on: : T oo

- . —Algorithmic thinking as an essential part of problem-solving;

—Student data-gatheﬁné.'ziﬁ& Explor‘ation of mathematical ideas in orderto
facilitate leamning mathematics by discovery. ' :

New computer technology allows not only the introduction of pertinént
new material into the curriculum and new ways to teach traditional mathema-
tics, but it also casts doubt on the importance of som® of the traditional
curriculum. Particularly noteworthy in this context at the secondary level are:

—Symbolic manipulation systems which-even no'w,'but certainly far more

~in the near future, will allow students to do symbolic algebra at a far

- more sophisticated level than they can be expected to do with pencii and
paper; e ~
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—Computer graphics and the coming interactive videodisc systems which
will enable the presentation and manipulation of geometric and numeri-
cal objects in ways which should be usable to enhance the presentation
of much secondary school mathématical material.

" We stress that the use of this technology and related software packages is
not a substitute for the understanding of the essential elements of mathematics,
but rather is a means to enhance understanding and stimulate creativity.

2. Objectives fo;' Science and Technology Education

.Science and technology are integral parts of today’s world. Technology, which

grows out of scientific discovery, has changed and will continue to change our
society. Utilization of science in the solution of practical problems has resulted
in complex social issues that must be intelligently addressed by all citizens.

- Students must be prepared to understand technological innovation, the produc-
tivity of technology, the impact of the products of technology on the quality of

life, and the need for critical evaluation of societal matters involving the
consequences of technology. ' S

Further, the nature of scientific inquiry and observation presents frequent

" opportunities for experiencing success with original ideas. Such inquiry does

not require unique answers. Students can rightly and successfully report what .

" they have seen and found. This type of experience should be encouraged.

~ Businesses will require, to an inereasing degree, people. who ‘are knowl-

- edgeable about science and technology. Science and technology instruction at
- the elementary and secondary levels should be designed to produce the follow-

ing outcomes: :

—Ability to formulate questions about nature and seek answers from
~ observation and interpretation of natural phenomena; :

' ——DeVe_lopment of students’ capacities for prOblem~solvit;é and critical
- thinking in all areas of learning; . N
—Development of particular talents for innovative and creative thinking;
—Awareness of the nature and scope of a-wide variety of science- and

technology-related careers open to students of varying aptitudes and
interests; » . . o _
—The basic academic knowledge necessary for advanced study by stu-
dents who are likely to pursue science professionally; '

,-—Scientiﬁé and technical knowledge needed-to fulfill civic respon-

- with an increasingly te:r;hqplogical world; .
—Means for judging the worth of articles presenting scientific.
conclusions.” - ' ‘

v The materials for broadening science instriction to acﬁieve _thesé out-
comes must be developed and tests ‘must be devised that will effectively

* " measure the degree to which these educational objectives are reached. It will

sibilities, improve the student’s own health and life and ability to cope - '
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talre time, talent and funds to develop these materials and tests. These will not

- be forthcoming, however, unless top priority is given to effecting these changes

-and provrdmg teachers and students: ylth the needed new mstructlonal
‘experiences.

In summary, students who have progressed through the Natlons school

systems should be able to use both the knowledge and products of science, -

mathematics and technology in their thinking, their lives and their work. They
should be able to make informed choices regardmg their own health and life-
styles based on evidence and reasonable personal preferences, after taking into
consideration short- and long-term risks and benefits of different decisions.

They should also be prepared to make similarly informed choices in the social
and polltlcal arenas. :

C. Revamping the Curriculum

The Commission believes the’ schools will have to develop for all students new,
coherent patterns of K-12 mathematrcs science and technology courses that are
explicitly designed to meet the new educational goals set forth in the previous
section. New science curricula that incorporate appropriate scientific and tech-
nological knowledge and are oriented toward practical issues are needed. They
also will provide an-excellent way of fostering traditional basic skills. The .
introduction of practical problems which require the collection of data, the

communication of results and ideas and the fermulation and testing of solutions

or improvements would: (1) improve the use and understanding of calculation-
.and mathematical analysis; (2) sharpen the student’s ability to communicate:
verbally and to write precisely; (3) develop problem-solving skills; (4) impart-
scientific concepts and facts that can be related to practical applications; )

develop a respect for science and fechnology and more generally for quantita-

tive observation and thinking; and (6) stimulate an mterest in many to enter

- scientific, engmeenng and technical careers.

Curriculum content requrres revision, not only to make the substance more
‘meaningful to students and excite them, but also to incorporate new knowledge. -

iFor example, there is now a glaring absence of technology education in

American schools—a lack of curricula, course materials, demonsirated teach-
ing methods and qualified teachers. The greater the degree to which all the

- sciences and technology can be integrated in new curricular approaches the

broader understanding in these fields will be.

The Commission ﬁrmly believes that thorough review of curricula should
not be a reaction to periodic crises. Rather, the Commission believes that a
process of continuous curricular review and updating (kindergarten through
12th grade) should be established. It shouild i mcorporate developments in various
disciplines, technology and-the latest understanding of the' learning process.

Curriculum selection and presentatlon are pnmanly a state and local
responsibility--and often are very successful--but it is _generally agreed that
optimum results usually require the coordinated efforts of experts from many

- disciplines and fields. This effort is often diificult to mount at the local or even
state level. Therefore, a process which includes natlonal leadership must be



estabhshed to evaluate present courses of study, propose new approaches and
promote- thelr implenientation m the classrooms of the Natlon

® The National Science Foundation, whrch has recogmzed expertrse in
leading curriculum- development, should again take the leadership role
in promoting curriculum evaluation and development for mathematics;
" . science and technology. The National Science Foundation should setup ’
: . a process to evaluate existing curricula, identify good curricula, dis-
s : . o -~ seminate information, act as a clearinghouse and promote the develop-
ment of guidelines for new curricula as necessary.

' #
' - - @ The professional societies in mathematics, science, engineering and
other technologies should play an active role in curriculum develop-
ment, rev1ew and revision.

There are numerous ways in which the National Sclence Foundation rmght
ap‘i)roach its part of this task. The Commission offers the following for serious
_ consideration as one possrble mechamsm

—A Mathemancs Science and Technology Curriculum Council mlght be

established in the National Science Foundation.- Within the next 12

months this Council would begin a continuing process to maintain a -

, broad overview of instructional material for elementary and secondary

: o education. To’ accomplish this, it would appoint and coordlnate the
T o activities of committees to address: .

" Elementary Mathematics Elementary Science 4
) Secondary Mathematics Secon_dary Scrence and Technology
The responsibility for each committee would include: :
__Recommendations regarding course content for its subject area;
%REEOmmendaﬁons regarding instructional design and metlrodologies,
* including software and new hands-on approaches;

" —Critical review of the available texts and other teaching and resource
materials;

*——'Publication of these recommendations and evaluations;

~Identification of the areas where 1mproved and/or new course materials
are needed and the exploration of new methodologies;

- —Identification of the areas where future research is needed in the desrgq '

. of curricula and the processes of teachmg and learning.

- Membership on these committees would consist of experts in the subject »
matter, including classroom teachers, representatives of professional societies
and school boards, technical experts from business and government and aca-
demic educational researchers and mstructors The Commission recogmzes that

. ',\
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some of these groups have already rhounted efforts in curriculum development.
They should be encouraged and given the opportunity for official consultation to
facilitate implementation of new courses of study.®? ~ - ,

Ass the work of the committees proceeds and areas for development and -

~ implementation are identified, the Curriculum Council would add members
representing publishers and associations of higher education, as necessary, to
-gncourage the development and transfer of these ideas to actual material for the
classroom. The Council and committees might work.with demonstration cen-
ters widely dispersed around the country to evaluate new approaches. In areas
where magnet schools or other exemplary schools or programs have been
established, these might serve as the test centers. These test centers could playa
key role in the dissemination of information on good curricula and should serve

as sites for the training of teachers to use these curricula.

Content development efforts. must include participation of practicing
. scientists, engineers and teachers, who can be organized through their profes-
o sional organizations, particularly those that have teachers and other academi-
_cians among their active members. These efforts should make use of educa-
tional technology and be closely correlated with software developers to find
means to interest and excite students in mathematics, science and technology at
the earliest grade possible. In considering appropriate curricula, the Commis-
sion strongly suggests that particular attention be paid to the new information
and communication technologies which are revolutionizing our society. It is
critical that all students gain an understanding of the operation and capabilities
of computers, since this technology has become an integral past of our society
and is becoming more important as time passes. States should require teachers
‘to have computer skills. Students should have significant exposure to computers .
/' _bythe fourth grade and should have at least one semestef of training in the use of
. computers by the tenth grade. Computer programming will become a tool for
learning mathematics, science and technology, for learning autonomy and for
learning the spirit of intellectual play. Thus, the Commission recommends:

® States.should take steps to ensure that all teache_fs and all students have

" access to such training.

/ | ® School districts should develop explicit plans to achieve computer
_ / - . literacy, since these goals must ultimately be implemented at the local
level. . - -

A ~ o 42. As a bridge between professional mathematicians, scientists and teachers, the Nation’s profes-

‘ : ' sional societies occupy a unique position. They should play an important role in any effort to
improve our educational systcm in mathematics, science and technology. This Commission has
encountered many outstanding programs which are currently being operated by professional
societies to help teachers and to motivate students. For example, the programs of the American
Association for the Advancement of Science, the American Assotiation for Engineering Educa-

tiori; the American Association of Physics Teachers, the American Chemical Society, the ) )

Ameritan Society for Engineering: Education, the Institute for Electrical and Electronics Engi-
neers, the Mathe matical-Association of America, the National Association of Biology Teachers,
:the National Council of Teachers of Mathematics, the National Science Teachers Association and

the National Society of Professional Engineers are: all noteworthy. A summary of programs.
provided by the professional societies is presented in Exhibit A. "
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© Business should be invited to take part in cooperative programs which
' \ LT involve resource shanng and contributions of equipment. -

e Individuals with expertise from business,, governiment and the hlgher
education community should take an active role in teachmg both
students and teachers about computers. . .________

In addition, the Commission has found that curricula for separate technoI-
ogy courses are virtually nonexistent, and material about modem technology is
generally poorly integrated into the science curriculum. Recent studies reported
tc, the Commission have placed particular emphasis on the need for materials sl ¥
dealing with technology at grades 8 and 9. The Commission, therefore,. :‘% i

C recornmends . .

"® The National Science Foundatron should support the development of
courses to meet this need, utilizing expertise from business both in
determining course ‘content and in formulating plans for using local
technologists to assist-in. pnesentmg the material.

. Finally, in developlng revised cumcula educators should strive to incor-
porate the ormation on the teaching and 1eam1ngprocesses The rapid
growth of psychologlcal knowledge holds some promise for improving instruc-
tional methods. Indeed, collaborative research between cognitive psychologists
and researchers in mathematics and science education should be encouraged to
test new concepts under classroom condmons Consequently, the Commission

recommends

.0 Research into the processes of teachmg and learning should be sup-
ported with Federal funds at both the basic level and the level of
‘ . classroom apphcatron This research should further the recent progress _
o in the cognitive sciences, and particular research projects should inves- =
oy tigate the integration of educational technologres into the processes of
C  teaching and learning. w

I=2)
o
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N THE PROMISE OF TI-IE NEW INFORMATION
_ 'TECHNOIJOGIES

~

-

-

Modern information technologies offer a tremendous potentlal for improving

N education and could revolutionize the education process. In the past decade,
computers have become universal devices with applications in numerous areas.

* The microprocessor in particular is likely to affect education as dramatically as

- ithas every other facet of our lives. Television, via satellite, cable and closed

~ circuit, pow pmﬂggguﬂpﬁ;ted flexibility in the transmission of informa-

tion to almost any location. Interactive communications, coupling television
with microprocessors and videodiscs, and compug_gaphre@ are offering new
and exciting possibilities for the improvement of teaching and leaming. If the
promise of these technologies- becomes a reality, the scale of financial and
human resources required. for elementary and secondary education would be

substantially reduced, while i improving the efféctiveness of the process.

/ : . ‘The benefit of these new technologies is already' being realized in other

/ - sectors. The military is ‘pioneering the use of computer-simulations, input-

. / _ - output devices and videodiscs for trarmng Industry, business and universities

/ : " are using the technology for retrieval of data, transmission of information and

/ training of personnel. In fact, developments are occurring so rapidly that it is

/ e - difficult to assess the actual state of the art in many areas. Almost any statement
/‘ ' . made today will, therefore, be obsolete in 3 few years, if not months.

o How, then, can new technologles best be used in elementary and second-'
7 ary education? The computer is already being used in the classroom to develop
- computer literacy, improve student motivation, enhance rates of learfing,
provide assistance for teacher shortages and deficiencies, provide h1gher-1evel
... instructional opportunities for disadvantaged and isolated stidents, improve
. administrative efficiency and increase teacher efficiency. (Some examples of the

. effective use of these technologies in schools and classrooms are presented in -
. Exhibit E.) The Commission found that interest is high and, as shown in the

following table, use of this equrpment is. mcreasmg rapidly. - :

Rt E
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" School Use of Microcomputers for Instruction ' ‘

- about computers, through computers and with computers.

A

" Year o No. of Schools
: ' October 1981 T 15,318
October 1962 ‘ ' 24,696

54,050 (estimated)

Note: The data for October 1983 are estimated on 2 sample of 29,850 out of a total of 82,884 schools (public, private and Cathwlic)
reporting as of 23 August 1983. The estimated number of microcomputers (average) per school is 4.3 for elementary schools, 7.2
for junior high schools, 10.4 for senior high schools and 9.7 for combined K-12 schoals. On this basis. approximately 350, ()00

October 1983 3

microcomputers are. estimated 1o be used for instruction (grades K-12) across the country. N
Source: The data, gcncruled by telephone survey, sre prov |ded by John K Houod, VILC President of Market Dal.\ Retrieval, Wostport,
CT 06880.

LY

A Educatlonal Uses of the Computer

Many technologres have been applied to education, however the computer is

educational uses of microcomputers fall into three general categories: learmn g
Learmng About Computers
Ina beginning stage computer hteracy is snmply learning about computers

at

* unique because it permits a high degree of interaction with the user. ‘The chrrent

~ —how to use them and how they benefit society. At a more advanced stage, -

computer literacy inclydes computer programming. Computer programming is -

important because it provrdes a marketable skill and encourages students to

think algorithmically and develoj problem-solving skills. Alarge nun{ber of .

timezconsuming administrative thsks could be handled by computers.
2. Learnmg Through Computers

The major focus of research and development in educational computmg———

ledrning through computers—(measured in effort and dollars'spent) has been on .

mode of computer use has several attractions:

—There is a body of research attesting to the effectlveness of this mode of
learning compared to conventlonal instruction.

—Teachers are able to develop their own learning matenals with relative
ease, with authoring languages, like PILOT, perrmttmg them to tailor .

the material to the needs of their students and g1vmg the students 4he i

feeling of-control and * ‘ownership.”
—The cost of developmg materials inthis mode is moderate

—This mode s well:suited to home-based learning, because it mvolves a
one-on-one relation between the student-and the computer and because -
there is little need for teacher intervention during a lesson.-

. —It permits each student to learn at his/her own pace.
3. Learning with Computers '

.

- -

The most promlsmg use of computers in learning envnronments both,
formal and informal, is the use of the computer as a tool of instruction and an

envxronment within ‘which learning can occut Materials generated for this, *

s
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- drill-and-practice, diagnostic testing, and question-and-answer tutorials. This
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mode generally are more experisive to produce because they require a wide
range of talents and expertise not found in a single individual; however, they
offer rich opportunities for learning of concepts and procedural shl]s as well as
development of the student’s intellect.

~ This mode has several components including:
—Microworlds, which are cyb'ernetic environments within which.ele-
ments may be combined according to given rules;
—Educational games, including adventure games, which develop reading
comprehension and problem-solving skills; :

—Microcomputer-based instrumentation systems whlch permit explora-
tions of real-world phenomena; 3

—Data bases to increase information available to students; . -

—Tools, including graph-plotting routines, word processing, spread -sheet -
programs, znd general purpose problem-sslvers; «

—Special purpose computer languages, ke LOGO, which permit crea-
tion of learning environments that foster development of the child’s
intellect; '

- —Simulations, which create flexible uniyerses within which the student
may experimentally discover properties of the real world;
—Discovery leaming in mathematics, which provides a more active and
self-directed learning environment within. which the student can dis-
cover properties of matfiematical functioris and operations.

- These applications of . .. iters are exciting. "However, four notes of

- caution are necessary. Firs , = .- Commission has ébserved a substantial gap in”

perception as to the utility of thece systemns between the producers and the

teachers who must apply them. Producers must provnde materials that are

appropriate to teachers’ needs, and teachers must.be provided with the neces-
sary training o apply’ this technology effectively. -

Sece—1 economxca]ly advantaged students often have access to computer
systers: - ae or in schaols, and thus learn to use the computer as aneffective
tool. Th  :cumstance is seen as potentially increasing the gap between
economically advantaged and disadvantaged students. Dldevaan;,ed students ’
may have only | hm)'ed access to computers, and then only in school for drill and
practice. }:;qual access for all segments of the student populatlon to the best
technology availab; : is clearly an important ISSUC “ Rapld growth in the number

¥

43. Schools in poorz districts were 25 percent lss likely to own micracomputers than other districts.
About 70 perceat of schools in wealthy districts own microcsmputers: 40 percefit of poorer:
schools have th: s equipment. The number of microcomputers in homes doubled from 1982 to
1983, reachiry; - "out 4 mileon homes; no doubt the greatest percentage is in the more dfﬂu* 1
homes. (Findirg: - s puters in schools released by Market Data Retrieval, Inc., Wes/prx,
CT.. Gallup and Mr 't surveys repotied in Time, May 23. 1983, p. 61.)

. v 4
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of computers available in the schools may ameliorate such unequal distribution.

Third, computers are, at their current level of development, educational |
tools to assist teachers. They are not replacements for teachers.

Fourth, some currently available software is ‘not of high quality and rs: :
difficult to integrate with the custiculum. Many teachers have had unsatisfactory
experiences with inadequate software. Improved programs are becoming avail-

able and much better programs are expected.

B. Guiding the Development of-Educational Technologies

The Commission finds that the new information technologies offer great poten-
tial for improving the classroom environment, particularly in mathematics,
science and technology. These technologies can’play an important role in short-
and long-term efforts to resolve the crises facing K~12 education, including
teacher retraining and the alleviation of teacher shortages. Therefore, the
Commission recommends that policies promotmg the use of educatronal tech-
nologies be encouraged by:
® The National Science Foﬂndatron which has recogmzed expemse in
© . supporting educatronal applications of new technologies,* should -
again take the leadershiprole in evaluating the status of developments in”
this area. This should include such action as determining needed -
initiatives, supporting prototype demonstrations, disseminating infor
mation on r}rodel materials and pracnces and supporting research on
integration of educanonal technologies with the curriculum.

There are numerous ways in which the National Science Foundation might
approach its part of this task. The Commission.offers the following for serious

consideration as one possible mechanism: -

—A Council for Technology Application in Education might be estab-‘
lished by the National Science Foundation. The Council would consist
of professionals drawn from authorities on the use of technology in
education, including classroom teachers, representatives of professional .
societies, and experts from approprrate busmesses industries and
universities. ) .

This group would advise and oversee National Scrence Foundation initia-

tives in this area including:

—Initiatives to.develop the most effectrve uses of these new technologres
for teachmg and leammg Research and development efforts should

44 Dunng the 1960's and 1970's, the National Science Foundation supported a number of significant
development efforts that facilitated the use of several of the .information technologies for
educational purposes. ~Among the developments resulting from such National Science Founda-
tion support are: the computer languages BASIC and LOGO; CONDUIT as a clearinghouse for
computer courseware; the PLATO hardware and software and authoring system; the Huntington |
software to supplement existing high school courses; the prototype demonstration of the intel-
ligent videodisc; and @ range of software and courseware optrons in science and mathematrcs

- ranging from the pre-school to college levels.
The National Science Foundation has consrstently been able to d=aw on leaders of the computer
and communication industries, professional societies and the Universities to participate in its
short- and long-range pianning formulations. '
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\bnng together teachers and curriculum experts, cognitive scientists,
mathematicians, scientists, engineers and experts from business and
: ~ industry. Federal resources should not preempt the initiatives currently
, L ~ being taken by the private sector in this area and should not duplicate or
restrain such efforts. New approaches should be tested with studentsin . _
school classrooms before extensive implementation is attémpted. '

—Research, which would otherwise not result in the near term from

private efforts, to provide a solid base of knowledge to permit effective

* utilization of modern educational technology and integration into the
cumculum of mathematlcs and science courses.

