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.listening, speaking and ‘mathematics.
- throughout the school program to prepare each student, for a full,
productive life.... . C )
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EXCERPTS FROM " u LV

THE- NATIONAL ASSOCIQTJON OF SIATE BOARDS OF EDUCATION .
) —:meéﬁ “"

1981 STANDLNG RESUEUTiONS‘

N
*

THE EDUCATION ENTERQRISE RgLATIONSHIP.

To promote a free soc1efy, educational progrﬁms should address the
individual needs of each studént, Each state board 3hould assume an
active leadership role in 1dent1fy1ng educational needs, priorities,

, and plaps of 1mp1ementat1on for the statet

Educational programs should aid if the development of cr1t1ca1 th1nk-
. ing, problem-solving, self-respect, personal values, respect for
differences within our pluralistic spciety, and adaptab1]1ty to change.
Priority.should be given to developing Jpoﬁc‘iency in read1ng, writing,

These skilts should be tayght

More specifically: . . . ) N
. N v . .
o ‘Instruction shotld be provided in awareness of
technology for. functioning in a technologica]'
society. . s !
Jc.,Innovative-%cheduling should be explored to - =
. allow for increased exper1enc§ based learning,
to facjlitate the transition from school-to R
the world- of work . .

| \
e State boards §h0u1d seek the cobperation of ~ \
\ ' busin@ss and industry, usi the equipmegt and '
' personnel, sp schools may &fer training 1d .
> evolving technologies,, 5 . _ !
- ) Al T
_e State boards should exq]ore‘the?@ffect1 yuse' - \
of modern technological systemSmﬁor c1a§ dom |
and administrative purposes:- NP - At e
\' -' _/;,4 Y ) “' . \
. ’ oo ‘.
. . N\ -
- ."
o }“
’
. ' \
1 0 :
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N ABSTRACT . )
i ) ‘_ .l .’
‘.. . . Technological progness has for some t\me\been considered essential

- , “® both our economic growth and national well-being,. With this ip
. mind, there has been ing¢reasing concern on tHe part of, educational and
s business 1nterests that: (1) today's students are not being adequately
- prepared to meet the scientific and technical challenggs of the future
' labor ‘market; and, (2) limited federal investments and policy initia-
] tives, will be 1nsuff1cient to . identify, much less remediate, the com- -
v _ plex components & this problem. .

Recognizing the urgency of these concerns, the National Associa-
< : tion of State Poards of Education (NASBE) Jjoined with the National
. Institute of Educatiop (NIE) to consider selected .policy fissues and
to define a framework. for«q{co]laboratlve "act1on genda" for state and
local pol1cymakers and private- sector corporate leaders.
Three papers ‘were commlssioned » represent ing pr1vate, cor.porate
\ : and educational policymaker perspectives The papers were structured
by four quastions focusing on the gaps in,public school scientific and
technjcal programs, and steps toward remed%at1on of- these ‘problems.
The authors ‘assumed divergent approaches, highlighting those aspects of
the issues central to their varied professional and organizational
. expertise. The papers raised a number of critical issues that served
as springboards far discussion in the overVIGh completed by NASBE The
overview which fol]ows addresses the issues by providing
o A perspeqtive within which to'reyiew the content of
"~ the papers N

-

.0 Common themes addrea;ed by the three author's -

o A d1scussion of additional policy issues stimulated
by the papers .

- - N

o A framework for- a Policymaker's Actsion Adenda!

. Abstracts for “the ind1v1dual papers are inc luded 1mmed1ate1y pre-
- o ceeding each paper. v , -

-
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THE EDUCATION - ENTERPRISE RELATIONSHIP:
ADDRESSING THE NEEDS OF A PRODUCTIVE SOCIETY

. by
"ROBERTA M. FELKER -
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. . Roberta M. F.elkérq
: Project Director

National Association of State Boards of EduCation
' Washington, D.C.
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THE EDUCATIONNENTERPRISE RELATIONSHIP:

L]

« A
MEETING THE NEEDS OF A PRODUCTIVE SOCIETY

. L

N

INTRODUCTIQN

Technological progress has for some time been considered esserrtial
to both our economic grfowth and national well- belng With this widely -
accepted belief in mind, there has been increasing concern on the part
of educational and bus1ness interests that: (1) today s students are
not being adequatelty prepared to meet the scientific and technical
challenges of the future work environment; and, (2) limited ‘federal-
level ‘investments and policy in1t1at1ves w1ll be . insufficient to
identify, much Tess remedigte, the compfex components of this problem.

The Rational Association of State Boards of Education (NASBE) is a
non-profit educational organization representing state-level:
- educational poticymakers, membens of state boards of education, in 46
states and four U. S. territories. Recognizing the gravity of the
aforementioned concerns, and the necessity for beginning to “define
elements of a collaborative "action agenda“ among. state and local level
educational poli akers and private_ sector corporate leaders, "NASBE
joined with the National Institute of Education (NIE) in December,

1981, to give focus to selected issues in the policy arena.

Three papers were commissioned, representing various educational
and corporate®perspectives. The papers were initially given structure
by four questions ' \ C e

(1l What are the basic gaps.in ﬁubl1c school scientific
’ and technical programs?- -

(2)° What are the principle obstacles to redressing these
deficiencies? ] . &

(3) Who is most likely to actively support an aggressive
: reform effort?’

(4) What types of reform strategies are likely to be most
- effective?

- The authors utilized, these questions as a framework, highlighfing those
aspects central to their professional and organizational expertise.
A brief description of the three papers follows. -
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, Forecasting Needs: The High Technology~Industry
Robert P. Henderson - _ - o0
Chairman and Chief Executive (fficer
< ' - -~ ITEK Corporation - :

Lexington’ Massachysetts

Henderson begins his discussipn with_  the question: Can the

., rate of growth of the high technolagy industry .continue in
light of conditions such .as: 6{2 high costi of capital; :(2)
increasing competition from overseas; (3) the ability of
the current - market to absorb npew . products; . and (4) “the
most serious impediment to -cqntinued growth...the existing
scarcity of engineering and ; technical help" (Henderson,

‘ * 1981, p. 29). Focusing the remainder of his paper on the
fourth  condition, Henderson ~ purports that the primary

reason for the shortfall 1is that elementary and secondary
“schobls - are not preparing students willing or capable of

continued education or participdtign in advanced technical

areas. He. explores the quality of the curriculum, the
_ quality of educators, and  non-school factors ° in  this
’ analysis, and concludes that -"undertrained, thus  under-

qualified, teachers along with a soft - ecurriculum have
. played a -major role in "the decline of educational stan-
-“dards in this country" (Henderson, 1981, p. 37). . The
~ final section of the paper outlines- recommendations for
3 corporate involvement with colleges and wuniversities and
secondary schools toward helping’ to resolve the ‘"crisis."

4
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- Improving Math, Science and Technical Education

Michael W.. Kirst :
Professor and Former California State Board of
Education Member

Stanford University

Stanford, California
Kirst's paper is grounded in the assumption that American
industry must modernize its technological base to respond
to the shifting nature of work. He outlines various fac-
tors that he perceives as related to public education's
diminished capacity to provide adequate technical prepara-
tion, , includifg the ‘lagk of schools'  ability to adapt to
change, and the recruié{ent and retention of teachers. He
discusses various alterQatgve solutions such as incentives
to -attract good_ teachers and intensive programs of cur- .
riculum development, and concludes that, "each government
level and the private sector must share the, responsibility
and the work cooperatively..." (Kirst, 1982, p. ;ﬂg.



Minnesota Ne]]spring' Educators as Co11aborators in
“ Spurring Technical rnnovat1on ) ¢

* \Donna‘J. Knight . . = . ﬂ : - ©
Executive Director o ’
Minnesota Wellspring
St. Paul, Minnesota .

"Minnesota Wellspring” is the name of a new organization aimed
at expanding Minnesota's technological leadership through the
collaboration of ' leaders in labor, business, education, and
government.. Knight's paper descr1bes ‘the four themes that
underpin the Wellspring vision: (1) the potential for ‘eco-
nomic growth offered by technology-1ntens1ve companies; (2)
our continuing evolution to an information-based planet; (3)
the emergence of the human mind as a critical resource; and,

14) the necessity for developing new styles of laadershfp

She then relates thjs vision to the action areas and accom-
plishments of Wellspring, including sdch areas as 1ncreasing
the responsiveness of educational institutions to the skill
and knowledge demands of modern jobs. She concludes with
specific initiatives currently underway and Edward Abbey's
reminder that, "if- enlightenment fails, we have always the
traditional so]ution - disaster - to fall back on."

<™
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“These summaries indicate the d1vergent approaches taken by the

.authors, and the "accompanying lack of closure - and everl confradictory

WJMes of thought - regarding both the definition of the "the problem,"
and the nature of "the solution." Review of related literature reveals
that this lack of cohesion is reflective of "the’ emerging state of
dialogue on this topic, and of the enormous complexity of the issues
involved. Clearly, any summative analysis would be premature.

-

However, the papers 1nd1vidually touch upon a number of issues

*that cam serve as ,springboards to productive discussion - and collec-

tively draw attention to critical issues that wére beyond, the scope
chosen by the individual authors - The purpose of this commentary,
then, is fourfold' -
(1) To provide an overview perspeg&1ve within which to review

the content of the papers;

F

-

(2) To identify common themes within the papers as gu1ded by
the four initial questions; . .

(3)f To discuss issues not raised within the purv1ew of the
papers; and,

(4) To cull from both these papers and additional sources a
framework for a Policymaker's;Action Agenda.

This information is further supplemented by a Resource Blb]1ography;)
- that can be obtained from NASBE upon request.

It is not expected that this report will resolve the complexities.

and contradictiens inherent in the topic. Rather, it is hoped that

~ these papers and the commentary will serve to inform and stimulate

d1alogue ‘among educational and corporate policymakers regard1ng the
issues of technical skill preparation and mutual investment in educa-

tion. . : )
OVERVIEW PERSPECTIVE?\SiiE NEEDS OF THE LABOR FORCE, THE PERFOR- NCE
H HOOLS, AND NTRIBU HN

¢

Th1s section is 1intended to prog\de backgrouﬁd information in
three areas integral to an understanding‘of how the current issues came
under discussion: - _ *

©

(1) The projected needs and demands of the labor fdrce;

(2) The current performance of the schools in educating the
future labor: force; and,

(3) The contribution of educational technology in narrowing

the discrepancy between labor force requfrements and
students' learning.

TN 7 |
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Labor Force.Proiection&

\ ~The Bureay of Labor Statistics has developed three alternative
-~ ) sets of occupational enploymenQ projections for the 1980-1990 period,
' based on three different views of the future economy concerfiing growth
é“of the labor force, productivity, and other factors (see Cirey, 1981;
Fullerton, 1980; Kutscher, 1981; Personick, 1981; and Saund@ks, 1981).
The data reported are based on the most conservatjve estimates provided
by the low-trend projections which assume a decline in the rate of
labor force expansion, continued high inflation, and_‘modést increases ’
in production and productivity:

. Total emplogment in the low-trend scenario is projected to in-
crease by -17.1 percent ox from 102.1 million to 119.6 million between
ngo and-1990. Employment ‘in white-colJar‘Gccupa(idns is expected to
gMow proportionately faster than total employment, with a projected
rise from 51.4 million in 1980 to 60.8 million in 1990. The number of
blue-collar jobs is expected to increase. proportionately more slowly
than total employment, from 32.4 million in 1980 to 37.5 million in
199C (Carey, 1981. p. 4).

More specifically, the ten occupations projected to have the larg-
est number of pew}jobs in the low-trend version are as follows &parey,
1981, p. 1C):

Hy b :
- . .
}. Projected Percent
Growth in Employment
Occupation > _ 1980-1990
. 1. Paralegal personnel 108.9%
2. Data processing machine mechanics 93.2%
3. _ Computer operators = ° * 71.6%
4. " Computer systems analysts 67.8%
5. Office machine and cash registers'servicers \ 59.8% N
6. Physical' therapists 50.9% -
7. Food service workers 49.6%
8.  Computer programmers . 48.9%
9. Tax preparers ) . X . 48.6%
10. Employment interviewers : : 47.0%
u "
These -labor projections are baséd on assumptions that are obviously j"’

vulnerable to real shifts in occupational composition or an industry's
product mix. - However, at least two probable trends bear mentioning.
First, even the low-trend projections support a general. upgrading of the
labor force. This upgrading will result in an increased demand for what
hdve been called higher order:skills such as problem-solving, informa-
tion analysis and synthesis, and crWtical thinking. (In fact, four of
"the top ten projected occupattbns will\ demand at least minimal degreeg of -
computer processing and programming knowledge.) Second, and conversely,
the data indicate a substantially lower demand (i.e., fewer jobs) for
unskilled workers.

8

9 1n4 ' ";




g -

When thes® labor projections are viewed within the context of educa-
tiop, they add credence to the oft-stated need for highly -qualified
workers in a wide variety of technology-related fields. In the Fface of
current unemployment figures, .the datagalso add a new urgency to the

, question: are students 1earmng these ‘s:c and higher order skills in
qur schools today? -

. Student Learning and Performance of the Schools

“ ] As the labor projections for the next decade indicate, education fis
’ ! becoming increasingly vital to employment opportunities. However, the

y definition of what knowledge and skills constitute an education remains
ean issue, "Basic" skills are not agreed upon, and opinions range from a

, liberal arts education to _ life survival skills such as balancing a
checkbook. Since there-is no general concensus on basics, this summary

will utilize the basic skill definitions and data base of the National

Assessment of Educational Progress (NAEP) since it is the-only national

source of survey data describing the educational attainments of today's
students.

— Examples from recent National Assessment reborts oﬁ reading, math,
and science ake providegﬂbelow (Forbes and Grover Gisi, 1982).
0y . ' \
- Reading |
'} While basic reading skills do not appear to be GEC11ning,
higher-level literacy skills do appear ta be dropping.
For example, in 1971, 51% of 17-year-o0lds wrote adequate

. analyses of given 1iterary passages; in 1980, only 41%
were able to do so. L0

. Mathematics

] While lower level mathematics computational skills appear
to be remaining stable, the Second National Assessment of
Mathematics (1977-78) indicated a 4% decline in mathema-
tical understanding from 1973 to 1978, and another 4%
decline in mathematical application during the same time
period, with the average percent correct declining from
33% to 29%. o

Science

° The 1977 National Assessment of Science revealed that
only 46% of the 17-year-olds responded correctly to-all
N science exer¢gises. This can be interpreted as meaning
that less than half of these students possess -even mini-
. ‘ mal scientific knowledge. - -

d

As with the labor force projections, these data are not definitive
and should not be applied carte blanche to “prove" the inadequacies of
American public school education. They do, however,, indicate serious
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. concérnS/regarding the acquiéition of analytical and evaluative skills by

many. of ‘today's students. The new technological demands of the Tabor

- market will continue to add requisite knowledge and skills to the “"basic"”

curricular demands made upon students. However, in addition, the new
technologies have also‘been hailed as at least a partial "so1ution" to

~the higher order demands -it makes -~ creating learning experiences em-

]

bodied in the utilization of the technology 1tse1f

—\

The Contribution of Technology o o ' S
‘ : .

It may be useful for subsequent analysis- to distinguish’ between '

educational technology and what Pitts (1982) labels "electronic gadgetry."
A perceptive definition developed over ten years ago by the Presidential
Comm1ss1on on Instruc*ional Techno]ogy states: .

" Educational technology goes beyond any -particular medium or
device. In this sense, educaticnal technology is more than
the sum of its parts. It is a systematic way of designing,
carrying out, and evaluating the total process of learning .
and teaching in terms of specific obje¥tives, based upon ‘
research in human learning and communication, and employing
a combination of human resources to bring About more effec-
tive learning (McMurrin, 1970, p. 8)..

its human interpretation and application as part of what 'the 1980 Task

Put differently, educational techpology involves not on!y.hardware but
Force on Educational Technology refgrred to as a systematic reordering of

. the teaching/learning process. Pitts aptly distinguishes this sensi-
tive and intelligent application of_ machine capability from the indis«-

criminate application of electronic products in her observation that "the
mere application of electronic hardware to educational problems without a
sense of the specific purposes it will serve moves that application out of

.the realm of educational technology and into the realm of “electronic

gadgetry" (Pitts, 1982, p. 4).

With increasing acquisition of educational technology by the schools
(e.g., in 1980, there were 31,000 microcomputers and 21,000 computer
terminals in about half the nation's school districts (NCES, 1980), and
increasing demands that schools prepare students to understand and use
technological information and equipment as a "basic skill," pressure on
the educational system is building. Schools are being asked to respond to
occupational projections and declining test scores as part of "the prob-
lem," and to incorporate educational-technology as part of "the solution."
However, the relationships among these variables and their subXomponents
are neither clear nor linear (e.g., consider the limited infor
the relationship between school achievement and job success).

The three papers examine aspects of these variables in different
ways and from different contexts. However, the authors share some com-
mon assumptions and give focus to some common themes which may help
illuminate the nature of the possible next steps. The following section

will focus on these shared assumptions and themes.

-
¥
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.COMMON THEMES: PERSPECTIVES FROM A POLTCYMAKER, CORPORATE EXECUTIVE AND
” o . PRRCTITIONER

The following discudsion on*the shared assumpt ions and themes of the
three papers*ls structured by the four questions which guided the papers’
development . ) —

o f ~,(1) ‘What are the basic gaps in public school sclent1f1c and
. ~:,.. technical progrmns?

’
o\

';(2)- What are the principle obstacles to redressing these -

. * deflciencies7 ) ¢ .
~3) who is most likely to actively support an aggress1ve
' reform effort? ‘e 4
. ‘ ¢{4) What types of reform strateg1es are likely to be most
' | effect1ve? - N .

The purpose of this summary is not to slmpllfy the authors' alyses but
"rather to illustrate those areas where agreement is indicated, and fur-
ther, to determine the implications of that agreement

Public School Gaps

.

While Knight's focus on the positive aspects® of the Wellspring
vision and priorities precludes a.,discussion of "the problem" which
Project Wellspring was created to address, both Kirst and Henderson
identify at least two elements which they propose comprise major problems
with the current system of public schooling. The first of these elements
includes what Kirst .refers to as "an outmoded. curriculum that Tlacks
, general introductory courses on technology, physical sciences, and math,*
. (Kirst, 1982, p. 50) and Henderson views as a "soft curriculum," where
’ students "opt for the easy way out" with courses such as "Teenagers and
< the Law," "Crime and Society," and "Child Behavior" (Henderson, 1981, p.
33). Whether deficient in what it offers or what it fails to offer,
, Kirst and Henderson identify the school curriculum as a primary- contri-
. butor to lnadequately trained students \QRF\

9 The second problem area of the public school system in meetlng the
) new technologlcal demands of the labor market identified by Kirst and

Henderson is the inadequate supply, of well trained teaching staff.
_ Kirst, drawing on a. paper on teacher supply and demand in Californda,
- : outlines factors influencing the current shortage, including a decline in
T the overall ability of those entering the teaching force, lack of rewards

for high gquality teachers, and the low regard in which teacher education/

trainers are held both on college campuses and in society at large.

Henderson, while agreeing on the shortage, states, "this shortage is
'apparently not caused by low salaries but by an 1nadequate number of

-teachers \trained in thgse subjects" (Henderson, 1981, p. 35), and goes on

to focus §n the inadequacy of current certification requirements

,
12 ‘ .
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Again, the authors identify the same deficiency area, i.e., the
inadequate supply of ,well trained teachers, but focus on different
aspbcts of the def1caency In this case, Kirst emphasizes primarily the
factors relgting to the inadequate teacher supply, while Henderson

concentrates heaviB\\On factors relating to inadequate teagqi;ltra1n1ng

"While Henderson confines his remarks priymarily to these¥two areas of
inadequate curriculum and teacher .supply/training, Kirst gives cursory
mention to other factors<‘suych as the "lack of school capacity to adjust
to change" (Kirst, 1982, p. 50), and the Tack of "at least a ten hour
Tnservice workshop in more than ten years" for seventy-nine percent ‘of
-the veteran technology teachers (Kirst, 1982, p. 51) o ‘ >

" In summary, both authors maiktain that at least” two pr1mary factors
are decreasing the capacity of public education to provide a powerful
grounding in scientific and technical education:

(1) Outmoded and/or soft CUrriculum;‘and,

, N\ .
"'(2) An inadequate supply of weld \trained teachers in the .
scientific/technical fields.

w

Principal Obstacles to Redreésing These Gaps

In the main text of her paper, Knight deals only implicitly With
obstacles to redressing gaps in the educational system. [t would b=
through a process of negative.deduction that one could imply that the
absence of qualities she views as essential to the Wellgpring -vision
‘(e.g., "the entreprenéurial and collaborative spirit.. and innovation,

flexibility, and c¢reatjvity... " (Knight, 1982, 'p. 73) -would be the
principle obstacle to dealing effeotively with the ‘inadequacies of a
system. ' N

However, in the Appendices, Knight has’ included a listing thir-
teen major obstacles to change in Minnesota's K-12 Schools, including
.+, specific data supportive of these obstacles- The obstacles she identi-
fies include:

¢ Inadequate teacher supp]y

o Concern for qualifications of teachers . ’ 4
o Inadequate number and uneven quality of‘téacher inservice
programs
o Low salaries .
e Lack of universal computer 1iteracy of teachers B
o Lack of student interest and motivation
o Declining enrollment makes offerings: difficult
e Declining student achievement scores J -
o Lack of concentrated-instruction time or vequirements
o Lack of public investment ih science/math education .
.0 Lack of coordinated efforts ’
e Public attitudes '
e Sense-of impotence, being overwhelmed, resignation

S g
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Many of Kn1ght s obstacles to change dovetail with those identified
by "Kirst and Henderson. ' Kirst and Henderson do not provide a listing, = A . .
however, and -their obstacles are d1fficu1t to d1fferent1$te Fromf sthe . }
"f]lp side" of their reform strategies. For example, King men@ﬁqﬁﬁ Qpaq
"a logical solution (to the math teacher shortage)'19 ta. merely.p EGJI ,mﬁ;,-- .

teachers a lot more money and thereby attract
(Kirst, 1982, p. 53). C(learly, the absence of thBE® muneration 'ah be -
viewed as an obstacle to redressing the tedcher., thdﬁ?\\ H%giﬁrsﬁﬁ% | ;- 5.”F3{
while not dealing“with the issue of teacher .sd '¥?$\ ds ‘au\ Cotn
"national engineering po]icy - an expressjgn of thf}*kati ommntment\-‘ LY
to that field" (Hendgr.son 1981, p. 38) - obvi&us y an Jo %‘le to be ‘;’L, P

dealt with in its absence. HN f’w\
/ \ N0
In 5ummary, two of the three authors do nol enu i*gs ei T;‘ ‘ak§ &
or extensijve obstacles to redressing the inadequaciés n\ qdentlfy\f“ﬁ e ' \

major _content of their remarks will be dea]t“mt«kxuunde}'qtl\p tyﬁes of‘\"‘““ -
reform strategies they discuss.

