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National Science Foundation Program Reports are a port of the
continuing process of review and evaluation of NSF programs
and activities by the Director and NSF senior management .
Reviews are presented by the responsible Program and Staff
Ctfices. They are designed to present a candid appruaisal of
substantive program content, management, organization, and
major trends and problems of senior management_concern and

interest « _
Program Reports document these reviews, proviai‘ng authorita -
otive views of program objectives and accomplishments from the
perspectives of the NSF Program Cffice having responsibility
for their implementation. Publication of this report does not
constitute endorsement or acceptonce, in whole or in part,
of the issues or changes that may be described in these reports
by the Director or senior management of the Foundation. It
must be kept in mind that such matters are frequently presented
in the course of o review as discussion pieces, ond the odop \—,
tion or implementotion car only be etfected through subsequent
monagement processes or formol resource ollocation procedures
associated with "official" actions of the Director or, as oppro-
priate, the National Sciencé Board.

It should be noted that dollar and staffing information that
may be cited i this report represents firm approvals of NSF
management only for current year plans. Resource projections,
including budget proposols, represent Program Cffice plans
which are subject to official onproval , and perhops modifica -
tion, at such time as NSF appropriations and operating plons
are authorized. -

Primary distribution of NSF Program Reports is intended for
personnel of NSF having program/project maragement respon-=
sibilities. Consequently, such reports frequently have a foirly
high technical orientation. They ottémpt, however, to provide
a review of the "state~of-the=art” for NSF staff, members of
the scientific community, and other persons with a speciolized
interest in NSF programs and activities.

L.C. ,3«%..

, Richard C, Atkinson
3 Director
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Dr. Harvey Averch
Assistant Director for Science Education -

INTRODUCTION "
This review of Science Education will present the alternative strategies and models of

. science education that have been developed and pursued over the last 18 years. At any

B given time, Federal policy and strategies on science education are based on an interlocking

set of beliefs and values. This review attempts to describe how those beliefs and values.

have changed over time and how they have affected programs and budgets. Of primdry

concern will be models and strategies.at three critical periads in the history of NSF in

science education -- 1959, 1971, and 1976. After discussing the models | will construct a .
reasonable educational scenario of our educational warld in the 1980%s. | will try to test

the "goodness of fit" of our current strategiec and programs against the emerging educational
world. 1 will close with some major issues and options facing science education. :

~
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- ALTERNATIVE MODELS OF SCIENCE EDUCATION !
A model cansists of: (a) normative values
what is happening in science education;
if this, that, or the other is done. As indi
by which is meant a program mix and funding levelt

I
1

-~ what ought to be; () beliefs about reality --
and (c) predictions of outcomes -- what will happen
cated in Figure 1, a model leads to a "strategy"

R
|

MODELS OF SCIENCE EDUCATION -

[

) PRUGRAM MIXES AND LEVELS
. ® MANPOWER DEVELOPMENT
MOOEL ( ® BELIEFS ABOUT REALI%E;;;a —» STRATEGIES —s-{ ® INSTITUTIONAL SUPPORT
‘| ® PREDICTIONS OF OUTCOMES

® NORMATIVE VALUES

MODELS

—~ CHANGE OVER TIME BUT SLOWLY
— NORMATIVE VALUES STABLE
— REALITY EVOLVES

— CRISIS AND EXOGENOUS FORCES

By

SE 774332
120147¢

® DEVELOPMENT AND RESEARCH .

Fig. 1

o~

| am going to use the program and budget categories that we v
ment, institutional support, and development and research. T
correspond to those used over the last 18 years, &
into the current ones. We will concern oursevles with the lev
power development, institutional supporf, and deve
models during each of the critical periods.

se today -~ manpower develop-
hese categories do not always
but | have tried to map the old categories

el and mix of support for man=-
lopment and research derived from the
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" NSF and the net obligations for science