"\ —The development of mathematics, science and technology curricula that
can integrate computer systems and supporting materials effectwely
Grants should be provided to- supporf’ research and development in
critical areas that pnvate industry is not, pursumg and for small business
- innovative research projects which ‘are. appropriate 1/n these areas.-

——Encouragmg the private sector, science and technology centers, govern-
- ment agencies and colleges and,universities to collaborate in training
practicing teachers in the uuhzatlon of high technology systems. Spe-
--cial out-of-schqol training progfams, in-service programs, computer
conferences and other such training resources need to be developed.
Training y programs for schools of education-and liberal arts colleges also
need to be: put in place for our future teachers

_ —Encouragmg and assisting school systems to: acqmre computers, soft-
- - ware and insfructional materials. Business should not only expand the
' many programs they are currently supporting, but also develop new
approaches The National Science Foundation and other Federal agen-
cies should assist in making the highest quality software available on the
broadest possible scale. States, too, have an important role to play. They
" should forge cooperative efforts with industry to provide equipment and
training (especially in computer literacy) to local school systems, public
. o ~ institutions of higher learning and other programs. As part of these
/o L ’ - various efforts, special attention should be devoted to- ensuring that
| - students from all segments of soc1ety have ‘equal’ access to the best
' technology available. » . :

—Developmg trammg matenals for school admmlstrators in the use and
< o S management of educational technology..
o —Developlng training materials for parents inthe educational use of home
- computers. ‘

[

C. Utilizing Information Technologies o B N
A variety of steps can aid.in effectively' tapping the promise of the information
technologies. Therefore, the’ Commission recommends:

® The States should consider establlshlng reglonal teacher education and .

‘computer centers for the demonstration of and training in new tech-
- nologies. These centers could also coordinate the evaluation of hard-’
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ware and software and make 1nformat10n available to teachers onwhat ’
spec1ﬁc products are available. - :

- @ The use of computers and other high technology equ1pment in the

classroom should be managed so that students receive both the benefits
of the equipment and increased familiarity with this technology. In
particular, courses in computer literacy should take inte .account the
availability of this equipment for instructional purposes.

. ® The use of computer management techniques to relieve science and

mathematics teachers of excessive administrative burdens and to make
more of their time available for teaching should be pursued.’

@ Top executives in firms which ‘make up the computer communication

R

and information retrieval and transfer industries-should develop plans
which, in a good, economical and qu1ck way, enable school systems to
use the technology. . . : : ¢

-] The ‘national and state educanon counc1ls and local school boards

- should  woerk with local school districts and individual schools ‘in
* developing goals and plans for implementing computer managed in-

struction and other technologies in mathematics, science-and other
appropriate courses. These councils should make a particulareffort to
utilize the expernse\of executives and technical specialists from the
computer and communications 1ndustry and appropriate professional
societies. In this manner, these new technologies can be directly applied
to achieving the educational goals and objectwes set forth in this Report

by 1995.






INFORMAL EDUCATION

Much that affects the quality of formal education occurs outside the classroom
and beyond the control of the school—a great deal of learning takes place
unintentionally and unconsciously through casval reading and experiences. The
process has been referred to as informal or experiential learmng and offers an -
important opportunity for i 1mpr0vement in our overall educational systern. Such

opportunities are particularly helpful for the sciences and technology.

There are children who have had little experience with tools and toys that
develop problem-solving and manipulative skills, who have had little guided
experience with physical and biological phenomena that are all around them,
and who believe that science is extremely difficult and that scientists are strange

~ people. Such children are poor: candidates for mathematics or science in the

classroom. Unfortunately, the great majority of American chlldren today fit this
description.

‘Thus, while out-of-school aclivities and informal learning provnde a
special enrichment value for the gifted and talented, they have an even greater -

~ significance for the average student. The child who has regularly attended zoos,

planetaria and science museums, hiked along nature trails and built model
airplanes and telescopes is infinitely better prepared for (and more receptive to)
understanding the relevance of mathematics and leammg abougsthe physncal and

biological sc1ences :

Formal educatlon must be supplemented by a wide range of actlvmes that
canreinforce the lessons of the classroom and lend meaning and relevance to the

' rigor and discipline of formal study. The Commission believes that all students

need the best introduction to science through a wide variety of early experience

and information. The environment for mfonnal leammg should be as rich as

possible. Yet few children are exposed to Tenough, of these stimulating and
preparatory experiences. Many communities lack convenient access to science
museums and hobbies, and even the best science museums are seriously limited

- by inadequate funds for their educational activities.

_ Therefore, the Commission recommends:

® Youth organizations, museums, broadcasters and other agents of infor-
mal education should ccoperate with school districts and .each other to .
provide a rich environment for early and contmued leammg and
monvatlon outside of the schools. :

Perhaps the most pervasive medium of informal learning today is through
broadcasting; even young childten watch almost four hours of television daily.
indeed, in an increasing humber of homes both parents work and ¢hildren return
home each afternoon' and are exposed to commercial television programs which

0
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often present a grossly distorted, and generally negative, picture of science. A
few efforts to convey the facts and excitement of scrence by this media,
however, have been successful.

One such example is “3-2 1 Contact,” a darly science program for 8-12
year olds which is viewed in over 23 million homes. The series costs less than

' one cent per viewing and is used asa classroom supplement by roughly a half

million teachers. The Girl Scouts of the U.S.A. has begun a special science
program based on the TV series and over 10,000 science badges were awarded

“in Washington, D.C. alone during the first yedr. Almost a million children read

related magazines and books—entirely funded by private sources. Nonetheless,
although corporate and public-television contributions total over $10 million per
year, ““3-2-1 Contact” and similar series are basically dependent upon Federal
funding for their existence. The Commission alse recommends: '

.. ® Science broadcasts are an important and cost-effective vehicle of infor- -
mal lcaming and should continue to receive ‘substantial Federal invest-
ment and support. : .

© Businesses, private foundations and others should increase their sup-
port for such programs in the commercial, as well as the public,
broadcasting areas. They should particularly encourage programming
of such material by local stations and promote appropnate educational
objectives for this programming.

® Federal regulation of commercial stations should 1nclude at a time

- convenient from the pomt-of-vrew of the student, a required perrod of
educational programming for children..

® Cable and local TV stations should assist with teacher trarmng and
publicity to increase the public awareness of and, attendance at science
museums and technology centers.

¢ Corporations shouid provide special support to promote the efforts and
audiences of i institutions like public broadcastmg and science museums.

- Although broadcastmg offers an exciting and cost-effective means to A

) supplement the experience of large numbers of children; it remains a passive .

and vicarious actrvrty—hmrted in its ultimate effect until complemented by
direct, “hands-on” experiences. The background and stimulus of television
should be matched by the direct “hands-on” activities of science museums and
clubs Recreational science activities, youth organizations, reading afid person-
al experiences are the indispensable route to expenentlal learning. .

" Museums provide an especially unportant location for such activities. The :
attendance at science museums and telated institutions totals roughly 150
mrllron per year—almost as large as all other museums combined and more
than the combined annual attendance at baseball, football and basketball games.
Attendance at the Air and Space Museum is almost as large as Disney World,

- and attendances of several milljon people at large science museums are

common. _
~ Inrecent years, an increasurg number of museums have seen'education as
their primary roleand have ~>veloped a wide variety of entertaining, *‘hands- -

w .



on” experiences that have helped.to attract these enormous audiences. Many
integrate: science, technology, art and hlstory in a manner that contributes to
classroom education in a number of areas. Many science museums have
established substantial teacher training activities and weekend and evenmg
programs for all types of science hobbies.

Most museums are largely supported by private funds and they have
consistently recruited exceptionally talented and well-trained teachers. Status
and morale are generally high. The wide variety of innovative programs, the
creative displays, the links to school activities, the large attendances and the
large cadres of volunteers are the envy of other countries. American science
museums are considered a model throughout the wor]d and are copied
assiduously.

 Yet few museums offer more than a portion of the spectrum of programs

and services that have been proven and demonstrated—Ilargely because local
funding has reached t.he limits of its ability.- The Comrmssnon, therefore,
recommends:

@ Science museums should serve.as a focus for community interest in

informal learning. about science and technology. Science museums, -
whenever possible, should offer a' full range of activities and oppor--
tunities to pursue science hobbies, teacher-training programs, weekend
- and evemng programs for parents and children, and-opportunities for
“hands-on” experience to complement the stimulus and background
experience provided by such media as television and reading.

® The Federal government should provide supplementary support for
" museum education activities in mathematics, science and technology at -
a level that will encourage 2 rich spectrum of activities and options.

¢ Local busmess groups should work with museums to encourage, sup- -
port and publicize their education activities. .

® Institutions like libraries, voluntary youth organizations, the Boy
- Scouts and Girl Scouts, the Audubon Society and similar science and
technology related groups should work with museums: -and schools to
ennch thepenwronment for informal learning,

anvate mdustry and businesses, the military and other govemmental
agencnes should create programs and opportunities which let children
see science and- techno]ogy in actual operation in their plants and
|installations. -

Fi nally, in broadcastmg and museum activities—as we]] as journalism,_
magazmes and other vehicles of informal educanon—nt is important to recog-
nize that “‘adult” and “children’s” materials are inextricably interwoven. A
~ substantial part of their value and impact reflects the fact that they are a joint
learning experience, and a rich environment is valuable to both. If parents and
adults understood more, and were more aware of science and technology, the
problems of gundance and counselmg in our schools would be far less difficult.

. < \ ) _ ) \
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HOW THE NATION SHOULD FINANCE NEEDED
EDUCATIONAL IMPROVEMENTS IN ELEMENTARY
'AND SECONDARY SCHOOL MATHEMATICS, SCIENCE
AND TECHNOLOGY

N

. The Comrmssmn has not made a comprehenswe analysis of the costs of
elementary and secondary education ir. the United States. Educational finance,
in America is a compléx matter, with support coming mainly from state and
local governments, coupled with some assistdnce fr m the Federal governinent,
industry, foundations and other source,s Wdlmms for publlc elemen-
tary and secondary education for the' last four years are summanzed m the
following table: . .

TOTAL-EXPENDITURES FOR PUBLIC ELEMENTARY AND SECONDARY EDUCATION*

School Year School Year School Year’ School Year:

. 1979-80 1980-81 1981-82 . 1982-83

Billions %  Billions % '  Billions % Billions . %
1. The Federal Government® $95 98 $ 96.- 93 . $ 97 86 $ 9.0 7.7

2. The States, including District of $45.1 46.8  $48.8 47.4 $ 53.6 47.7 $57.6 49.0
Columbia, and other temtonal ' :
governments

3. All local political subdivisions' '~ $41.5 = 43.1- '$ 442 43.0 $ 488 434 $ 506 43.0
and school districts below the ' ' ‘ '
state level

i

4. Other, including foundations, .$03 03 $ 03 03 _$ 03 03 § 04 03
business, etc. . . _ '
TortaL: -~ $96.4 100% . $102.9 100%  $112.4 100%  117.6  100%

* The estimated amounts spent for private clcmcntary and secondary school educamn for the school years 1979-80 and 1982~83 were $12.2 and $15.3 b|ll|on rcspccuvcly
Source: National Center for Education Statistics (NCES) (lo be published in the 1983 Digest dfducauonSmn.mc: ) -
" ¥Source: Digest of Education Stavistics 1982. NCES. . . "
\ © These are the latest figures availabfe from NCES (to be published in the 1983 Digesr).
¢ In addition to estimates for “*regular™ schools, data include estimates for *“other™ schools. such as subcollegiate dcpanmcnls of institutions of h:gher education. rcsxdenual
schools for exceptional children. Federal schools for Indians, and chcral schools on military posts and other Federal installations. For example, the Federal expenditures for
1979-80 were estimated to total $9.5 billion. Of that total. $3.4 billion came from the Elementary and Secondary Education Act (Titde 1—now rererrcd to as Chapter I—allocates
funds to school districts on the basis of the number of students fmm low income familics; these monies are then spent to assist educationally deprived youngsters): $3.2 billion from
the school lunch. mitk and child feeding programs; $0.66 billion from school assistancein Federally affected areas; $0.36 billion from the vocational education acts: $0.13 billion
from the Emergency School Assistance Act: and $1.8 bllllon from other Federal programs
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Consonant with its original mandate from the National Science Board, the
Commission has formulated a set of recommendations that call for actions and
initiatives at the Federal level. The estimated cost of the recommendatxons listed
in Exhibit C is $1.51* billion in the first full year of their institution. . In total,
the cost of these new Federal initiatives is modest in comparison to the $9.0

- billion_spent last Yyear in Federal assistance to elementary and secondary

education. .

Inefﬁclencles where found ehmlnatlon of unsuccessful and duplicative
efforts and more effective expendxtures of governmental funds might reduce (at
the margins) present levels of Féderal, state and local spending.*” And many of
the Commission’s recommendations will result, in the long term, in a better

quality of services being delivered at a lower overall net cost to society. It is '

mandatory that a search for all such savings and the élimination of unnecessary
expenditures be undertaken immediately by each level of “government (with help
from the private sector).*s The public will not tolerate waste if, at the same time,
it is called upon to increase significantly its support for education. Any
perceptlon of waste, whether well founded or not, will reduce the public zeal for
changes which require’ additional governmental outlays.

Even after such possible savings are realized, however, the Commissionis -

certain that, at least in the short term, more public money must be spent to
accomplish the goals and objectives set forth'in this Report by 1995. In addition
to determining the required overall net increase in spending, the difficult and
equally crucial question of what portion should be bome by the Federal
government must be addressed. The Federal government has an interest in the

. overall functioning of the elementary and secondary school system, and, in

appropriate circumstances, this interest warrants Federal assistance to aid in the

establishment, maintenance and support of such schools. This belief is based .

upon recognition that, inter alia:

2

.

45. During their initial year, the initiatives set:forth in this pian will require a"Fedcral dppropriation of

$1.51 billion. During succeeding years this figure will decline-—to approximately $680 million in
the second year and $331 million in the sixth year. The iuitial Federal appropriation of $1.51
billion includes $829 million to hclp state and local governments initiate some 2000 exemplary
mathematics, science and technology programs in elementary and secondary schools. These

% funds would be distributed over a period of three years at a rate of about $276 milion per year, but
immediate authorizations and appropriations are requlred to establish the scale of the program: and
provide the necessary credibility and assurance. to state and local governments.

46. Since this Report is limited to necessary improvements in mathematlcs science and technology, it
does not reflect additional costs, if any, which might be required to improve clcmentary and
secondary education in other disciplines. Some of these costs, however, will not have to be
incurred since certain of the Federal costs delineated in Exhibit-C will undoubtedly result in
‘system-widc |mpmvements which will enhance education in all areas. '

47. For example, there are reports that in certain States the population of students of K-12 age may -

decrease as much as 30 percent in the next five years. School admmlstrators might be able to
" reduce operating costs as a result.

48. Such, reviews, necessary recommendations and initial implemcntation of recommendations
should be accomplished by August 31, 1984.



(a) Prepared citizens (especially in science, mathematics and technology
as well as other basic academic and technical subjects) are required for the
operation of the Nation’s essential industries and services, the ability of those
industries to compete internationally and for military security. Such preparation
is also necessary tp-enable an informed public to con51der discuss and judge
intelligently the major issues facing the Nation today, many of which have a
mathematical, smentrfjc and technological thrust.

~ (b) Some Federal aetivities and requirements place additional costs on the

" local school system (e.g., impacts created by the stationing of Fedeéral facilities
like military bases in the school district, Federal racial desegregation, anti-

poverty and anti-handicap policies and regulations.)
\

(c) Federal 1nvolvement is necessary when certam critical skills are
extremely short or when there is a great need for an urgent program to produce
vital talent in the Nation (e.g., shortages of trained doctors or other medical
personnel in wartlme or the natronal response to Sputnik.)

(d Improperly or madequately trzined hlgh school graduates increase the
cost of training for those inducted into the defense forces.

Thus, the Federal government is perceived as having at least some respon-

.sibilities to ensure that’ifs citizens are trained to meet the demands of the
workplace and a society that increasingly require mathematical, scientific and
technological skills and understanding.

This Commission does not believe, however, that these and other consid-
erations lead to the conclusion that the Nation now expects the Federal govern-
ment to assume the primary responsibility for supplying financial support for
new educational activities at the elementary and secondary,gc hocl level requlred
toaccomplish the 1995 objéctive. Americans live under a Federal Constitutional
system which reserves certain powers and functions to the States. Throughout

its history, the Nation has accepted and supported the premise that the principal -
resporisibility for creating, maintaining and operating elementary and second- :
ary school systems belongs to the States and local governments. The Commis-
sion believes, therefore, that there jis a national consensus that (exce t in unusual

circumstances) state and local govemments “'should bear most of the expense of
elementary and secondary education, mcludlng costs of buildings, textbooks,
teachers and administrators:

- "

‘The Commission also recogmzes that it would not dlscharge its ‘respon-
sibility by merely recommending increased Federal expenditures, because;
simply stated; it will never happen, and if it did, it would not complegely solve

the problem and might just result in the waste of some Federal dollars.. The -

Federal government already has an enormous annual deficit. Federal allocations

© to the States~and :schools are often accompanied by paperwork and control

which many school districts already claim are excessive. Most importantly,

excessive Federal intrusion might deter or prévent thé implementation of -

imaginative plans which the Comm1s51on knows local- school districts are
capable of developmg

80
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The Commission does not recommend; therefore, that the Federal govern-
ment supply all of the necessary new funds. As previously stated, however, the
Commission does recommend Federal funding for certain specific programs as
set forth in Exhibit C. In addition, new approaches must be stimulated by the
Federal government to aid state and local districts in the discharge of their
responsibilities. o

9

In order to develop the financial approaches requnred and to make the
determinations called for in deciding how the costs of public education should
bé shared by all sectors, the Commission recommends:

.

® The President should immediately establish a Council on Educational
- Financing, which would examine the methods through which the
Nation could marshal the resources to implement the Commission’s
recommendations. The function of the Council would be (1) to deter-
mine which levels of government are responsible tor provndmg the
funds required to implement the recommendations, and (2) to suggest
devices that will protect States and local governmental bodie§ which
" assume a share of the responsibility for 1mplementmg any or all of these
recommendations from anti-competitive tax disadvantages.*

In order to do this, the Council would need to determine: (a) justhow much
funding is needed to implement all of the recommendations, (b) what part of
‘these funds, if any, can be recouped through mcreased efficiency and the
ellrmnanon of unnecessary present programs, (c)-which levels of government
" should assume responsibility for the remaining financial shortfall, and (d) what
types of revenue measures are required to raise the needed funds.

The Gouncil would be instructed to render a report with conclusions and

' recommendations to the President and the Congress ‘on or before August 31
1984. N~ -

-

&

49. As noted in a Washington Post editorial of August 6, 1983, States and localities which want to
% raise taxes in order to provide additional governmental services are placed at a serious short-term
 disadvantage because existing businesses may relocate to States with lower tax rates and new
* industries are lcsshkcly to settle inthe State. A sclf’perpetuatmg problem s created. As industry
leaves and the tax base i lS eroded, the State is forced to consider even higher taxes simply to
maintain existing services. Therefore, it is essential that the Council on Educational Financing

consider innovative approaches to ensure that anti-competitive tax disadvantages among the -

Statcs are eliminated. For exaiiple, a tentative idea which the Council should consider is whether
chcral government could impose atax which would not be effective if the state government

Federal government would induce the States tq raise additional money, butit is done in sucha way
that the Federal government is in no way involved in 'the collection or allocation of the funds. It

would be a state tax. Yet no State would be’ p]aced ata competitive tax disadvantage, since any
State that failed to enact the tax would supjett its citizens to a higher tax payable to the Federal

-government. This idea is not a recommendation of this Commission. Rather, it is only an
illustration which the Commission hopes would induce members of the Council to think of
imaginative ways to raise the addmonal ,rcsources requlred by the rccommcndatxons in thiis
Report. - . ’

e

»|mposcd a tax at one-half the Federal rate. In othcr words, this is a scheme under which the «
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- EXHIBIT A

—

LISTING OF PROGRAMS AND ACTIVITIES REY XEWED
BY THE COMMISSION .