Q‘Q gh math, \tegq éf“’i“‘ - .' w .g({\

'. N -.
(_-'JL'
s ;'N-‘R
FAPRIANN

i N A
. . ‘ . -' - ~ -
Most Likely Reform Supporters + ‘

-

By definition, the 1leaders in *1abor, business, education, and
government involved in Project Wellspring characterize themselves as
reform supporters; in Knight's words, they are a busy and diverse group
“who share a vision of the future and intend to work together to act on.
those beliefs" (Knight, 1982, p, 70). . -

. Kirst's and Hender§0n s papers do not define such a c]ear consti- N
tuency, and one would have to deduce the most likely supporters of reform
from their sketches of the actors. This commentary does not reflect such
deductions, primarily hecause generalizations _regarding the support or
nonsupport of groups of people such as teachers, administrators, college:
students or corporate professionals necessarily fail to take into account
the many contextual fagtors. (e.g.; presence or absence of financial ‘
support; presence or absence of a change agent) that account for the

. support or.nonsupport of a particular issue.

Types of Reform Strategies Most L¥kely to Succeed®

. . : -

In general terms, Project Wellspring could be described as a reform
strategy that people are betting will work, are committed to make work,
ahd, from thg description of the activities, is already working in.
specific areas. We know very little, however, about what conditions A&nd
strategies made the principals in Project Wellspring ("many of whom are
adversaries of long-standing..." (Knight, 1982, p. 70) want to become -
partners in the "marriage of the century," except that it was in their
direct interests to join a project designed to "strengthen the economy
and thereby benefit the.whole" (Knight, 1982, p. 70).

. On amore specific basis, all three authors (Knight's strategies are
included in the Appendices) address the question of reform strategies,
although they did not give specific focus to those "most likely to
succeed." The table on the following pages provides an overview of the
strategies proposed by each author.

/ -
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OVERVlEH OF REFORM-STRATEG]ES PROPOSED TO REDRESS THE GAPS IN PUBLIC SCHOOL

t

g SCIENTIFIC/TECHNICAL EDUCATION \ 7 Y
J A ’ |
e .L%ﬂ_..__ - > - e .
HENBERSON KIRST KNIGHT ~
! ‘ .
- " - . -
o «Develop a national. engineerinq e Obtain matching federal, state Tap business support and
policy - foundation and business support potentie?
_ . \ h. for improving teacher and L
~Tie available funds to specific ~» curriculum quality Make facilities and
objectives (e.g., federal "technology avallablt tp
standards for curriculum and e Form cbnsortium;{f state commumty
compgtency should be established | governments and pBivate organi- R
fos teacher colleges if they -zations to take the lead in C'onvene math/scenc®
receive federal funds) ©  curciculum development - teachers to discuss
| S - . common_problems and
e Require foreign students to pay e Pay teachers more money, either. solutions .
full and actwal educational costs acrpss the board .or in shortage - '
for higher education N fields like science and mathe- Provide special support
: . matics Yor math/science teachers
e Fxtend the 25% tax credit for . ) ? ‘ (e.g., salary supple-
equipment donations for use ih e Retrain teachers ‘presantly in ments) ’
research in the physical sciences surplus areas in/fﬁe fields of
to engineering and technical math and sciensﬁ Increase number of in-
teaching appTlica ions service training days
. ~ ° Develop “a )oint venture between * dealing with technology
o Establish the re¢le of-the federal the private sector and,public for all taff
government as cdordinator in schools whereby pnivate business .
bringing industry and education would allocate some of its Restore interest in
together, employees in order to teach math science/math and related
and* science courses . careers .,
e Recognize and reward Outstandiné Increase number of

teachers through financial
incentives (e.g., Joan forgive-
ness programs) and part ~-time
instltutes

minorities in technical
fields -

s -



Y

 OVERVIEW OF REFORM STRATEGIES PROPOSED TO REDRESS THE GAPS IN PUBIJC SCHOOL
- SCIENTIFIC/TECHNICAL EDUCATION
HENDER SON KIRST , " KNIGHT
. LI (J\
r

LN
Retrain guidance counselors to
int them with the changing
zuntegcnology Job structdre
4

Increase or start inclusion of

science in statewide -or local

standard elementary achjievement
T tests .

o Raise-state college entrance and

wgraduation requirements in math/
science

Revamp efementqpy teacher certiy
fication requirements to require
more units in science, math and

technology .
s

Specify the content to be covered

in specific courses
.. * \

Expand use of computers .

-

-

Increase math/science

requirements
o

Strengthen existing-
courses - including
vocational education’

- Expand array of co-

operative programs .

Provide incentives for
teachers (e.q., fellow-
ships, summer employ-
ment.....)

-wDevelepuggfategy-fonmu_w;

attacking problem on a
Jdarge scale\\

.'.l
e A
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At least three points emerge from a comparison of the authors’ ‘
strategies. First, all thyee authors refer to a role for the federal ’
government as a stimulator/coordinator/developer of local and state "

. efforts. This development role is congruent with that proposed by
othgy/ﬁuthors (e.g., Melmed, 1982), by federal agencies with direct,
stake in the outcome of this involvement (e.g., National Science

‘ Foundation), ‘and by the OERI FY B3 Technology Initiative (OERI Memo-
randum, 1982). Second, both Kirst and Knight propose numerous strate-
. gies afmed at the teacher quality and curriculum quality issues, which
' appears to reinforce tbe importance of thése two areas as foci- for
action. Interestingly, Knight also proposes convening the teachers to
-utilize their expertise in mapping qut strategies for action - a
gowerful and often under utilized strategy. Third, it is-difficult to
judge the potential ‘effectivenesse of any of the reform strategies
N listed, since its implementation would mecessarily depend on context- ;
specific factors as previously mentioned. A force-field analysis-type RN
ranking of the estimated difficulty of implementation would, however, Y.
provide at. least a minimal basis for comparison” - and for the calcu-
“,\latlon of potent1?1 action. s
In summary, the application of the four questions that structured
the content of the papers [revealed a number of interesting points.
First, there was general psupport for the areas of curriculum and ,
teacher quality as major isbues in the public schools today. Second,
the obstacles to reform alSo center on these dual concerns, a]though
N : both public, and student attitudes are also mentioned, Third, the most
likely reféYm leaders include strony state and local level leaders,
«with some sypport and guidance from the federal level. Fourth, the
Tist that wds generated summarizing the authors' proposed reform stra-
tegies revealed concensus for a relatively minor but ongoing role for
the federal government, and confirmed the teacher and the curriculum as
targets for educational change.

This brief examination of the papers) has provided both useful -
information and a sense of the "vision of i?ob]em" as perceived ?ﬁ the
three-authors. The next section ref1ec§§ on a number of broader issues
stimulated by the papers in order to folus policymaker concerns.

ADDITIONAL POLICY ISSUES

: ' \ R .

. ) ' Both Kirst and Henderson present information based on implicit and

: explicit assumptions regarding the state of schooling, the ability-of
the students, and the potential contribution of discrete "solutions"

e such as increased .salaries, and corporation tax credits. Knight's
Project Wellspring framework is based on more explicitly stated assump- ‘¢
tions and relationships. In order to put such suggestions in a broader
context, this section -brieflx reviews several assumptions which are
implicitly imbedded in the issues raised by the authors. In addition,
each assumption s accompanied by a policy question that places the
issues in a policy context. It is hoped that this review will stimu-
late additional dialogue regarding the state of the problems  and

_ T | NG
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solutions {n this_critical policy arena, a position supported by
Macdonald when he reminds educators nef to be "swallowed up'by a sim-
plistic, linear, technological problem-solving logic applied to a very
complex, multifaceted human situation which demands both flexibility and
alternative mental orientations if we are to resolve the inherent con-

cerns we have -- and maintain our humanity in the process" (Macdonald,
1979, p. 9). ’
Assumption 1: Instructional Certainty

~Policy Questiont 1:. What are the dgsired outcomes of the instructional

l*k | use of technology?

any recommendations regarding improved or highery quality curri-
culum are predicated on the schools' ability to provide the appropriate
instructional "know how," and the appropriate instructional - resources
to correct the learning situation not only for students today - but in
the future as well. Melmed is among those who caution that “empirical
data on the effectivenéss of computer simulation as an educational aid
do not exist... * (Melmed, 1982, p. 309). These cautions require
thoughtful consideration before assumptions are made about the‘bvédic-
tive value of different curricular content or presentation related to
the use of technology.

»

Assumption 2: - Schools are Accountable for Learning

Policy Question 2: What changes must be made in the educatioéal system
‘ to accomodate effective learning and utilfzation of
technology? '

Who is accountable for student learning? Kirst and Henderson give
primary attention to the schools; indeed, Henderson states that, "teach-
ing quality, rather than non-school factors (such as home environment
and parental expectations) is a leading culprit in the decline in
achievement scores... " (Henderson, 1981, p.36). " Ultimately, the ques-
tion of.accbuntabi]ity is a complex one and includes mu}tiple factors
including quality of teachers; curriculum; and student intelligence,

social class, and motivation.

Assumption 3: The Relationship Between Technology and Gadgetry

Policy Question 3: How can we evaluate the success of the use of /.
' technology in the schools?

The actual language used, to describe technology as well /as its
place in the world of the future often assume a single, fiked and
positive meaning for the electronic equipment and advanced training to
be offered to students. As has been mentioned, the complexities and
uncertainties of the learning process make any such assumptions vulner-
able to the specific situation inwhich they are implemented. ,There are
as many meanings for the term "educational technology" as there are
individuals and schools who operationalize the "gadgetry" - and not all
of them are necessarily consensual or positive.

18
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Assumption 4: On]y Positive Conseguences
Policy Question 4: How can the anticipated resistance to techno]ogjcal
innovation be countered most effectively?

We often move, in theory, from the conceptualization of a good
idea directly to 1ts 1mplementat%pn with the .best possible. conse-
quences. It is easy, in the enthusiasm and opt1m1sm generated by new
ideas, to assume that all the consequences will’ be positive, or at
least that we will be able to ultimately make them so. - It is also ‘easy
to succumb to this “"wishful thinking" with respect: to educational
technology, to believe that freed from the boring and repetitive tasks
inherent in the teaching, 1learning, and administrative processes,
students and school personnel will pursue higher order learning or
other avenues of self-improvement. This may indeed happen, but it is
also possible, that, in the case of some teachers, they will be "freed"
to find other employment, "their acquired skills and knowledge having
been taken over by more "stimutating" methods and curriculum in the
form of educational technology. Policymakers cannot afford to overlook
the concept of resistance to change, and to give serious consideration
to these perceptions of the use of technology in schogls 1n determining
the methods for introducing technological innovation. -

Assumption 5: Policy as Different from Implementation

Policy Question 5: How will the use of educational -technology change
such things as our understanding of basic skills,
the role of the teacher, and the relationship
between the business community and the schools?

When issues of policy are considered, it is well to g1ve accom-
,/panying consideration to issues of actual ~classroom impTementation.

For example, Sheingold's (1981) case studies of three school districts’
implementation of educational technology reveal four issues of immedi-
ate relevance to policymakers: (1) differential access to the micro-
computer according to variables such as sex and social class; (2) the
emergence of Jew roles in response to the microcomputer, including. the
role of "stUdent expert" which places additional demands on both
teachers and curriculum; (3) the lack of integration of microcomputers
into elementary classrooms and curriculum, which may separate the
application of technology from its content; and, (4) the Tlack of
knowledge about the effects and outcomes of educat1ona] technology in
the schools. It is critical that educational policymakers consider

' . these factors in determining the efficacy of technology in the schools.

In addition, thought should be given to how students may apply this
technology to learn those skills necessary to prepare them for the1r
future occupations.

“In~ summary, these examples are not meant to ‘be exhaustive -but
rather to illustrate the issues which need -to be -considered for policy -
action. Others such as the examination of the role our values play in

our .choice of technology (and, .Jjust as importantly, the influence of
technology on our values) will' also need careful thought and critical
discussion. All the authors stress the imperative of immediate action:
the importance of issues such as those mentioned confirms this imperative.,

e -
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This section has provided examples of the types of complex issues
which need to®be woven into our vision of joint education-industry ven-
tures. The final .section provides a framework for considefation of such
|ssues by pollcymakers :

A FRAMEWORK FOR A POLICYMAKERS'S ACTION AGENDA

As has been illustrated, there is no dearth of definitions of the
problem or proposed solut1ons to, the issue of preparing today's students
to meet the scientific and 'technical challenges of the future work
environment. Two ‘priorities seem critical at this point: (1) of th@i’
.available irformation, what is most useful? and, (2) how can this infor-
mation be orgapized to prov?de an oriengation for action?

‘This section confronts these concerns through two approaches First,
an outl1ne is provided of. projected long and shdrt-term consequen?es of
implementing educational technology in the schools. This. "future l‘pro
_jection provides one way to judge the usefulness of current informat on in
predicting future realities wand priorities. Second, an organizafional
scheme is provided, and the authors' recommendations p1aced within \jt in
order to give focus to the need for an action orientation. In addition,
the Appendices contain examples of suggestions for action which have/b
generated by angther organization. Comparison of these suggestion
those of these authors may prove useful -and stimulate.creative effgrts.

fth -

Educational and Social Imolicotjons of Technological 1

A

According to Dede, "implementation of the new information techno-
logies in education will ¢reate numerous, powerful consequences for
society: some direct and deliberate, others indirect and unintended"
(Dede, 1981, p. 204). Over. the years, research in the field of planned
change has -revealed that unintended effects of an innovatfon may fre-
guently be more influential than its deliberate effects. Thus, attempting
to anticipate as many as possible of the likely effects of the educational
technology movement may be worth doing as policymakers attempt to make
Jjudgments about the potential contribution of these technologies to stu-
dent futures. Dede (I981) proposes a number of illustrative implications
which can assist policymakers in these difficult and _complex decisions.
These implications are summarized on the chart.on the folIOW1ng page.

Dede's (1981) projections provide valuable information for policy-
makers as they attempt to prioritize multiple and often competing demands
regarding the implementation of technblogy ;in the schools.. For example,
- Dede's first short term effect (independent of implementation.strategy) is
that a larger .proportion of society: will have access to instruction
(through such devices as "nonformal® home and work computerized learnin

experiences). A possible long-term effect is the extent to which the. \

advantages of (and not just the access to) .educational technology are
distributed equally. Policymakers in both the educational and corporate
sectors, as they move to greater involvement 4n non-school learnin
experiences, need to keep in'mind not only concerns with. the availabili:
of the hardware devices, but also with the extent to which these devicds
actually serve to increase individuals' knowledge - and improve their
lives. In addition, these implications serve 'to remind policymakers in
all spheres of the importance- of staying current’ and involved in the.
educational technology movement - and by doing so, retaining their ability,
to inf]uence its future. . N - :
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IMPLICATIONS OF THE IMPLEMENTATION OF EDUCATIONAL TECHNOLOG!‘

W
EFFECTS LIKELY INDEPENDENT OF METHOD OF
 IMPLEMENTATION a E

-~

f

EFFECTS WHOSE LIKELIHOOD IS DEPENDENT UPON
METHOD OF IMPLEMENTATION*

1.

2.

3.

-

SHORT TERM (3-10 years)

Larger proportion of society will have access to
instruction.

“High initial capital investments in development and
delivery systems, followed by reduction in daily

—~operating costs of formal schooling.

To realize cost reductions, large numbers of
instructional devices must be sold and curricula
will have to be centrally produced.

Necessity forgmassive changes in preservice and’
inservice tRfining.

LONG TERM

Differentiation of "education" and “training," with
education being done by people and training by
machines. ‘

Gradual emergence of new definition of intelligence,
increasingly centered on analysis, synthesis, and
evaluation.

Higher overall rate of societal change through both
technological innovation and social invention,
coupled with an increasing homogenization of differ—
ent nations and cultures.

. Evolution of fundamentally different model of teach—

ing and learning.

SHORT TERM (3-10 years)
—=

1. Primary jnitial clientele served will depend
on who the major actors are in pioneering
large-scale instructional technology usage.

2. The extent to which human interaction is
reduced in the learning process will vary.

%

LONG TERM

1. The extent to which the advantages of the
instructional technology are distributed
equitably (or inequitably) across the nation

~will vary.

2. MWhether or not a knowledge coordination sec-
tion is created as a method for national
strategic planning will be dependent on many
variables, such as the major actors.
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*Dede (1981) proposes four illustrative scenarios

-whose major actors will be primary determinants

of implementation methods: (1) No federal role;

(2) Block grant programs; (3) Creation of a dis-

tribution system; and, (4) Long-term loans. Fur-
ther details can be found in the original refer-

ence.
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A Policymaker's Organizational Framework: One Example

- N - . :

Not only“'do policymakers need to be future oriented if they are to
make decisions which are anticipatory in nature, but they also need ways
in which to organize the plethora of information to which they have
access. There are many ways in which this organization of information can
be accomplished; the example framework on page 24 illustrates one of them.
This chart incorporates a number of characteristics that may be. useful to
policymakers in constructing a state or district specific framework.

: First, the example conceptual categories for fjhe framework are drawn
- directly from the information presented by the authors, and from the
review of literature. Frameworks should be .useful in organizing real
information, and not simply a theoretical exegcise with mno practical
application. Second, the information included in the framework is non-
[duplicative, and coded according to source. This strategy could be used
-in categorizing suggestions/recommendations by, for example, school dis-
trict teachers, administrators and parents, or by state board of education
and corporation policymakers. While not officially weighting the sugges- s
tions, this technique allows the individuals utjilizing the framework to
consider a maximum amount of information. Thi#ﬁ, while not shown here,
this type of structure lends itself to a force-field anafysis weighting of
the djfficulty of -accomplishing the varying po]1c§ alternatives, and thus
" can bejhelpful in informing both dialogue and action.
. o ¥ . ’ N
Tqught provides a draft of specific examples of strategies to make a
fraﬂewofk.such as this more practical (complete examples are included in
the Appendices). Two sections dealing specifically with the education-
business relationship and with support systems for math "and science
teachers are summar®zed below to bring more clarity to spegific policy
action alternatives. .

- .
i

Business Support and Involvement: ‘Actual and Potential

4

¢ Much already occurring--e.g.:

-- Héneywe]],'MPS: money, expertise in program develop- ¢
ment, manpower. |
-- 3M: recognition of excellence.

L :

4

e - Other forms include:

-- Mgney in targeted education fund: direct cash assistance.
y -- (Computer services. . ' "
- = -- Student tours. "
. -- Teacher participation in company-sponsored courses.
-- Business people on loan to help school boards in planning *
. and budgeting. )
5 -- Find ways to solve prgblems to mutual advantage.
£ -- Communicate business need for employees. .
-- Involve high tech companies more in -public affairs: -
but need to prove value of cooperation and need to ' ' /i
help shape educational policies. :

/ \
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-- Donate equipment.
. == Allow students to use labs in off-hours.
' -- Internships.

-~ Work with Junior Achievement,

Provide Special Support for Math/Science Teachers

- o Salary supplements. / . 4/,’_~;
. .
‘o Subsidize educators in return for coomitment to classroom
teaching.

e ODon't lay off.

"o Professional development and increase resources, e.g.:
Science Museum of Minnesota - opportunities in Science
Project targeted at Northern Minnesota with Blandin .
. Foundation Support:

-~ Enrichment workshops -
-- Visiting scientists prograne
-- Travelling exhibits i
-- Special summer computing program
_ _ -- Phone hotline on science fairs
- -- Newsletter: The Bog Hopper
T -« Resource Centers

e MPS: to address learning needs of all staff in technology:
computers, AV media.

e Minnesota Educational Computing Consortium Workshops - \\\
opportunities to "play" with computers, use in creative
innovative ways.