~ strategic issues and options are discussed.
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Models -~ as we have defined them -~ change over hme, but very slowly. This is because
convictions obgut what ought to be in science education remain stable. However, the real
world changes and this leads fo tensions between the models, programs, and feal-world re-’
quirements. lf‘xts)very difficult for agencies to resolve such tensions internally because so
much is invested in particular models. Such tensions are often resolved when exogenous
forces are brought to bear in an agency. For example, in 1971 the Office 6f Management
and Budgef and the Office of Science and Technology becamepawerful actors in redirecting
NSF's science education programs, as | will discuss later. Nevertheless, despite our past
investments, any model should be tested. | will suggest two test criteria for educational
models that | consider reasonable (Figure 2). One is whether the substantive purpose of the
model fits the anticipated environment . The other is whether the model prowdes incentives
for the sysfem to adapt to the environment .

8

Before looking at particular models, it . : - e
will be well to keep in'mind the level of TESTS OF MODELS-IN EDUCATION o
science education funding over time in - : -
relation to the Foundation's total budget

(Figure 3). ©"GOODNESS OF FIT** BETWEEN MODEL AND-
EXPECTED ENV IRONMENT

Fiaure 3 shows the totai net obligations f -
|gUre sShow e Tora ng [o] |gCl 1ons ror -SUBSTANT!VE PURPOISE

educofion )"eor-by-yeor §ince 1952, The et - INCENT{VES FOR ADAPTATION
years.beyond 1976 are, of course, estimates. | .
The dot at 1976 represents the NSF's total ' i ,

progrom budget " for science education,
that is, ‘the direct obligations of the
Directorate for Science Education plus
an estimate-Sfseience education activities — .
in the research programs -~ primarily support Fig. 2
of student assistants on research grants. The
total budget then in 1976 is about $140
million. | will return to this concept of

the education program budget later when ' " SCIENCE EDUCATION FUNDING
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| do suggest that for-some science_edu- i e
.cation models we must more precisely S
evaluate the education content of our £ o
research activities. e )
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Figure-4-shows science education funding éils a percent of total NSF funding. The arrows,

indicare the three critical years that | hovf selected for scrutiny. The pefcentage of science:
‘education funding-peaked in 1959, but, actually, this peak is misleading. Science educa~
tion funding continued to increase beyond 1959, but funding for research increased more
rapidly, causing the percentage for NSF ec‘!ucoﬁon'acﬁviﬁes to decline. The next critical

- year, 1971, occurs on a true downswing. In 1976, the figure indicates that science educa-
tion funding has leveled off and may even be rising:

’ -

1)
et

if

-

' SCIENCE EDUCATION FUNDING AS A
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Figure 5 presenfs; the 1959 model. That year was a very bouyant time in science education.
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- ' ﬂ 1959 MODEL

@ PREDICTED EXCESS DEMAND FOR SCIENTISTS

® STUDENTS UF LATENT ABILITY ARE DISCOURAGED BY
INADEQUATE INSTRUCTION ~

© SCHOOL SCIENCE CURRICULA ARE OWBOLETE
® SCIENCE TEACHERS ARE POORLY PREPARED
@ Ph.D SHORTAGE 1S A NATIONAL PROBLEM
. ® FEDERAL GOVERNMENT SHOULD DEAL WITH THE k’ROBLEM.

s

oL ' ® STIMULATE THE DEVELOPMENT OF SCIENTIFIC TALENT
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Predictions of need foscienticts and science teachers reflected this general buoyancy as - '
_reflected.ir. -Figures 6-and.7. They show that in 1959 the total demand for scientists and /
engineers predicted for 1970 was expected to be about 82 percent. greater than in 1959. )

Physicists and mathematicians were expected fo be especially in demand. While good
projections of supply were not available, everyone seemed to agree that there were shortages =

and that the Nation was not producing enough scientific and technical manpower. Ove{cjll,
- the predictions in Figures 6 and 7 seem re ssonably representative of the language and spirit

of that time.

:

v

1959 PREDICTIONS

’ PERCENT CHANGE IN SCIENTIFIC AND ENGINEERING EMPLOYMENT FQR THE
ENTIRE CIVILIAN ECONOMY, BY OCCUPATION, 1959 T0 PROJECTED 1970 ¢
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® MZTALLURGISTS SRS b ] -

& GEOLOGISTS AND
° GEOPHYSICISTS

@ MATHEMATICIANS N B ot - i

© MEDICAL SCIENTISTS DR ] . .