Following is a representative listing of programs and activities that have been

reviewed hvy thi: National Science Board Commissiof on Precoilege Education
* in Mathematics, Science and Technology. It was nct stnble to include all of the
many inte .sting prog-ams that have come to the attention of the Commission.
The list 1s organized- according to the sector playing the major initiating or
managemert role, although many programs inv~lve partnerships ameng multx—
ple groups or sectors. -

Federal quernment

»

A Federal presence and interest in precollege edi:cation extends as far back as
the Ordinance of 1785 setting aside public lands for the support of schools i

every township. A broad national interest in an educated public, concern about - - -

manpower in health, agriculture, science and engineering, and defense and—
mare recently———about‘equal access to education, have helped shz,ipe major
Federu,u commltments to education. :

Principa. respon‘ubxhty for elementary and secondary education rests with
state and local govemments The Federal share of expenditures i in this area has
always been less than 10 percent of the total cost and today aihounts to 7.7
percent. Where thére has been a strong national interest and a need for focused
national leadership, goals and resources, the Federal government has hxstor-'
ically assumed greater responsibility. .

|

The Commission has discussed precollege education issues and perspec-
tives with representatives of the Executive Office Qf“"the President (Office of
Management and Budget and Office of Science and Technology Policy) and
with congressional staff members. It has received detailed presentations on past
and planned programs from the National Science Foundation, the Department
of Education, and the Department of Defense, including the programs listed
below. Many other Federal agencies with $cience-related missions, such as the
Departments of Commerce, Energy, and Health and Human Servi: s, and the
National * Aeronautics and Space Administration, have programs involving
mathemancs and science in the schools. These often inclide summer intern-

.-y
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ships and employment' ‘visiting lecturers, and field trips, as well as support for
progiams using technology in education. Also many of the programs and’
activities listed under other sectors rec:ived support from Federal sources.

‘ Department of Defense: U.S. Army’s Junior Science and Humanities
Symposium, Research-and Engineering Apprenticeship and Uninitiated Intro-
duction to Engineering Programs for socially and economically disadvantaged
- students, support for science and engineering fairs and the U.S. Mathematical
Olympiad. U.S. Navy’s JOBS program and Educator Orientation Visit pro-
gram. U.S. Air Force’s Project Tech 2000, Aerospace Education Foundation,
and Explorer Posts. U.S. Defense Cammunication Agency’s Natxondl Science
Center for Communication and Electronics and project LINK for direct broad-
casting to schools. Defense Department activities also include a presentation
that stresses the skills, including a knowledge of mathematics and science, that
new recruits need to have, which will be available tofjunior high schools, and the,
Partnership in Educational Development- Program with computer companles
which focuses on ROTC hlgh schools. .

Department of Education: The Smith-Hughes Act of 1917, later the
Vocational Education Act; the National Defense Education Act of 1958 to
improve the teaching of science, mathematics, and foreign languages at pre-
college levels, Title I of the Elementary and Secondary Education Act of 1965,
allocating funds to school districts with concentrations of low-income children,
to meet the special nezds of educationally deprived children (now Chapter I of’
the Education Conso!;iation and Improvement Act of 1981), and the Education
for All Handicapped Children Act of 1975, to provide greatly increased assis-
tance to the handicapped for educational access.

Natlonal Science Foundatlon Summer and In—Servu.e Teacher Institutes -

for Elementary and Secondary School Teachers, Summer Fellowships for

- Secondary School Teacliers, Research Participation for Secondary School |

Teachers, Elementary and Secondary School Course Content Improvement,

Cooperative College-Scheol Science, Elementary-and Secondary Materials

Development, Instructionzi Improvement Implementation, Student Science

Training, Resource Centers for Science and Engirieering, programs for women,

minorities and handlcapped in science and engineering, and Public Understand-
mg of Science.

Stztte Governments

There are rapidly developing iritiatives at the state government level that
address elementary and secondary education in rnathematics, science and
technology. Two concems are upperrnost:.(1) Most Staics believe their ability to
attract high technology industries and adapt to technological change in tradi-
tional occupations is crucial to their economic future. (2) These States generally
. believe. that the availability of well trained scientists and engineérs and a high

quality work force, both ofswhicty dlrectly concern education, are Crucial to
achieving these ends. ’“\ \

State programs deal with the entire range of problems in mathematlcs
science and technology education. The areas where Sfates have especially great

¢
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‘ leverage are: standards for teacher certification, which they determiric: reguire-
ments for high school graduation; endorsements of particuiar curricula and
texts; and. increasingly, statew ide competency testing of teachers and students.
Addition:." information about state programs appears in the volume of source
materials accompanying this Report.

e 1

Alabama: This State was one of the first to adopt a scholarship and loan

. program for mathematncs and science teachers. The State has also provided that

- tedchers may take content programs in the subject they teach rather than
approved education programs to obtain advanced certification.

Alaska: The Governor’s Task Force on Effectivé Schooling resulted in -

— ‘ plans for increased local review of school needs and more assessment of student

' ' . performance to be carried out with technical assistance from the.State. The

' “Leamn Alaska” program uses satellite technology from four transmitter sites
for courses on mathematics, biology, and other subjects’ :

-Arizona: The Gove@lor's Six-Point Program for Academic Excellence in
precollege mathematics, science and technology includes higher state univer-
sity admissions requirements, mathematics and science centers at the state
universities, summer institutes for teacher training, a computer literacy require-
ment for precollege teacher certification, and the use of industry mathemdtl—
cians and scientists in the classroom. :

' California: The investment in People program seeks to strengthen mathe

* ' matics, science, and computer instruction jn ¢lementary and secondars

schools. It includes demonstration projects, summer institutes, cumculum
efforts, computer training and software evaluation.. A *“Méntor” teacher pro-
gram was recenthy enacted prowdlng higher pay and additional responsibilities
for assisting other teachers together with higher starting salaries for all teachers.
. The State Board of Education has’ passed a resolution urgmg at least three years

N of?mathematlcs two years of sc1ence and one semester of computer science for

every high school student.

- . . Connecticut: The Depanmentof Educatlonlestmgunshed CltlzensTask'
Force on Qualit; ‘Teaching 1ssued recommendations-in 1983 to improve recruit-
mént and retention of. hlgh quallty teachers particularly in mathemattcs and
science. N S

Delaware: The: Govemor has recently appointed a Task Force to recom-
‘mend steps for improving the schools; and the Delaware Board of Education has

- appointed another grolip to study the problem of teacher shortages in mathema-
tics and science. The Jobs for American Graduates program, involving
customized training for specific jobs, was developed through,a committee of
corporate and educational leaders and is now a model for other States.

Florida: The Govemor S Co@rmssnon on Secondary Schools has recently
issued a report with recommendations for teacher. training and high school
graduation requirements, which'includes three years each of mathematics and
science. Task Forces led by the House Speaker and Senate President have also
made recommendations to the Florida legislature to upgrade: ‘student perfor-

oY mance, encourage students to enter mathematlcs and science teachm g, and raise
- teacher certification requirements. . ’

v
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Georgla' The State Board of. Regents and Board of Educatlon have
recommended differential teacher pay for priority locatlons such as low income
areas, disciplines such as mathematics and science, and improved student
performance. The legislature_has enacted a mathematlcs and science scholar-

: shrp loan program for future teachers. :

Indiana: The Governor’s proposals to promote. excellence in public
schools include matching funds to local school districts for computer hardware,
software loans to less affluent districts and teacher training.

Towa: The Education Committee of the Iowa Academy of Science made
~ recommenddtions for science and mathematics education to the Governor,
* including upgrading and Jmplementlng teacher certification requirementy, re-
cognlzmg outstanding teacher and student performance and using mathematics:"
“and science consultants to help upgrade teachers. The State has instituted a pilot
program to train biology *eachers to teach the physical sciences. To do this, it ’
has developed a new curriculum package and a telelecture interactive telephone
system desig ned especrally for rural areas.

Kentucky: lms State was one of the first to epact a program of loan
forgiveness for future mathematics and science teachers. It has also established
a certification plan that requires competency testing, a one-year internshipanda
three‘year commitment to teach. The State recently increased high school
mathematics and science graduation requirements, established a “Governor’s
. Schoof”” for outstanding high school students, and enacted a.new school
accreditation plan focused on district-wide performance of students, rather than
. performance level by individual school. This places more responsibility on the
school board tu assure that the district meets accreditation standards.

Louisiana: The Louisiana School of Mathematics, Science and the Arts,a -
publi:. residential, coeducational high school for exceptronal students was
established by the State legislature in 1951

Maine: The Governor has established a Commission to develop rec-
ommendations on how to improve the quaiity of the labor force from entry level,
bIUe collar workers, to professional englncers

~ Maryland: The Education Committee of the Govemor s Science Adviso-
ry Council is exarru{nng mathematics and science programs at the precollege
" and university levels. The Commis=*~u for Quality Eoucatmn has proposed
differential pay and an eleven- month contract for teachers

Minnesota: Minnesota Wellspnng, a coalition of statc government, busi-

ness, labor and education is working to improve technological and economic

" strength in the State. The Minnesota Alliance for Science Education, composed -

of scientists, industry, and educators, is engaged in a joint effort to upgrade
science education,” K-12.

.Mississippi: The Govemor’s Comprehensive Plan to upgrade puklic
education includes ten percent pay increases for teachers, tougher-teacher
certification standards, a compulsory school attendance law, and perfonndncc
standards for school accreditation.

i
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. New Hampshlre. The Corporate Council for Critical Skills, financed by
thirty New, Hampshire businesses, provides summer jobs and supplemental
training for mathematics and science teachers.in critical-thinking and problem-
solving skills to help thém better equip students for jobs in industry. Itplansto " -
involve higher education and the state government, as well. : ‘

New Jersey: The New Jersey Council on Mathematlcs and Science
Teacher Supply and Demand is considering proposals for training and retaining
teachers in these fields. . was established by the Commissioner of Education-
and the Chancellor of Higher Education.

New York: The Center for Learning Technologles established by the
State Departinent of Education’in the spring of 1982, will provide technical-
assistance " to schools ,and implement new programs e~~vohasizing computer
literacy. :

North Carolina: The North Carolina School of Science and Mathematics -
is a statewide, state-funded residential hich school for able and motivated
‘juniors and seniors. Recommendations have been issued by e Governor’s Task
Forue: on Science and Technology, the North Carolina Board of Science and
Tecune” gy, and the State Department of Public Instruction to m*p‘ove science
and viatheimatic, aducation. The State has enacted programs requiring that
a.‘acha s be teachmg in field by the fall of 1983, extending employment for -
~t.<ied, mathematics and science teachers, providing summer institutes for
Junior high mathematics and science teachers, and establl shing a Quality
Assurance Program for teacher training. ‘ :

Ohio: A Commnssxon representing schools and colleges has recom-
mended more rigorous high school courses, including three years each of
mathematlcs and science for college-bound students.

Oklahoma A statewide Master Teacher plan pays an additional $500 a -
year to teachers who hglp {rhm other teachers. - .

Pennsylvama. The State Dcpartment of Education has established sum-
mer science programs at Carnegie-Mellon University for students who perform
exceptionally well in science at the sophomore an- jiior high school level.

' Rhode “sland: A proposal is pending in the state leglslature for a feasi-
bility study »f a state seccndary school for mathematics and science. The |
Governor has also proposed a program of forglvable loans for future mathema-
tics and science teachers.

South Carolina: The State. Board of Education’s “Move to Quality”
. program involves increased high school graduation requirements. The State
Superintendent has proposed adding science to the state’s *“ Basic Skills” list and
establishing’ special mathematics and science teacher training programs

Tennessee: The Govemork proposal for a Master. Teacher program to
provide merit pay, based on the LEglsldture s Tennessee Comprehensive Educa-
tion Study, narrowly failed to be enacted this year. The Governor has also
- proposed méreasmg high schoo] mathematlcs and science requuements
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‘Texas: The Essential-Goals for College Success project of the Texas
Commissioner of Higher Education involves greater efforts to make students .
awaré of the need for a strong precollege program. House Bill #246 has been
enacted to restructure the K-12 curriculum with increased mathematics and
science emphasis. A Workshop on the Mathematics and Science Teacher >
Shortage in Texas was sponsored by the Texas Education Agency, Coordinating
Board, and Southwest Texas State University. '

Utah: The Governor’s Solving the Scheol Crisis Program proposes for-
givable loans and tuition grants for prospective mathe;latics and science
teachers, a longer work year, links with business for summer employment of

‘ | e teachers, use of scientists in schools, upgrading state teacher training and

T certification, allocation of resources to computer equipment, building carecr

' ladders and eliminating clerical and custodial duties for teachers.

Virginia:' The Govemor « Task Force on Science and Zechnology recently
- issued forty-four recommendations iiicluding proposals for education programs
in mathernatics, science and comruter technology, the raising of high school
graduatton requirements, salary ‘acreases for all public school teachers and a
pilot master teacher program. . : \.

Washington: The Governor’s Comrrutee on High Technology Training
and Advancement issued its recommendations in January 1933. Inservice
training and retraining of K-12 teachers in science, mathematics and computer
literacy was third in priority out of fourteen recommendations. : -

Wieconsin: A recommendatlon has been made to the University of
Wiscousin Regents by a state-appointed council urging three years each of ~

science and mathematics for sll college-bound students. MR /

Education Commission of the States: Its recent report, “The Ir-forma- -
tior Suciety: Are High School Graduates Ready?” presents results of the
Netonsl Assessment of Educational Progress and recommendations for
chang;ed a¢ the: precollege level. A spccial briefing to the National Governors®
Asseciation Annual Meeting, August 1982, “‘Education fera High iechnolo gy
Econcmy,” contains recomimendations for state-level action. The Advanced
Leadership Program Series (ALPS) holds regional meetings q;lsi worksqc‘ps for’

state legislators involved i education.

‘Seuthern Regional Education Board: “T he Meeg © “ality”, a report
= . of the SREB Task Force on Higher Educatior: anc the ... uols June 1981,

‘ contains twenty-two recommendations addressing toacher training and ces-
tification, school leadership, the quality of the curricvlum ‘and vocationa!
training. The Southern Regional Education Board is a consortium of {owrieen
States concerned with issues at all levels of educatich. ’

4

- i ~ Local GuvemmentS/Schooi Districts

v . Local control of education has been a hallmark of the American prblic school

‘ B .~ system from its beginning. Local school systems, district suy+rintendents,
boards of education, school boards, and lo¢al municipalities i.-+¢ important

roles to play in establishing local policies and implementing Federal and state

-
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directives. In most school districts the school board has tax levying power and
develops and has control over its own budget. Where this is the case the local
school board is the immediate unit of government at the local level as far as
schools are concemed. )

. Today, =ach of the more than 16,000 local school districts has a major role

in determining policies, in that district particularly in the following areas:

~ Standard-setting beyond what is directed at’ the state level, selection and

development of curriculum, enforcement of teacher certification requirements

and determination of salary where there is not statewide bargaining, evaluation

and assessment of teachers and students, determination of codes of conduct in

the classtoom, and the responsibilities of an ombudsman who works with the
local commumty and state and Federal government.

Mesa Public Schools, Arizona: The District has been selected as one of

e . the top twelve in the United States in elementary school science programmmg

by the National Science Teachers Assomatlon It has an innovative science

- coordinator for all elementary science programs who plans curricula, assem-
bles and distributes materials, and works with teachers in the district.

Tacson Unified Scheol District, Arizona: The University High School
provides an academic magnet program from which it sends ninety-six percentof -
its graduates to college (eleven National Merit Scholars in 1981) and works with -
the University of Arizona to provide special .courses for more advanced
students -

Santa Cruz, Cahforma The Green Acres Elementary School’s Life Lab
""" Program combines science, nutrition and gardening lessons and their applica-
tions by using a three and one-half acre garden site. It was selected »s an
-outstanding’ program by the National Science Teachers Assoc1atlon s ““Search

for Excellence in Science Education™ project. -

Denver, Colorado: George Washington High School is noted for its
extensive program in computer mathematics, which allpws students to progress
from computer literacy to writing programs.

Lakewood, Colorade: The Jefferson County Revised Elementary Sci-
_ ence Program, operating in all. seventy-six elementary schools; features a
7 - “hands-on” inquiry approach based on district adaptation of the Elementary
Science Study (ESS), the Science Curriculum Improvement Study (SCIS) and -
locally developed units. Programs in physical science and in Science/Technol-
“ogy/Society were_selected as outstanding by the National Science Teachers
Association’s “Search for Excellence in Science Education” project. -

VL 'Washington, DC: The DC ‘school board has adopted a city-wide,
hlgh-expectatxon curriculum. Six new high school career programs have been
initiated in cooperation with private ind" tcy suppoert, including engineering,
information technology, and the health sc.ences. Jefferson Junior High School
uses instructional TV in conjunctirr with Howard University to share class- .

. room strategies with teachers and requires parents to sign a contract ]j)‘ovidin‘g
that students will do a certain amount of homework each night. Five high
. schools use computer—assnsted remedmtlon

.- (
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~ Wilmington, Delaware: Biandywine High School’s model biology.pro-
gram in Human Ecology was chosen_ as an outstanding program by the National
~ Science Teachers Association’s “Se?irch for Excellence in Science Education”
project. It seeks to relate individual development to the social and physical
environment. :

Merritt Island, Florlda Merritt Island High School’s model programs in
biology and lnEfulry encourage students to-go beyond wsual courses to do -
independent research investigations. They were selected as outstanding by the
National Science Teachers Association’s “Search for Excellence in Sc1ence"
Education” project.

- Atlanta, Georgia: The Resource Center for Science and Engineering at
Atlanta University, begun with NSF supp. ., provides training, facilities,
research and other oppoftunities at precollegc, university and community levels
. forthe £ “stheastern Region. It has Saturday and summer programs for elemen-
tary and secondary students to heighten career awareness and establish llnks
between the education and’business communities.

Chicago, IHlinois: The Chicago Adopt-a-School program, involving local,

_industry and an emphasis on science, mathematics and iechnology programs,

and the local MATHCOUNTS program, an accelerated high schcol mathema-
tics coaching project, have been pionecred by the Board of Education in the last
two years. The Pre-Algebra Development Center was the recipient of an
Educational Pacesetter Award. Computer-assnsted instruction is used in forty-
four elementary schools, and there are six specialty senior ‘high schools for
computer science programs. These programs have been clted as exemplary by
the Human Resources Research Organization.

‘La Grange, llinois: The Lyons Towns:::p High School Computer Liter-
acy Program introduces teachers and students to a range of instructional uses of
personal computers. It attempts to provide training for all staff and students in
the use of the computer, its functions in society and its promise as an educational
tcol. Teachers in all disciplines help to deelop computer courseware.

: Prince George’s County, Maryland The county has proposed three new
programs fo retrain non-mathematics teachers in mathematics, to provnde in-
service training for mathematics:-teachers, and to establish a team of elementary
school teachers in mathematics to train others. -

St. Louis, Missouri: The Ladue School District merit pay program
-provides three salary schedules for teachers according to criteria recommended
by a Committee on Teacher Evaluation, on which teachers are heavily repre-
sented. Evaluaiion points are then assigned by the pnnclpals

Sunburst, Montana. > County High School’s program in
physicai science and inquir; - “th, 11th and 12th grade students to
plan and complete scientific . .- . sofinteresttothem. It was selected .
as outstanding by the Natio - sachers Association’s **Search for
Excellence in Science Educat . ot ‘

New York City, New York: The Comprehensive Mathematics and Sci-
ence Program, started with support from the National Science Fovndation, has
sought to counter the overall decline in math?matlcs acmeveme“t by working |

\
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with ninth graders from ten high schools, to bring them into science and pre-
engineering courses. The Manhattan Center for Science and Mathematics in
East Harlem, a four-year (9-12) magnet school which accepts students from
thio’* zhout the city and is funded by the Board of Education, also includes the
Isaac Newtdh School for Mathematics and Science, an intensified middle
school program. The high school has an eight-period day, a microcomputer
Jaboratory, and emphasizes preparation for college science and engineering .
courses. Its advisory board includes officials from Hunter College and major
corporations. The Aviation High School in Queens simultaneously prepares
students for careers in aviation and for the NYS Regents diploma. Morris High
School in the South Bronx, which now requires nightly homework and con-
tracts with parents certifying that they understand the course requirements,
recently received a Ford Foundation award for substantial progress in improving
achievemeng scores. '

Charlotte- Mecklenburg, North Carolina: The school. dlstnct 3 Master
Plan-proposes to offer a differentiated salary ladder for career teachers by
assigning them additional administrative duties. It aims to pay career teachers
(the Highest of five levels) salaries comparable to those of middle management.