. t P
. Provide Incentives for Teachers ’
e Fellowships for teachers. -
e Inservice. ' ‘ ~ .

N Summer:employment opbortunities.
) Leng‘then contract.
e Different salary schedule. - -
. Increasé'eauipment.

e Design scholarship for post graduate work to strengthen
teaching in classroom,




EXAMPLE ORGANIZATIONAL FRAMEWORK FOR.EDUCATIONAL TECHNOLOGY <

-~

POLICY ISSUES

F INANCE

CURRTCULUM

TEACHERS

Tie available funds to
specific objectives (H)
Require foreign students
to pay actual costs of
higher education (H)
.Obtain matching federal,
state, foundation, and
business support for
teacher/curriculum
Increase teacher salaries
either across the board
or sglectively (K:KN)
Tap business support and
potential (KN)

H

Form consortia of state
governments and private
organizations to take the
lead in curriculum develop-
ment (K) +

Increase or begin inclusion
of science in statewide or
local standard elementary
achievement tests (K)

Raise state college
entrance and graduation
requirements (K)

Restore interest in math

and science careers (KN)
Specify the cantent to be
covered in Specific courses
(K)

Make science/math tech-'
nology and curriculum avail-
able to the community.(KN)
Expand use of cegiputers (KN)
Strengthen existing courses,
including vocational educa-
tion (KN

b

Retrain teachers in surplus
areas in science and
mathematics (K)

Develop a joint venture
between the private sector
and schools whereby private
business would allocate -
some of its employees to
teach math/science courses
Retrain guidance counselors
to acquaint them with the
changing job structure
Convene math/science
teachers to discuss common . -
problems and solutions (KN)
Increase number ‘of insérvice
training days dealing with
technology (KN):

NOTE: Strategies are coded according to the author(s) whp mentioned them:

H=Hendersoq
K=Kirst
KN=Knight

31
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e Vary lengtf of contract (1-10 months).
0 Ope—timé dollar bonus for completion of 5 years of teaching.
e Lab af&%s;
. Reduct?@r in non-teaching responsibilities.
° Freé summer development programs (paid).
e Money for fair®, trips, etc.

o Differential-staffing.

-~

1 4
These two tools, anticipatory and organizational frameworks provide
one way of mowing beyand rhetoric to the challenge and the mandate
contained in the papers for collaborative action. The ideas can provide
the basis for the cooperative development of other tools that school and
business personnel can use to face the challenges and address the problems
that technology®s entrance into schools and the workplace poses.

CONCLUSION

The state of the art reflected in the papers, and in the schools and
the business world is one of complexity amd ambiguity. General conditions
such as shifting national education priorities, declining financial re-
sources and increased overseas technical competition combine to create new
expectations for the schools. We are using labor force predictions,
achievement tests results, and futures research to illuminate and direct
policies which must guide our country intp the time of "future shock."

In times such as this, we tend to turn more and more frequently to
"experts" for gquidance and perspective. This monograph is an example of
such guidance, and the specific ideas provided herejn will be useful in
stimulating dialogue and debate to assist policymakers to take the "next
steps." An appropriate final perspective, both in terms of its implicit
reminder of the value of serendipity, and its image of new challenges well
met is taken from Frank Baum's classic, The Wizard of 0z:

\ .
“"Toto, I have a feeling we're not in Kansas anymore."
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Lexington, Massgchusetts

Henderson begins his discussion #th the question: Can the
rate of growth of the high technology industry continue i

light of conditions such as: (1) high cost of capital; (2

increasing competition from overseas; (3) the- ability of
the current market to absorb new products; and (4) ‘“the -
most serious impediment to continued growth,/.the existing
scarcity of engineering and technical help" (Henderson,
1981, .p. 29). Focusing ‘the remainder of his paper on the
foirth condition, Henderson ~ purports that the primary
reason for the shortfall is that elementary and secondary
schools are not preparing students willing or capable of
continued edugation or , participation 1in advanced technical
areas. He explores the quality of the curriculum, the
quality of educators, and non-school factors in this
analysis, and concludes that "undertrained, thus under-
qualified, teachers along with a soft curriculum have
played a major role - in the decline ‘of educational stan-
dards in this country" (Henderson, 1981, p.- 37). The
final section of the paper outlines recommendations €or

qorporate involvement with colleges and universities and

secondary schools toward helping to resolve the ‘"crisis.”
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FORECASTING NEEDS: THE HIGH TECHNQOLOGY INDUSTRY

I am testifying today as a member of the high technology 1ndustry .
< in Massachusetts. Massachusetts ranks fourth in the nation in high
technology employment and first in the number of manufacturing workers . ~
engaged in this industry Fu11y 28 percent of our industry is classi- .
fied as high technology. {

: v — L4

In the last two years, the high technology industry has created
almost 31,000 jobs in MassachUsettsz, in the face of overall de-
clining manufacturing employment. The question today is: Can this
rate of growth or any rate of growth continue in 1light of present
conditions? '

There .are a number of reasons for the question. Among them are
the high cost of capital, increasing competition from overseas and( the
ability of the present market to absorb new products. g

N The most serious impediment to continued growth, however, is not a
¢ market or economic factor. It is the existing scarcity of engineering
and technical help. The high tech industry is people poor. [There are
not enough technically traiged people available to meet the require-
ments of this industry. The United States, unlike other nations, is
seemingly unable to produce a sufficient supply of technically educated
people. This has prevented many companies from expanding and adding to ’
the economy. Overall, it is hurting our ability to maintain a techno-
logical edge in-world markets.

-

Severity of Problem :
. The shortage 1s very real. The U.S. Department of Labor estimated

that there were 17,000 unfilled entry-level engineering jobs in 1980;

other estimates have been as high as 25,000.3 There 1is no letup

expected in demand over the foreseeable future. According to a recent

American E]ﬁétronics Association's Survey of its membership, represent-

ing about ofe-third of the total U.S. electronics industry, the antici- -

pated demand for engineers in this segment of the high technology

industry (Table 1) far exceeds the growth potential for colleges and

universit1e§~(Tab1e 2). _ .

. Much has been said about the reasons for the engineering graduate
’ shortfall. They were discussed in at least Ewo recent hearings before
the House Science and Technology Committee.® ~ Basically, the reasons
given for the shortfall were: inadequate facilities at colleges and
¢ ‘ universities, facility shortages and the lack of up-to-date equipment

‘ for training.
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‘ These points need not be restated. It is more important to look .
at the implications of this shortage. They include the following:

¢ Shortfall in Employment. The New England.Congressional
Institute stated that as of June 1980 over 5,900 jobs °
//Tﬂ Masgashusetts high technology industry remained un-
i
J

11ed? On an average, for each technical/professional
ob filled in this industry, an adqitional three to five

. support and administrative personnel are required. To
' this must be added 7.4 jobs in the non-manufacturing ¢
. sector which are created for each 10 new manufacturing )
. Y jobs.6 The total employment shortfall to Massachusetts
. could have been as high as 40,000 jobs or just under 25
percent of the State's current unemployment figure.
e Economic Impact. The loss in personal income as a result
of the Massachusetts employment shortfall is substantially
over half a billion dollars.
e Small Business Impact. Small companies create the major-
' 1ty of new jobs. David Burch of M.I.T. determined that
' 80 percent of ?11 new -jobs came from firms with fewer than
500 employees.” These firms are today's innovators, yet
they suffer most from the engineering shortage (Table 3).
- \

But the shortage causes all high technology companies to suffer.

o Any company, faced with the necessity to deliver on today's programs
and solve today's problems, utilizes maximum human resources to produce
what is needed immediately. Therefore, engineers are not available for —
advanced development or process improvements. Innovation and produc-
tivity suffer. The effect causes serious implications for the long
term by narrowing the "technology gap" between the U.S. and its inter-
national competitors. //

Moreover, we reduce our ability to compete against foreign
competition. If this state ‘of affairs is allowed to continue, high
technology imports will increase and the one bright spot in today's

\ U.S. economy wil] go the way of automobiles, TV sets and shoes.
4
Other nations, especially those that are economic and po]itica]
. competitors, are apparently able to graduate, more engineers than the

* . United States. It is well known that Russia, with a population just
slightly larger than ours, graduates three times as many engineers and
that Japan, a nation with half our pogulation, graduates 5,000 more 4

. electronic engineers anually than we do. <

What 1is even more ‘telling, however, is that, on a per capita
basis, the output of engineers by Czechoslovakia is twice that of the
United States; Bulgaria is three times and East Germany is four times
our rate (Table 4).

» 2
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Admittedly, these are not today's industrial competitors. But,
based on- their proportion of college age people jn engineering, they
could very well be our competitors in the decades ahead. /

The countries that have built up-their engineering population have
outpaced the Unjted States. Between 1963 and 1977, Japan's share of
world trad® in manufactured goods (excluding fuel and food) increased
from eight to 15 percent while the United States' share fell from 21 to
six percent. Between these same years, productivity increased in the
manufacturing industries of West Germany by 114 percent, of Japan by
197 percent, and of the United States by only 39 percent.9 For the
last two years, a zero productivity gain ha$ been reported in this
country.

If the U.S. had maintained its 1963 productivity rate until the
present time, the United States would have been able to afford the
Carter Budget, the Reagan tax cuts and been able to give a SUYStantial
cash grant to every man, woman and child in the United States.

Duration of Shortfall _

‘The duration of the engineering shortage is disputed. Some
sources claim a sngTUS of Bachelors Degrees in Electrical Engineering
(BSEE's) by ngO. Others claim the shortfall will reach 300,000
by that time.

The tryth probably lies in between, but the general concensus in
the high technology industry is on the side of a continued shortfall
even ahough engineering degrees have increased over the past four
years.13 :

‘There are reasons for this pessimism other than the fact that
there is a limit as to how far existing, over utilized.colleges and
universities can expand without a mass infusion of funds.

-The principal reason is the anticipated expansion of the high
technology industry. Some examples of this expansion are:

o The dawning of the first VLSI's will herald a new infor-
mation technology product demand explosion which will
equal or exceed the growth curves of the computer in-
dustry.

e The marriage of communications and computers will bring
forth an entirely new industry to the American scene. e

e ‘Increased defense spending, and the need for ﬁew, even
more sophisticated weapon systems, will significantly
add to engineering demand.

e Emerging fields, such as robotics, and the need to
“incMase productivity will create new, specialized
engineering fields.

o N \



e The increasing complexity of each additional engineer-
ing advancement in ongoing technologies will increase
the numbers of engineers required to maintain continuing
programs and products. , T

Other reasons for pessimism include the fact that there ate indi-

cations that there will be a significant decline in the number of

. " degrees granted in the next few years and that the peak we are now
experiencirnig will decline (Table 2).

.Y In addition, an increaSing portion of the advanced engineering
. degrees granted in the United States go to foreign nationals (Table 5),
T the magority of whom do not remain here after graduation

As bad as the engineering .shortfall is, the situation for tech-
nicians (Table 6) and skilled workers is even worse. It has been
estimated by 1990 that the country will need over 10,000 tool and die
makers, 11,000 drafters, i 000 engineering technicians, and 58,000
machine service technicians. \

Against these needs we are faced with a declining schdol enroll-
ment (Table 7). - A viable supply of engineers, technicians and skilled
workers is just not on the horizon.

Concerns with Basic Education e - |
A primary reason for this upcoming shortfall lies in our nation's
primary and secondary school systems. This country does not adequately
_prepare students that are willing or capable of continuing training’ or
. education in technical subjects. This is very evident since the ratio
) of technical degrees to all degrees in most other industrial countries
is much higher than ours. (Table 4).

e

Two reasons can account for this that relate directly to the .
country's primary and secondary educational process -- the quality of
the curriculum and educators

4 The declining quality of the Curriculum is reﬁfécted in the most
- common measure of academic aptitude. Scholastic Aptitude Test Scores,
or SAT's, have been on the decline for over a decade, and the decline

. has been consistent, regardless of the ever increasing amounts of
' money, in constant dollars, that the American public has been willing

to spend (Figure 1). R -
" . Excuses given for the decline include the fact that a greater

percentage of students are taking the test or that the expectations of
today's parents are not high. Others d¥§count the test as not being
meaningful.

There is arother more realistic premise. Students leavi'ng our.\

high schools are less prepared in the basics than previous generations
of Americans. .
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Only one-sixth of all high school students take a junior and
senior level science course. <“OnlTy ‘“one-half of all U.S. high school
students take a math course after grade 10, creating a need for math
remediation by one-half of all entering college freshmen. Just 15
percent of all high schoo] students take a course in chemistry -- only
seven percent in physics. .

The 1980 presidentia] report on science and engineering education
’ concluded that "more students than evér are dropping out-of science a?d-
' mathematics courses, and this trend shows no sign of abating." : :
We now rank fourth_in scientific literaCy behind the Soviet Union, West *
Germany and Japan. 17 )

'tg Students opt for the easy way. A listing of the popular courses
in a typical Massachusetts high school include such offerings as "Teen-
agers and the Law", "frime and Society", "Personal Consumer Education",
and "Child Behavior" ’

. This country simply must challenge its students more. But how?
State Boards of Education are no help. To graduate from a Massachu-

. setts high school, state requirements are that a student need pass only
' four years of English, one year of American History and four years ‘of
Physical Education.

And when math and science courses are taught, there are no common
standards for evaluation. Local communities can, on their own initia-
- tive, vary the passing fcore on state achievement tests to "improve" -
/ . the image of competency. : .

‘Our national government offers no encouragement, either. To this
day there are areas within the Federal Government insisting that de-
clining achievement scores cannot 38 attributed to a lessening of the
study of mathematics and science. WHat 1is not said by the U.S.

. Department of Education is that present day offerings of math courses
: include such areas of study as "Conf mer Math", "Math Review", "General
Math" and "Financial  Investment", courses unheard ofs two decades

ago. . .

.

Our industrial and economic competitors do not make this mistake.

. -

e In Russia, algebra and geometry begin in grades seven
and trigonometry is added in grades eight through 10.

. _ A1l Russian students complete five years of physics,
four years of chemistry, and one to four years of high "
™ , school biology . ’

o In West Germany, biology is- 1ntroduced in grade three,
‘ physics and chemistry in grade five and an ‘increasing . .
N ' advanced math and stience course added each year of . _g
- . high school. -




e In Japan, 25 percent of all class time in grades seven.
to nine is spent on math and science, with trigonometry .

in grade nine. Thirty-three percent of all
Japanese high school students take three natural science -
courses and four math courses. Japanese 13-year olds
have the highest math achievement scores amongst 52
industry countries, including the United States.2

The results are evident. .MWhereas in the United States, 75 percent
of our children complete high school, that percentage is 98 percent in
Russia and 92 percent in Japan.: And, unlike in the United States,
there apparently is veEK 13£t1e dispute in those two countries over the
quality of education.

{

process plays a role. Until grade six both male and female students
score about equally on standardized math tests. From that time on,
femalez take fewer science and math courses than their male counter-
parts.éd By the twelfth grade, according to a recent California
study, female competency }n math has declined to 51 percent of that of
their male counterparts.<b Today, although women make up half of
our workforce, only nine percent of the science and %9gineerfng work-
force is female and most of these are in the sciences.

Whereas a substantially higher ratio of high school graduates in
other countries go on to become engineers, our children, because ofga
dearth in math-and science courses, do not even have the choice:

major in these fields -- even if they wanted to. Most students do not ~

take the prerequisite courses which would allow them to enter engineer-

ing colleges. And even madny of those that do take the prerequisites

need remedial work.

Michigan Technological University, primarily an engineering
school, requires four years of high school math for admission at its
School of Engineering. The school gives a math placement test to
incoming freshmen, and finds that every year about one-third of the
students need remedial algebra, remedial trigonometry, or both, to be

“able to take calculus, the first-year math course for an engineering
. major.

Dr. Clyde Work, Dean of the Engineer1ng School who ha§ studied

.math deficiencies in incoming engineering freshmen, finds that every

year nationwide, thirty to for%y thousand students enter “engineering
schools unprepared for calculus. .

At Iowa State University, enter1ng students must have graduated in
the upper half of their high school class; out-of-state students in the
upper quarter.. AXthough their Eng1neer1ng school 1is selective and
overcrowded, only g\g\kg1rd of this year's entering freshmen in engin-
eering quaHfied on' the placement test to take calculus. One-third
need a remedial course in al%ebra the remaining third need remedial
trigonometry and pre-calculus.

——
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Another thing happens in our elementary grades where the teaching -
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Ohio University has complete figures over a period of time on
entering freshmen in general undergraduate programs, as opposed to
those students who met the University's higher standards for admission
to the engineering school. Their Student Advancément Center teaches

pre-algebra to abogt one-third and remedial English.to one-sixth of the

entering freshmen.

Prima(y and Secondary Teaching Quality

“inis—-problem-1s elither--caused by and/or aggravated by teachiﬂg
staff quality. RN y & e

As there is at .the college level, a shortage of math and science
teachers and certified instructors also exists in our nation's public
schools. A 1981 national study of estimated supply and demand of
secondary science and mathematics teachers found that 16 of the 46, or
35%, of state science supgervisors responding characterized the mathe-
matics teacher supply situation in the3{ state as a “"critical shortage'
16 others said they had some shortage. ' '

Unlike the college level, however, this shortage is apparently not
caused by low salaries but by an inadequate number of teachers trained
in these subjects. The production of newly-qualified mathematics and
science teachers has slowed to a trickle. Last year, for example,
Ohio State University, the University of Nebraska, and the University
of Minnsgota each graduated only one newly-qualjfied mathematics
teacher. : S ; .

This is not surprising. If a high school student is preparing to
enter a teaching college, he or she will -not be required to take sub-
stantial math courses. In a teacher's college, without this prepara-
tion, a math major or minor would require extensive additional courses.

Let me use my state as an example. Massachusetts state colleges
offer an education major for prospective elementary school teachers
which is centered .around courses in pedagogy and child development.
Other required courses reflect an attempt to cover basic skills and
knowledge, i.e., English composition, but the requirements for math and
science are appallingly low. Only the University of Lowell requires
two years of general science. Other state colleges require only 15
hours in the math and science area and these can include courses such

as "Review of Basic Arithmetic" and "Instructive Geometry". The aver-

age SAT's for students for each section in the Univer §1ty of Lowell

program is 400; 380 at other state teacher colleges. Certifica-

tion is almost automatically granted to ‘anyone who graduates. As bad as
this is, this certification can be used to teach in middle and junior

high schools.

The change from "the basics" to "innovative curriculum" apparently
coincided with a decline in teacher qualification, A recent national
survey indicated that less than 10 percent of elementary schogl teach-
ers felt ‘qualiffed to teach math or science at this low level.
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The situation for the secondary teachers is, if anything, worse.
WMassachusetts state teacher colleges, without exception, require poten-
tial secondary teachers to major in a regular field in the 1liberal
arts, involving 30 semester hours concentrated in the major. Education
courses, including the practicum, count toward ‘graduation but education
is no longer a separate major. ‘

In addition to the 1liberal arts major, twelve semester hours in
education are required plus 18 semester hours (1.5 year-long courses)
in the academic field in which the teacher is to be certified, if that
certification is to be obtained in a non-liberal arts subjelt.

These requirements are absurdly minimal. Consider the implica-
tions. Any state college graduate with a liberal arts major can re-
ceive certification not only for that field but for math merely by
taking 18 semester hours of courses in such subjects as a "Review of
Basic Arithmetic" and "Instructive Geometry."

Inadequate teacher preparation lnanifest§/itself in other areas
besides math. Juniors-and seniors-representing a random mix of all
students, tested for enrdNment in a Personal Reading Improvement
program at Fitchburg State CHllege werg found to have reading compre-

_hensive scores equivalent to“grade 10.895

The problem is not limited to Massachusetts.//To cf{é one example:
A recent study in North Carolina shows that fully 70 percent of their
teachers who hold the science certification are c ied only 1in
biology. Qnly 52 percent of the teachers who taught(science in gradeés
seven to nine were appropriately certified. Almost 29 percent of- the
teachers who taught science in grades seven through 12 had no science
certification at al1.36 ’

The situation is apparently getting worse. From 1972 to 1980, the
decline in SAT scores for %?ucation majors, nationwide, was over twice
that of all undergraduates. 7

Effect of Non-School Factors -

That teaching quality, rather than non-school factors, is a lead-
ing- culprit in the decline in achievement scores seems an unavoidable
conclusion.

[ 3

At the elementary level, where basic skills “are taught, a sur-
prising break in the overall national pattern of dropping’/achievement
scores emerges.

Whereas SAT s$cores, as well as achievement scores in reading and
math have declined persistentfly siate the mid-sixties, achievement
scores in grades one through three have remained stable.

\
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The implication. seems to be that, far fyom being responsible for
dropping achievement, students' home environments and parental expecta-
tions sustain them through the early years of schooling. It is during
these early years that parental control and 1nf1uence are undoubtedly
strongest. , .