Inadequate instruction resulting from
obsolete curricula und poorly prepared
teachers were believed to be significont
causes.
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In the face of these appgrently sharply
increasing demands for scientific \
e 1959 PREDICTIONS
and technical manpower, there was “FUTURE GRADUATES M SCIENCT AND ENGMEERING WILL BE 5
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These beljefs led to formulation of a strategy designed to stimulate the development of

scientific talent and resultad in the program mix and funding level shown in Figure 8.

- Figure 8 shows that 86 percent of the : )
$64 million for science éducation in _ SCENCE EDUCATION PROGRAM MIX, 1959 . )
1959 went for munpower development. :

, This included 1 ilowships and trainee-

:r,_ﬁ,ir_f,bj'gjﬁgjgsigned\fo create and increase

~ manpower directly~as well as teacher 3 ’ : B
institutes to develop those who would, R : '
. ir turn, train our future scientists. ‘ xaticTunr :icuﬁmcuwmnomm :
The other. 14 percent of the kudget . ) S
went largely for pre-college EoLoamer | ruonsmes o st
curriculum development. T \/\ ' x i )
- As we moved from 1959 to 1971 the o

basic strategy-remained the same, but
new tactics were added. In addition
to direct "human capital" formation . Fig. 8

_ through fellowships and teacher training ) :
institutes, some resources were earmarked for improvement of libraries, laboratories, and
other facilities. That is, those engaged in forming our human capital would do so' with the
lctest technology -

\

The 1971 Model

Figure 9 depicts'fhe 1971 mode! and strategy drawn from it, Even though the projections
. shown in Figure 10 indicafisif;c‘:eﬁgggly,abdenﬁs’f&’; there was a belief that the quality
—and-variety were notadequate. This proposition about quality in our modei suggest that

while there may from time to time'be more scientists than can be employed, one cannot iden-

tify .in advance f&e especiolly talented S
individuals who will make the major
breakthroughs. Consequently, even 1971 MODEL
. when supply exceeds demand, society . .
is justified in -‘:onhl:lumg to. inject a » EXPLCIED EXCESS SUPPLY OF SCIEATISTS v
flow of new talent into the sciences. . * QUALITY AND VARIETY INADEQUATE
The SOCiOl costs Of SUCh a '\OliCY are ® FEDERAL GOVERNAENT 15 AGENT OF CHANGE ) .
N .o . ® RISING COSTS CAN BE SIEMMED BY 'NCREASES IN
more than justified by the social PRODUCTIVITY
benefits of unpredictable, but assured, b . maozowtmomsvﬁnmc{o; SCIENCE BY NONSCIENTISTS .3
scientific advances. Thus, we S . -

. continued in 1971 to inject high-qualify  SUPPORT EGUCATICN THROUGH RESEARCH ND DEVELOPMENT

scientific talent into the science * O LONG 1o SO

o LAY FROGRAMS I HATKOHAL NELO

= > education system, although at reduced o MANAGE IV OMICINT:

levels. : : R

= Fig. 9
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1971 MANPOWER PROJECTIONS -

SUPPLY AND UTILIZATION OF
SCIENCE AND ENGINEERING GCCTORATES
BY BROAD AREA OF SCIENCE, 1969 AND 1980

ALL FIELDS {000} oA

100

mo:[

~| . 1980
1@
1969

\
NOTE VERTICAL BARS {NDICATE RANG T BETWEEN sPh‘ysl: .
HGH AND LOW PROJECTED COLUMNS OF
SUPPLY AND UTILIZATION ©

- Mathimbtial E—ngmeovi‘v)m

*

SOURCE QAYIONAL SClENCE'FOUNDA!lON

SL 132 -
121426 -

q
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Also in 1971, the Federal Government was viewed as an agent of change in the science
education system. This contrasts to the 1959 view that it wus an agent for developing:
quality and talent. One aspect of desired change related to the rising costs of education.
Some relief, it was believed, could be provided by increases in productivity. But if the
system did not rapidly adopt higher productivity technology and procedures, it was up to the
Federal Govemment to provide strong incentives. Also, for the first time we find an explicit
statement that nonscientists have a stake in understanding science, independent of support