Seiling, Oklaksria: Teachers are designated as master teachers on the

- basis of student scores on standardized tests." All teachers in a school receive a

borius if the students in that school have higher scores than the district avérage,

and individual teachers receive extra bonuses i their students score higher than
the school average. Master teachers can earn up to $1,000 more in addition to
bonuses, through added responsibilities.

< ) \
" Houston, Texas: The Houston Second Mile Program provides incentive

pay for teachers who teach in schools where educationally disadvantaged

students are concentrated, in fields of teacher shortages, or in schools that

exceed predicted achievement scores, or who have outstanding attendance and
participate in professiona! growth activities. Also “Project Search” seeks to

identify and recruit teachers in mathematics ana science. There are “Magnet”

programs in mathematics and science ‘at the elementary and secondary school

levels. The High School for the Engineering Professions sends its graduates to

outstanding universities across the United States.

Fairfax County, Virginia: The “hands-on” elementary school science
program prov1des science education for all elementary students (60, 000),

- mandatory inservice training for all elementary teachers, and instructional

resources (matenals, guides, and science reading matertals) for each classroom.

Richmond, Virginia: Newly certmed mathematics and science teachers
are offered a $2,000 bonus by the Richmond school dlsmct in return for a two-
yuai commitment to teach.

Milwaukee, Wisconsin: The High School Unlimited Program provides
that each of the city’s high schools has it own unique career and skill focus.

Wasssau, Wisconsin: Wausau West High School’ program in Science;
Technology, Society and Inquiry is a unified science approach with the goal of
developing scientific literacy in all students. It was selected as an outstanding
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program by the National Science Teachers Association’s “‘Search for Excel-
lence in Science Education” project.

instrtutmns of Higher Edumtwn

The Nation’s colleges and universities are in a posrtlon to provide particular
leadership in improving elementary and secondary education in mathematics,

science and technology. They have the major role in setting admissions require-
ments for higuer education, which in turn directly affect high school curricula
and graduation requirements. They train elementary and secondary school
teachers, develop curricula, and guide students into career paths, including the

‘path of elementary and secondary school teaching. Thus they are closely

involved in influencing the quality of precollege education and the preparatlon
of the students who graduate from the Nation’s high schools.

In addition, by working with state and local governments, local commu-
nities,-and principals, teachers and students from elementary and secondary
schools, higher education institutions can help to formulate goals and develop
public awareness of the need for excellence in mathematics, science and
technology education. at the elementary and secondary level.

Arizona State University: A task force on implementation of the Gover-
nor’s Six-Point Program for Academic Excellence has been established in the
university. The College of Education has an innovative and growing Prograriz

" for Computer Literacy. The College of Engineering’s Center for Enginecring

Excellence, jointly supported by industry, conducts summer programs for
women, minority and gifted high school students to encourage them to enter
engineering careers.

“arleton College: The college operates summer computer workshops for

<hers who attend from throughout the nation. The program includes

computer science, training in LOGO and Pascal apd i inuse of the computer with
handlcapped students. “ e :

City College of New York: A new program at the A. Philip Randolph
School for 9-12th grade, located on the City College}ampus provides rigorous
training in mathematics and science as preparation for the health professlons
Most of the students are economically disadvantaged and drawn from all five”
Manhattan boroughs. The program is supported by the Macy Foundation and
uses the facilities and professional resources of City College to supplement its .
own... Ninety-five percent of the program’s ninth graders this year passed the
NYS Regents biology examination.

* Detroit Area Precollege Education Program ThlS five-university con- '

sortiuin focuses on junior high school programs to ennch tralmng in science,
mathemaucs i pre-eugineering and to increase mterest in science and engi-
"N“e\x s 'ﬂ)rﬁ\fu . X -

,)ﬁf o T .- The university’s Talent Identlﬁcatlon Program for six-
teen soatheastem ,tax . wentifies mathematically and verbally talented twelve-
year-olds for schools, fiates and parents. The, university itself runs several
summer progre:s for talented twelve- to fifteen-year-old students. It also
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™" both the precollege and tusiness cominunities.

i

publishes an educational opportunity guide which lists programs, by state, for
talented students.

Eastern’ Illinois University: The piniversity has a graduate program for
experienced high school téachers of chemistry and physics - MS Ed in Physical
Science - to enable them to increasé their subject matter knowledge in both
fields during three or four summer sesgions.

Harvard University: T:  new G aduate School of Education program
seeks to tfain mid- to late-career mathematicians and scientists from industry to
become certified Massachusetts secondary school teachers. It will also offer an
inservicé sumntfér program for current- hlgh school mathematics and. science
teachers. .

Howard Umversrty/Umversnty of Maryland METCOM is a summer

_ program operated jointly by Howard University and the University of Maryland

i0 expose urban high school students to engineering. It.is supported by pnvate

.industry.

Mount Holyoke College The Summer Mathematics Program prepares
hlgh school women (or more effective study of mathematics at t'iz college level.

New Jersey Institute-of Technology The Pr-college Institute in Mathe-

matics, Science and Engmeermg is designed for secondary students and
teachers. ‘ , . S

Princeton University: The Dreyfus Institute ori High School Chemisty, 3
held in the summer of 1982, selected fifty high school chemistry teachers

“nationwide for four weeks of intensive training, meludmg use of mlcrocompu-

ters, in order for them to become master teachers in thelr home reglons

}

Simmons College: The Dreyfus Institute on High School Chemistry, like

the program at Princeton University, trained master high school teachers,
primarily in chermstry, to conduct inservice workshops in their school systems.

Spelman - College. The college conducts a postsecondary, precollege
summer program of intensive science and mathematics instruction for black-
women to enhance student preparation for science majors and to encourage
entry into scierce and engineering careers. It emphasizes study skills, home-
work and ngorous discipline. :

The Johns Hopkins University: The Center for the Advancement of

Academically Talented Youth conducts a talent identification-program for the
MiddieAtlantic states as well as several summer programs for secondary level

- students.

: Umversity Inservice Teacher Education Network (UITEN): A con-

AT

S

sortium of seven Philadelphia-area colleges and universities is working with the  »

Philadelphia School District on secondary school mathematics certification.

" University of Arizona: The Department of Mathematic®” innovative

departments. An Ag-Hoc Committee on Mathematics and Science Education
has been established to coordinate intra-university programs and outreach with

w
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~  Uanisersity of California, Berkeley: Project EQUALS, developed at the
Lawrence Hall of Science, provides multi-state training programs and ¢arricula
for teachers, counselors and administrators of grades K-12. The project has
strong links to the professional education community and emphasizes attructlng :
and retaining women and minority students. The Math/Science Network holds
conferences to acquaint parents and students with the importance of mathema-
tics and science. EQUALS IN TECHNOLOGY works with schiool districts to "
““reduce the technology gap betwuen males and females dnd advantaged and
disadvantaged students. :

University of Kan:: - .. curriculum, Career-Uriented Modules to

Explore Topics in Science . +'S) was designed for use in grades 5-9 to ,
supplement science and sct - .entered language arts courses.

Unrversity of Marviand: The university has a Science Teaching Center,
which features joint appointments between the gcademic departments and the
Center for faculty eng; . in training sccondary school science teachers. The
Center also serves as an-international clearinghouse for science and mathema-. -
tics curriculum deveivj:inent. * :

’
o

Umversrty of New Mexico: The Southwest Resource Center for Science
and Engineering provides training, facilities, research and other opportunities
for the Southwestern Region with a particular focus on mathematics and science
" programs for elementary and secondary school youth.

Umversnty of Oklahoma: The American Indian Engineering program

. seeks to increase interest by American Indians in engineering careers and to

prepare students better in' mathematics and science.

University of Utah The unlversrty has announced it lwrll provide re-
medial tl;amrng for only three more years. After thaf; if students do not have
adequate precollege preparation in mathematrcs for example, they will not be
admitted. - . -

Umversnty of Vermoat: Starting in the fall of 1983/ the university will
‘offer a programto retrain retiring or mid-career industry scientists and mathe-
maticians to be precollege teachers, srmllar to the new program at: Harvard s
Graduate School of Education. - _

N University of Wisconsin: Multiplying Options and Subtracting Bias is an
intervention program desngned to eliminate sexism from mathematics educa-
tlo\m developed at the university for use at the precollege level. In addition,
efforts are underway to establish a national Institute for Chemical Education that
would pr p\)y\de contlnumg inservice workshops as well as. research opportunltles
for precollege and college teachers. -

¢ Wesleyan Umversnty The summer institute held by the university.for
elementary and junior high school matfematics teachers continues a program
originally funded by NSF that 1ncludes courses and workshops on mathematics |
and mathe*natxcg anxiety. :

\,
~ ) . .
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essional . Societies/Associations

As a bridge between professional mathematicians, scienfists and tcachers, the
/ Nation’s professional societies have a special role in any effort to improve our
| educational system in the areas of mathematics, science and technology. The
Commission was told of*many outstanding programs that are currentiy being
operated by professional societies to help teacliers and to motivate studerits. in

nclp with the presentation of that discipline in the schools Anillustrative listing
/ of such programs follows:

American Association for the Advancement of Science: The AAAS has
/ established the Coalition for Education in the Sciences to' involve. AAAS
/ members directly with schools, developing resource materials and increasing
¢+ . . science and technology understanding in local communities. It is collahorating
~ with the Association of Science-Technology Centers and five of its mermber

N

/
o A
/ centets in a pilot project to encourage scientists ‘and engineers to do volunteer

work with the centers on school and public understanding projects. It has had a
long-term commitment to use its unique resources to improve science and
mathematics education in the Nation’s schools. Fmanc1al stinport from Phillips

. Petroleum and Standard Qil of Ohio is being used to Hevelcp mathematic. and
science resource materials for junior high schools; to be ued by students,
teachers, administrators, librarians and parents. -

% B American Chemical Society: ACS has establxshed a hlgh school ChemlS-

try office that conducts and cdordinates a range of activities to improve chemical
education and science education in general It maintains a-film library, dis-

tributes career .information materials and- guidelines for chemistcy teacher
training and’ continuing education, ,a teacher newsletter (Chemistry), and a
student publication (Chem Matters). The .Society is developing a year-long -

course, Chemistry in the Community, that stresses applied chemistry for the
general studept. Italso sponsors reglondl workshiops for teachers and conducts a
career development program for disadvantaged students. The Society confers
‘the James Bryant Conant*Award annually on an outstanding }}rgh school
chemlstrx teacher, and mary local ACS sections provide teacher awatds as well.

It also éncourages industrial chemlsts to work with schools.

; Amer{can Geologlcal Institute: ‘AGI has developed earth scienc career
mf’ormatlon materials. It publlshes Earth Science, a non-technical magazxne for
amateur geologists, teachers and students and continues to revise earth science
films and the ninth- grade earth sc1ence program Investigating the Earth.

American Physwal %clety ‘APS has established a jOlnt APS- Amencan
Assoc1at1,on of. Physncs Teachers College-ngh School Interaction Committee to
promote working relatlonshlps between departments of physics andhigh school

“teachers, including ‘industry support, summer jobs and equlpment loans. It
dlstnbutes career materials, including one that focuses or: women’s careers, and’
information packets for junior and senior high school counsclors. Recently it

. opened an office in Washxngton and is followmg congressmlnal and executive
branch actlvmes in the area of precollege mathematlcs and science educatlon

o -

- every case the programs involve professionals in the individual disciplines who



American Socfety of Civil Engineers: The Society supports a summer - -
intern program for minority hlgh school students at Northeastem and Notre
Dame Universities. - N

, Association ofSclence-’lbchnology Centers: Association members con- ‘
- ditet numerous programs both inside and outside of the schools for teachers,
students anc the general public. .

Geologlcal Soclety of Washlngton, DC: Its Committee on Precollege

Education arranges field trips for focal high school science teachers to acquaint

- them with sites for use in teachmg It also judges science fairs and holds award

ceremomes for student winners and is trying to encourage more interaction

among earth.science teachers i in the Washington area and more remgmtnon of
the lmportance of earth science at the precollege level. :

Institute of Electrical and Electronics Engineers: IEEE has prepared
and distributed materials explaining careers in electrical engineering and com-
puiter science. It is developing a cusriculum for a one-year high school course on.
computer science and a corresponding achlevement test. -

A Mathematical Association of Amenca The Association develops rec-
ommended guidelines for mathematics teacher fraining, including- detailed
content coverage and level of courses. It sponsors the American High School

* Mathematics Examination, taken by more than 400,000 students, and the
Invitational Matheratics Examination that selects the U.S. team for the Interna-
tional Mathematics Olympiad. Support is also provided for lecturefs, often
directed at encouraging women_and mmormes to part1c1pate more in
mathematics. ~ : -

. Natlonal Association of Blology Teachers NABT sponsors an annual
- awards program for outstanding high school blology teachers. -

Natlonal Assoclatlon of Secondary School Principals: NASSP has
recently surveyed changing entrance régirements, particularly among state ,
universities, and issued a réport, College Admissions: New Requirements by the
State Universities, which discusses the 1mp11catlons of these rising admissions .
’ requirements for secondary schools.

'National Council of Teachers of Matl'ematlcs. NCTM developed and
published Priorities in School Mathematics and An Agenda for Action: Rec-
ommendations for School Mathematics of the 1980s. It has recommended

T guidelines for the preparation of teachers of mathematics and holds regional and-
national meetmgs to help in the professional growth of its members: It is a
sponsor of the American High Schecol Mathematics. Examination, the Invita-
_ tional Mathematics Examination and the International Mathematics Olympiad.

National Science Teachers Association: NSTA : project on ““Search for
. Excellence in Science Education” examined outstanding elementary and sec- . -
ondary science programs throughout the: country, evaluating them toid entlfy
the elements responsible for their success.

National Society of Professional Engmeers The Society initiated
MATHCOUNTS, a national tournament to increase public awareness of the . .
importance of mathematics and tgenhance the interest and motivation of 7thand

J 4 .-
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. 8th'grade mathematics students. The tournament involves the collaboration of
the National Council of Teachers of Mathematics and the Mathematical Asso- .
ciation of America with financial support from. the CNA insurance companies.:

Society of Sigma Xi: The Society has a program to encourage local

chapters to recognize through a reward ceremony outstandmg teachers of
science. .

Business and Industry.

American business and industry are increasingly concerned about the quality of
elementary and secondary schools. A majority of the new employees under

.twenty-five years of age who are hired by business are not college graduates.
.Business is particularly focusmg on the quality of elementary and secondary

education as it relates to the leaming skills, problem-solving abilities and
discipline of new employees entering the labor force. A number of companies
are developing programs in cooperation with school systems to prov1de’ass1s-

--tance in a variety of ways. Those that employ a hlgh proportion of scientists, g

engineers and technicians have shown increasing interest in mathematics and
science education especially at the high schBol level. .

A number of companies such as DuPont, Exxon, General Electric, Phil-
lins Petroleum, Westmghouse and Xerox have had a long-standing interest in

and commitment.to public education as a matter of corporate responsibility.’

This interest is becoming more wid€3pread. According to a recent survey by
The Conference Board, over 1,000 businesses and corporations now place
public educann asa “pnmary agenda item in their companies’ pubhc affairs
programs.”

Atlantic Richfield Company The company provrdes released time for

company employees to teach mathematics and other subjects in inner-city

schools in Los Angeles. i

Bell Laboratories: The Summer Science Program provides hands-on
experiences in a research laboratory for minority students who have completed
the 8th grade.

Ciba-Geigy Corporation: The company Sponsors national exem-
plary science teaching awards for elementary junior and senior high school
teachers.

Control Dat_a: Working with a humber of educational institutions, the
company developed the PLATO computerized leaming system for mathema-
tics, reading and English in grades 3-8. PLATO is being used for education in
schools, business and government, providing, training in a self-paced manner.

Dow Chemical Company: The Dow Michigan Division’s Fronfiers in

" Science program provides for the exchange of industry scientists and high

school teachers.

_ E.IL. DuPont de Nemours and Co.: The company supports pre-engineer-
ing programs targeted at minority secondary school students at fifteen colleges

and universities. It also has provided: support for the Del-Mod Program, a major -
eifort to improve science and mathematics educatwn in the Delaware public .

schools
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Exxon Corporaﬁon' Numerous grants largely through the Exxon Edu- |
cation Foundation, have been made for selected objectives. These include
promoting minority student interest in engineering, advancing the application of
technology to the instructional process, fostering exemplary teacher programs,
and provrdmg support for IMPACTI, a teacher-to-teacher dissemination pro-
gram in New York City and Houston. ‘

* General Electric: The company provides support for “PIMEG” (Pro-
gram to Increase Minority Engineers), which now h:%inghfy precollege pro-
grams conducteri by General Electric in forty-eight communities throughout the

~ Nation to increase the number of minority high school graduates preparing for

careers in engineering, science and technology. The program involves students,
teachers, parents and other employers .

" Hewlett-Packard: The company has helped to establishcand fund Penin-

“ sula Academies to reach high schooLdropout students, emphasizing computers
. and microelectronics. The'computers are provided| by Hewlett-Packard and the

teachers by several high technology companies, including Hewlett-Packard. It
provides support for the Institute of Camputer Technology, involving the
collaboration of three high schools and two full-time staff from H/P and IBM In
addition; Hewlett-Packard ha$ contributed computers to many high scheols.

Honeywell: The company provides support for Summatech, a magnet
school under the Minneapolis pubhc school system, which focuses on a core
curricalum in mathematics, science and technology, grades 9-12, with an
emphasis on computers. The school is located in a predominantly minority -
community..

International Business Machmes In conjunctlon with the Educational
Testing Service, IBM is supporting a *‘Computer Literacy Program” involving
‘twelve colleges and universities and eighty-four secondary schools selected by
the Educational Testing Service in California, New York and Florida to train

- teachers andeinfroduce computers into the secondary school curriculum. IBM is

also donating 1,500 rmcrocomputers and related software to the secondary

- schools.

Kaiser Alummum "and Chemlcak Company: The company provides
financial support and released time for personnel to. assist in mathematics and’
science education in the Oakland, California school system. .

Mitre Corporation: The company has a program to encourage interest m\ l
science and engineering careers o the part of minority students in secondary '

> school. It provides scholarship support, summer employment, seminar speak-

ers, and minority professionals as role models.

Phikips Petroleum: The ‘““Search for Solutions”’, a film series and related
text to augment science instruction in secondary schools, was developed with'an
investment of over $7 million by Phillips, including provision for national
distribution and assessment of the materials.' A $6.5 million four-year grant has
recently been. made to the American Association for the Advancement of
Science to develop maihernatics-resource materials for middle-school stu-
dents—“Challenge of the Unknown”—emphasizing critical thinking and prob-
lem solving. . - .
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RCA' Amiong other projects support was prov1ded to the Camden New

Jersey high schools for a stadent experiment with carpenter ants carried out on

the space shuttle. It was undertaken particularly to interest minority students in

sCence. \

Tandy Corporatlon The company has announced a plan to offer twenty-

tllree hours of computer instruction to one teacher from every public and pnvate
- school af four hundred sites natlonw1de .