The hational drop in achievement scores does not begim until about
the end of the fourth grade. Thereafter, it increases, not only for
individual students but persistently and markedly throughout entire
grades. Ironically, the .highest percentage of 1loss in achievement

~-occurs-inthe top 25 percent-of students -- those whose home- environ- oo
ment wogld normally be expected to be most favorable to academic '

success. (Figures 2, 3)

Comparison of abéolute raw scores of elementary pupils of the late
1930's with the raw scores of 1950's school children on the same test
shows that 1930's school children scored significantly higher (Tables

-8, 9); and SAT sscores in the 1950's were substantially higher than they -

were in 1981

Public school classes of 30 to 40 children were not uncommon in
the 1930's and about haif of the children in large cities came from
non-English- speaéﬂng backgrounds. During those depression Yyears,
poverty touched many more public school students than it does today's
youngsters, even in inner city schools..

The implication here is that today's lower achievement scores
cannot be blamed on lack of funds (Figure 1) or class size (Figure 4).
Nor, apparently, can they be explained by socio-economic background.

The International Evaluation of Educational Achievement (IEA) is a
ten-year study which compared the results of schooling in ninteen
countries. "After the socio-economic background of the students has
been taken into account, students are still remarkably different in
their academic performance, with about 90 percent of the-variance in
their test scores 551]1 remaining to be explained by other factors,"
the study concluded. 9 :

While noting that these other factors may be even more sensitive
measures of socio-economic status, even if socio-economic variance were
doubled to 20 percent, that. would still leave 80 percent unexplained.
To quote the study further, "In the IEA studies, school quality vari-
ables turned out to have substantial influence on achievement, and some
analyses produced the finding that school quality was "of equil or of
even greater 1mportance than the hame backdround of the child.*

This is not to say that there are not--good school systems or good

-fe‘phers There are. .~ | N

A

It does indicate that undertrained thus underqualified teachers,
along with a soft curriculum, have played a major role in the decline
of educational standards in this country.

2
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Reason for Improved Technical Education -

There has been a serious deterioration in the teaching of math and
sc\gfce in our basic educational system. 'On a very elementary level,
thi %E resulted in today's most common phobia in rica, techno-
phobia. At the highest level, it is threatening t economic and
political leadership in the United States.

There is a need for- everyone to have an educational background .in
technology so that those who do not become scientists or engineers can
make informed decisions about the nation's technological goals and
objectives. .

And -for those who choosg not to go to college, the incregsing
technical complexity of the workplace favors the employment of Jyouth
with a firm understanding of math and science. Without this” back-
ground, it is difficult to enter training programs for tech ans and
skilled workers.

Those high school graduates wishing to enter engineering schools
are finding themselves unqualified. Without a comprehensive background
in math and science, they choose careers for which there are no jobs.
Thus, our educational system has become a prime cause of this country's
employment imbalance. And, without ‘sufficient technical manpower, we
will not be able to maintain our slim leadership in worldwide high

technology markets or to develop the sophisticated defense systems of

the future.
- &

Recommendations '

At a time when there 1s an ongoing debate about the future of the
U.S. Department of Education and when funding is being cut and turned
over to the states, it is difficult to suggest possible solutions to
the engineering crisis that will not increase costs. It is also diffi-
cult, at a time when many educators believe that the government has

become a surrogate Board of Education, to suggest additional rules or.

regulations.

However, some of both may be required. A decision-has to be made
as to what the priorities are for the future well-being of this nation.
The engineering and technical manpower crisis deserves a place high on
that list. I would offer the following five recommendations.

First, this country should have a national engineering policy -- "an
expression of the nation's commitment to that field. It should include
manpower objectives and a system for measuring against those objec-

tives. It should also address the issues of educational technology -

standards, information transfer and cooperation between industry and
schools.

. 4
Second, although funding is being cut back and may be sent to the
states for disbursement, the use of available funds should be tied to
very specific objectives and quality standards. For example: .

;
, M
i
A3

.
o




o Funds spent for a variety of training activities aimed
at teachers and administrators (which totalled about
$5.million in 1979) should be directly related to mini-
mup natjonally established teacher competency criteria
and curriculum requirements.

. o Grants to local schools, such as those made under the
¥ new Federal Education Consolidation and Improvement . .
’ Act, should be digected to improvements in basic edu- -
cation at the primary and secondary level. Minimum
, ’ . .. . .. coburse requirements and competency tests should be
‘ established at the national level. " , .

¢ Federal standards regarding curriculum and competency \\\\
should also be established for vocational schools,
two-year community and teacher colleges, if they re-
ceive federal funding

o Although quality standards are recommended, it is
also suggested that current federal regulations for

- schools in the non-scholastic area be reviewed for
significance and, where found unnecessary, removed.

Th1rd’ since almost 70 percent of foreign students\learning in this

country return to their homeland, federal regulations should require '
foreigngftudents to pay full and actual educational costs rather than

having their education subsidized at the expense of the U.S. taxpayers

and students.

Fourth, the recently enacted 25 percent tax credit for equipment dona-
tions to universities apparently was restricted to gifts for use in
' research in the physical sciences. This Act should be extended to
include equipment donations for engineering and~technical teaching
applications. ,
Finally, the federal government should act as a coordinator in bringing
industry and education together to seek common grounds and resolve
difficulties. Some of the issues to be addressed might include:

e establishing criteria for industry-sponsored research o
laboratories and their involvement in commercial products;

o determining methods to supplement facility salaries;

e obtaining agreement on ways to compensate schools for the ~ .
estimated $1500 in equipment necessary to graduate each
student, such as a fee charged for each graduate hired
which would be used to replace equipment. " .
& _ Other recommendations have been made in Congressional héarings
C over the past year to correct both the existing engineering shortage
and the deterioration in U.S.oeducation. Basically, they are the same
problem. “Congress. is strongly utged to address this issue now. .

4;3' 4?‘7 | . ' | | ..".
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THE ERISIS IN EDUCATION

- Recommendations for Business and Industry -

Grave .concerns have been expressed in many quarters dbout the
capabilities and attitudes of our knowledge based industries. For the
past two decades, the dynamics of these institutiogs have shifted away
from math and science and weakened the historical relationship that
existed between education and the industrial economy. At the college
and university level, this has resulted in an insufficient number of

-scientists and engineers to satisfy the requirements of the nation's

high technology companies. It has also resulted in the weakening of

the foundation of higher education - our primary and secondgry public

school systems.

Reversing the dynamics will be a long and difficult process.
Complex issues are involved and solutions will be offered from almost

ias many quarters as have expressed concern. The following are areas
where it is believed corporations, both large and small, can play a
part in helping to resolve the crisis. Objectives can be set for each -~

area of possible involvement, costs budgeted and controlled, and the
results measured.

Colleges and Universities

(1) Corporations can, when possible, endorse the proposal of the
American Electronics Association to contribute two percent
of their research and development budget to schools of _
science and engineering. This contribution can be in the’
form of equipment donations, financial support for specdfic
technical areas or scholarship and financial grants.

(2) A continuing dialogue can be maintained between each company
and one particular institution or department within that
institution. Areas of discussion could include subjects
such as hiring trends, changes occurring in industrial tech-
nology and processes, potential, joint research programs,
the in-plant use of the company's special or high technology
equipment to teach about unique or specialized areas and the

- loaning of adjunct, professors to supplement teaching staff
in critical areas. '

(3) Colleges and corporations should work together to develop
- and deliver educational programs for employees at the tech-
nician, bachelor and giasters-levels. When necessary, con-
sortiums of companies”can join together to insure adequate
nump€rs of students whilemaintaining acceptable costs.
Thegke programs, given at plant sites, canm be certificate
" or’degree granting or can be simply retraining or upgrading
courses. ' .

*
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(4)

<

Existing or new employee or employee dependent scholarship
loan programs can be directed so ghat recipients who major
in science and engineering and work “for the sponsoring
company for a specified number of years can have all or
part of the loan forgiven.

¢ "

Secondary Scﬁbols -

(1)

(2)

(4)

Leaders in the business community have been, in the past,
most usually associated with the educational process as
members of college boards of trustees or of state boards

of higher. education. - These members should actively begin
to use their influence to raise the standards for admission
to all colleges. This is being done in California and is
forcing Jocal school boards to raise the graduation require-
ments for secondary schools,

Corporations should activef;gﬁnc0urage employees to run
for election to local boards of education or for appoint-
ment to committee positions in local school systems so
that they can work to help direct available resources to
areas of greatest educational need. :

-Partnerships should be established between companies and

their local high school. Areas of cooperation with the
high. school can include helping to set cq§r1CU1um standards
for students hot planning to enter colleg®, conducting
career seminars which highlight the excitement of techno-
logy, sponsoring science fairs and offering awards in the
companies' name, and supplying, when needed, personnel to
augment the. school staff. °

Supply used equipment for use in science classes and labor-
atories and provide simple, but interesting, science kits
for use at lower class 1evels.

Start an active program offering company facilities for
sponsored programs and tours to students, teachers and
guidance counsglors to increase their knowledge of, and
interest in, tdchnology and technical careers.

Where possible,|provide part-time, summer or “Job sharing
programs ‘which Will supplement the salaries of highly
skilled math and\ science/teachers and which will both
help maintain th el of technical knowledge and re-
tain them in their teach ng pogitions.

RG]
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Improving Math, Science and Technical Education

Michael W. Kirst
Professor and Former California State Board of
-+ Education Member
. Stanford University . "
Stanford, California -

Kirst's paper 1is grounded in the assumption “that American
industry must modernize 1its ,technological base to respond
to the shifting nature of work. He outlines various fac-
tors that he perceives as related to public education's
diminished capacity to provide adequate technical prepara-
tion, including the 1lack of schools' ability to adapt to
change, and the recruitment a retention of teachers. He

—~-gdiscusses various alternative utions such as incentives
to attract good teachers agnd \intensive programs of cur-

riculun development, and copcludes that, Yeach government
level -and the private sector must share the responsjbility
and the work cooperatively..," (Kirst, 1982, p. 59)

L _ L

&

AR ]




Aar it b N T
s

‘u

»
o . AN ’
o
Michael W. Kirst
Professor

Stanford Universitx'
IMPROVING MATH, SCIENCE, AND TECHN}CAL EDUCATION

At a time when technical requirements for employment, the military
and citizenship are increasing, the capacity of public education to
provide more preparation is decreasing. Shortages of .(eachers, out-
moded texts, inadequate technical equipment, and un¢lear academic
standards are reinforcing each other. The federal government is
decimating its support and leadership while state treasuries are being
drained by the recession. Business leadership and funding focuses on
the apex of the education system -- prestige universities and engineer-
ing -- but the technological infrastructure of “~ewer edycation erodes.
This is a striking contrast to Japan, where government has taken the
lead in reinforcing their lead in secondary math achievement and is
improving secondary science teaching capacity through teacher upgrading
(often using curricula developed by the National Science Foundation
(NSF). Local agencies, increasingly tied to state funding and unable
to attract teachers, are wringing their hands, but are unable to

- reverse the negative tide. Meanwhile, the public believes that a

teacher surplus still exists! And science consumes less than forty

‘minutes a week at the elementary level, hardly a base for expanding

student interest.

There is an interaction effect between the various deficiencies

~and improvement components discussed above. For example, Zalman

Vsiskin, Professor of Education at the University of Chicago, reports
the high school experiences of too many students in the recent past
have not been positive enough to make them want to teach mathematics.

Thus, the mathematics curriculum, both the content and
the way the content is taught, must be considered a

cause of the teacher shortage (Phi De]ta Kappan, March
1982, p. 436).

But there are more important reasons for the math teacher shortage,
including low salaries and poor working conditions. Unless the United
States can attract and retain good teachers, efforts to retrain and
upgrade the current staff will merely add to the flight from ‘téaching
to other jobs. There will be no olution to these basic obsta-
cles to attracting and retaining ity teachers.

Documentation for this situation is widespread, but only the first
steps have been proposed. Others will ddcument the crisis, but our
task is to prescribe some feasible and affordable methods for school
¢mprovement in element&ry/secondary science, math, and technology. The
dominant strategies of the past two decades (pi]ot innovative projects
and improvement by structural and “personnel additions, etc.) probably
cannot be financed in the short run. We are in an era of program and
specialized personnel contraction. If courses are added, others must
be dropped. There is little money for aides or new classes. The
concept of seed money through federal or state inmewvation projects is

8
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outmoded because of the lack of local money or teachg}ﬁ to carry on and
expand “"the exemplary effort." Consequently, we will start with an
outline of the major elements of the problem as a basis for proposing
specific interventions. The key solution targets should be teachers,-
curricular content, coverage of this content in class, better text-
books, and use of more efficient teaching technology.

The basic assumption underlying this paper 1i expressed well by
Professor Stan Pogrow of the University of Arizona:

In an-era in which technology is making it possible
to replace labor with intelligent machines, and physical
distribution systems with communications, a labor inten-
sive approach to production is no longer viable. In

-order to remain competitive, American industry is being
forced to modernize its technolog1cal base.

As economic pragmatism fuels the adoption of new
technologies, the cumulative impact of these changes
will be to alter the nature of work, Specifically,
routine and predictable forms of white and blue collar
work, such as clerical and welding jobs, will be re-
placed by the relatively technical work of performing

. creative and logical operations with electronic forms

A of data. Most workers, be they artists or machinists, -
will 1ncreasig§]y have to perform tasks present]y

associated with science work. The shift in the nature

of work will be largely a fait accompli by the time

that most of the current elementary school students

enter the world of work.

This paper concludes with specific recommendations for future
policies. We need more positive rhetoric and orientation about public
education. Otherwise, pointing out the challenges in technical educa-
tion will only reinforce a negative and defeatist cycle about the
future potential of public educat1on Qur view on the priorities and
first steps is:

1. A sound basic education in math and sciehce is necessary
for-pupils to take maximum advantage of teaching machines
1ike computers or calculators. -

2. It is impossible to previde "literacy" in technical sub-
Jects without "literacy" in language and other basic skills.

3. Quality teachers are a precondition for the succesgfu]

- implementation of improved curriculum. The teacher short-

- age must be addressed first.

4. Improved technical education can only be built on a solid
fiscal base for the overall school program. For example,
math teachers and programs cannot flourish in an impover-
ished educational environment.

s




5. Since improving education is an interrelated enterprise,
more public revenue must be devoted to elementary/secon-
dary education than has been spent in the past, or is
projected for the future during these difficult economic
times. -

Role of Various Government or Private Agencies. The key to
success 1n these efforts is cooperation among government and private
sources. The federal government should not carry ithe major burden as
it did in the Sputnik era. Federal funds for the purposes described in
the last section should be on a matching basis (probably one-third
federal) with state governments, foundations, and technology-oriented
businesses. Business contributions can be "in kind" such as employing
high school math and science teachers during the summer (to supplement
their salary) and equipment donations. Foundation and government
matching efforts were common for school finance reform (particularly
through the Ford Foundation), and similar strategies can focus on
teacher retraining. The top priority should be attracting and retain-
ing quality teachers. Without inspired and effective teachers, better
curriculum and more teaching machines will not be implemented. Since
federal involvement in curriculum development has become- so contro-
versial after "Man: A Course of Study" (MACOS), consortia of state
‘governments (Education Commission of the States, National Conference of
State Legislatures) and private organizations should take the lead in
this area.

~

New Types of Jobs

Changes in the American culture and economy will create a great
deal of.pressure on schools. These changes in jobs and culture toward
high technology will force a change in education. There will be- a
radical shift in job content within existing categories such as sec-
retarial, clerk, assembler, etc. These jobs will require interaction
with technology to increase and analyge information. Robots or auto-
mation will take over many routine jobs while employees will be manipu-
lTating the robots. Jobs at the technical level (beyond high school and
below A.B.) will grow rapidly and be an area of critical shortage. For
example, technicians will be ~testing, supervising, and repairing pro-
duction systems that use a great deal of automation and robots, The
large change in content and nature of these jobs is obscured by the
standard Department of Labor categories such as "crafts and kindred"
workers, which do not reflect new work skills.

Cqputer science degrees .are not being produced as fast as demand
i® growing. We have neither the teachers or equipment at the lower
education levels to stimulate and prepare students for computer scigence
careers. Moreover, high economic and employment growth industries are
-in large part high tech.. The California Governor's office, for exam-
ple, estimates that 25% of new jobs in 1982-1990 will occur from high
tech growth, but this expansion is threatened by Japanese competition.-
"By the year 2000, perhaps 50% of the jobs will involve information pro-
cessing and will use less paper and more electronics or computers.
Telecommunications will revolutionize the ‘movement of information and
be a major new employment sector. The federal budget increase in
defense will require a major expansion in technical manpower of numer-
ous types. '
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Changes in Culture ‘ :

Society will be called upon to make all kinds of decisions  about
the regulations, use, implications, and consequences of technology. An
informed selectorate is necessary to deal with thi$, but current curri-
Culums are not oriented to this issue. Computers will be in the home
(about 40%) by the year 2000. Moreover, combinations of VIR, video
discs, and TVs will be common in home entertainment. This widespread
use of technology in culture will put great pressure on the schools to
adapt and increase technological instruction., Otherwise, the schools
will be viewed as out-of-date and of low quality.

A Lack of School Capacity to Adjust to Change \
Schools (except for ‘seTective universities) will find it very
difficult to adjust and meet these changes in jobs and culture. In-

deed, the capacity to respond will not exist if current policies and |

trends continue. Easiest adjustment will be at Stanford, MIT, and the
flagship public campuses which can attract professors, research grants,

and facilities. These institutions have the fiexibility to institute

differential salaries for math and technology teachers. They also can
ttract industry donations and win research competitions. Many lesser
state institutions are not in a favorable situation. Unions will
resist differential salaries, and there is less ability to attract
research grants and business donations., Yet, the state universtties
will need to supply most of the technologists. w

Community colleges are encountering fiscal stress such as caps on
growth of Average Daily Attendance (ADA). They can reallocate priovi-
ties from lower priority courses and can attract up-to-date teachers: on
a part-time basis (often from industry or labor). Community colleges
provide many technicians that are in short supply and must improve their
attractiveness for business and union donations. The worst problem is
in the capacity of elementary/secondary schools (E/S) to supply the
basic underpinnings of technical education. -

The Dimished Capacity of Elementary/Secondary Schools for Providing
Technical Literacy

~The shortage of -teachers in math, physical science, and computer
areas is a critical problem. ~In each field ‘the supply of new teachers
has dropped by 60% over the Tdst decade. About 50% of the teachers are
not adequately trained and need upgrading. The basic skills of the
teaching force (SAT) is dropping and already appallingly low. In the
Pacific states, 94% of the new science and math teachers are not
qualified.3 Solving the teacher shortage is the first priority.

Declining achievement and course taking in advanced science/math
areas at. the secondary level is turning around. But now that student
interest and public pressure are expanding for more technical educa-
tion, the institutional capacity is not there. One gap is an outmoded
curriculum that lacks general introductory courses on technology, physi-
cal sciences, and math. Many high tech students are bored, scared, or

i
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forced into college sequences that are inappropriate. Advanced place-
ment courses in most schools are threatened with larger class size and
loss of yenior teachers. Seventy-nine percent of the veteran techno-
logy teachers have not completed at least a ten hour inservice workshop
in more than ten years.

College standards discourage more math/science because of un-
weighted grade point average (GPA) admit policy. Students do not elect
higher level math and science courses because they fear low grades that
Jeopardize college admission. In Xalifornia, only 25% of the students
have taken three years of math and two years of science. Changes in
college admission standards to increase math and science course taking
incentives are urgently needed. At a recent AAAS hearing a math
professor at Ohio State reported that half of the Ohio high school
Juniors had “"essen- tially no skills in algebra."

A]l students wi]] need in-depth experience with a computer during
high school. This might involve an in-depth project similar to a term
paper. But schools lack computers and teachers to provide each student
with a computer project during their school career. Computer softwgre
is needed (along with VIR and video discs) for problem solving and more
complex exercises and to integrate technology with all classes, rather
than merely offering a separate computer course. But NSF support for
science and engineering education has declined from 47% of the NSF
budget in 1959 to 2% now.

The ﬂaiure of math is changing from computation and logarithm to
estimation and “feel" for numbers (particularly by application), but
there is scant teaching personnel or infrastructure to teach or develop

this new emphasis. Achievement. scores in the U.S. are good in math

computation and weak in problem solving. State authorities and local
education agencies (LEAs) need to request math textbooks with more
problem solving exercises and processes to solve non-routine math

~problems,

Recruitment, Selection, and Retention of Teachers

A series of economic and demographic changes in the 1960-1975 era
tended to obscure the nascent technical teacher shortage. There was a
massive increase in college educated workers with a potential to teach.
The number of women in the workforce increased dramatically, and the
propensity of women to work more continuously and spend less time out
of the work force helped the teacher supply. While supply was increas-
ing, two major factors depressed the demand for teachers -- the decline
in fertility and a shift in the population away from the frost-belt
that created large teacher surpluses in these sections. - In part be-
cause of the complacency about a surplus, there are major unkndwns in
projecting teacher demand and supply. We have no good studies of what
persons trained as teachers, but not currently teaching, are now doing.
Have they dropped out of the labor force? Can 'this "reserve army" be
attracted back to teaching? There is virtually no information on where
people go who leave the ‘teaching profession for other occupations. How

~are the retirement patterns of teachers changing?
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Some of the trends that we are tracking are worrtsome Schlechty’

and Vance in a major review concluded:*
y
1. A decline in the overall academic ability of those
entering teaching in the 1970s compared to the 1960s.
Most of the decline occurred among high scoring (on
tests) females.