Standard, oil Company (Ohlo) The company has targeted for support
the areas of mathematics and science education, uses of technology'in education -

and educational management issues. It has made a grant of $1:7 miillion to the
. American Association for the Advancement of Scienceor a Sc1ence Resources

for Schools program to upgrade junior high schdol science teachers’ knowledge. -

and curricula. The Cleveland Teacher Internship program provides summer

employment in industry with SOHIO a leading sourcé of funds and placement

opportumtles The company together with TRW began a Saturday ennchment

program in the Cleveland area for students 1n‘(grades 7-12 directed at motivating

* minoritiés and womén to take science courses. The com any provrdes scholar-
ships for Cleveland aréa students to participate in the MS?, (Mathematics and
Science for Minority Students)-at Phillips Academy in Andover a rigorous
three-summer program in mathematics, science and commumcatlon skills. It
“has increased funding to the Educational Computer Consortrum of Ohio
(ECCO) to expand 1ts software hteracy and teacher network v

Texas Instruments: Among other pl‘OjeCtS the company 1mt1ated Project
»Seed in Dallas in grades 4-6 to help develop positive attitudes toward mathema-

tics through regular provision of employees, who are qualified mathematlcs -
professwnals to wor-k with students. Other industries now partlcrpate as well.— —

" U.S. Chamber of Commerce——Natlonal Chamber Foundatnon "The

“Task Force on Education and America’s Workforce: Helping Schools Make '

~ Better Workers,” is looky?g at steps local business can take to work with
schools in strengthemng students’ skllls

Walt Disney Educatmnal Media Companyc The Epcot Teacher Center

offers materials and gurdes on education and technology. It also produces ’

__educational software for cumputers

Westinghouse: A long history of i mterest in and support for precollege
science education characterizes this company. It has supported the national
Science Talent Search conducted by Science Servick for the past. forty-two
years. It followed the early lead of the General Electric Company in providing
support for summer institutes for science teachers beginning in the late 1940s.

These eventually became the model for the National Sc1ence Foundation’s ™

? institute program. L o _ ;

- WICAT Systems This company provides support for Waterford School
K-8 (to be expanded to K-12), an experimental school established for developing
and evaluating curriculum materials delivered by technology Commencing in
" kindergarten, the children use WICAT computers specrﬁcally designed for the
education market.
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to follow ‘up on the sessions.

o

o . .
- R o

* Xerox Corporatlon' The company has initiated a program to bring

_ volunteer employee sc1ent1sts and engineers into the Rochester, New York and -
_Tampa ‘Florida elementa.ry schoolsona bi-weekly basis for. demonstrationsand -
" handsson experjence in physical science and mathematics. Xerox has also

developedMula kits for the program that enable regular classroom teachers
- ce ) S
. . : ' "
Museum,s,'Sci_hence “Academies, and Other Informal Education o

Museums, state academies of science, private foundations and other groups'

outside the formal system of education have played arole at the most innovative

edge of-elementary and secondary education in mathematics, science and’
technology The unprecedented number of children and adults flocking to

 science museums across the country attests to the power,of creative ideas and
* hands-on experience: Attendance at science museums and related institutions is -

almost as large as.at all other museums combmed——roughly 150 million ver

'year—more than the total attendance at all baseball football and basketball |

games played each year. v ¢ :
N The private foundations have always been-in the vanguard of ne;}m’al

tives in education. Many of the most successful developihents in formal pnblic
education, such as the Houston High’School for the Engineering Professions,
received initial support from pkivate foundations such as the Carnegie, Ford,
Macy and Sloan foundations. These organizations have also played a catalytxc

~ role in mobilizing other community groitps and institutions to pa.rtnctpate in ~
. suppomng and working with locahschool systems :

Following are some of the many activities that have come to the Coxmms-
sion’s attention: :

Capital Children’s Musenm (Washington, DC): This museum was

selected for the AAAS/Association of Science-Technology Centers programto .
use volunteer scientists and engmeers to work with schools, teachers and the

public in increasing interest in.and understanding of’science. It is a hands-on

- museum, and this philosophy is carried through to its teacher training program

__Camille and Henry Dreyfus Foundation: The- foundation prov1ded
support for the Dreyfus Institutes in High School Chemistry at Simmons

- College and Princeton University to train promising chemistry teachers as
) “D"eyfus Master Teachers,” and to develop curricular matenals and a network

of master teachers throughout the country

Cranbrook Institute of Science (Bloomﬁeld Hills, MD: The Institute
was selected for the AAAS/Association of Science-Technology Centers pro-
gram to use volunteer scientists and engineers to work with schools, teachers..

and the pubhc to increase interest in and understanding of science. The Institute . -
~ has a wide variety of educatxonal activities, particularly in env1ronmental and

nature educanon
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Xpioraterium (San Francisco, CA): The museum centers around the
“theme of perception. It is designed so that children and adults can interact with .
e e the'cxhibit5~in»~exploring;-forexample;vihiomand-li ght,“hearing and sound,
waves and resonance, and patterns-and motion.
ot Fernbank Science Center (DeKalk County, GA): The Center was de-*
' signed to supplement and extend the science curriculum for K-12 students from -
DeKalb County and other school systems. If offers independent study programs
*  .forsecondary students who work with professional staff at the Center. A special
> course in Scientific Tools and Te¢hniques covers all major science fields and
gives students access {0 major scientific equipment such as_electron micro-"
scopes. There are also programs for ieachers and traveling exhibits for schaols.
7 Florida Foundation for Future Scientists: This is a recently formed
private foundation to encourage and provide support for talented young people’
to enter careers in science and engineering: : S

»

Ford Foundaﬁon: Among many projects, the City High School Recogni-
tion Program made awards in 1982 to 110 high schools nationwide that are
succeeding in making self-improvements .in such areas as academic achieve-.
ment, student life and parental participation. Fifty schools were selected among
these for larger grants to continue building on their successes. The program is -
being repeated in 1983, , - e S

.~ Franklin Institute (Philadelphia, PA): The Institute has a variety of -
education prograins for scheol groups and the geseral public including a special
program for- academically talented children.- A traveling science show visits

 local school assemblies and shopping malls. It uses scientific apparatus and,

* . audience participants for a hands-on reenactment of significant experimentsgIn =~ ¢

this way it provides an actual science lessor: to schools that do not have the

equipmentand resources for this, at the same time generating interestgn science
and in obtaining more materials for classroom use.’ Co

Girl Scopts, USA: Speécial science programs based on the TV series
*“3-2-1 Contact” have been developed, which include science badges requiring
research and practical experience, such as Computer Fun, Math Whiz, Science
Around Town, Science in Action and Science ‘Sleuth. Over 10,000 science
badges were awarded in Washington, DC alone during tke first year. ’

Girls’ Clubs of America: This organization has established a program to
link its national level youth employment initiatives ‘with' interests in -new
technology. . ‘ o - :

League of Women Voters Education Fund: The League has distributeda
publication to all chapters and members; Marh, Science and Technology:
Adding It Up for Women, which focuses on the labor market and essential :
scientific and technical skills. - - o

Macy Foundation: Since the early 1950s the foundation has supported
numerous projects to improvesmedical education and in 1968 began an initiative -
to increase minority participation in the medical professions. In 1982, grants
totaling nearly $4 million were'made to inner city and rural high schools for *
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. demonstratlon pl‘O_]eCtS offenng specral opportunmes for minority youngsters
- wishing to pursue medieal careers. -

Mar‘yland Science Center (Baltimore, MD) The center’s exhibits in- b’
clude geology, evolution, and the Chesapeake Bay. Ithas live demonstrations of

 actual scienee experiments and over 100 instructors 1nclud1ng many un1vers1ty_

professors who provide science instruction.

" Museum of Science and Industry (Chlcago, IL); The: museum.has
organized *Summer Science,” a science ‘training pro for inservice teach-
ers, administrators and school board members. It conducts a Children’s Science
Book Fair and has weekend science worksHops for families and young children.

I cooperation \ with alocal public TV station, it offers teacher workshops related - -

to the ““3-2-1 Contact” program. It has been selected for the AAAS/Assotiation
of Science-Technology Tenters program using volunteer scientists and ehgi-
neers to work with schools, teachers and the public in increasing interest in and
understanding of science. ' '

New York: Academy of Sclences The Academy has a Scientists in
Schools program, computer workshops, and helps to arrange summer employ-
ment for students and teachers in. industry or in other scientific laboratorres

New York Hall of Science (Flushing, NY): This museum was selected.
for the AAAS/Association of Science-Technology Centers program: to use

. volunteer scientists and engineers to work with schools, teachers and the public

in‘increasing interest in-and understanding of sc1ence The museum operates a
number of educational and summer science programs forchildren and adults in
astronomy, electronics, and the natural sciences.

" North Carolina Museum of Life and Sclence (Durham, NC): This -

" museum was selected for the AAAS/Association of Science-Technolpgy Cen-
-ters program to use volunteer scientists and engineers to work with schools,
teachers and the public in increasing interest in and understanding of science.

Originally a children’s museum, it now serves. all the €itizens of North Carolina.
There are many hands-on exhibits, a physlcs playground and a pre-history trail -
with full-scale models.

’ Oregon Muscum of Science and Industry (Portland OR) The mu-
seurn’s exhibits coyer industry and the physical and natural sciences. It operates
an extensive educational program for children and adults including in-service
training for science teachers and three outdoor science:camps for children that
provrde an opportunity for learning skills and concepts from a nuraber of natural
sciences such as geology, botany, zoology, paleontology, archaeology, astrono-
my and ecology. The camp program receives community support from local
and regional sc1ence-r,elated groups 1nclud1ng 1ndustry

" Public Education Fund: With a $6 million grant from the Ford Founda— .
tion and additional funds still to be raised, the Fahd will seek to forge part-
nerships between schools and the community through “graos roots’* education
groups in forty to fifty cities over the next five years. It will make matching
grants to local education foundations ‘and districts, some of which will be used
to support innovative teacher projects.
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Sloan Foundatron' Durmg the l9"’0s the Sloan Foundatrpn made a major - "

~‘investment focused on increasing the number of minorities entenng*tl’le engi-- -
'néermg professrons Several pro_|ects were ‘directed” toward improving_pre-
engineering programs in high schools and motivating increased minority; par-
ticipation. The High School for the Engineering 'Professlons in Houston was
‘started with a $56,000 planmng .grant from. Sloan“ .

Squam Laka; Sclence Center (Holdem&ss, NH) Wrth support from
- corporate and mdrvldual contributidns, this Center provides life -and earth
science education services to New. Hampshire sehools, K-12. The 200 acres of
fields, forest, and pondsare used for scientific studies of native fiora and fauna.

University of the Air: This nonprofit corporatron is.concerned with the
- development of materials and a nafional telecommumcatlons network for satel-

ite: ‘communications to seive civilian and military education needs, particularly . -~

in mathematics and science instruction and teachér trammg Support has been
~ provided by the Commerce Department to develop-‘a network .for teacher
. trammg via satelllte w1th public school systems in srx reglons of the country.

~ P
P

Mulhple Collaboratnon Among Sectors

_Allegheny Gonference on Commumtyi)evelopment (Prttsburgh, PA):

The Canference, which ‘was. formed by private businesses in Pittsburgh, has
provided financial and polrcy assistance in developing educatron programs

mcludmg ‘magnet schools desegregation plans, and summer and-after-school '

programs. It has supported innovative teacher projects, and partnershlps~m-
- education linking/corporations with the schools. It is_the model for the newly-

éducatrqn Fund (PEF) which will se k to encourage srrmlar'
~ ‘groups in cities throughout the Nation (see above). \.

Atlanta Partnershlp in Business and Education: Private businesses, .

u' working together -have established adopt-a- school ‘and adoptua-student pro-

grams to assist students'in career plannmg and to encourage them in the study of .

mathematrcs and sciénce.. \g

Chlcago Area Pre-College Engmeenng Prograin (CAPCE ):*This
partnershlp of employers of engineers and technical personnel, precollege
‘schools and englneenng colleges was formed to encourage the entrance’ of
- minorities into engineering and technical careers-through support\to the

schools. It involves teacher training, curriculum development, rr{atenals and . .
adjunct personnel, and a _program of recogmtron for those schools that ‘doan

exceptional job.

_ Chicago United: This is a consortium of business executives and profes-
sionals that works with the Clucago Board of liluc\atlon to help i 1mprove the
qualrty of education and ‘career preparation. oo

Children’s Television Workshop: ‘3-2-1 Contact” is a televrsron series
aimed at interesting students in science and technology, which was developecL.
with support from the Corporation for Public Broadcasting, United Tech--
nologies, Q&partment of Education and National Science Foundation.
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Commlttee on Economic Develogment ,It —has~mmated—a~pro.1ect—to\
asses§the economic impact-of education and the cost'to business, industryand ~~ > KR
the economy. in- géneral of poor quality education. Particular attentron will be
/‘gwerr(o how to lmprove quality in the publlc schools and what pnvate busmess v

- candotohelp. - - - .oN

Detroit Area Precollege Educatlon Program: This program is deslgned -
to identify students with aptitude for mathematics, science an engineering and
"to work-with them in special education programs and counselmg to encourage
their interest m\these areas

lnstltute for' Educational Leadershlp (Washmgto,n, DC) The In- .
stitute bnngs together heads nc@ttcanon, business, government and union - .
organizations for policy sessions on educatron including how to strengthen
elergentary and secondar:y education..’ '\ -

. Junior Engmeermg Technical Soclety (JETS): A riational youth actmty
. operatmg through student chapters, JETS strives to increase interests atid-skills
in mathematlcs, science and technology. It is cosponsored by several profes— '
- sional societies and supported by industrial sources and the volunteer services of
individual engmeers B

Mathematm, Engineering, Sclence Achlevement (MESA) This mten- y
sive enrichment program was bégun in 1970 with support frdm the businessand .
. . education communities to_increase- the preparation of minority students in w
mathematics and science and to'interest them in entenng careers in these fields.
It is now operating in over 125 high schools in California and also in Colorado,’
New Mexico, and Washington.- The program'involves tutoring, counsehng andf
field trips together with summer employment and scholarship support.”

Mirinesota Educationtal Computing Consortlum (MECC): This quasi- * -
govemmental organization coordinates inservice training and the use of =~
Federal, state and local funds for hardware and software purchases for computer
programs. It is linked to all the state’s “school districts, and a number of other .
states have joined the network as- well. '

National Action Council for Minorities in Engmeermg The Council :
provrdes support for eighty-five colleges of engin€ering that operate summer : -
institutes for minority high s¢hool students focused on mathematrcs and science -
skills. .

New Jersey Busmws/lndustry Science-Education Consortlum- The
consortium includes sixteen ‘corporations, state and local education officials,
professtonal societies and educators. The corporatrons donate funds that.are .
supplemented by local-school systems receiving gfants from. the, consortium.
Projects bave particularly focused on tramlng programs for scierice and mathe-

" miatics teachers and career counselmg to encourage students to seek careers m' '
these fields. - e

' Northeast Educational Center, North Carolina: The agncultural exten-
sion agent format is used to help.rural schools provide equal access to e‘ducatron

Phlladelp Reglonal Introductlon for Minorities to Engmeenng
(PRIME): The program identifies nunorlty students in grades 7-12 with high

’ . . . ) ' . . o L ) /~
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aptltude in science and mathemancs and provndes acadennc year and summer

. activities for them with specnally tramed teachers and staff. -

. 91.

" Program for Rochester to Intemt Students in Science and Math

(PRISSM) Originated by Rochester, N.Y. industry, the program seeks to -

improve_economic stability and to increase the number of minority students
quahﬁed to enter engineering. schools It funds teacher training and teams of
teachers to develop curricula, arranges field trips and provides scientific and
techmcal staff for classroom and summer intemnships for students. 1t also works
- with parents and the community to create awareness of the need for preparing
for'a technologlcal society.

, PrOJect to Increasg Mastery of Mathematlcs in Connectlcut (PIMM) '
. This state-w1de organization of businé§; labor, state govemment and education
has the aim of raising the level of mathematics competence and ‘thereby. helplng L
people achieve vocational and professional goals. It provides'job requirement

. analyses and works with teachers and school counselors. Fundmg is provxded )
by industry.’ ¢

. Staten Island Cooperative Confinuum of Educatlon. Many schools and
“colleges, busmesses community agencies, pnvate foundations, and govern-

" ment are brgught together for the purpose of'j Joining educational needs-and

interests with resources. "The Cotgperatlve acts as a cleannghouse and ombuds-
man for educatlon throughout commumty and at all age levels.’

.Southeastern Consortium-for Minorities in Engineering (SECME):
Representitives of twenty-two universities in elght States are involved in dé- -
veloping local pro_;ects with the participation of secondary schools, ‘universities
and corporations to ‘increase the number of minorities in the - -engineering
profession. Most support for the program comes from engineering employers :
withuthe remainder from foundations. and professional socnetles

e o 1ug
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EXHIBIT B -
- \) . ‘ . - -
T SUGGESTIONS FOR COURSE TOPICS AND. CRITERIA
- FORSELECTION = .. . .

LIS

In prepanng an outlme of top1cs and cn‘tena the Commission has been N
fortunate to have the advice of experts who have spent much time de\/elopmg
" materials and contributing to conferences on elementary and secondary mathe-
matics, science and technology education. The Commission is confident that
the thrusts of the recommendations fro_m,these conferences 8o in appropriate
— . }duectlons Some suggested course topics from Commrsslon-sponsored meet-
ings and other groups and professlonals “are clted in. this section.

At the same Ume, it is one thmg to glve a list of the ideas and obJectlves '
desired, and another to create the courses appropriate fo pupils in‘a specific.
school system in'such a way that an integrated educational program results.

- Such programs require substantial work by groups of professionals at all levels.
No one course of study is appropriate for all students and all teachers in all
schools in all parts of the country. Nor is there just one good curriculum. -
Various parts of the Nation must develop their total ‘curriculum and revise it
repeatedly to keep it suitable for students and teqchers We hope thls paper and
the cited references will help with the process. '

In the fields of mathematics and- science,’ we have many- more years of

“experience in curriculum development than we do in the area of technology,'
where clearly special efforts are requlred Technology is a part of everyone’s -
daily life. Even so, most people do not appreciate the complexity. of our-
technological society. Yet, a key to understanding problems lamong nations,

. communities, and individuals cai be found through our actions in producing

~ goods and services. The needs of today demand useful inventions, productive
-research, efficient production, quality workmanshlp, and perspnalized service.
“To achieve these goals, we must begin to develop our human resources in the
elementary and secondary schools through a comprehensrve, contemporary,n.
technology educatlon forall.

* Computers and ‘related software systems are developmg at a great rate. o

- These developments must go well beyond speeding arithmetic work or- elec-
tronic page turning. Computers can- f:ffectlvely be: 1ntegrated into v1rtual1y all .
« : ‘ teaching and learning areas 'such as the teachmg of reading, development.of .
- graphing techniques, development of skills in composition and development of
physical insights through modeling and interaction with the real world.

Creating better computer programs ; and uses to assist with learning should
proceed in parallel with curriculum development. For this technology to have an
appropnate impact on our schoois and national economic program, it will

- require close and contihuing attention and development.

' B
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* Mathematics -

-

“To conduct curriculum deVelopmeﬁt as though the disciplines exist inde-
pendently of each other does an injustice to the natural and necessary integration

. of mathematics; science and technology. However, for obvious and practical

reasons we have addressed course topics under the 'headings invélying‘,the
matherhatical sciences, the natural sciences (further divided into physics,
chémistry and biology) and technology. Such a presentation does not neces-

sarily recommend classroomdelivery through thege same categories. Rather,.
- we hope that teachers of mathematics, the natural and social sciences, technol- -
ogy, of reading and, writing, history, English and the arts, will seiz¢ the ~

numerous opportunities to demonstrate the interdependence of hiunan knowl-
edge and encourage students to apply the skills and concepts from one disci-

pline in seeking solutions in the others.

1

.Caution

We know some students in secondary school do not display special talerit in
mathematics or may have difficulties stemming from poor preparation; many

_others are riot headed for careers in the sciences or technology. For these
reasons, suggested- topics should be considered in view of student needs and,

skills and modified accordingly to.allow all students to benefit from their

“knowledge of science. and technology and for all to reach-their highest
~ potential. Courses encompassing important mathematics principles must be
developed to meet the needs of.ihese students. We urge the consideration of -
computers asboth mathematical tools and facilitators of learniug. They can offer
a fresh window into leaming for the average student. ~—— "

[

/ 1.7
, T, ] ) . /, ‘.
v -

K8 Mathensatics

. /The/Commi,ssion recommends ‘changes that are fairly substantial, but at'this '

- level they are primarily in emphasis rather than in overall content. When
implemented, the desired changes =t the K-3 level lead to even more significant
“improvements at the 4-6 and 7-8 grade levels. The changes de-emphasize

excess drill in formal paper and pencil computations and provide various

. Procedures to develop better number sense on the part of the student. We must

design/instruction to build upon the young child’s inhate numbers sense.

Mathematics education must try to develop confidence and-minimize “math-

mathematics education. o , ra o
Insductl’on at the K-8 level should be designed to aéhicve'the following

anxiety.”s We feel that the desired changes will bring a new sense of vitality to

" outcomes:

-;m]\de.r'standing of arithmetic operations and knowledge of when and
where specific operations should be used. ’

; l——bevelopment of athorough understariding'of and facility with one digit

number facts. -
r
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—Ability to use selectively calculato?s and, computers to help develop
- o - concepts and to do many y of the tédious computations that prevrously
' ‘ - had to be done by usmg paper and pencrl '

,\ -—Development of skill in the use of 1nformal mental anthmetlc first i in -
| . providing exact answers to simple problems and later, approxrmate
oo answers to more comphcated problems '
Vo -—Development of skills in eshmatlon and approx1matlon
»
N -—Develo"pment of proolem-solvmg abilities. Trial and error methods,
guessing and guestimating in solving word problems should be actively
encouraged at all levels. :

—Understandmg of elementary datn analysis, elementary stat1st1cs and -
probability.

!

—Knowledge of 'place value, decimals, percent, and scientific notation.
: —Undmtanding of the relationship of numbers to geometry

-——Understandmg of fractions as numbers, comparison of fractlons and

conversion to decimals. Lt , -.,

—Development of an intuitive geometrlc understandlng and ability to use
g the mensuratton formulas for two- and three-dimensional figures.

..__Abuty\to use the concepts of sets and some of the language of sets
where appropnate However, sets and set language are useful tools, not
end goals, and 1t is mapwte to start every years program with a

_ chapter on sets. ° \0
i ' —Understandmg of elementary function ¢ ncepts 1nclud1ng dynamrc
' models of increasing or decreasing phenomena.

T —Abll‘ty to use some a]gebrarc symbohsm and techmques partlculaQ' in
$des78 S

Secondary School Jvlathematlcs - o S

The current secondary school mathematlcs curncula are organized into separate .
_ year-long courses covering algebrd, geometry and precalculus topics, but there,
* are some who question these traditional divisions. There is a growing sense that *
" the traditional components can be streamlined, leaving room for important new -
_ topics. The cuirent sequence, 1§olatlng geometry in a yearlong course rather
~than integrating subjects of geometry over several years w1th other mathema-
thS, must be senously éhallenged ’(

1

Although the followmg analysrs uses convenitional course headlngs for
discussion of proposed changes, this does not constitute-an endorsement of the
© status. quo. We must give serious consideration to. the: deyelopment of an
mtegrated secondary school mathemnatical sciences curriculum.

Instrucuon sllould be desngned to achreve the following outcomes: -

L
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| Algebra -

.
©

For.all stidents: . _
—Ability to recognize basic algebraic forms and know how to transform
them into other forms. o ,
—Understanding of the logic behind algebraic manipulations.
—Skill in solving linear equations and inequalities.
- —Skill in solving quadratic equations.

—Ability to graph linear and simpl€ quadratic functions and use mese in
interpreting and solving problems. - '

—Familiarity with permutations, combinations, and simple countmg
. problems. : . '

—Knowledge of relatlons and functions. .
~ —Derelopment of problern-solving abilities.

In addition to the above, students exhibiting interest in and talent for |

' mathematics- should receive mstmcnon de51gned to achieve the followmg

outcomes

—Sklll in solvmg higher degree equanons and mequalmes

—-Knowledge of various types of funcnons mcludmg polynom1a1 expo- “
nential, logarithmic and circular functions. -

—Ability to graph higher degree functions.

—Familiarity with the binomial theorem. |

—Skill in solving' txigonometxic, ex_ponential and logaﬁthnlic equations.*
—Familiarity with arithmetic and geometric sequences and series.
—Knowledge of simple’ matrix operatlons and their relation to systems of '

linear equations.
,—Skﬂl in- operations with complex numbers

New computer technology allows the mtroductlon of pertl_nent new material
into the curriculum and new ways to teach traditional mathematics. -Particularly
noteworthy in ‘this context at the secondary level are:

—Symbohc mampulauon systems which evennow, but certamly far more
. in the near future, will allow students to do symbohc algebra at a far
more sophlsncated level than they can be expected todo with pencil and

paper. - , . .
—Computer- graphics and the cormng v1deodlsc systems' which will
enable the presentation and mampulanon of geometric and numerical

objects in ways which should be usableé to enhance the presentation: of
much secondary school mathematlcal material,

110
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We believe that the geormtnc 1deas listed below should be acqurred by all -
students, We again suggest thgt/senous attention be. given to introducing
_geometry together with algebra in the 8th and 9th grades rather than having a
separate year-long course terruptrng instruction m algebra. Instructron should

. be designed to achleve th) followrng outcomes: o

. ——Ablhty to think logically.

—Ability to work through-short sequences of rigorously developed mate-
rials while de—emphasrzmg column proof.

—Mknowledge of two- and three-dimensional ﬁgures and their propemes

—Ability to think in t_wo and threedrmen_slons in terms of congruence and
similarity. . ‘

—Ability to use the Pythagorean theorem and specral rlght tnangle
relationships.. A

—Understanding of algebralc methods in geometIy and analytic geome-
" try; and vector algebra, especially in three dimensions.

L—Eamiliarity with computer graphics packages to get a visual sense of
geometric concepts and transformation. : :

Other Mathematics : N —
Instruction should be designed to achieve the following outcomes:
—-—Knowledge of discrete mathematics (basic comblnatorrcs graph theory, '
discrete probability).

-—Understandmg of elementary statistics (data analysis, mterpretatlon of
tables, graphs, surveys sampling). '

—Knowledge of computer science (programnung, introduction .to al-
gorithms and 1teranon),

—Familiarity with the phllosophrcal basis of calculus and understandlng
of the elementary concepts of the Sl.lb_]eCt (e.8., rates of change, intuitive
ideas of limits).  ~ | o :

Science = ; "b

The desired outcomes of sc1ence instruction mvolve understandmg and appre-
‘ciation of the external and interna} biological and physical environments. Such
learning must clearly be a lifelong process Thus, thére are many choices as to
what topics are to be included from sciencé and technology. in elementary and
secondary school education, whereas, in mathematics, there is a generally -
accepted sequence to provrde essential building blocks.

' The desired outcories of science and technology involve various levels of
ngor in topics and the strmulatron of student interest to continue science and
technology study throughout alifetime. In the early years, students should have
- many opportunities to experience science in a real world (laboratory) context in

i
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a manner that does not separate the sciences into blOlOglCdl and physical _
science.-The natural environment of the community and school can also be used

- asalaboratory setting. In the later years of high school, specialized courses will

naturally be provided for those students especially motivated to pursue one or -~
more of the science areas in greater depth.

Instruction in- the sciences and technology in. grades K 5 should be
designed to achieve the following outcomes:

—Knowledge of phenomena inthe natural environment and opportunities

"~ touse appllcdﬂe arithmetic-in the learning of science. In addition, the

Jintegration of science with the teachlng of reading and writing shou!d be
actrvely pursued

-—Growth in“the natural cun051ty of children about their physical-and
-biological- surroundmgs

—Ability to recognize problems, develop procedures for addressing the '
problem, recognizing, evaluating.and applymg solutions to the
problem.

. —Personal experiences- -with appropriate level hands-on science act1v1t1es
~ with both biological and physical phenomena.

—Ability to use appropriate level mathematics i in descnbmg some science
and in solvmg science problems

,——Ablhty to commumcate orally and in writing, observations of and_

experiences with scientific phenomena.

—Some knowledge of scientific and technical careers and of the necessary
background for contmued study in these areas.

Instruction for students in grades 7 and 8 should place emphasis on the
biological, “chemical and physical aspects related to the personal needs- of
adolescents; and to. the development of qualitative analytical skills. Instructlon
at this level should continue to build on students’ earlier experiences and be
designed to achieve the: followmg outcomes through experimentation, text and

' commumty I‘CSOUI‘CCS - -

—An undérstandrng of how their own 1_bodies functlon
| —Recognition of societal issues related to science and technology

—-Development of greater skill in observing, cla§s1fymg, communicating,
measuring, hypothesizing, inferring, designing investigations and ex-
. periments, collecting and analyzmg data, drawmg conclusions -and
making generalizations. :

—Growth in problem-solving and de01s1onmakmg abllltres

--Ablh-ty to ask questions, manipulate variables, make generalizations -

and reﬁne concepts.

—A beglnmng understandmg of -the integrdtion of the natural sciences,
social sciences and mathematics., -

—Familiarity w1th the usefulness of mtegratmg technologles (calculator,
computer, cable telev1s1on) with experiences in the sciences.

°



—Apprecmnon of Jocal resources stich as museums, scientists and spe-
cialists to extend learning expenences beyond the school walls and
hours. .

—Contlnued development of asense of a potentla] science role in career or
life ch01ces

" Secondary School Scnence s

The number of topics covered .in” high school science courses should be
drastically reduced. Attention.should then be directed toward the 1ntegxatlon of
remaining facts, concepts and principles within each discipline and with other
sciences and areas such as mathematics, technology and the social sciences.
Ideas should be selected which can be developed honestly at a level comprehen- -
sible to liigh school students; developed out-of experimental evidence that high
school students can gather or, at least, understand; and tie into other ‘parts of the .
* course so that their use can be reinforced by. practice.- In.addition, all courses
should provide opportunities to develop the ability to read science materials.

-

Blology :

. The primary need for the revitalization of blology education is the need for a
) conceptual framework that is more in harmony with understanding oneself and

- whichis supportnve of the national and global welfare. * The educational context
of the biological sciences should be more sharply focused at different schooling
levels. The curriculum in grades K-6 should emphasize a study of nature and
blologlcal phenomena. In the life sciences of grades 7-9, the emphas:s should
- be upon understanding oneself as a human being. General biology in the high
school (grade 10) . should emphaswe biology in a social/ecological context

Instruction should be de51gned to achieve the following outcornes:

—Understanding of biologically based persona] or social problems and-
issues such as health, nutrxtlon environmental management, and
human adaptation. '

—Ablllty to resolve problems and issues in ablosoc1al context 1nvolv1ng '
* value or ethical considerations.

—Continued development of students’ skills in making careful observa-
tions, collecting and analyzing data, thinking logically and critically, .
and in making quantltatlve and qualitative interpretations.

—Ablhty to identify sources of reliable information in biology that they *
““\may tap long after ‘formal education has ended.

—Undel;standmg of basic biological, concepts and pnnc1ples such as-
genetics, nutriticn, evolution, reproduction of various life forms, striic-
- ture/function, disease, d1ver31ty, mtegratlon of life systems life cycles,
and energetlcs _

<o
.

*Recommendations of the Conference on Goals for Science And Technology Educatlon Grades K- 12 Report of
' 'l'he Workmg Gwmgy Educxmon March 11-13, 1983.



Chemistry ST, .
At all levels, the social and human relevance of chemistry should be empha- .

sized. The curriculum should mc%moMe a proper selection and mtegratlon of
topics from both descriptive, chermstry and theoretical chemlstry

Instructwn should involve extenswe hands-on expenence and should be
des1gned to achieve the following Ob_]eCthCS

+ —Tllustration of how answers to chemical questtons are obtamed

—Parmllanty with the molecular descnptlon of matter and 1mpltcatlons of -
" ‘such a parnculate view.

—;——Understandmg of elementary atormc structure and the regularmes con-
tained in the Periodic Table.- .

—Understandmg of molecules and chermcal bonds

.—Understandmg of reactlons (stoichiometry, equtllbnum energetlcs,
_rates). - . :

—Familiarity with the chermstry of common substances (descnptwec’
chemistry).

~—Und rstandmg ‘of the states of matter, and the nature of solutions.

—Famrllanty with applied chemlstry (radroactlve materials, common™
poisonous and combustible chemicals, water purification, preventionof
food spoﬂage) g ‘

—Famrllanty with the vanety -of chemlstry-related caneers

-~

Physm

- . An understandmg of the ba51c pnnc1ples of physlcs isa necessary foundat10n for
most of the other sciences. The students’ earlier exposure at the elementary level
Swill have begun this understanding which is especially important for an under- .+ -

- standing of many technologlcal appllcatlons of science. Even for those students
~who do not go on to major iri science or engineering, physics provides important -
examples of how the physical world works and the kind of answers scientists can
(and cannot) give to the important questions of life. For this reason, courses .

” must be designed for a wide variety of students.

. Instruction should be deslgned to achieve the followmg objectwes
~ —Laboratory expenences including opportunmes to acquire mformatronf
inductively. : - .
—Opportunities for continued development of more advanted mathematl- :
 cal techniques as applied to science matters. )
o '——Comprehenswn of fundamental umts derived .units and systems of
_ measurement :
’ —Understat}dmg of the concepts of motlon from the smallest partlcle to
' ' ' celestia]_bodies. ' : : S

—Understandmg of the conservation of mass and momentum, of energy,
the kinetic theory of gases and wave phenomena ’ .
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——Understandmg of light and electromagnetism.

——Apprecnatron of atomic and nuclear.physics, and of relatmty
-—Famxllanty with the vanety of physws-relate;d careers

,Computer Competencies ' - .

Ornte major goal of education is to help students prepare to cope’ ‘with situaticns
~ they will encounter fater in life. Every student will encounter change, much of
_which will be based upon ‘developments in science and technology. Con-

. sequently, the educational system has-a responmbnhty to impart certain skills to

" all students. This list of student butcomes for computing skills is differentiated
for those students who may be particularly interested in ,computing or ‘willfs

: pursue careers in scientific »ad i t=chnical areas and for thos¢ studenfs W1th o}her

A interests and abilities. %

Instruction should be designed to achieve the followjng outcornes: ,

—Basic knowledge of how computers work and of common computér
 terminology, including a general understanding of the various applica- -
. tions «f computers. '

—Experrence in using the computer as a tool, which should include
" experiences in the use of standard applications software such as word
- processing systems, ‘and filing systems.

—Familiarity with.one hrgh-level computer:language and ability to.use
-, that language as a means of interacting with the devnce ! :

) —Ab111ty to use a computer language to do problem-solvmg tasks in the ..
. contextof normal academic experiences and ata level Wthh reﬂects the
“indiyidual student’s level of ablllty '

—General understanding of the problems and issues confrontmg both
individuals and society as a whole in the use of computers, mcludmg the
. social and economic effects of computers, the hlstory and development

~ of computing, anduthe ethics involved in computer automation. -~ -

In addition to the competencies outlined for all students, those students

_ showmg a special interest in apd ability for computing, and those who may

pursue further study in sciéntific and technical ﬁelds should:

—Have a thorough knowledge of how computers work, mcludmg an in-
depth understandmg of varied computer appllcatlons and autbmated
information sources

—Have experience in usmg the computer as*a tool, with particular
o emphasrs on applications such as text editing, computer-assisted com-
" position, computer-based statistical analysis, simulation, data loggmg

-and manipulation when the computer is connected'to the experience, )

and use of common computer -utilities. -

—Be able-to use at least two computer languages in the context of other ‘

‘academic experiences, with an emphasrs on appropriate problem-solv-
mg,skrlls and development of readable, structured programs.

110
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Tedhnology ”

"Although technological concepts are inseparable from their natural content in
the sciences.and mathematics, the Commission considers the topic to be of -

. critical importance and meriting separate treatment. Appropriate instruction in
- technology should be integrated into the curriculum for grades K-12. Doing so

will serve to strengthen the teachrng of Science, mathematics and computer
literacy. This will require a major emphasis on the development of new teaching

- materials and on the trarmng of teachers to enable them to handlé technological

/

. concepts. P g

In 1970, the wnters/oﬁthe Pref/ce 0 The Man Made Worid stated that *The
problems we face-as@ zation are monumental. We not only need to understand -
technoloﬁe must also anticipate its side,effects. .Change today is so rapid and
thé visible effects are often so delayed that the wrong decision can lead to major
problems before the effects can'be reversed.” That statement has grown in

' srgmﬁcance It is imperative that the precollege education of today and the
| future equip students ) :

—To use technology to improve the qualrty of many personal and profes-
sional technology-based decisions. ;

' —To participate intelligently as informed citizens in the transmon from an
- industrialized socrety to a post-rndustnahzed service and 1nformatron '
- age. - _
—To be more active in shaping publlc polrcy, which often 1nvolves the use
of sophrstlcated technology :

L1~ N

'I\No approaches are’ often suggested a specrally deve'rped one-year

course treating technological concepts; or thorough integration of technology . -
throughout other “instructional topics, K-12. Since there are few precollege =

courses about technology or the integration of,technologrcal concepts into other

* disciplines, development efforts are greatly needed in this area. It is important

to begin to 1dent1fy some.of the content, and desired student outcomes of such -

- courses _ : : ,

Students -should have opportunities to examine technology-related con-

© cepts in some of the following . systems:

——Commumcatrons transportatlon ,
- —Energy productron and -conservation,’ resource management -
- —Shelter, resldentlal use of space SR N
'+, —Food _productlon health care dellvery, safety '
—Brotechnology, nuclear i issues :

-

_ _—Computers and-their applications - 4
,Through leammg about technology, students should gain some skrlls in:

: —Formulatmg and solving problems and identifying alternative solutrons
to problems. : .

- llb
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10.

1w'.'j L 11?',

—Making connections between theory and practice, burldnng and testnng
- models. o . .

- —Examining trade offs and nsk analysis, synthesrzmg and desngmng
——Usnng the concepts of feedback and stability.

Conclusnon

_ Hopefully, the ideas contamed herein will enrich ongolng discussions and
" encourage further_study and development of curriculum in mathematics, sci-

_ \\'ence and technology at the elementary, middle and s'econdary school levels.
_\There has been little treatment here of methodology, nor have examples been

provided for the delivery of content. The reader is strongly encouraged to
consult the references provided at the end of'the paper for much more detailed
information about the desired.state for edycation at the precollege level in
» mathematlcs scrence and technology.
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. EXHIBIT C

r

COSTS OF RECON[MENDED FEDERAL INITIATIVES
SUMMARY o too

The following is a list of the Commission’ s major recommendations for Federal
action and an indication of the annual costs, above current estimates of spend—
ing, neededo implement each. Detailed notes on each recommendation follow
this summary listing.

1 The President should immediately appoint a Natlonal Educatlon Council

made up of representatives.from a cross-section of national interests. This
) Council should report regularly to the President. It should provide leader- |
Va . -+ ship in developing, coordinating and implementing plans to improve and
P ' maintain the quality of the Nation’s elementary and secondary education in
mathematics, sc1ence and technology. The President’s National Education -
Council should, on'a continuing basis, (1) identify educational goals nd
recommend the changes needed in the form and content of education to
reach those goals; (2) ensure that the assessment mechanism described
pelow is developed and maintained for measuring and comparing student
- achievement, participation and progress toward these goals in every State,
- ' school district and school; and (3) monitor and report annually to the
' American people on the status of American education and progress toward .
achieving these educational goals. It should also facilitate the sharing of
information about successful mathematics, science and technology educa-
tional programs Finally, the Presldent s National Education Council
should recommend incentives to encourage state local and pnvate mvest-
ment in educatlon v : : _
< Cost $2 75 mrlllon -
2. The Federal g(;vemment should finance and maintain a national mecha-
nism to measuré student achievement and participation in a‘manner that
allows national, state and local evaluation and comparison of educational
. progress. This assessment mechanism should be overseen by the Presi-

dent’s National Education.Council. The actual -assessment, however, - .

should be performed by the groups responsible for the National Assess-

~ ment’of Educational Progress or other such entities experienced in testmg o

procedures and techmques .
Cost: $5 mllllon

3. The umque national role of the Federal government (1nclud1ng unportant

Department of Education and National Science Foundation programs) in =

ensuring access in 1ts broadest sense to educational. opportumty must
continue. -

-

-Cost: $157 million
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4 The - Federal government should encourage and finance, in part, the

5.