2. Those most likely to leave teaching in the greatest
numbers are disproportionately drawn from the most
academically able of the teaching population. Again,
there is a marked decrease in the retention of high
ability females.

3. State legislatures have been mostly concerned with
culling out the bottom with little attention to re-
cruiting and retaining the top quality teachers. This
legislative focus on the least qualified has further
vieakened the prestige of teaching by stressing minimum
competency and requiring demeaning tests.

4. The .Jow regard with which teacher education and teacher
trainers are held on college campuses does little to
encourage the brightest students to enter teaching.

5. Teacher reward systems are not well désigned to retain
teachers. The salary scale is short, and one reaches
the top in 10-12 years. A1}l promotions lead away from
the classroom to administration. .

6. Beginning math teachers in the San Francisco Bay Area
earn about $12,700, but industrial salaries start at
about $20,000 for a inath or science major with an M.A,
Among the 1982 entering freshmen at U.C. Berkeley, less
than 1% specified an interest in teaching.

The math area as demonstrated is merely a dramatiq example of a
systematic teacher shortage. The next section fdcuses \on math as an

. example of the various alternative solutions to increasing the supply

of qualified teachers.

Alternative Solutions ta Math Teacher Shortage

A past solution was to recruit into teaching the large number of
women who possessed teaching credentials but who chose not to enter the
work force before they started their families. Once their children
were older, many of them could be induced to return to the classroom,

t

8

* Phyllip C. Schlechty and Victor S. Vance, "Recruitment, Selection
and Retention: The Shape of the Teaching Force," draft paper pre-
pared for NIE, 1982.
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- even if on a part-time is. Changing social and economic conditions

have badly eroded this fotential supply of teachers. Now that 70 per-

~ cent of women between the ages of 25 and 65 in the United States are in

“the work force, schools\can no longer count on this pool of potential
labor. Also, because women infrequently majored ‘as undergraduates in
science and mathematics, the supply of women available te instruct in
these fields was.never large to begin with.

A second solution lhas been to hire individuals who either wefe ‘

not prepared in math and science subjects or were very reluctant to
become teachers. This "solution" 1is already bg.jng adopted by many
school districts to deal with the math and science 'teacher shortage.

The use of so-called “"emergency" credentials has beem a big loop-
hole in the 1licensing structures of several states. It permits
unqualified individuals to be employed "temporarily" by school dis-
tricts. This is clearly not a desirable solution.

A logical solution is to merely pay all teachers a lot more money
and thereby attract eneugh math teachers. Few states can afford a
massive salary increase, so another possipility is to pay higher
salaries for shortage fields like math. School officials, however,
.confronted much opposition when they- tried to pay one category of
instructors more than another. This necessitdtes saying that teaching
science and mathematics is more important than social. -studies or
English. A1l of these represent subjects that are in the core curri-
culum. Now school districts ignore supply and demand and pay .teacher
salaries based on seniority and number of academic years of training.
‘The Houston, Texas, School District provides salary increments for
teachers in. fields with critical needs, including math and science.
Initially, the salary augmentation for scienge and math teachers is only
51,200 per year. This may not be enough to compete with .salaries
offered by- business and industry. Indeed, Houston still reports a
shortage of math and science teachers,

Another solution, and one which would also cost money on the part
of the_ state, would be lengthy retraining of teachers presently in
surplygsydreas such as history and driver training. Only a few "surplus"
teachers Will have had math or science minors, but most will require
much lengthier training. A survey by the National Science Teachers
Associatioh found that over half of the elementary school teachers said
that theiq college training did not give them any preparation to teach
-science. As Guthrie points out,

.. the majority™hot only will not have had much mathe-
matics at the college level, but also many of them will
be actively afraid of mathematics themselves. Selection
among those to be converted to math teachers must be
done with extraordinary care. Otherwise, their mathe-
matics aversion all too likely will be subsequently
transmitted to their students.4
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A final alternative is to develop a Jjoint venture between the
private sector Pand public schools whereby private business would be
willing to allocate some of its employees, an average of one or twow.
hours a day, 1in order to teach secondary mathematics and science
courses. This"~would require some short training of these industrial

. employees who have never faced a classroom of 30 teenagers. But such a

program would be in industry's long range interest. It would cause
resistance from some teacher organizations, because the part-time
teachers would not have credentials. .

Solutions: } Long Term Plan to Provide Technical Teachers

The key strategy should be a cooperative effort among government
and private sources. Universities, textbook manufacturers, and local
school boards must be linked with federal and state ,authorities. These
institutions must be reinforced by business, labor, and foundations.
The teacher shortage must be solved systematically as a precondition
for better curriculum and increased use of teaching machines. The
total number of untrained math and science teachers needs to be mea-
sured and forecasted. Intensive 1inservice programs based on NSF
mechanisms in the 1960s should be phased in on a seven year basis--
retraining 1/7 of the teachers each year. Costs should be shared: 1/3
federal, 2/3 state with the retrained teachers signing an agreement to
teach for a certain number of years after their training. A new
federal National Economic Education Act should provide matching grants
to states for NSF style summer and short term teacher-upgrading insti-
tutes. Teachers prepared in these-institutes can work with other staff
at their schools to upgrade their knowledge in technical subjects.

New teachers must. be attracted to technical fields as well as
retraining the existing staff. Nationally, between 2000 to 3000
science and math teachers may leave teaching each year for other jobs.
Moreover, most of the tegthing force in many states is over 45 and will
retire in the next 10-15 years. This means several hundred teachers
must be prepared each year in Califorpia, Financial incentives such as
scholarships or loans should be given to academically talented indivi-
duals., A loan forgiveness program for teachers could be structured so
that 5'11 college costs are written off after 10 years of teaching.
Salary schedules must have more of a progregsion, perhaps over a.20 or
30 year period, so that the ceiling 1is not attained too quickly.
Recognition and promotion should be designed so that leaving the class-
room is not more attractive. For example, outstanding teachers can be’
selected for summer or part-time institutes. These teachers can then
be designated as leaders for acquainting the rest of the school staff
with new developments or techniques. The California Writing Project
already has such a design. In fields with urgent and growing teacher
shortages such as math, we must yse additional measures. In the
interim, teachers must be hired on a part-time instructors. Such
personnel can be given intensive teaching methods workshops and issued
emeérgency teaching materials.
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) After inservice training has been completed, many teachers may : :
leave for industry. - In order to retain this trained staff, teachers ' '

must be satisfied with the conditions in the schools. Income supple-

mentation b&sed on the Exxon program for engineering professors should

begin. Since differential salaries for math/science teachers is un-

likely,  guaranteed summer supplements for jobs in industry, consulting

opportunities, and regular paid summer refresher courses are necessary.

Science teachers need better: 1ab7/equ1pment and math teachers, more
. calculators.

L

- An_Intensive Program of Curriculum Devefopment \

Curriculum development 1n technical education has never regained
the momentum of the post-Sputnik ®ra. U.S. science/math specialized
students compete favorably with those anywhere in the world. But newer
technologies will require curriculum updating. Moreover, it will take

. new content and courses in such areas as math problem solving and human
biology to interest the groups that have shunned the math/science areas
in the past. This will take time to develop.

Computers using other communications video (discs) could be used
to teach some basic concepts with less teaching time, but we have no
curriculum to do this now at the high scheol level. One focus should ~—
be on very good and interesting courses "at introductory level (7th-10th
grades) to lure more students, and strengthen technical and college
oriented electives for those already committed to the area. Introduc-
tory science and technology courses need to show students. the pleasure
of working with science. We have no intro.courses in electronics, and
little relationship of chemistry to electronics and technology. Curri-
culum development money should establish new general science courses
and advanced electives that "stick" and become part of a long term
curriculum, 7 -

Some of these new technology courses should be taught by industry
people on leave and other low cost delivery mechanisms encouraged. For
example, in California, the Lawrence Hall of Scienee has set up supple-
mentary after-school programs--mobile vans that can reach rural areas
and shopping centers with interesting scientific materials. Students
could take basic physics on video discs in small school districts with
low enrollments. In an era when many students are using outmoded texts
in arithmetic, it seems presumptious to discuss new curricula. Conse-

N quently, general school funding must increase in tandem with this push
for new content, . '

. ' Fedefal\hnd state grants are needed to develop courses and tests
in: \

a. co@puter experipnces, projects, and interactions
for, elementary and secondary students; (

- \
b. increased science in elementary school (now only -
40 minutes per week in most schools). Science _ ,
should be stressed in statewide elementary assess-
( ments and tests;
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c. values, technology, and society that raise critical
public choices and issues facing our nation;

d. an overview, nonspecialist physical science course,
9th or 10th grade, that acquaints_terminal science
students with chemistry, physics, and technology;

/

e. electronics, telecommunications, and other techno-
logies -- both jumior and senior high school courses
should focus on these.growth areas;

f. other course development in basic math/science areas,
as NSF did in the 1960s -- stress problem solving,
applications, etc. .

After this course development is’ fi‘ished, we should retrain
guidance counselors to acquatnt them with the changing high tech job
structure. Moreover, professional associations can lead in developing
secondary school core curricula that integrate science and technical
subjects into other coursework such as history and math. Expanded
course availability can be accomplished by merger of community college
course offerings with secondary schools through easier dual enrollment
with no financia} penalty to either school level. States could offer
incentive grantg for community colleges to teach tech courses on high
school campuses. This type of added ADA could get a full state reim-
bursement . ' ‘ :

Comprehensive high schools will not be able to employ enough
specialized teachers or aggregate enough téch equipment until the above
steps are implemented. As an immediate step,' scarte resources of
teachers and equipment’' should be pooled into regional high tech schools
that offer technician and college preparation. Such a high school
could serve several school districts or be a magent. school within a
city.” Moreover, in order to create a more focused high tech school
climate, -a ,school within an existing large comprehensive secondary
school could be formed with a high tech focus. .

Scarce high tech teacher availability can be partially overcome by
replacing routine and drill oriented math/science teaching (e.g., com-
putation practice) with machines. This will free scarce teaching
resources from routine drill teaching and focus on creative ones.

Low Cost Incentives for Students to Take More Math/Science and Techno-

logy Content

While the proposals outlined above entail considerable cost, there
are several incentives that cgn increase student choice or exposure to
technology oriented content. As several studies have shown, an

increase in student .learning time on particular content will] result-in
- higher achievement ‘in these content areas. 6" Some specific ideas are:
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¢ In order to increase current 40 minutes a week in elemen-
tary science, increase or start inclusion of science in
statewide or local standard elementary achievement tests.
Publicity about test results often stimulates LEAs to
redistribute their school day. Same policy should be used
for secondary schools. ‘ -

. @ Reorient existing math tests to stress problem solving
and de-emphasize rote computation.

.. e Raise state college entrance and graduation requirements
in math/science which will cause college bpund students
to alter their college preparation patterns.

o Raise tech requirements for community college A.A. degree
to community college transfer to 4 year colleges.

o Revamp elementary teacher certification requirements to
require more units in science, math, and technology.

o Increase high school graduation standards for technica)

\‘\\\\\/ education.

This is a complex issue that deserves a separate analysis. A1l of
these ideas, however,. require trained teachers to implement them.
Incentives for more course taking should be phased in to mesh with
teacher supply increases.

% N
Specific Course or Minute Requirements

An inexpensive way to increase content coverage is for the SEA or
LEA to require more math and science for high school graduation. But
this is a blunt instrument with many implementation uncertainties. It
forces a redistribution of existing resources from other subjects to
math/science, Any state requirement would be resisted :by many LEAs as
an unwarranted intrusion on local control. . Requirements of specific
‘minutes for science or math in the elementary grades do not meet the
historic criteria for leaving a long term impact on schools.’/ Minute
requirements are not easily monitored and do not create an.active
constituency or lobby that can peer behind the classroom door.

Course requirements for college entrace can be more easily en-
forced and monitored because they have a built-in constituency of the
university admissions office. But colleges are never sure what content
is included within such titles as "Algebra II." The University of
California is proposing to specify what types of content should be
covered in each course to mitigate this problem.

The most frequently used way to increase student time is merely to
add course requirements for graduation. For example, Governor Brown of
California has proposed a statewide standard of 3 years of math and 2
of science. The options to implement such a, proposal are listed below:

4
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Options : e

1. Require it in State Code as a minimum graduation require-
ment for high school. This can be done by Tegislation
or state board regulations.

2. Require this course pattern for entrance to state univer-
sities or as a minimum to complete Community College A.A.
degree (for transfer or as a terminal degree). Several
community colleges do n6t require math or science for A.A.

J. Tie it to state ?ft§24ng funds -- school districts that
require 3 years/ rs get more teacher retraining or
i instructional materials from the state. This.could either
( be a matching requirement or a prerequisite before receiv-
ing any categorical state money. This prerequisite should
not discriminate against low wealth districts and reward
A the affluent ones.

4. Make statements urging this at all levels of education.
Use Governor's position on University Boards to propose
it; appoint State Board members committed to it (urge
current appointees tg do it); schedule speeches before
local school boards and administrator groups.

AT g v
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L 5. Set up a phase-in schedule to reach the goal, given the
. shortage of teachers and need to reschedule classes/
courses. At a large high school (3,000 ADA) about 15
added full-time eqaivalent (FTE) teachers would be needed.
-In California, the SEA estimates that only 25% of stu-
dents take 3 years of math/2 years of science now.

6. Utilize the state mandate for graduation minimum com-
petency to require a specific set of exercises or prob-
lTems in math and science that would take three years of
math or two of science.to pass. As of now, the state
minimum competency requirement leaves the content and
lTevel of the exam to local option. By the state speci-
fying the exam level, the course requirements will
follow as necessary preparation.

Discussion of Options
‘The current California science/math course patterns are:

Students who have completed years of math/science

Math : Science
. ‘ 90% ~ 1 year ' - 87% - 1 year
58% - 2 years : 41% - 2 years
25% - 3 years 13% - 3 years
3 59 -




Most schools have a 9th grade general science course, but few have
an introductory physical science course (10th grade) that precedes the
college preparatory physics and chemistry. This physical science
introductory course could be very useful -in general and high technology
preparatdion.

A major issue is what. course content can be counted as “"math" or
“science". There are numerous math courses, ranging from “business
math" to calculus. Some LEAs consider home economics a science course.
Consequently, there may have to be some definitions of what is "math?.
Blanket requirements can be softened by allowing local.districts vari-

ances (approved by the State Board), to develop program substitutes for

math/science state requirements and to permit individuals to take
"appropriate" substitutes. Could students count psychology and envi-
ronmental science? Obviously, any.state standards must be preceded by
a convincing rationale for studev# as to why they should study these
important subjects. Some LEAs will want to count vocational agricul-
ture and applied science in vocational education courses as "science
requirements". If the state will accept these, then staffing require-
ments for teachers will be mitigated.

Less than one-half of U.S. bio]ogy teachers have ‘6 major- in
biology, We do not collect such figures for most subjects as far as

teacher qualifications are concerned. California uses physics teachers

to teach math because of low enrollments in physics. Physics teachers

have two-thirds of their teaching load. in math, so_if science enroll-

ments increase, then math teachers are d1verted to teaching science.
This would intensify the math teacher shortage

L)

Concluding thoughts

The most urgent need now is to move beyond documenting the:problem
to short and long range solutions. Influential parts of the. public
seem convinced that there is a growing problem. The various levels of
government persist in shifting the responsibility. The federal govern-
ment says it is a state and local responsibility and somehow cutting
the NSF and Education Department budget will free up local initiative.
The states claim the recession has caused budget deficits sot they
cannot lead., The local agencies say they cannot raise property taxes,
and the problems_ of teacher training and curricular development trans-
cend boundaries.

Obviously, each government level and the private sector must share
the responsibility and work cooperatively on the policy measures cover-
ed in this paper. NAF has the legislative authority to provide re-
sources and the new federal EICA provides a flexible state funding
mechanism. The spirit of %ederal involvement must be SEA and LEA
capacity building rather than regulation or national direction. The
federal government must assist in-. curriculum development, perhaps
through grants to inter-SEA or LEA consortiums.
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| State government is ird a position toyplay a major leadership role.

SEAs set the standards for teacher training, state testing, qgraduasion

. and college admission. -These are powerful regulatory levers that need
not cost new Money., Local agencies must make teachini\lbnditipns more”

. desirable. But all of these policy initiag;yes are doomed unless we

can attract teachers and employ technology™to free up teachers from 4
much of their current routine. '
] ~
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forma (Sacramento, 1982].
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For ‘these requirements of long term reform impact, see David Tyack,
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MINNESOTA WELLSPRING: EDUCATORS AS COLLAé%RATORSI
IN SPURRING TECHNQLOGICAL INNOVATION
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ABSTRACT
.\

Minnesota Wellspring: Educators as Cb]laborators in
Spurring Technical Innovation

Donna J. Knight
Executive Director
Minnesota Wellspring
St. Paul, Minnesota

jnnesota Wellspring" is the name of a new organization aimed
at expanding Minnesota's technological leadership through the
collaboration of leaders in labor, business, education, and
government. Knight's paper describes the four themes that

underpin the Wellspring vision: (1) the potential for eco-

nomic growth offered by technology-intensive companies; (2)
our continuing evolution to an information-based planet; (3)
the emergence of the human mind as a-critical resource; and,
(4) the necessity for developing new .styles of leadership.
She then relates this vision to the action areas and accom-
plishments of Wellspring, including such areas as increasing
-the responsiveness of educational institutions to the skill
and knowledge demands of modern jobs. She concludes with
specific initiatives currently underway and Edward Abbey's
reminder that, "if enlightenment fails, we have always the
traditional solution - disaster - to fall back on."
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Donna J. Knight
Executive Director
Minnesota Wellspring

MINNESOTA WELLSPRING:

Educators as Collaborators in Spurring Technological Innovation

“Minnesota: Wellspring of Science and Téchnology" was the title
of an article commissioned for the October, 1980 issue of Scientific
American. It described the growth of Minnesota as a world center for

-technoTogy, focusing. on the synergistic development of computer-related

business in the state after World War II. Minnesota, the article
implied, has provided a fertile ground for ,innovative individuals
determined to build businesses out of creative ideas. '

"Minnesota Wellspring" is now the name of a new organization aimed
at expanding Minnesota's technological leadership and thereby
increasing the number of new jobs. Twenty-seven leaders in 1labor,
business, education and government created the project and compgﬂge its
Board of Directors. The name "Minnesota Wellspring" derives ffOm one
of the state's virtues--bountiful, -1ifegiving water. In a broader
sense, the wellspring image represents the element essential ‘to all
creative endeavors--the intuitive human mind.

This paper will describe -the Minnesota Wellspring project. The
Wellspring organization is in its infancy: 'it's first anniversary will
be on September 28, 1982. Since the project is so new--and  so
creative--the specificg of its agenda are still emerging. Therefore,
the emphasis of this narrative is to describe the visionary under-
pinnings of the effort, including how education fits intd the process
and content of the group's activities. Minnesota Wellspring is a
voluntary and serious collaboration of leaders in labor, business,
education, and government who share a vision of the future and intend
to work together to act on those beliefs. It is hoped that this paper

- will serve to illuminate that visiqn and illustrate those activities.

The Wellspring Vision

"The dogmas of the quiet past are inadequate to the
stormy present. The otcasion is piled high with
difficulty and we must rise with the occasion. As
our case is new, so we must think anew and act anew."
' ' -Abraham Lincoln
To understand Minnesota Wellspring is to grasp its vision, a
vision portending change in our fundaméntal understanding of reality.
Because the wellspringagroject is new, its vision helps provide
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cohesion among the disparate individuals from labor, business, educa-
tion, and government involved in its activities. The view of the
future espoused by Wellspring is based on four themes: (1) the poten-
tial for economic growth offered by technology-intensive companies;
(2) our continuing evolution to an information-based planet; (3) -the
emergence of the human mind as a critical resource; and (4) the neces-

sity for developing new styles of leadership.
T o

Technology-Intensive Companies and Economic Vitality

"The potentialities of invention and enterprising
individuals are now greater than ever before in
human history."

~-George Gilder

Entrepreneurial activity is a driving force in America's economy.
A 1979 study by David Burch revealed that firms with fewer than 20
employees create 60% of all new jobs.1 These small companies also
tend to produce--rather than use--innovation; in f%ct about 74% of all
technological innovation occurs in small firms. is estimated
that half of .all Americans work in jobs rela;ed to information
technologies. The number of technology-based jobs in Minnesota has
grown two and one-half times more since 1950 than the number of jobs in
the manufacturing sector. . High-growth companies in pioneering tech-

nologies are found in the fields of ‘semi-conductors, software, com--

puters, bioscience, telecommunications, and robotics. All "employ
engineers, scientists, and technicians in key roles.

High-technology businesses create new markets con;inuously They
are like an engine gathering momentum, feeding on -new knowledge and
churning out an ever-expanding mix of innovations. Technology-
intensive companies have emerged as unquestioned leaders in the growth

of real output, productivity, and employment.  ~ Moreover, the inno-
vations spawned by mail businesses offer established c,ompanies ways_

top reduce costs through improved productivity

Qur economic prosperity depends on our ability to innovate. And ¢

innovation springs directly from a creative mind seeking a Petter way.

)

Evolution to an Inforpation Age

"Information is succeeding capital as our major resource."
-Jéan Jacques Sevan-Schreiber
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We are entering a new era. Information is the organizing prin-
ciple in this new aje. The transformation now occurring is likely to
be the biggest shake-up since the Industrial Revolution, in which
energy was the organizing principle.