6.

establishment of exemplary schools or programs in mathematics, science

"~ and technology in each communlty throughout the Nation to:serve as

examples and catalysts for upgrading all schools. The Federal government
should evaluate current resource allocation pohcnes entertain redistribu-

* tion and, whete necessary, appropriate funds to support the development

of such programs. . . . The Federal government should appropriate funds

"to aid the establishment of at least 1,000 such exemplary schools at the

secondary level and at least 1,000 such schools at the elementary level -
throughout the country '

Cost $829 million

The Department of Education and the National Science Foundatlon should
support and fac1htate the dissemination of information to help build this

national network of exemplary programs
: . Cost: $0 added

The Federal government has a responslblhty to ensure that such [teacher] '
trauung is available and should provide funding for in-state teacher train-

ing progmms in mathematics, science and technology. ‘Summer and in-
service institutes, supported by the National Science Foundation, prov1de

- a preven model for upgrading of teacher skills.

-~

7.

" 8.

/
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- | Cost' $349 million

The National Sc1ence Foundatlon should provide seed money to develop
and establish state-wxde or regional on-site teacher trammg programs
uslng the new information technologles

: N , Cost: $30 million

The National Science '"Foundation which has recogmzed expertlse in
leading curriculum development, should again take the leadership role.in

_ curriculum evaluation and development for mathematlcs science and

* technology. The National Science Foundation should set up a process.to
evaluate existing curricula, identify good curricula, disseminate informa-
tion, act as a clearinghouse and promote the development of guidelines for
new curricula as necessary. [Also] The National Science Foundation
.should suppert the development of courses to meet this need [courses
dealing with technology at grades 8and9]. . . To achieve this objective,

the Commission suggests, as one mechamsm for the National Science
Foundation to Eonsider, that a Mathematics, Science and Technology
Cumculum Council be éstablished in the National Science Founda-
tion . N (i should appomt and coordinate the activities of [4] specific
comrruttees . . . The responsibility for each committee should include:

detennina‘tionrof the best course content for its subject area; critical review

- of the available texts and other teaching materials; publication through the

National Science Foundation of the results of the critical evaluation;
1dent}ﬁcatlon of the areas where 1mproved materials and totally new course

materials are ne_eded identification of the areas where future research is



9,

10.

11.

12,

13,
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" needed in curriculum development and' the processes of teaching and

learning . . . . The Council and committees should work with wndely
dispersed den)onstratlon centers to test new curriculum. <.
e Cost:  $52 million

Research into the processes of teaching and learning should be supported
with Federal funds at both the basic level and the level of classroom
application. This research should further the recent progress in the cogni-
tive sciences, and particular research projects should investigate the inte-
gration of educational technologxes into the processes of teaching and
learning. L .

. Cost: $10.5 million

The National Science Foundation . . . should again take the leadership
role in evaluating the status of developments ‘in this area [educational

~ applications of new technologies]. This should include such actions as

determining needed initiatives, supporting prototype demonstrations, dis-
~ seminating information on model materials and practices, and supporting
- research on integration of educational technologies with the curriculum.
-To achieve this, the Commission suggests, as one mechanism for the
National Science Foundation to consider, that a Council for Technology
Application in Education be established . . . . This group would advise
the National Science Foundation on 1mt1at1ves in this area mcludmg
supporting research into the fundamental aspects of the. integration of .
modern technology into the processes of teaching and learning; developing

- mathematics, science and technology curricula that can integrate compu-

ter systems and supporting materials effectively; promoting pnvate indus-

: try, colleges and universities to collaborate in training in-service teachers-

in the utilizatin of high technology systems [e.g., out-of-school and in-
service training programs, computer conferences, training programsjor
schools of education]; encouraging and assisting school systems to acquiré *:
computers, software, instructional materials and science equipment [e.g.,

via tax incentives); assisting in making the highest quahty software avail- f?

ableon the broadest possible scale.

Science broadcasts are an important and cost-effective vehicle of mfo:

leammg, which warrant continued and substantial Federal. investment an 1%
Support M » 4/‘ .

Cost: $13 nulllon
/
Federal regulation of commerc1al [broadcastmg] stations should include a

required period of educatlo&ml programmmg for children.
‘ Cost $0 added

.4,\‘

The Federal government should provide supplementary support for mu-

seum education’ activities in mathematics, science and technology at a

level that w111 encourage a rich spectrum of activities and options. -
Cost: $25 million

J— ) Y
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Cost' ‘ $36 millioir
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. . 4. Private industry and wvemmem agencies should create programs and
opportunitics which let children see science and (cchnnluw in actual
operation in their plants and msmll.utmns

Cost:  $0 added
TOTAL COST:  $1.51 billion

DETAILED NOT ES

1. The President should immediately appoint a National Educ ation Council
made up of representatives from a cross-section of national interests. This
Council should report regularly to the President. It should provide leader-
st'n in developing, coordinating and implementing plans to improve and
‘naintain the quality of the Nation's elementary and secondary education

mathematics, science and technology. The President’s National Educa-
wn Council should, on a continuing basis, (1) identify educational goals
recommend the needed chunges in the form and content of education

, »1 . h those goals; (2) ensure that the assessment mechanism described

. below is developed and maintained for measuring and comparing student

achievement, participation and progress toward these goals in every State,

v school district ‘and school; and (3) monitor and report annually to the

American people on the status of American education and progress toward

achieving these educational goals. It should also facilitate the sharing of

information about successful mathematics, science and technology educa-

tional programs. Finally, the President’s National Education Council

should recommend incentives to encourage state, local and private invest-
. "ment_in education.

This Council has the following functions assigned to it: :

a. Developing and coordinating plans to improve and maintain the
quality of education in mathematics, science and technology;

"~ b. Identifying educational goals;

Overseeing the national assessment mechanism (see recommen-
dation #2 below);

v - d. Monitoring and reporting gn the status of educatlon
Facilitating the exchange of 1nformat10n about successful . -
, programs. ) v .
' . The Department of Education now spends approximately $200 000 to

. ’ support the National Council on’ Educational Research, which formulates
educational policy. It does not, however; have a study or policy analysis budget,
required for the activities of the proposed National Education Council. If the
National Education Council is to have national impact and a staff to conduct and
facilitate unplementanon of policy recommendations, it will require a profes- .

' ’  sional staff and budget for analyses. It is estimated that this will cost $1, million.

- The costsof the natlonal assessment mechanism are d1scussed under #2
below

PR R
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. The National C,enter for Education Statistics, which is budgeted at approx-
imately $8.7 million, monitors educational progress. Their annual report costs

approximately $750,000, but rests heavily on the data gathered through the $8.7 .

million program. The costs of the proposed National Educatlon Councnls
~ annual report should be about the same.

There  currently are two mechanisms to facilitate the exchange of informa-
tion about successful model programs. The ERIC centers'in the Department of
Education receive approximately $6 million to collect reports on éducation and .
to gct as a clearinghouse. The National Diffusion Network receives $10 million
- per year to disseminate information and materials which have been vahdated
~ They are currently emphiasizing information on .mathematics, science and
technology. In order to formalize the exchange of information, this program
would have to be increased, by a level approximating $1 rrulhon :

The total estimated cost above current expenditures is $2,75 million per
year. R . ‘-l . N +* .

2. The Federal government should finance and maintain a national 'mecha- '
nism to measyre student achievement and participation ina manner that
allows nattonal state and local evaluation and-comparison of ediicational

~ progress. This assessment mechanism should be overseen by the Presi-
dent’s. National Education Council. The. actual assessment, however,
should be performed by the groups responsible for. the National. Assess-
ment of Educational Progress or other such entities expertenced in testmg
procedures and techmques ‘

The Educational Testing ‘Sérvice currently receives. approxnmately $4
million for the National Assessment of Educational Progress (NAEP). Previous
" budgets for this activity were much higher. While the assessment is required by
Congress to provide information on mathematics, it does not require such
. infonaation for science or technology The National Science Foundation, on a
one-time basis in 1982, supplemented the assessment to obtain figures for
science (approximately $600,000). The current assessment covers mathema-
tics, science and social scienge and includes very little on technology. If
additional testing and analyses were established, such that it could effecuvely

... assistlocal communities, as is now done for States amuch larger budget would
' be needed. -

- The estimate of. addmonal funds requxreti is $5 million per year.

3. The unique natzonal role of the Federal gbvemment (inctuding important
Department of Etucation and National Science Foundation programs) in
ensuring access m its broadest sense: to educatzonal opportumty must
continue. :

: The Department of Educatxon and the N atlonaLSculce Foundatnon have

initiated a variety of programs over the years.that have specifically addréssed

- issues of .access in education. The Department of Defense has alsg operated -
 significant programs in this area. -

The major DoEd programs are Title I of the Elementary and Secondary

Educatlon Act of 1965 now Chapter I of the Educauon Consolidation and-

J 1’). »



- Improvement Act of 1981, and the Aid to All Handicapped Childrén Act of
1975. The Chapter I program has not kept pace with inflation. In order to
maintain FY 1983 expenditures at constant, real, levels, an additional $150
million will be needed for that program ‘

The NSF does not at present have any funded programs that are specxﬁ-
cally aimed at motivating women and minority students at the elementary and
secondary level in mathematics, science and technology. At ‘one time this

.funding was estimate:” to- total around $7 million.

Thus, maintaining DoEd programs at constant, real levels of funding and
reinstituting NSF programs at recent levels wxll requ1re additional funding of at -
least- $157 million per year. . :

4. The Federal government should encourage and ﬁnance in part, the
- establishment of exemplary schools or programs in mathematics, science
. and technology in each community throughout the Nation to serve as
examples and catalysts for upgrading all schools. The Federal government
should evaluate current resource allocation policies, entertain redistribu-
tion and, where necessary, appropriate funds to support the developmerit
of such programs. . . . The Federal government should appropriate funds
: : . to aid the establishment by local communities of at least 1,000 such
e ' exemplary schools at the secondary level and at least I 000 such schools
' at the elementary level.

: This recommendation calls for the initial estabhshment of an additional

. 1,000 exemplary secondary.schools and 1, 000 exemplary elementary schools. -
= The recommendation also speaks of “establishment” and ‘““development” of
these schools and programs; | thus only start-up costs are discussed here. '

Start-up costs for a new program, based on studies now in progress and on
experiences of existing programs, are estimated at $750,000 each for secondary
schools and $525,000 each for elementary schools. These estimates include the
assumption that economies of scale in building multlple eXemplary programs

_ would result in cost savings of about 10% per school. - ,

It is assumed that, on the average, the Federal government would provxde
65% of the start-up costs for these, exemplary schools. This is estimated to be a
mlmmum contnbutlon needed to ensure that these programs are established.

‘ " The Federal share would actually be distributed over a period of three
T . - years, but immediaté authorization and appropriation are required to establish
T : the scale of the program and provxde the necessary credxbxhty and assurance to

state and local governments.

- Thus, the total cost of the progam would be $1 275 billion, with the
* Federal government contnbutmg $829 million. The Federal share, however,
_———will-be-disbursed at the rate of $276 million per year over 4 three year period. -

One Commission member feels that the plan to create 1,000 exemplary

- secondary schools and 1,000 exemplary elementary schools is too ambitious.

"+ That member feels that the number should not exceed 1,000 of such schools and
that the Federal share of the costs per school should be$100,000. .

ts
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5 The Department of Education and the. National Sczence Foundation
should support and facilitate the dissemination of znformatzon to help build
this national network 6 exemplary programs

This activity could be coordinated through the National Education Couu4
cil. Thus, costs for this activity are assumed t6 be included in récommendation
#1 (e), above. Therefore this recom@tron results in no added cost.

6. The Federal govemment has a responsibility 10 ensure that such [teacher]
training is available and should provide funding for in-state teacher
traznzng programs in mathematics, science and technology. Summer and
in-service institutes, supported by the.National Science Foundation,
provzde a proven model for upg: 7'zng (f teacher skills.

Itis assumed that most teachers would receive some trammg The number
- of mathematics and science teachers at the junior and seriior high level is -
approxrmately 200,000 at the K-6 level, it is approximately 1.17 nnlhon Itis
assumed that about 15% of current teachers will.not need such training for
various reasons, including some who are new or just out of school and others
- who will be retmng in a year or two. Thus, these calculations assume that
‘slightly more than 1.16 million teachers from both levels would receive some
training. . : : : :
There are many ways teachers rmght receive such training, and not all

teachers would require the same amount. Moreover, different types of training -

might be needed by different groups of teachers. Some might require relatively
rmmmal training that could be accomplished in a large group or through the
. effective use of technology for relatively low cost. On the other hand, many will .-
require’ extensive training, perhaps equrvalent to substantial portions of a
"college major in mathematics’ or_a science discipline. The average cost of
training per teacher is estimated to be $3,000 (based on past National Science
Foundation programs and the experiences and estimates of other groups). Thus,
the total cost of training thé Nation’s current pool of teachers wouild be $3.49 .
billion.

It would not be possible to provide this training for all teachers at one t1me

. Itis estimated that this training program would have to be spread overa ﬁve-year
time period. Therefore the yearly cost of this program would be $698 million.

Itis estrmated that the Federal govemment would provide half of the funds
for this program, with the states expected to match on an equal basis. Thus, the
costs io the Federal govemment would be $349 million per year. - :

.One Comrmssron member beheves that the proposed retraining of Amer-
1can elementary and secondary mathematics and science- teachers is not a.
- workable means of upgrading teacher .quality because, in that Commission
member’s opinion, there are insufficient facilities to complete the. training of all
teachers in the five-year time ‘frame. -As a result, that Commission member
believes the cost_of this recommendation would be lower annually because
fewer teachers would be receiving training.



7 The National Science Foundation should provide seed money to develop
and establish statewide or regional on-site teacher training programs
.. using the new mformatzon technologies. :

4)) Estlmatmg a minimum of 10-grants needed for prototype development

- and demonstrapon 'of a range of alternative approaches (cable or closed circuit

TV interactive telecommumcatlons, computer controlled videodisc) at an
" average cost of $500,000 per grant, would requlre a minimum expendlture of $5
million.

2 Addmonally, estimating .100 state or regional on-site teacher trammg '
programs, ranging in cost from $100,000 to $1 million (average $500,000),

would require approximately $50 million. If these, however, were matched on a
50-50 basis by the States this would require $25 million in Federal funds.

Thus, the total required costs would be $30 million per year.
8. The National Science Foundation, which has recognized expertise in

leading curriculum development, shoula' again take the leadersth rolein

curriculum evaluation and development for. mathematics, science and
technology. The National Science Foundation should set up a process to
evaluate existing curricula, identify good curricula, disseminate informa-
tion, actasa clearinghouse and promote the development of guidelines for
new curricula as necessary. [Also] the National Science Foundation

- should support the development of courses to meet this-need [courses

dealing with technology at grades 8and 9] . . . . To achieve this objective,
* the Commission suggests, as one mechamsm for the Nationg] Science

Foundation to consider, that a Mathematics, Sczence and Technology.
Curriculum Council be establtshed in the Natlonal Sczence Foundation.

. It should appoint and coordinate the activities q’ [4] specific commit-
tees . .. The responsibility for each committee should include: deter-

' mination of the best course- cont&twfsubject area; critical review of

 the available texts and other teaching materials; publlcanon through the
National Science Foundation of the resilts of the-~ critical’ evaluation;
identification of the areds where improved matertals dnd_totally new
course materials are needed; identification of the dreas where future

research is needed in curriculum development and the processes of teach-.

ing and learning. . . . The Counczl and committees should work with’

widely dispersed demonstratzon centers to test new cumculuni
~ \
“The recommendation includes the suggestion of a new advisory commitieg

for NSF with four operating subcommittees. The NSF activity would mclude N

T",'

- a. Evaluation of e)usnng curricula and instructional materials; -

b. Dlssemmatlon of information about curricula and instructional mate- _
" rials; these committees would coordinate closely with the suggested
NSF Council for Educati6nal Technology;

c. Support of curnculum development activities.

The maintenance of five advisory committees for the Natlonal Smence
Foundatiofr, estimating 4 meetings each per year $25,000 per meetmg, would
‘cost $500 000 per year. .

|

8



»

‘ The development of mstxuctlonal matenals for precollege mathematlcs, f
" science and technology would involve 35 new starts per year, at an average cost \
of $500,000. Estlmated cost: - $17.5 mllllon :

- Demonstration and dlssemlnatlon efforts should lnclude

. - - e 20 demonstration projects (new starts) per year at an average cost’ of
. - . $200,000. Estimated cost: $4 millioh% . -

-~ ® One national science and mathematlscs mstructlonal resource facnllty
Estimated cost: $5 million. - LT !

* . @ 25 regional resource and teacher assn'stance faCilltleS (with joint local/
- state/Federal funding). Estimated Federal cost $25 million.

" The tota] estimated cost would be $52 mllllon per year

9. Research into the processes of teaching and learmng sk ".dd be supported
with Federal funds at both the basic level and the level. cf lassroom
appltcatton This_research .should further the recent progresf\tn the

A cognitive sciences and particular research projects should investigate the
- integration of educattonal technologies into the processes o teachtng and
learmng : . : 3

Research into the piocesses of teachmg and learning (cognmve scnences)
should be supported at a rate of 35 new Starts per year and an average cost of
$150,000. .Estimated cost:  $5.25 million. e

- Research into ‘the fundamental aspects of the integration of modem educa-
tional technology into the processes of teaching and learning should be sup-. _. .
ported at ‘an estimated rate of 35 new starts per year and an average cost of

-$150,000 (seevalso Retommendation #10) o
) Estlmated cost $5.25 mllhon Py

. The, total estimated cost would be $10 5 mnlllon per year

o - 10. The Nafional Sciénce Foundatton . should again take the leadershtp
role in evaluatmg the status o developments in this area [educattonal
o '  applicationsof new technologtes] This should include such actions as

determming needed.i initiatives, supportmg prototype demonstrations, dis-
seminating informatioh on model matenals and practices, and supporting
research on-integration. o educational technologtes with the. curriculum. - .
. To-achiéve this, the Commission suggests, as’ one. mechanism Jor the 3
. National Science: FoundattOn to.consider, that a-€ouncil for Technology
_Application in EJucanon be established. . . . This group would advise the
Nationdl Science Foundation in-this arecz mcludmg supporting research
" into the fundamental aspects of the integration of modern technology into
... the.processes of teaching and learning; developtng mathemattc‘s, science
- and. technology curricula that can integrate computer systems and sup-
- portmg materials eﬁi’cttvely promoting private industry, colleges and
. universities to collaborate in.training in-service teachers in the utilization
of high technology systems [e.g., out-of-school and in-service training :
programs, computer conferences, training programs for schools of educa- -
tion]; encouragmg and asststmg school systems to acqutre computers, e
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software, instructional materials and science equipment [e.g., via tax
incentives], assisting in making the hzghest quality. software available on
the broadest possible scale.

This recommendation suggests an advisory council for the National Sci-
ence Foundation and sets a series of activities for NSF to support:

a. Disserinating informatior on model materials and practices;

b. Supporting research into the fundamental aspects of the integration of
 modern educational technology mto the processes of . leammg and
teaching; S : & ‘

. c. Developing science and technology cumcula that can integrate comy
L : : puter systems and supporting materials effectively;

d. Promotlng collaboration in tralmng teachers:,

e. Encoura}_ - and assisting school systems to acquire materials and
, cqulpment

Assisting in making software available on the broadest posslble scale;

~ g. Testing and evaluation of courseware and mtegratedcurncula in order
-~ to quantify the benefits of the technology and to facilitate its mtroduc-
- tion mto the classroom.

Estabhshmg an advisory committee, assuming it would meet about 4
times per year, with appropnate staff support would cost an estlmated
$100,000. - '

Significant research is needed, which will not resultin the near term from
private efforts, to provide a solid base of knowledge to permit effective,

- maximum utilization of modern educational technology which is integrated into
the curriculum of mathematics and science courses. Assuming an average 3-
year grant for prototypedevelopment of $1.5 million (in total), and an estimated
50 grants to cover prototypes for mathematics and science courses K-12, the
estimated yearly cost would be $25 million.

It is assumed that teacher training and cumculum'development as outlined
- _ here would be covered in reccmmendatxons 6 and 8, respectrvely, as dlscussed
o - * above. No added cost here.

Encouraging and asslstmg school systems in acqumng materials and
o _ equipment Would involve: (@ models for adoption: 5 projects per year at .
St --.$600,000 per project (cost estimate $3 million per year); (b) 15 papers and
B . studies per ‘year. at.$200,000 per project, (cost estxmate $£3 million per year)

‘Tmal cost estlmate is,$6. mllhon per year. N

Asslstance in making software ‘broadly available would require planmng '
and prototype development for dxssermnatlon, estimated at a level of $5 rmlhon P
‘per year. - ® e

The total éstimated cost would be $36 mllllon per year.

11 ,S’czence broadcasts are an important and cost-eﬁ%ctzve vehicle of informal
leammg, which warrant contmued and substantzal Federal investment
and support : : ~
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Ongomg support for two dally sc1ence-mathemat1cs TV series(e.g., 3-2-1

Contact) for distribution via PBS and other appropriate channels at $6 mllllon
per year each; the cost is $12 million per year. "

Instructlonal materials for use in classrooms andto enhance the skills and
background of teachers—one series per year at a cost of $1 million.

_ The total estimated cost would be $13 million per year.

12. Federal regulation of commercial [broddcasting] stations should include
a required period of educational programming for children.

This recommendauon has no costs to the Federal government associated
w;th it. . «

13.. The Federal government should provide supplementary support for mu-
seum education activities in mathematics, science and technology at a
- level that will encourage a rzch spectrum df activities and options.

- There are approximately 1 ,000 science and technology museums and
centers. Assuming that one-half of the museums would participate, with equal
cost-sharing, and a grant of $100,000 per 1nst1tut10n the estlmated cost would
be $25 million per year. 4

14. Private mdustry and governmem agenczes should create programs and
- opportunities which let children see science and technology in actual
operation in their plants and installations.

It is assumed that both private industry and the goyernment agenc1es would

- provide thls servxce ona volunteer, no-cost basis:
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EXHIBIT D

IMAGINATIVE WAYS TO ENHANCE TEACHER
COMPENSATION

Increased attentlon is belng given throughout the country to the problem of -
~ aftracting competent people into the teaching profession. There are numerous
~ proposals under consideration, including master teacher plans that involve

- differential‘salary schedules, scholarships for outstanding students who plan to

enter teaching, summer employment for exceptional teachers, and recognition
that includes monetary prizes. Althoughno single proposal would be applicable
to all 17, 000 school. districts. in the country,. the Commission encourages
communities to examine innovative ways to provide incentives that w1]l attract
and hold well-qualified teachers ' _ .

® Merit Pay—The. merit’ pay plan has received considerable attention
~ recently as an alternative to the single salary schedule. In an effort to
‘keep and attract more talented and qualified teachers, such plansseek to .
-reward the best performing teachers with higher salaries. These salaries
may ot may not be accompamed by greater responsrbrlmes a longer
- teaching year, or other factors

- ® Differential Pay—This term refers to the proposal to pay the salaries
-~ required to attract qualified teachers, in this case mathematics and
science teachers, who are currently in short supply. Underiying it is the
premise thdt no courses should be offered unless they are taught by '
‘qualified teachers. The response at the local level to shortages in
particular fields has usually been temporary certification of persons
trained in other fields, rather than differential pay sufficient to compete
in the marketplace. Increasingly, however, efforts are bejng made to
augm’éntmathematws and science teachers’ salaries, frequently com-
bined with giving them added responsibilities, an extended work day/
+ year, etc. See, for example the descnptlon of the Houston Second Mile
Plan in the following item. .

° Houston Independent Schiool Dlstrrct The Second Mlle Plan—Imple— )
mented in the 1979-80 school year, the Second Mile Plan offers “incen-
tive” pay to teachers who mieet several criteria, including teaching in
schools with a hrgh concentration of educationally disadvantaged stu-
dents, instructing in fields where there are critical teacher shortages, '
and mamtalmng outstanding attendance. A yearly stipend of $2,000 is-
‘awarded to science and mathematics teachers, with anadditional $400

-~ available to teachers who take courses in their specialization. The plan

_ allows teachers to supplement their income by amounts in excess of
$5,000 per year. A prominent aspect of the plan is its reliance on
objectlve measures in deterrmmng ehgrbw y for salary i increases. ~
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® The Ladue Missouri Plan—This worklng plan and salary program
created three salary schedules—schgdule III is the equivalent of “a
master teacher in which teachers are evaluated and assigned points
ranging from O to 15. Each point is worth $300 with a $4,500 salary
supplement possible. The average evaluation is about 10, or a $3,000
salary benefit. Promotions from schedule I, II and III are based onr the
fulfillment of several criteria; including standardized test scores and
ability to teach lessons clearly. These are criteria recommended by the
Committee on Teacher Evaluation on which teachers aré heavily reprea
sented. Evaluatron pomts are then assrgned by principals.

® The Master Teacher Plan: “The Tennessee Proposal—Thls proposal,

designed to improve the performance of all teachers, “classifies teachers
as apprentice, professional, senior or master. A master teacher is a good
classroom manager, has a good relationship with students and fellow
teachers, teaches challenging lessons with clarity and enthusiasm, and
enjoys the subject. Because of demonstrated skill in- the classroom,
master teachers would serve as model teachers, conduct demonstration -
lessons for beginning teachers, and be- -given administrative respon-

- sibilities such as curriculum development. This.plan would provide a

“salary 60% hi gher than a.regular | teacher’s salary

[ ‘The Charlotte-Mecklenburg Master Teacher PlanlSnmlar to the Ten-
nessee proposal, this plan proposes tooffer teachers more promising
and lucrative career ladders by providing teachers with additional

* - administrative responsibilities. It differs from the Tennessee plan in that
the career path which is offered is less structured and more informal

- @ Head Teacher——ln Augusta, Geoma one teacherrn each of Richmond

. County public school system’s 40 elementary schools has been desig-
nated head teacher, with the responsibility of observing other teachers,
glvmg adv1ce ‘and providing continuing education for the teachers '

" ® Ingreasing School Hours and Teacher Woﬂdoad—Some educators have -
suggested a longer school day. Under such a plan, students can receive
more science and mathematics instruction and teachers will have a

L heavrer workload wh1ch will, inturn, quahfy them fora salary increase. -

e Summer Employment in Schools—Summier vacatlon isa tnoublesome
«* *-time for teachers since many cannot find summer employment to -
- supplement their teaching income. Schools can ease the plight of some
“teachers by 1ncreas1ng thelr summer teaching and admlmstrauve

- workforces. : :

. ® Parttime Employment in Industry—-Suggestrons have been made to
" provide tax credits to businesses Wwhich employ science and mathema-
tics teachers _during the summer months Many teachers now work at
* summer jobs that have little if any relatlon to their work asa teacher in
' order to supplement~ their teachmg income. :




@ Loans and Scholarships—Earlier this year Governor Babbitt of Arizona

. ~ proposed a student loan program to encourage more mathematics and -
- science teachers. The program would allow college students being
trained as mathematics and science teachers to finance their education
with a loan which carries the understanding that, upon graduation, one
year of the loan would be forgiven for each year of teaching in Arizona-
public schools. Seventeen states have passed or-are considering bills
that would offer tujtion loans to college students to encorage them to
become mathematics and science teachers. Legislation currently pend-
ing in Congress (HR 1310 and S 1285) would aiso authorize Federal

. support for such loans or scholarships to outstanding students and -

- require a commitment to teach a certain number of years.
¢
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EXHIBITE | ¥

* USING . COMPUTERS IN THE SCHOOLS:

TECHNOLOGY WORKS

The use of computers and other information technologles promises to improve
the quality of instruction not only'in mathematics and science, but in all subjects
in the Nation’s elementary and secondary schools. In the course of its investiga-
tion, the Commission learned of many “‘exemplary programs” integrating the °
use of technology in education. These range from statewide systems to individ-
ual classroom instructional programs.

Computers Increase Student Performance

. ~
- ® Separate studies conducted by the Educational Testing Service (grades
-1-6) and the University of Michigan (grades 6-12) show Computer-
- Assisted Instruction improves initial results and retention. CAI second- -
ary students learned faster than non- (‘AI peers——wnth up to 88% time
savings. '
® Asbury Park NJ high school students achieved hlgher levels in algebra,
. geometry, trigonometry, calculus and applied mathematics when CAI ™

was combined with traditional instruction. The school district also._

." offers a computerized remedial middle school mathematics program -

. and a gifted program at a “magnet” elementary school that mcludes

* programmiing. .

- Computerized instruction in the Houston Independent School DlStl’lCt s

normal curriculum has: 1mproved the basxc performance of a typlcally
 low-achieving student body,

~~®-Students-one or two gxade levels below their age-mates made s1gmﬁcant -

skills- gains with only 10 minutes a cay on a CAI reading program
created by Mdssachusetts Merrimack Education Center. (The Center’s
6th-9th grade 'CAI program also includes matherfiatics and language
-arts and t,upplements teachers’ daily classroom work in mdmdual and
small group tutonal sessxons ) n

® Formerly “turned off”’. junior hlgh ,tudents are so motlvated by the
computer, programs at (‘uperttno CA that 1t’s a problem to get them to-
go home from school as their lab work passes beyond mtroductory
courses to-computer logic and advanced programming. his “Silicon -
Valley.” dlstnct s K-8 computer llteracy curriculum instills “‘computer
‘awareness’™ by the ‘end, of 6th grade and “computer use” by the end of
8th grade. ... W

Computers Are Used in Many Wayu ~

®: The 4 ,000 Lyons Townshtp, IL high school students use over 200
microcomputers in ‘8 labs to analyzé and ‘solve’ bxology problems,
develop budgets for consumer educatton and learn socxal sctence facts
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| They are also used for extended special education drill-and-practice.
The math and business curricula include computer specialty courses.

Houston Independent School District’s High Schodl for the Engineer-
ing Professions is stdffed by regular faculty and engineers *“‘on loan”
from a local hi-tech company and gives its graduates the equivalent of
two years of training in computer programming.

Pawtucket, RI 5th and 6th graders get two 30-mintfte sessions weekly of
“Individualized Prescriptive Arithmetic Skills Systems’ instruction.
IPASS has proven to be an effective, cost-efficient program to supple-
ment most math'ematicsh curricula without modification. ;
Gifted and high-achieving 6th and 7th graders in Leon County, FL. may
take COMPUTRONICS, a 40-hour course in programming, problem
solving and computer literacy. The *‘Computers in Society” unit covers
the history of computers and present and future uses; *“Problem Solving

" with Computers” feaches pupils to program ‘word problem solutions”

using BASIC language. , , ,

Parents and students learn to use computers together in “"Computersl
Can,” -an_after-hours project at two predominately black/Hispanic
Houston eleméntary schools. The program. reinforces basic skills, -
motivates leaming, promotes educational use of spare time, stiniitlates

. cognitive development, improves writing, and encourages quality, par-

ent-child interaction.

IBM’s computer/audio program “‘Write to Read,” now being field-
tested in six states, is expected to'teach kindergartners and Ist graders
thousands of words (rather than the “normal” 200) in their earliest
'school years. The company is promoting computer literacy. through the
donation of 1,500personal computers and software to 12 teacher-

- training institutes and 84 secondary schopls"in California, Florida and -

New York. S S
The Center for Children-and Technology.at"New “York City’s-Bank
Street College of Education is experimenting with computers to teach
the deaf. Computers enable physically handicapped students to engage .-
in a wide range of learning and creative activities—optical readers

 translate visual informatibn into tactile signals for the blind; robotics

simulation helps the leaming disabled. . ° B
Alaska’s state instructional network empk;?/ the latest computer and

allow the muscular disabled to operate learning equipment; speech

telecommunications ;céhnology.l"Electro ¢ Mail and Audio Con- . |

ferencing now ink distant campuses for/student seminars, and thé
addition of instructional TV ‘will allow “‘interactive coufses.” Stuger{ts
in remote high schogls receive high-quality secondary education via
“Individualized Study by Technology” computer-bggpd;courSes!.
everal Organizations Offer Services to Educators B
Minnesota's 435 school districts access the Minnesota Educational
Computer Consortium’s statewide time-sharing network for instruc-



- tional computing. MECC gives the State’s 26,340 teachers in-service
training and provides a 1200 program courseware library. A national
leader, Minnesota has a‘computer for every 50 students. ‘

® Computer-Using Educators, founded in 1978 by 12 teachers, now has
3,500 members worldwide. This teacher support group persuaded
" hardware mapufacturers to equip a Microcomputer Center in San
Mateo. CUE runs SOFTSWAR, a software exchange of 300 educational
programs, and is a prime source of information on computers in
education. . :

g ° Educational Products Information Exchange (EPIE),? Southhampton,

NY evaluates hardware as well as software programs for K-12, focusing .

on specific topics such as mathematics and science. Recommendations
are made available to public and private schools, parents and interested-
business or governmental groups. : .

® The Houston Independent School District has established a Department
of Technology to train teachers and evaluate software. No school can
purchase a computer until the teacher using it and the principal of the
school have been instructed in computer use. ' :

e “‘Gomputers in Education” focuses on computer literacy and mathema-
tics, spelling, social studies, science and language arts at all Lexington,
MA public school grade levels. Parents hélp train teachers, wrijfe
software, and oversee hardware purchases. Beginning high schoolers
already have. impressive programming skills—several have created

“software for elementary classroom instruction and-local small
businesses. o ' e

- ® Oxford, MA joined with six other nearby rural school districts to fund
: ‘the Cooperative Federation for Educational Experiences. COFFEE -
" equips vocational students in electronig assembly and data processing
for entry-level jobs. Faculty is taught computing through the French
River Teachers Center which also runs a ““computerbus” from school-
to~school to give pupils hands-on computer expérience. -

- Computer:Managed Instruction : P2
- -@ Within 24-48 hours, Hopkins, MD teachers and students get test

results, class performance data and test form evaluation from CAM, a. . . .
teacher-defined CMI system for objective- or competency-based in-

struqtion and mastery learning approaches. CAM’s microcomputer
programs are used in 1,000 classrooms for most subjects in grades 1-12.

@ Overall attendance improved at Falmouth High School on’ Cape Cod
when a “mini” was used'to process student attendance records. Com-
puterized attendance accounting resulted in early recognition of atten-
dance problems and prompt student/parent remedial counseling, Te-
duced classroom paperwork for teachers, and kept records more-
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;
Preschoolers Use Computers

® Using Texas Instruments’ ‘‘Magic Wand Speaking Reader,” pre-

. schoolers can teach themselves to read through technology combining

voice reproduction and vocal instruction. A plastic ““magic wand”

passed over bar-code strips printed under words uses infrared light to
decipher codes for an oral simulation of ‘‘being read to.”

® LOGO, a language written by MIT s Seymour Papert, is so easy to use

that preschoolers can learn to program computers to design mathemati- .

cal figures before they can read. Children learn how to analyze prob-
lems step-by-step and through a variety of effects—drawings, color,

shape and speed changes, pulsating designs—to execute ideas loglcally .

in thelr own heads.

o1

E‘t

N 121 L . 122




: ACKNOWLEDGMENTS

“To the m.my.hundreds of persons throughout the country who vquntanly and
upon request provided. assistance and support to the Commission, we want to
express our appreciation. They are the best evidence that our elementary and -
secondary-educational system is capable of becomlng the ﬁnest in the world by
1995. : »

From its formation, the Commlssxon received assistance and suggestxons

from every guaner People took time to write and visit us, to attend our
~ meetings, and to participate in conferences and prepare reports for us. Teachers,
parents, school administrators, mathematicians, sciehtists and engineers, repre-
sentatives of business and professional organizations and of Federal, state and
local govemments have shared their con. 2rns and experiences with us. We haye

. -taken the suggestions and recommendanons seriously; many w111 see their ideas

reflected in our report.

We want to take partlcular note of the assistance of the fourteen persons
~ who accepted responsibilities' as. members- of the Commission’s four Task
Groups. ‘During the past year and a half, they have given much .time and
expertise to the Comniission’s work. Without them our discussions would have
been less Tively and‘less enlightened. Those who served as Task Group mem-
bers of the NSB Commission are: :

" The Honorable Bruce Babbitt .
Govemor of Arizona

. Ludwig Braun o
*- Professor of Instructional Development

. New York Institute of Technology

Doris R. Ensmmger
- Elementary Schcol Administrator o
Baltimore County Public Schools - R

Pat Collier Frank -

Florida State Senator .
‘Member, Governor’s Commission _
- on Secondary Schools_

Eiizabeth K. Kenyon

President- _

Rhode Island Association

of School Commlttees

Ann Leavenworth , ‘ _ _

Member and Past President o _ T
California State Board of Education -
'William E McDevnt

Vice Chairman and Executive Dlrector
. Commlttee on Educational Aid -
E. L DuPont de Nemours & Co. o




* American Association of Community

- Bell Laboratories

James R. Oglesby

. President .

Columbia, Missouri School Board

Dale Parnell :
President

and Junior Colleges

‘Henry Pollak

Director ,

Mathematics and Statistics

Research Center ’ : /7 -

David Z. Robinson
Executive Vice President ,
Camnegie Corporation of New York

E James Rutherford ‘ ’ - \

~ Chief Education Officer

American Association for N .

the -Advancement; of Sciepce ’ _ - -
Terry T. Saario Ii‘ o o .
Director, Corporate Contributions o I
Standard Oil of Ohio .

Bognie VanDorn |

Executive Director ,

Association of Science-Technology - .
Centers ‘ ' - ?

On two occasions, the assistance of staff from school programs enabled -

the full Commission to conduct useful public forums. We want to express our

thanks to Kay Davis and the staff of the Fernbank Science Center in Atlanta and- .
to Billy Reagan and members of the Houston Independent School District for
. their warm hospitality and the efforts they expended to make our visits most

worthwhile and interesting.

During the course of the Commission’s activities, numerous corporations,
professional societies, associations, and other groups and individuals provided "

valuable assistance in a variety of ways. These included the convening ‘of

. conferences on particular issues relating to elementary and secondary educa-

tiom; the hosting of meetings and site visits, and the preparation of written
reports and, frequently, presentation of these firidings at Commission meetings.

~ In this regard, we wish to thank the following individuuls and organizations:

Bill Aldridge, Jane Armstrong, William O. Baker, Ludwig Braun, James

5

Cooper, Richard DeLauer, James Fey, Roy Forbes, James Greeno, James

Harvey, Henry Heikkinen, Paul DeHart Hurd, Sam Iker, John Jennings, Jane

Butler Kahle, John Layman, Prudence Lee, Earle Lomon, Shirley Malcom,
Cora Marrett, James Mulligan, Kay Troost, John Truxal, Fred Weingarten,

Hassler Whitney; Robert Yager, Action for Children’s Television, AJfr’ed‘ P.

~

£




Sloan Foundation, American Academy of Arts and Sciences, American Asso-
ciation for the Advancement of Science, American Federation of Teachers,
Argonne National Laboratory, Atlantic Richfield Company, The Camegie -
Corporation, Children’s Television ‘Workshop, The Conference Board, The
Conference Board of the Mathematical Sciences, Council on Basic Education,

" Council on Foundations, Department of Defense, Department of Education,

E.1. DuPont de Nemours and Company, Education Commission of the States,

Federation of Behavioral, Psychological and Cognitive Sciences, Kaiser Alu--

minum and Chemical Company, Mesa Public Schools, National Academy of
-Sciences, National Action Council for Minorities in Engineering, National

" Council of Teachers of Mathematics, The National Commission on Excellence

in Education, National Education Association, National Science Foundation
Engineering Advisory Committee, National Science Teachers® Association,
New York Institute of Technology, Office of Management and Budget, U.S.
Government, Office of Science and Technology Policy, U.S.- Government,
Office of Techndlogy Assessment, Pfizer Inc. and Sperry Computer Systems.

" We are grateful to the many NSF staff membefs who gave generously of
their time. We especially want o acknowledge the staff of the Office of Science
and Engineering Personnel and BEducation, the Division of Administrative
Services, the Pro Review Section and the Ofﬁce of Government and Public
Programs for their support and services.

A particular debt of gmtltude is due to Richard S. Nicholson, Exccutlve_ |

. Director of the Commission, to Alan I. Leshner, the Deputy Executive Director,
and the othe members of the Commission staff: Everett E. Clark, Raymond J.-

Hannapel, Mary M. Kohlerman, Patricia E. Nicely, Melvin W. Thompson and
‘George W. Tressel. Without them and without the remarkable competence and
patience of Charlotte M. Aughenbaugh, Anne L. Keola and Mildred P. Levin,
also of the Commission staff the Commission could not have completed its
work. A .

3