The industrial era was characterized by the physical influence of
humans over 1inanimate objects. The information era, in contrast,
features an increase in humanity's power to think and to organize. The
information society does not replace--it overlaps--the manufacture and
distribution of tangible goods. [Its influence helps agriculture and
industry progress by doing more with less.

In addition to playing a facilitative role in the economy, infor-
mation is coming to be regarded as a resource in itself. Information
as a resource, however, possesses some very unusual qualities:3

1. Information is ndn-depletive. [n fact, it is not only
renewable, it is expandable. Information grows as it
used.

2. Information is abundant rather than scarce. Time may be
scarce, but information is not.

3. An information society is not resource-hungry. The produc-
tion and distribution of information are comparatively
sparing in their requirements for energy and other physical
sources.

4. The inherent tendency of information is to leak. Although
it is almost impossible to monopolize information, we have
tended to treat it as another source of property to be
protected and owned. However, the "technologies of leak"
are gaining.

5. Information gives rise to sharing transactions rather than
exchange transactions. An information-rich environment
_is a sharing environment. It is not zero-sum in nature.

We live in a world depending less on the allocation of scarce
resources than on the sharing of expandable resources. Our conven-
tions, codes, rules, and standards, however, are no longer adequate to
accommodate a resource that it neither depletive nor scarce.
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Brainpower as a Resource

"The technology of information is based on péople.
The first factor of economic development'ié the
2 development of people.® s .
~-Jean Jacques Sevan-Schreiber

The major resource needed to get ahead in the information age is
bright, educated, motivated, hardworking people. Technological innova-
tion requires permanent and collective pursuit of knowledge. In fields
where advances in hardware are instantly copied and soon surpassed, the
use of brain power will separate the leaders from also-rans. The
spirit needed for economic growth in the 1980's will require the
creation of an environment which stimulates and rewards creativity.

Education plays a major rof;v;;\Tﬁ; information era, for it can
help develop the infinite resource--the creative mind. Public educa-
tion systems were not developed because the government enerous:
schools were established because America needs ed people. OQur
best investment in the information age is in elves--in the capacity
of citizens to make ideas prosper. T complish this will require a
major change in our educational view. The problem is only partly
to upgrade skills that are ential in an innovation-rich socfety. We
must” also lea'm to integrate as well as analyze, to use our intuition
as well as our calculators, to seek wisdom as well as facts, and to
chop knowledge apart as well as to thread different kind%{ of knowlege
together,

Access to information will become a critical factor in the era of
innovation. Herbert Simon maintains that developments in science and
information have changed the meaning of the verb "to know" from:
"having information stored in one's brain," to: "the process of having
access to information", Ignorance of computers will render people
functionally illitenate. Computer-literate citizens are as important
to an information Society as were raw materials and energy in an
industrial society. - .
) The problems of the economy, science, education, and informatid¢n
technologies are interdependent. A soupd and effective education
system is essential to-economic vitality. . Science-driven innovations
spur the economy.-and create new jobs. Technologies increase product-
ivity but require a more skilled and professional labor pool with a
broad education and a greater familiarity with the tools of science.
To wit: '

¢

® Much of the knowlege uséd in developing innovatidns
tends ,to be-based on information_received during an
entrepreneur's formal €ducation.® Therefore,
scientific knowledge does not become an available
good until it is part of the education curriculum.



e The lack of trained workers already presents a serious
obstacle to economic growth. Rising unemployment is
even now accompanied by shortages of electronics ‘
technicians, computer specialisits, and engineers. This
gap_between supply and demand is predicted to widen.

e We spend huge sums of public dollars for education and
training, yet failed to recognize math and science as
fundamental employment requirements, releasing genera-
tions of students into the job market il1l-prepared for
high-demand jobs.

America is at a watershed. To “try harder" 1is not the answer.
Instead, we need to find ways to expand the human capacity to "work
smarter”. We will meet the challenges of the next few years only by
combining capital-intensive technologies with a redeveloped labor
force, a recharged entrepreneurlal spirit, and a belief that we can

T
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* * *

The Necessity for Collaborative Leadership
¥

"I believe that we are here not to negotiate for ourselves,
but to seek our benefit in the common good. Only by elimi-
nating all attitudes of specialness will we find a solution.
Consequently, I ask that the very word "negotiation" be
abandoned.” '

i -Jean Monnet

Openness is a technological imperative. Collaboration and partner-
ship are Tlinked to a universe based on the sharing of expandable
resources, rather than on the allocation of scarce goods and services.
Industrial society consumes resources; an information society creates
material goods and develops human faculties. The move ~to
innovation- rich planet w not be made by bringing warring factions
together to hammer out agreements from separate sides of a negotiating
table. Rather, the arbitration method will ,of necessity yield to new
principles consistent with the changed- wor]d view. Conventions of
human interaction in tune with the new era wil] be based on cooperative
ventures, sharing transactions, positive-sum solutions, horizontal
organizational structures and a 1ong -term perspective.

New conventions are already apparent "Theory " management
styles, the quality of work life movement, landmark union-management
contract agreements, employee ownership, and the open egalitarian style
apparent 1in many entrepreneurial ventures offer examples of this
evolution, _ ‘
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" in our economic history when we cannot afford

We are at a time -
ivision. America's
leadership in e]ectronjcs has eroded. Our automobifle industry is under
direct assault. 'S. supremacy in finformation teshnologies may be in
Jjeopardy. Rigid adherence to old ways is linked to the illusion of an
ever-expanding pie to be eternally divided. ™onverting natural adver-
sarial relationships into destructive attacks are a luxury we can no
longer afford. The labor relations cycle, for example, ought to be one
of short periods of conflict--limited to the perod of contract nego-
tiation every two to three years--followed by longer periods of signi-
ficant cooperation. In short, economic growth can no longer be taken
for granted. It must be worked for.

A new urgency, however, is making its

John Gardner, in a recent address at the Hubert Humphrey Institute
of Public Affairs, discussed the dﬁed for the development of new
leadership. styles: i
"A high proportion of leaders are rewarded for single-
minded pursuit of the interdsts of their group, regard-
less of the damagel it may do the common good. They are
rewarded for doing' battle, not for compromising. But
suppose that the ohe-segment leader came to be regarded
as distinctly infetiQr to the leader, who, without for-
getting the goals ofqhixﬁown group, also worked with
others to resolve conflXts and serve the larger good.
Wouldn't tnat move us at least a few steps along the
road to coherence as a society?"

Leaders in Minnesota Wellspring have made a commitment not only to
work for economic improvements, byt also to work with each other. They
are finding ways to accept responsibility for the common good without
losing their constituent affiliation. The challenge for Wellspring
principals is to develop a consensus-forming framework through which

‘labor, business, education, and government--without losing their

separate identities--can undertake initiatives to strengthen the
economy and thereby benefit the whole. Minnesota Wellspring has been
called "the marriage of the centuty." The Wellspring.yision calls on
all Minnesotans to Join forces to ensure economic v1t?, y for genera-
tions to come.

The Wellspring Project

"First eomes the dream and then the reality."”
-Hubert Humphre '

"You can talk and talk and talk,

But then you have to do it." ' .
' -William C. Nonris
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Romanticism is like a military band: it helps you want to go to
war, but is useless in the trenches. So too is a vision -unaccompanied
by accomplishments. - Minnesota Wellspring, while based on an almost
spiritual vision of the. future, is designed to be -a catalyst for

“action. Wellspring principals are doers, creators, risk-takers. They
are entrepreneurs in a "why not" organization aimed at making things
happen.

-
Minnesota Wellspring was inaugurated at a premiere dinner on
September 28, 1981. The event sold out at 750 participants. Minnesota .
Wellspfing is legally constituted as a non-profit corporation. Well-
spring is not a government agency, an industrial development
comission, nor 'a gubernatorial task force, but rather a voluntary "
collaboration of persons in labor, business, education, and government.
Its Board of Directors is comprised of 27 well-known leaders who
believe in the information-based vision of the future and in their own
capacity work together for the common qood. Board members-many of whom
are adversaries of long-standing--are firmly committed to demonstrating
the viability of Wellspring goals. Clearly, the most unique aspect of
the project is that it brings together, under one umbrella, leaders
whose economic -and political philosophies have often been at odds. Co-
chairmen of the project come from labor and business respectively, and
the Governor serves as honorary chairman. A roster of the Board of
Directors is included in the Appendix. '

Funding for Minnesota Wellspring comes from public and private

- sources. A $70,000 grant from private donors, matched with one of like
-amount by the Minnesota Department of Energy, Planning and Development,
provides seed money and basic operating expenses for fiscal years 1982
and 1983. Additional funding 1is solicited through the sale of
individual and corporate memberships. Full-time staff on the Well-
spring payroll are supplemented by loaned executives, college interns, -
and adjunct researchers from state government.

The Wellspring Board has identified five areas for -action:

1. Technology and Job Creation

0 Expand the number and variety of job created through
: the establishment and growth of technology-intensive
. - -companies. @

3

n

o Promote resource efficiency and productivity through
technological innovation.

0 Make 1ncreased capital available for innovation and the
“introduction of new technologies in the marketplace.
- ] o Direct investments at bringing a return to the state by
. promoting research and development and the application
of technologies in both new and mature businesses.
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Technology Transfer

Technology in the Workplace

Encourage necessary expenditureé for innovation to help
maintain our technological edge.

Link the findings of academic research and development
more closely to technological innovations that contribute
to economic progress. - '

Increase interactions between academic and company
researchers,

Encourage the transfer of promising but unutilized tech-
nologies developed in large corporations to entrepreneurs
who may, in turn, introduce them into the marketplace.

L_’.
Devise methods to assist workers and their employers to

anticipate changes in technologies by continuously
acquiring new skills.

Impraove the match between the supply of and demand for
workers. :

Develop policies to maximize workers' contribution to
technological innovation, while minimizing threats to
continued employment.

Technology and Education

Increase the responsiveness of educational institutﬁons
to the skill and knowledge demands of modern jobs.

Assist the educational system to develop fully the human
resources entrusted to their care by taking advantage of
new opportunities to improve learning.

Stimulate the market for hardware and software components
produced in{ Minnesota for education.

Technologyvaqf Pub11c-Understand3ng

e Enable citizens toiﬁetter understand and take advantage of

the increased capabilities offered by technological innova-

tion.

Stimulate increased collaboration among a broad range of
Minnesotans by fostering innovation activitigs aimed at ~
creating jobs.
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Nine ¢ommittees have been formed to address issues in the five
general areas for action outlined above. Each comittee is chaired by
a Board member and consists of other Wellspring principals as well.as
persons with relevant expertise invited to serve. (It should be noted
that over 300 people have formally indicated interest in participating
in Wellspring committees and comprise an already powerful and far-
reaching network.) A description of the committees is contained in the
Appendix.

Criteria for determining Wellspring activities are consistent with
organizational goals and working style. The decision guidelines are:

1. Wellspring projects should®demonstrate collegiality and
creative collaboration across activity and interest sectors.
Activities should be undertaken in partnership with other
organizations and build linkages among persons in business,
labor, education, and government.

- 2. Projects selected by Wellspring should:
a. Support viable or promising projects-already in place; or
b. Build on work occurring éisewhere; or

c. Bridge gaps where no one else has been able to meet an
identified need.

3. Wellspring should focus its efforts on those activities
which are the most critical in stimulating the development
and application of technology for Minnesota-based jobs.

4. "Technology" should be broadly defined as the process
encompassing the inception of an idea to its app]ication
in the workplace. ' - _

5. Wellspring actions should emphasize the entrepreneurial

and collaborative spirit, and should demonstrate inno-
vation, flexibility, wnd creativity.

A number of concrete accomplishments have already been achidved by

. Minnesota Wellspring committees. They include: .
1. Passade of a new provision by the 1982 Legislature to allow
tax credit for investments in seed capital to provide early-
- stage financ1ng for new high-technology companies.
2. A low-interest business loan program for companies pledging

to create jobs on the Minnesota Iron Range, financed with
tacon#te royalty funds.

3. A workshop on business-school partnership for educators

detailing practical ways to collaborate and negotiate with Pl
business people.
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4. ForﬁZfion of formal groups to critique edhcators' grant
proposals aimed at improving technological applications .
in school districts. N
5. Participation in a special-effort to study Minnesota's
economy and public finance system.

Planning is also underway for a major education conferenl@ highlighting
practical applications for new technologies -in education, a comprehen-
sive strategy to develop a "Wellspring Agenda" for use with legis-
lators, public penkion fund investments in seed/venture capital and
other programs to benefit Minnesota entrepreneurs, and expansion of the
current network for technology transfer.

In addition to committee work, Wellspring has initiated a number .
of other activities. A multi- media show which depicts the unique
relationship of Minnesotans to science and technology has been shown to
a variety of groups. Speeches are given on topics relating to Well-
spring: interests. First-round business planning help is provided to
entrepreneurs who are then refgrred to other sources of assistance. A
directory of technical and financial assistance available to business
persons has been publish énd given to the public libraries in the -
state. A guidebook to assist inventors with promising ideas has been
distributed. Briefing sessions with elected and appointed officials
have been held; more are planned. A 5ummary of systemic obstacles to
change and promising strategies for improvement in math and science
instruction in Minnesota schools has been prepared. Finally, (at least
at the time of this writing), efforts are slated to assist local
leaders in labor, business, education, and. government throughout* the
state organize initiaties to improve the future of their towns and
regions. . '

A busy and diverse group? Absolutely! Wellspring's goal is to
mobilize support from all., facets of the state's economy for more and
better jobs. No single interest -dominates, no one-item agenda
prevails. This reflects the inherent ‘interrelationships among the
factors in economic development. It also, however, serves to maintain
the inclusive political and phflosophical base of Wellspring. Each
Wellspring initiative will demonstrate that collaboration among labor,
business, education, and government can and will work.

Wellspring calls Minnesotans to look with improved vision that new
technologies make possible, through eyes with a wider lens and more
“focal -length.. It discourages the indulgent myopia of our predecessors.
If wellspring can' give Minnesotans a believble view of a positive
future, it will garner support for 1nst1tut1ons charged with developing
brainpower for the new age.
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Nay-sayers would advise us to do nothing, cautiously. There is
the story of the computer who ran, unsuccessfully, to catch his train.
?E arriving tate, he commented, "If I had run faster,” I would have made
A bystander commented, "No, if you had started sooner, you would
have. made it." -Wellspring participants are clearly on the side of
. starting sooner. They would agree with Edward Abbey's observation:
. , "If enlightenment fails, we have always the traditional solution--
disaster--to fall back upon."
§
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Mgure 1
SCHOLASTIC APTITUDE VERSUS EXPENDITURE
1967-1968 TO 1978-1979
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: Figure 3
READING SKILL PROGRESS OF PUPIL COHORTS AND TRACES OF
READING ACHIEVEMENT SCORES FOR 3RD THROUGH STH GRADES,
IOWA, 19668-1972
1968 “Bass-Year”’ Percestile Raske®

562
“ee
— - -
———
_.;:.a'-'%‘\ ’ \'\. \ e I
T P \ LD
80 . ] \
e ."\ L. - "'—-—"‘ - 14
\;""'-..,'. '\. N S
oo .-
48 \_ h..""-, \'\ \/’ ‘"'\
TN 3“ N\ -.,.. .\.
o - cme MM b‘\ﬁ\"‘-,‘.\. ‘\
w=—=w Gth grade N '\\.., '
\ . .
| eum . o= “..'“_-
46 —— o= = Tth grade \. .\ "";.: ..-....7‘ .
< | seeeemeem Btk grade EXY g //
[ deweessmes Cohort no, 1 ———— -
“ == Cohort no. 2
1968 1967 1988 1969 v \lm 1971 1972
. Sowrce: Immwmmnumduaynmmﬁbum-m
“Our Childrens Crippled Future. How Amarican Education Hos Failed.” ’1
*The fIftisch percentile point for each greds in 1968 is the starting point. \
< 4
’ 1
A..za
. . . .

5 . pEST CO



A

Fl(nn 3 B
READING SKILL PROGRESS OF PUPIL COHORTS AND TRACES OF o ™ §
READING ACHIEVEMENT TEST SCORES FOR PUBLIC AND PRIVATE SCHOOLS,
SRD, 6TH, AND 9TH GRADES, NEW YORK STATE, 1968-1973
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) Figure 4
CLASSROOM SIZE VERSUS SAT SCORES
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: . . Table 1 .
COMBINED AEA AND MHTC DATA~-UNITED STATES
. * ‘l‘,
™ : ‘ . [ 3
: Total, All Categories )
: ) Ansual C
Current 1981 1968 | ProjestionTotals | AMGH Compuanded
' 288,083 a3,0h8 100,881 163.80¢ 1630
-
Number of Employees® *
. Cugrent Projested Ansual
:oehlul I;M-hnl : Projeetien go-nu‘od //‘ -~
ategories Totals rowth Rate, —
4 1980 1981 1983 o
poresnt &,//
Number of fuciilties - :
reperting 71 (818) (637)
. Enginoors
? Blectronica/electrical 45,082 10,43¢ . 18,748 24,184 10.2
Mechanital ! 13,017 2,683 3,607 4,189 18.8
Msnufscturing/induatrial 1503 - 1.519 2.249 3,768 14.8
" Blactronic engineer LT .
technologist , 3709 1.074 1,449 2.523 189
“ rs tor . - [\
' *Software enginesr 17,108, 5127 3306 13,413 2.3
- Analyst/prograimmer - 8,938 2,384 4,024 6378 i 19.7
- H jd '
v Other computer L -
professionals 5,998 1.726 2.038 4304 20.0
Other toshnical
. professienals 43,408 8.378 7,900 13,278 93
. prefossionals 148,984 30,198 43,001 14.0.7 14.7 ,
® Combined ARA-MHTC data is in bold print. Al other figures report AEA data only.
. - ,( *Technionl Professioasla: Thoss who hold jol;. which require s bechelor's, mastar’s, or doctorate degree or .
- . oy Wldmcbﬂm&amnum.mbhww. -
o T * Sowrce: Ambricos Blectronics Associanidn, “Technical Employment Projections of Professionals and
: - _ ' Poraprofessiondls”, 1981-1983-1985
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- . . Table2 ) : :
- PROJECTED ENGINEERING DEGREES--1976-1987 . &
’ ‘BS.la BS.la M8, s Desterate in
Yoar Enginsecing |  Technelegy Eagineering | RKagineering *

» . . . ’ ‘ i e "L N -

197677 . 449950 8.9%0 16,280 .. 3810

1977-78 83,990 8,580 183%
1970-79 57200 |° 9380 .| 10880
197080 61,190 3 0870 16.290
19008) | evLe10 10,310 18410

-190183 e1.200 10,700 16,400
1983.83 0,900 © 11,060 ;16,480
1983-84 90,490 11,380, 10,440

198483 .. 50,810 11,800 16,410

#3F

T

®
-§

i
EEEEES

1908-89 08,310 T 11,780 ‘10,350 . '
1908-87 " 11,900 16,280
- ) ' N s
s R So;m:NCES(Php-ndbchdfmombnvofM&S. ASME. and ASEE.)
' T Note: NCES estimates éxcerd the actusl count of awoagyled degrees made by EMC by 10 percent or more,
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Table 3
GROWTH PROJECTIONS BY COMPANY SIZE
UNITED STATES
Technical Professionals Technical Paraprofeseionals '
b Annual Annual
. Prejested | Compounded Prejocted | Compounded
Numbor of Incresss | Grewth Rate, Imsrease |Grewth Rate,
Empleyoes 1980 1981-1908 povoent 1980 1981:10688 | percemt
1-50 ” #7080 410 1,083 9,008 87.9
81-100 LI 3,410 2.9 2,38 10.088 LY
101-200 3,123 . 6. 400 28.0 3,333 8,708 29.3
201-300 1,743 .3,080 . 16 3881 7199 247
301400 2,413 2,004 17.8 2,490 808 249
w1800 |~ 9548 . 081 149 3,851 508 188
801-1,000 8913, 9,270 183 11,909 2.008 133
1,001-3,000 13,870 13,000 149 23431 25,002 163
2)01.5,000 27,964 14817 89 21,277 13,480 2.7
£,001-10,000 39,367 15,3%¢ o8 18,631 1,078 79
Over 10,000, 24,184 16,084 11.0 23.908 13184 2.6
Source: W'Shmmko Auoaaaon.‘ M&d Empiloyment Projections of -
Professionals and Paraprofessonals”, 1981-1983-1985.
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Table 4 .
PERCENTAGE OF ENGINEERING GRADUATES
TO TOTAL BACHELOR’S DEGREES
(Latest Year Available From UNESCO) .
| —
Total | Eagineering | “panesr'® | Popuistion | Engiseertng
Country Graduates® Degroes® porcent® 19781 Degroes per
100,000 Posple |
Bulgsria 14,081 5,800 0.4 4,840,000 a1 -~
Cueshaslovakia 23,306 7213 3 18,180,000 4100
Rast Germeay 43,308 17.30¢ 0.1 16,570,000 10474 ’
Huagary s 11,768 " 8.538 410 10,700,000 81.73
Poland 20,578 10,939 a1 5,080,000 31.30
Romasia 30,859 13,260 387 21,630000 |* Dbesa )
West Girmany 60,436 23,400 31 61,280,000 3080
Jepen 315,128 - {-~-S8 428 207 114,850,000 se.se
United States 949,000 54,500 6.8 218,525,000 24.9
*Source: Dallas Morning News, Poul K
t Source: Information Pleass Almanae, 1979. 3
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Table 8

ENGINEERING DEGREES, 1980-1960—~UNITED STATES

Yoar Poveign FPoreign  Toveign
Ending Natisnale |- Total Nationals Total Natioaals Tosal ’
1980  NA 48,100 NA 4,080 NA 492
1981 NA '37.907 NA 8.13¢ NA 88e
1063 NA 27,168 . NA - 4,138 NA, 586
1983 NA 34968 NA 3.6% NA 692
1904 NA 22,3% NA 4,078 NA 590
1968 NA 20,580 NA 437 NA 509
1908 NA 26,908 NA 4500 NA e10
. 187 NA 1.1 NA 8,008 NA s9e
1908 NA 38,338 NA 5.000 NA 647
1060 NA 38,134 NA 6015 NA 714
1900 NA 37,008 NA 6.900 NA 88
1961 “ NA 38,800 NA 1,97 NA 943
1968 NA 34,738 NA 5,900 NA 1207
1983 NA 33,458 NA 9,480 "NA 1,578
1984 NA 38,236 NA - 10,827 NA 1003
1948 NA 30,001 NA 13.248 NA 2,134
1906 |~ NA 38,818 NA 13,617 NA 2.303 .
1007 - NA 30,108 NA 13,887 NA 2,814
1908 NA 38,008 NA 18,182 NA, 2,933
1909 . NA %n73 NA 14,900 NA 3.387
1970 NA 43,000 NA 16,548 . NA 3420
17 1,588 43,107 2,930 16,383 T41 36840 -
1972 1,944 4,190 2973 17,388 -~ 3 3174
1973 213 43,439 2.581 17,153 708 3,087
1974 2.4%¢ 41,407 3,000 16,083 1,014 3,583
1978 2,408 . 38,210 3,260 16,173 .Y 3,138
1978 2,790 37,970 3,628 16,504 1,080 2977
1977 2.900 40,008 sass 16,581 08 2,813
1978 2084 40,001 370 18,183 874 3,873
1979 3188 53,508 . 4,008 16,008 220 1818
1960 4908 88743 | o812 17,343 ] 2,781 R

o
!

mnnmwmrﬂmawhomcmhmu@s«.
for Exgrg. Rdue., Washingten, D.C., Maseh 1968. Deta for 1983-76 suppiied by Maspower
Commission, Now York, N.Y. Duta for 1900-70 takss from Eagincering Bulletin No. 80, Nev.
1979, Bagineers Jolat Counsail, Now York, N.Y, 1980 data takon from Eagineering Manpewsr Commission
data. (Prepared by Task Feroe membere of AAES, ASME, aad ASER.)
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Table 8
" COMBINED AEA AND MHTC DATA-UNITED STATES
Number of Emplo;m‘
I ]
Paraprofessional/Technician Current Projected Projestion | Compounded
Ca ont Totals | Growth Rate,
tegorl _ 1980 1981 1903 povcent
Numsber of feeilition
reporting 871 (601) (008)
Teohniriane and aldes .
Applications programmer 2,327 789 1,203 1.943 334
Enginsering aide 3.339 147 1.261 2,008 17.0
Maater/super technician 4.081 942 1,420 2311 166
Electronic technician 18,012 4,384 7.028 11,882 178
Jr. technician/tester 4874 1,387 2,456 3nn 213
Fleld service technician 10,483 1683 4,031 7.184 19.0
Micro-electronio technician 310 139 245 ki) 20.8
Laser techuician 176 ‘100 127 227 318
Assembler/opecstor 45,000 15,744 28,708 44,008 18.8
* N
Drafter 3,787 . 1,304 1,714 1,918 21.0
Design drafter 3,728 808 1,128 1,830 - 19.6
Machinists
Machinist 5,833 ’836 1.296 2,181 11.0
Other parpprofessional/ )
tochnisians 19,048 3,380 5,188 8,478 12.6
Tetal paraprofessicas! .
techaicians 142,729 ‘31,889 54,960 T 90,700 177

‘ConMAEA-M}rermhbboldmAnmﬂmnmAnAdmody

~

-anmhuhul/uehhim mmwmmm.mmuwam
theory and macvzal skills obtained through 2 ysars of community collage, vmdondochool.ouquluhmonu‘o -job

-!rdm.

Sourn Mumm WWM)«M#MWWWM

1981-1983-1988°

BEST COPY
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Table 7

SUMMARY OF ENROLLMENT IN EDUCATIONAL INSTITUTIONS®,

WITH PROJECTIONS, BY LEVEL OF INSTITUTION
(Fall 1970 to Fall 1988)

W(M.

Nose: Details may not add to tosals decouse of rounding.

A-11

. - Klomentary Inagitutions
Toul Schools | High Schesls | of Higher |
Pall of Year |Eurollmens | (grades K-8) | (grades 9-12) l.d&\uon
1970 “50.000 36,688 14,633 a.ua;\\
1M €0.153 38,088 16,118 8948
1973 00,000 38.500 18218 2110
1973 co.dea 3400 15,380 2,603
1974 00,340 34,884 18,888 10224
1978 o198 34174 18.704 11,188
1978 60,507 33.7¢8 18,727 11012
1971 89,008 33,981 15,720 11384
1978 sasas 32,001 18,628 11289
( ,
Klementory Inatitutions
Total Schools | High Schoele | of Higher
Fall of Yoar | Rnreliment | (grades K-8) | (grades 8-13) | Edueatioa
| gesas 31370 18348 11,508
1900 87388 30,974 14,797 1811
1981 56,003 30,614 14208 11,606
1981 : 55,008 30,217 13,008 11,670
198 56,381 30373 13,498 1,013
1984 os.113 20,308 13,418 1602
Ty 88,111 30,287 13,488 11,388
1008 so.10 30,678 13,408 1.118
1967 $o.57¢ 3150 13,108 11,104
1908 a8 s1.313 13,087 11,048
.
Stnchudes public and privacd instirutions.

' S. Department of Health, Education and Welfare, National Center for Education Statistics,
jects of Bducation Statistics to 1588-89", 1980.




: Table 8
MEAN AMOUNTS BY WHICH READING GRADES OF 1937 PUPILS
AT A PARTICULAR GRADE LEVEL EXCEEDED
READING GRADES OF 1987 PUPILS
(Expressed in"Tenths of Reading Grade)

Grade Mean Grade Mean

5 0.07 6.0 0.31

. 40 . 0.09 8.5 0.24
4.5 0.11 6.9 0.28

8.0 0.14 1.5 0.28

8.5 0.18 8.5 0.34

SmumAm\urLGuu, “Reading Atcainment in Elementary Schools: 1957 and
1937.* Teachers College Press. 1961, p. 20. As reported by Frank K.
Armbruster in "Our Children’s Crippled Future. How Amenican Education

Has Fuil“"

- N

oy



\\

a2

-

>
Table ¢ .
DISTRIBUTIONS OF IOWA HIGH SCHOOL
PUPIL SCORES
1934 1984
Subject Matter Test GroupMean | Group Mean | Differences

1934 9th Year Algebra. 143 ° ' 10.9 3.4
1934 General Science . 439 42.9 1.0 .
1934 English Correctness el.9 48.6 16.3
(8th Grade) ‘
1934 United States History 42.4 37.3 81
1983 Unitéd States History 47.0 39.3 1.7
Sowrce: Joseph R Sligo, "Com-uan of Achuvement in Selected High School

Subjects in 1934 and 1954.” Ph.D. dissertation, State [niversity of lowa,

p. 132 As reported by Frank E. Armbruster in “Our Children’s Cnppled

Futures How American Educatioh Nas Failed
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PROGRAM STATEMENT

THE MOTIVATION

Minnesota is ona of the world's important centers tor technology. Out ot ’

scientific ‘research and technological innovation have come new jobs—
quality jobs that constitute one of the great strengths of our state's
economy. \

A variety of fagtors have brought Minnesota to its current position ot
leadership. While some have been fortutous. most have been the product
of vision and déliberate action. Minnesota's strengths include a superior
pool of skilled labor, entrepreneurial vitality based on interaction bqt\veen
enterprising people and their, businesses, an excelignt educational
system, a strong dgricultural communily, and enlightenad lgadership by
state and local governments, !

However, things have changed. Economic growth doeg not come as
easily or as automatically as it once did. Interdependence is a reality of
the times, linking our declsions and activities as never before. Our
‘country is engaged in heightened aconomic compatition with other
countries, and our state with other states. : '

There are disturbing signs that Minnesota’s etonomy is not as resilient
as we assumed. Qur state is no longer immune from national economic
downturns. We are undergoing changing patterns of business growth.
Companies have closed plants, causing displacement of workers and
economig lossas to communities. Established busingsses have left our
state. taking jobs with them. Entrepreneurs report escalating difficulty in
startihng and maintaining viable small companies. T-h‘e' skills of many
wonkers seeking employment do not match the requirements of available
wall-paying jobs. R ‘ B

The fact is unavbidable. The steps we take now, or fail to take, to vitalize

® Minnesota's job climate and economic wellteing will detine our qualjty ot

lifa for the rest of the century. Minnesota’s gituation is not desperate, nor

_is the immediate future necessarily grim. However, we must‘act with

disciplined urgency while time is on our side. rather than on the side of

~arosion, if Minnesota is to rgmain conducive o innovation.

-

THE GOAL T

Minnesota Waellspring is 3 project intended ,t& help us expand our
technological leadership and increase the generation Of néw jobs..The
name, “Minrfesota Wellsoring,” ‘derives from one of Jur state’s ar=at
virtuas: bountiful iite-giving ~Atar 'n A Oroaces sense. Wailsoring j20r2-
sents the pefostudl reneyal of Jur ghysical numan and sQifituar gits.

Ainnesota Welispring is adorward-thinking. action organization its goal
is 1o mobilize Minnesota-baged support Jor new and netiar 1605 through
imagination. scientjtic discovery. technological innovation, business
growth, and wisé public policy. ;

A
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Minnesota Waeilspring is based on the belief that the'prdcessas and
products ot technolagy, and its civiiized advance. hold great promise for
Minnesota. This conception of technology 1s one that ‘springs from a . .
human source and resuits in human benefit. .

In a sansa, Minnesota wéilspring is a generator: its aim i3 to enhancse,
vitalize, and energize ecomomic development. It is not a tree-stanaing i
Source or wielder of power. Nor is it another layer of government. Rather, i
Mignesota Wellsprfng. as the coliaborative creation of tabor, business,
agriculture. education and government, will marshal the spec:al talents of
each of thése institutions. .

. L3

-~ THE CALL TO ACTION - _ ’

Twenty-seven ieaders in fabor, business, agriculture, education and
. - government have created the Minnesota Wellspring. Thay comprise the .
. first Executive Committee which is co-chaired by a labor and a business
' ‘ . leader. Governor Quie, as incumbent gavernor, is Monorary Chairman.
" Welispring is an infant organization preparing for a lengthy lite. Its
success will be measursd uitimately by the real jobs i helps create.
Minnesotans shouid righttb!ly have great expectations for Wellsq;ing, but
should also recognize the need tar the meticulous tormation of a compre-
. hensive and long-term projeact. ‘ .
. One of Minnesota Wellispring's first activities is the Technology Options
Project (T.O.P.) housed i the Minnesdta Department of Energy, Planning
and Development. T.Q.P. will provide research to explore how public
. policy can best be‘shaped to support technology-powered job develop-
ment and economic growth. : s
Qther Waelispring projects will rpe designed and conducted through
special task forces and committees. Their specitics will be determined by
the foresight of the men and women who will bring lite to the idea of : .
Mi_nn,sota Wellspring. :
Qualitative growth can no longer be taken for granted, it must ‘be
rprked for. Minnesota Welispring extends an invitation to each person to -
become part of a new and creative impatus into the’twenty-first century.

.
-
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MINNESOTA WELLSPRING: COMMITTEES | .

TECHNOLOGY AND JOB CREATIONM

) :
! “

Capital Formation, and Investment . | . “
Goal: To work with the investment community to help create
jobs and improve technology transfer in Minnesota. -
; . trategy: -increase the pooi of seed gapital for early-stage
business finanging. .
. *Assist and Strengthen organ1zat10ns which pr0v1de
assistance to entrepreneur&
‘Explore the feasibility of invest1ng pension funds
in ways that assist\sugll bysinesses.
e . .
A\ Chairman:  Richard McFarland o .
. ' ’ .
2 * . !
Innovation and New-Companies ‘
. Goal: To increase the number of jobs ereated by small,
N o : high-growth compan1es and improve the c11mate for
‘ | entrepreneur1a1 1nnovat\on

»  Strategy: -Identify the barriers faced by"entrepreneurs and .
s work to reduce them, especially through better use Y
« of’ exist1ng resources. . ‘

0 o ' Chairma%: John Rollwagen .
TECHNOLOGY TRANSFER _ : . u
l’ °)
Technology Transfer - Y
. Goal: To facilitate the transfer of technology from the - ¢
' University of Minnesota. to the marketplace. ~
- y Sf*at=gy ,Esbablish srocedures far the %ransfer of tacinology .
o “ from the Univarsity af Minnesoza. -
"Improve the working relationships between Univarsity
.. + personnel and business people. -
A N . L 'J
: . ‘Assist academic researchers who wish to market théir \
h ideas through sale, 11c°nsure, or by staru1ng their
. ‘ own compan1es ) / _
T Chairman: Bi11 Drake

‘ - 101 pros u}k’i
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TECHNOLOGY TRANS iE contmued) . X

¢ .

Blotechnologz Center .

" Goal: " To stimulate cooperative research and to facilitate *
the transfer of technology in medical, cnemical,
biolbgical, agricultural, pharmaczutical, and 2nergy

R . fields. )
: : Strategy: -Establ?sh a reseaych center which brings tggether
J _ : T bioscientists from the academic and business sectors
B oo in coopera*xve prOJects

Chairman: Rjchard Caldecott

Minnesota Energy Resource Canter

Goal: To develop Minnesota's market poténtial as an enerqy
resource and conservation state.

Strategy: ‘Participate in the planning group aimed at .establishing
a‘center to:

~Identify and link appropriate actions

-Promote research and deveiopment of renewable -
renergy and energy conservation technologies

~-Develop a strong market infrastructure for energy
conservation technologies and indigenous energy

. production.
¥ ’ Chairman: Kent Eklund
<y TECHNOLOGY ‘IN THE WORKPLACE S .
) ‘. | Labor éorce-Sugplx_and Demand ‘ | ‘ v
o o . N .Goalz To improve, the effectiveness of the "fit" between the
< o ' ' supply of workers and the demand for skills by tech-

nologically-oriented employers.
. Strategy: -Assess and compare the workforce skills needed by
' technology- 1nten51ve companies and the response of
education and training institutions. %0 those neads.

Chairman: 'Phyl}i% Fann ' .

B-5 .
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TECHNOLOGY AND EDUCATION

Partners in Learning: Practical A0011cat1ons ofquew Technologies
in Elementary-Secondary Education -

. ' Goal:  To accelerate’ the practital application and demon-
stration of technology in elementary and secondary ° .
school instruction, seeking to both increase the
achievement of students and to stimulate tne market
for components producéd by Minnesota.

\ ' - d

. Strategy: 'Acce]erate the. application of technology in educa-

tion by developing and demonstrating creative.use

of hardware and software.

-Improve the techno]ogy of education by developing

more effective course.design and,gelivery adapted

to the learning needs and styles of 1nd1v1dua1 b
students. - : . "

5
-~ . -

.Develop school improvement projects which demonstrate
- the relationship between technology and education.

_"Encourage collaboration among business, labor,
edudation, and government 1n developing progects
to improve the economy '

Chairman: L]oyd Nielsen

Entrepreneurial Management ) -

{
. 3

Goal: To develop the kind of ent%ebreneuria] manager
necessary to .promote-the ongo1ng creative growth,
especially in large organ1zat1ons ) p

Strategy: 'Des1gn new Kinds of educat1ona1 and training programs
for managers.

Chairman: Eugene Kotz - - : . .
R N R )

A, .
*
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TECHNOLOEBY _AND _PUBLIC UNDERSTANDING .

.Public Inrormat1on and InvO]vement

Goal:

Chairman:

l"Strategy:

To stimulate increased co]]aborat1bn among a broad
range of persons in labor, bu51ness educatlon, and
government in job-creating acb|v1 ias to benerit
Mynnesota. -
-Increase1nteract1on or Minnesota Yellspring w1th other
organfzat1ons

‘Develop ways for broad public involvement in Wellspring
activities.

o A

Produce and ‘disseminate 1nformatlona1 .materials, print
and non-print. . . . .

"Des1gn ways in which Ne]]spr1ng activities can 1dent1fy
.and build on Minnesota strengths

"Expand and strengthen the "Minnesota Strategy"”.

Harlan Cleveland -
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IHPROVI!G MATH/SCIENCE EDUCATION

~ . - PART OME: ~ : ) .
0bstac1es to Change in Minnesota's .K-12 Schoo]s ~ .

‘1.  Ihadequate Teacher Supply

1972-1980 in Minnesota:-

-Number of new math teachers down: 84%

-Number of new physical science teachers down: 82%
. _>Number of new physics teachers down: 100%

-Number of new chemistry teachers down: 83%

In Minneapolis, beginning of 1980-81 year:
-5 unfilled math positions \
-3 unfilled science positions

2. Concern foregy311f1catlons of Teachers " _ Ty

%
In Minnesota, teachers can teach.a _»i_subject one hour per day wi thout
certification.
In minor field, teachers can teach up to 1/2 time.

A

-Some elementary teachers have not even had high school math.
(Interview with Sally Sloan, Minneapolis Public Schoo]s, Math Computer
Specialist) . , | - .

‘No stience requirement is mandatory for certification in e]ementary .

education.

h 3

‘Lower vacancy rate in Minnesota than in other states may be attributable
to less stringent licensing requ1rements

L 4

*No special teachers for science in e1ementary sciools, while, fon example,
music has special staff. :

3. . Inadequate Number and Uneven Quality of Teacher Inservice Programs . .

_ ‘Locally-controlled, but usually 1-5 days/year. “

L O : -
‘Estimate (SDE) 1-2 days every 5 years are devotea specificaily to natn/
science 1nserv1cn training, and then for teacher; in thos2 subjact areas
"only. '

\ B

+Studies show that averageé teacher gets most information from textbook

sales people--not Journals workshops, or news]etters

A}

‘Teacher burnout: sciehce not an exception. It‘;akes a lot of planning,
work and organization to do something different in a classroom. But
after 15 years of teaching, it is difficult to do. '

" 14 BESTCOPY.
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4. ~Yow Salaries

. X _ \
- Math/science teachers paid the same as other teachers and can earn more
: elsewhere (j.e. business). : -

5. Lacx o7 Universal Computer Literacy of Teachars

t

-Even with MinnesotQEEducat1ona1 Computwng Consort1um it is estimated
~ that only 1/4 of th teachers (10 ,000) -in Minnesota have some kind of .
-~ training in computers. : _ _ S

-Average of two teachers per district have had contact with MECC.

'Geherathn of teathers few of whom who know how to use a computer,

many of whom are wary; and most of whom see computers as in the domain

of mathematics or the source of billing errors. (Christian Science Mon1tor,
3/30/81) ) .

6. Lack of Student Irterest and Motivation

-Don’t see how subjects are used in "real Iife."

‘Lack of role models, especially females: 1in Minnesota 1976-77; only :
18% of secondary math teachers were women,’ 0 ‘ ¥

‘Science is often textbook-bound.

. ' -
-Science/math &re not seen as useful tools for adulthood-
(In Richfield High School, science ranked at the bottom in terms of .
. usefulness:.) -

-
ar e

‘Alfred B. Sloan Foundation study, on underrepresenation of minorities and
women in engineering found that few junior and senior high students:

L
.

. -understand what an engineer does; 5
-are aware of “job ,opportunities in engineerfing;
-know math and science requirements. .

}

<At University of Minnesota Institute of Technology, only 24 of. 3,500
undergraduates are black, Indian or Chicano.

*1% of eng1neers in the United States are black. Little'ghange has

. occured in the past 15 years. '
= : +Science Magazine (October, 198Q) reports results of study by Profassor
| Paul Hura: ) v | ' -
, -53% of all high school grads in zhe Uniczad Statas hav2 nad 2iolouy and
algebrg; -
-30% chemistry;
, -16% physics;
" -Every Japanese high school graduate receives twice as many qcurs of !
math and science as U.S. high school grads.
f
1973 Survey of Science Ed in Europe, Third World and United States:
U.S. scored above the mean only in the number of hours of television
viewed. {Washington Post: 10/23/81)
) ) - T : - ¢ - ) / . '
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Dechning}Enrollmént Makes Offerings Difficult

-M]nne50¢a schools are still prov1d1ng (Study- by Hinneapo]is Tribune:
1981)’/ .
-95% jof districts make scxence/math available somehow.

“ath is holding its own,
-Courses ln computer science have 1ncreased

-However, virtually no science is taught in elementary schools
(SOE study indicated 10 minutes per day.)

Declining Student Achievement Scores o .

-Achievement-in math in Minnesota has declined sfi‘ght]y more than the :

- national average.

‘Particular decline in problem-solving in science. : '4

‘Science scores of Minnesota students are lower than those in read1ng,
social studies, math and even music.

Lack of Concentrated Instruct1on Time or Requirements

-Science in elementary: average time per week is 30 mTﬁUteS'(B“'of CUF?itu1Um)..
.Grades 10-12: 60% of high schools require one yeay of science. |
-Elementary: suggest math as 13% of time.

“Grades 10-12: 50% of high schools require at 1east'oﬁe year of math.

-Grade 10: 50% take geometry.

-Grade 11: 33 1/3% take higher a]gebra.
-Grade. 12: 1/8 take advanced topics.

‘Too many students take méth courses out of sequence: 10% of graduating
seniom\ : . ) N

Lack of Public Investment in Science/Math Education

‘Determined locally by districts _ p

‘Minnesota is 41st among the 50 states in the per capita production of
engineers. (American Society for Eng1neer1ng Education)

"SDE study:; relationsnip exists beCween monay spent n=r student in sciaence
{textbooks and consumabies) and student pertormance.

*Fiscal pressures on locals, yet Minnesota schools- purchasad 800 computers
last year.

-Sbmé districts have cancelled speci(ic programs--e.g. "Math Bridge" in MPS.

*Sources of federal, state money for stience.education have dried up.
Requests to business and industry have 1ncreased over 25% in one year,

D-3
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11.  Lack of Coordinated Efforts
e ' .

S Turfism®,

. ’ * e

‘Multiple constituencies with competing demands .

-Need vehiclé for communication. _ . ot
. oy
*"Small explosions” theory. ' : S , .
. 12,  Public Attitudes | T a

-Math, but not .science regarded as basic skill. ,* _ )
i -13th Annual Gallup Poll: parents fairly satisfied with quality of v

" instruction: ' ;

-Math:  Alor B = 47% (C=29%)

-Science: A or B = 44% (C=33%) .
Therefore, no great parental pressure for improvement.

* -Parents may not be aware of implications. ’ N .
13. Sernse of Impotence, Being Qverwhelmedg Resignation ' o
%
s {
)
\
S
¢
)
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APPENDIX E , _ \ .

ProMISING STRATRGIES FOR REFORM IN MInnesota’s K-12 ScHooLs

o By: DonNA KNIGHT
s ﬁ i ‘
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/
IMPROVING MATH/SCIENCE EDUCATION:
PART TWO:
Promising Strategies for Reform in Minnesota's K-12 Schools

7

Business Support and Involvement: Actual and Potential

-Much already occurring--e.g.: | . o
-Honeywell, MPS: ‘money, expertise in program develgpment, manpower. -
-3M: recognition of excellence. '

-Other forms include: :
-Money in targeted education fund: direct cash assistance.
-Computer services. . \ ‘
-Student tours,. internships.

-Teacher participation in company-sponsored courses.

-Business-people on loan to help school boards in planning and budgeting.

-Find ways to solve problems to mutual advantage.

~-Communicate business need for employees. S LT e

-Involve high tech companies more in public affairs: but need to
prove value pf cooperation and need to help shape educational policies.
-Donate equipment.
-Allow students to use labs. in off-hours.
-Internships. '
-Work with Junior Achievement.

Make Facilities and.Technology Available to Community

Convene Math/S;ience Teachers to Discuss ‘Common Problems and Solutions.

Provide Special Support for Math/Science Teachers.
-Salary supplements. |
‘Don't lay off.

.Subsidize educators in return for commitment to classroom teaching.
#rofessional development and increase resources.

. E.g. Science Museum ‘'of Minnesota: Opoor:tunities in ;u1onco Drg ec:
targe:iad at Nortnern WTanboua 4x,h 3ilandin Toundation Supoort:
-Enrichment workshops _ -

~-Visiting scientists programs

-Travelling exhibits

-Special summer computxng program

-Phone hotline on scignce fairs

-Newsletter: The Bog Hoppér

~-Resource Centers.

g S oA 1 R SR N P PO S P RN
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4. Provide Special Support for Math/Science Teachers. (continued)
®
-MPS: to address 1earn1ng needs of all staff in techno]oay computers,
AV media. .
——— / \

drnnesota Educational Computing Consortium’ Jorxsnop;-—cppor;unlrf S L0
p]ay with computers, use in creative, innovative _ways. ‘\

5. | Increase Number of Inserv1ce Training Dazs Dealing with Techno]ogy for All
- Staff. J

6. ;Restore interest in Science]Math and Related Careers.

-Provide supportive yet chal]eng1ng env1ronment to henp students develop ,
. a positive attitude. . . -

-Make students aware of course requirements of jobs.
-Improve guidance of students in career and course selection.

“Convince students, school board public, teachers of importance of science/

: .. math.
S , I St. Cloud Apollo High School: video-tape "Math In" at registration time
' to change student attitudes. . 3 ]

+Focus attention on girls, minorities,
E-DemonStrate importance of ‘science/math across subject areas.

-Generate interest in and understand1ng of technology.
. -Computer camps (Compu-Camp, Minnesota).

s -Holiday classes, clubs. .
i '=Twin Cities Inst1tute for Talented Youth: 6 weeks, MPS, St. Paul, 7-11

d . grades (100 students), ‘math/science, Macalster Col]egeﬁ

=~M1nnesota Talented Youth Mathematics Project, University of Minnesota,

i Math Department 62 students selected by competition, 7th & 8th grades:
\Un1versity one day per week for special courses.

Also, special pilot project in calculus for 9th & 10th grade students
~-Experience-Based Career Education: Anoka.
~Shadowing.

—Integrate tethnology into all--even CETA.

7. Increase Number of Minorities in Tpchn1ca1 Fields.

1

-inroa M1Pﬂ9d00114, SH. 3au1 Home grew ainority S2l2af.  Identification,
bbhO]aYShlpa, incentives,; instruction, 80 studenzs (2U, each grace 9-12):
Un1ver§tt/ of Minnesota and corporatwons

-

*Peer Téach1ng Program (CQE): 55 students in 34 classroops. -
‘Role mpﬁe]s (3M). | |

*Screen Aateria]s for bias.




8. Expaﬁd Use of Computers.

: - -Great acéeptance of micros. .
1 _ Minnesota Educational Computing Consortium: 92% of districts use computers.
- 3,000 micros now. fPurchasing contract for Ataris micros: cost of disc-
drive system is $500 (from 2 Odb) : .

-MPS: Plan for integrating computers. ’ N y
.Incompatibility of software.
-Integrate with all areas. \

. .Issue is becoming the ‘quality of use, not whether schooTs have computers or not.

-

9. -Increase Math/Science Requirements. - »
. .Somehow increase emphasis.

10. ;Strengthen Existing Courses-Including Vocational.
I
-MPS: Magnet for Science/Math Technical Educat1on (w1th1n ex1§¥ng schoo])
-To upgrade program: 1lighthouse.
~ -Improve technology abilities of students.
-Readdress range of social problems.
-Strengthen alliance with business.

-Redesign--gear toward modern. ' . _ ’ . A
¢ s +Increase computers and other hardware.
11. Expand Array of Cooperative Programs.

’ A

12. © Provide Incentives for Teachers.

-Fellowships for éeachers.

-Inservice. |

-Summer emp]oymenf opportunities.

-Lengthén contract. : : .
-Different salary schedulg.

Increase equipment.

~0es1gn scnolarship Tor post graduate work to erengthen toacn1ng in )
classroom. .

-Vary length of contract (1-10 months).

-One-time dollar bonus for completion of 5 years of teaching. - 4

E-3
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13.

t
:k ' f) _
& ’ . -
‘Provide Incentives for Teachers. (continued)

.Lab aides. : ' ‘ N
-Reduction in non-teaching respdnsibi]ities. - _ R
-Free summer development programs (paid). _ L | .
Money for fairs, trips, etc. | . >
‘Differential-staffing. '

2 ' , - .
Develop Strateqy for Attacking Problem on a Large Scale. _

. . - ) Q b
Need:
~Data base for awareness mechanism. '
~-Core of committed individuals.
~-Identified target groups. !
~-Broad-based campaign.
. - - .
. . a

T,
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COMFERENCES O COOPERATIVE -RELATIONSHIPS BETWEEN COLLEGE/UNIVERS;;y\"
SCIENTISTS AND PRE-COLLEGE EDUCATORS - AN INTEGRATED SUMMARY*

Scwence educators from around thg/ ounﬁc;/nef‘in three conferences sponsored by
he hat1cna1 Science Foundation's/Pre- Co]]ege Teacher Development in Science

( TRS) Program n the Spang of 1981. " The Conferences were held in conjunction .

wjuh the 1981 Directors' Meetings to develop and define an "action agenda" to

zcaress the severe crisis in mathematics and science education 1n the United
. Stazes.

ihe-emerging theme of the conferences, Expanding the Science Education
s Pertnership, first appeared in the keynote address given Dy uUr. Lawrence Senesh,
: cniversity of Colorado at the Phoenix conference and was enlarged upon by
cenferees, becoming a central element in the two following conferences in
washington, D.C. and Los Ange1es Keynote speakers also having long-standing
;~valvement  in science education opened each of these conferences: D:. William
~ells, Anerican Association for the Advancement of Science, (Wwashington, D.C.
¢onference), and D¥. James Rutherford, American Association for tne Advancement ’
¥ Science, (Les Angeles conference). Most of the recommendations which were
seveiopéd et the ccrferences detailed suggestions for meeting specific problem
Ttuaticns by new asscciations of support sources, both for funding and for

v
-
=Yl

ic :c‘.h) and planning.

t) v Y (

Scte of the concerns wnich prompted these conferences and on which the
czrzicicgptst frequently focused appeared also in an October 1980 renort to the ™
cresicent entitled “"Science and Engineering tfducation for the 1980's and

::v~:3§. The report was:prepared and released by the Department of Education
&3¢ tne haticnal ScigiM® Foundation. It summarized findings which all pointed.

“ZCward a nationgl crisis in mathematics and science education and suggested that

2 series of conferences be convened to further define the prob]em and to suggest
anpropriate action.

Since the report was intended t> be -naticnal in scope, it lacked some of the
detzil and individual variations in problems and possible solutions which are
accarent from the local, level. Accordingly, it was decided that the Pre-College
.:a-wer Development in Science (PTDS) Program would hold three conferences in
cenjunction with the Spring 1981 Project Directors' Meetings to define local
aspects of the mathematics/science education problem and to discuss suggested
courses of action. Since the focus of the projects and the discussion wa§ .
—~ miccle-high schdol (grades 5-12), each project directar was asked to bring dn
‘v educator from the pre-college system. Participants included teachers, science
: supervisors and administrators from local and state levels. The interaction of

coilege and pre-college educators adaed a positive dimension to each conference
.which was widely praised.

‘ & . * Tne full text of the recommendations and detailed suggestions for o
: imziementation are ccntzined in the individual conference reports, ava11ab1e
‘rcm Pre-College Teacher Development in Science Program, National Science
Foundation, Washington, D.C. 20550. The purpose of this summary report is to
integrate the substance of the three conference discussions, insofar as
possible, into an action plan which sets forth specific problems and suggested
¥ épproaches to their solutions. The results of the conferences address a number

of common factors in the problems of pre-college science and mathemat1cs _ S
gGucaticn, ' )




"Zxpanding the Partnership” involves adding a selection of cther const jtuencies

T3 the usual combination of pre-college schools, CO]]eoeS/b”1verS1b1eS anc the
Federal Gcvernment. These constituencies include industry, state and local’
‘governments, ecducational/research organizaticns iscience ceniers, museums,

z0cs), parents and students. tath of these has a vital staxe in strengtnening ?
the pre-ccllege mathematics/science preparation received by students as ‘they

srogress through school and prepnare for their chosen roles as memders cf

scciety. Those who will form the manpower pool for the tecrnological aresas of
c.r society need a strong beckground in basic mathematics/science; industries
znd colleges express increasec distress over the lack c¢f this training. Those- .

w~o are emplcoyed in other areas will still live within an ircreasingly
zechnological world and, as informed citizens, need an understanding of its
basic principles. ! . :

rroblem: Scientific 1iteracy is the foundaticn of public uncerstancing of the
imgortance of science. Standards neecd o be set f:zr the definition of ’
scientific literacCy &ng measures takan to achieve tnem.

N

@ST1Cs !

i
«)
°)

[} ¢

«

3¢72nTists need t0 wirk with the megia (osrhgcs Throucn protessional
izfenti®ic anz teacne~s associations, T2 reacn @ wige 2L,81&nCe Through v
~22ia an¢ TV. 2uilging anc maintaining Tne pudiic uncsErsIinging OF
szlenze 1§ @ Cﬁn:inq1rg 1ong-tenn process and TC Tz ETTECTIVE MusT de
ca-riec out consistentiy '

o) he sublic should be 1n»c1ved with scienze throulr Sctience rairs,
Jomier Acagery of Scisnce and Science Cavs a% sc~ii's. Ccilezss,
STUC2NTS, parents anc industries as wel: as resreszntatives of iocal
inC state govequent should pe crawn i7iC Cocperaticn thrcuch these

events. e

“redlem: A racidly growing crcdlem is the shortage ¢f quaiifiec teechers wnese
cknowieag2 cf <heir sucject is up te cate. This sizuation is the resuit
- cf several conditions: inadequate certification f=qu1fem-“ts
fi‘f“ulty in recruiting students tc tezcn in certzin fieids
mathematics and the physical scienzes,, diminisnec cppertunities for
teachers to keep up with current informetion in thesir fields, and <he
reass1onmen» of teacners o of their fields. These conaitions are
widespread in d*str1cts across the country, thouch the reasons for them

may differ. ’
. v
Suggestigns: : . '
- ' 9 ’ J)
i 0 Teacher short ages occur around the*country, d1fferﬂng by state and ' .

»

sCh ocr.c1sbr1 as well as discipline. A study should be made on a
re3ional basis to identify shortages of teachers i~ specific

' :1sc1p1.nes and to recormend measures to 2iieviate them. These studies
might most efficiently be done through Stete Leparzments cof Education.
ince tne cemsgrapnic characfer of the teacher sug:’; is aefineq,

mmeae ol wt L) ke m o bemm e s e atma s A immmearee v e as e s e e i
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shortages can be acdressed throvgh recruitment of students into

preservice science 2nd education degree prcgrams, or, more commonly, by
redirecting the use of eristing personnel withih the system through a .
planned program cf ucc t1wg ang retraining on an in-service basis. »

0 Cer<ification reou1remen*s should be studied on a state-by-state basis,
' be1ng upgraded wnare necessary, with plens made to meet the
requirements wizh a ccnt1nu1ng flow ¢f new teachers. This-effort must
. irvelve the major scientific and teacher organizations, as well “as .
. parents and school administrators. Selected organizations (profes-
sicnal scientific anc teacher organizations) should be asked to make
. cresentations abcut science education to all major statewide and
nztional mestings ¢f :sscciations of scnool boards, superintendents and
PTA's, discussing guiaelines for teacner training.

-

<2 teach in figids of teacher shortages must + .

” Recruitment of stuzents i :

T2L€ Tnig zccount tne ciffererce in saiiry scales between teaching. and - e
1n7ustry. It w2s suggested that & lcan orogram could pe established by '
tre receral! Government wrnich wople incc-acrete 3 provision of partial

) ivoack basec ¢n vears ©F teachinc afler gratuetion. The former NDEA _

' 1737 program owas 29tec 23 en exe“,]c ~eCryiting efferts can aiso be g

- "L.TTec w*‘r tre czoce-eticn of grovession:t te:xther crganizaticns whp ~
Z2n promot ua:"e“‘:1Cst:1ence teaching . asea meaningful and rewarding
Cirzar, ;-_cx‘ cutstarcing teachers 2t eli “evels need to be

. centifiec ant recegnizec, _ . ./

1]

- z Retraining ¢rd upcricire of the DFCV“'C,FG of current teachers appears
T T2 @ DErtiCuiETiy uSetul meurds €T &ssuring & niga lever or |
Cemz2tence in-matnemetics/science instruction in & schcol system,
wnzther teacher shoriages result from thne iow supply of new teachers .

. ccming inte the svstem o~ from reducticns in fcrce, quatingfgf the . ’
~~Cnledge of teachers already trained in science areas can be.done
im*sugh centinuing educaticn courses in universities, those offered
witn cutside funcing such as the NSF Pre-College projects, or through

' N research internship cpportunities made 2vailable by industries. These
. can all sarve <tne coub.e Jurpose ok keecing the teachzsr abreast of new

levelopments in science and providing the career insights- necessary for

ffective advising of students. A modification of the NSF Chautauqua

Jrogram was also suggested as a means of bringing teachers and students

LS touch witn recent scientific findings., .
meura1n1ng 10, enaa]e a teacher to move into & field other than his/her
eriginral one should be planned and encouraged by the state and local
edu tion authorities. W&hen a teacher must be assigned to teach

: tside the field of certification it was suggested tha;,éﬁe teacher be

. raou1reu to. undertake professional retraining (with appfopriate '

financial support) and to complete it within three years on an -

in-service basis.” . The conference .recomrendations mace the point
empraticaity tnat this retraining was not the scle responsibility of
tne teacher, but was rather to be done with the help of the local
'schecl district, the State Department cf f£ducation, 4ndustry and .
universities.

ﬂ)

a

23




Proslem: Woren, minorities and the physically disebled P'e still unde*-
recresentea in the ranks of professional scienzists. Py

Xy
.

* Suggestions: i
_ ) Prcjects which Ncrease the involvement of women, minorities and the
m'jf’) . raysicaliy disaplec in_science shouTd De supported with specially
- eermarked NSF fungys. These would raise the level of m1n0r1ty ‘
participati serve as model progects.

.0 A naticnal conférence should be held to disseminate programs and >
mztnots of instructicn designed to improve mathematics and science
e instruction for women ang minorities. Federal, state and private funds
- could be combined to develop a comprehensive repcrt on the state of
r~"~*.t‘es, women and %he phys1ca11y disabled in science. - N

Problem: Industry has not been fu]]y invelved as 2 partner in the sc1ence
€duzz2%ion erdeavor.
< . .

Tecgestions ‘ 3
ps betwesn industry, lecal schost
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r_internerics ir indusiry snould D2 arran;e: as oprortunities
i pre-co1lage teechers and stugenis. Locz) prefessional
s can be. invalwed in igitiating these opror: tunities as well as

~ =

erIing _.?xﬁ visits, i:znz 1.\I.u_r~\b¢rc= Tersansg whe +i11 visit.
ﬁs, and ' 'rav‘ding caraer inTormation W ostudents, teachers
ance CCUPS- Crs.
n of pubiic supoort fer a strong science/~ztnematics curriculum
~1z sazuld also be an area of jinvoiverens foﬁ$1ncustry on
and naticral levels. '
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Prcolem: There is alwadys & need for revision of mathematicssstience curricuia-to
incorporate new material and new xnfonnatwo about natterns of

- learning. - . : | oo
[} ‘ . . ] .
Suggestions:
- « - o
. 0 Curriculum concerns were expressed from several perspectives. They '

irnciuded the neec for continual updating and revision of existing
materials, means of disseminating mater1als d°Ve'0ped by teachers,
interdisciplinary materials; and the need for materials.which include
an ethical approach to the study cf science. The conferees assigned
the responsibility for curriculum develcrmant zna c'ssem1na§§on to a
wide spectrum of groups. Thay suggested et “s::” school districts,
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_ universities and business comnunities paticipate in the develosment of -
: ) 'cppr ariate curricular materials, and they encouraged professicnal .
mathematiCS'and scientific organizations to pudblisn directories lisging
saurces of full information on curricular and staff development . “\

nrojects. .

Tne zroceedings of the conferences can be summed up as a plea for recognizin

[

<he jrowing crisis in science and mathematics education ag a-~national ccncer
. and for 1nvo1v1ng many sectors of the community in addrefsing this concern. The

specific means of accanplishing this goal are detai n the individual
conference reports, availahde from Pre-College Teacher Deme1opment in Science,
* NEF. . The corterences fdentified the production of future scientists anc the .
eeziz’ishment of a scientifically literate community as the two vital goals of
sciznce eaucation in the years ahead. % .
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RE-COLLEGT TEACRIA SZVILIAMZRT 1N SCIZnlIi 2RDGRAM
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NATIONAL ASSOCIATION .
OF STATE BOARDS OF EDUCATION

State poards influence the educational directions in
the state. State boards do not act alone: they interact
with the chief state-school officer, the legisiature, the
governor, local constituents, and state level associa-
tions of administrators, teachers and school boards.
Through their state level policy development and adop-
‘tion process, and by virtue of their relationship with the
state legisiatures, state boards determine the tone,
direction and quality of education in their states.

Created in 1959 with an initial membership of eleven
states, the National Association of State Boards of Edu-
cation (NASBE) now has a membership composed of
the state boards of education in 46 states, and five U.S.
territories. It is a dynamic and effective Association
representing these state boards of education as they

“seek to promote quality education in the states and to

strengthen the tradition of lay control of American -

public education. \
&

NATIONAL ASSOCIATION
OF STATE BOARDS OF EDUCATION
Suite 526, Hall of the States
444 North Capitol Street, N.W.
Washington, DC 20001
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