_ for education through the research system. ' I

The strategy that emerged from this 1971 model is what might be called the RDT&E modél --
research, development, testing, and evaluation. This meant that programs requiring funding
indefinitely over time would give way to programs addressing specific national needs., They
would be managed so that explicit objectives could be achieved within a specific time span.
In sum, the Federal Government would act as an agent that would "lever" the science ed-’
ucation system. As | noted, models often change as a result of the application of exogenous
forces.. This 1971 model seems to have come about as a result of a goad deal of debate among
NSF, the Office of Management and Budget, and the then Office of Science and Technology,
along with some strenuous pulling and hauling on the overall NSF budget.

3
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Figure 11 shows the program mix and funding level resuiting from the 1971 model as con-

- 3 iy » ~ - . .
- *pared with that for 1959. : . : .
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7 Fig. 1

Manpower development as . proporf\%bn of the budget.was substantially réduced, although
we-still had a fellowship. program. Curriculum development accounted for 21 percent of the
total .'. Implementation, or technical- asciztance, became 43 percent of the total. As noted, -
the belief s2emed to be that if the Federal Government is regarded asan agent of change " -
and innovation, sand it the science education system is perceived as recalcifrant and reluc-
tant to change, then technical assistance.to increase the rate of charge ‘and innovation
becomes justified. This is exactly what happened. T -

Technical assistance, or implementation as it was calléd, extended.to the point that, in
order to get a grant for a teacher institute, an applicant had to agree that the m_::fericil
taught would be transferred to the classroom. Applicants had to sign a form to this effect.
This requirement was eventually interpreted as an attempt to force school systems, teachers,
and administrators to accept innBvations that the NSF ; or the Federal Government, believed
to be appropriate. : N ST - —

< . -, . .

It was natural, then, that the years from 1971 to 1976 were years of contention, debate, and -
criticism. The Congress, especially, expressed concemn ‘with the mode and the YR&D" strat= -
egy. The debate had three major *hemes: (1) the degree of Federdl responsibility for general -
purpose support of s¢ience education versus. its responsibility for stimulating innovation, <"
particularly by supporting developtnent of new cufricula; (2) the amount of Federal dollars
.used to promote equity and fairness among the institutions providing science education versus
the amount of dollars used for the currently most effi cient delivery*of education services; and -
- (3) the value of education fo improve scientific resegrch versus eductation to improve-science - -
literacy among the young ard the genegal public. - o, ‘ . .

» .
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Some believed that science education support was justified only if connected to res-arcu.
Others approached science education in terms of the needs of diverse clienteles and con-
~ stituericies. Those holding the {atter view did not regard a corinection to the research
system as necessary; their concem centered on delivering knowledge about science that
-would-be-useful in daily life or in poﬁnc:pahon in public affairs.

The 1976 Model -

Figure 12 represents our beliefs about educationa! reali~ '~ hehid-1970's. It shows 1975
manpower projections forthe year 1985, These pr- = 0 not suggest optimism about

- Full utilization of our scientific and technical manpower. In 1971 it appeared that the
phys:co! sciences would fare reasonably well by 1980. But viewed from the vantage point
of f975, n oppeored as though the physical sciences, too, w:H\_b\e in difficulty.

»
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1975 MANPOWER PROJECTIONS » \ .
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1976 MODEL

@EXCESS SUPPLY OF SCIENIJSTS AND ENGIMERS
~QUALITY AND VARIETY INADEQUATE . -
- POSSIBLE DECLINE OF PRODUCTIVITY B

® BASIC NEEDS ALWAYS PRESENT R4
~COSTS K0T COVERED WITHOUT FEOERAL SUPPORT

® ZQUITY MUST BE A CRITERION - . ’ .
@ NEED FOR PUBLIC UNDERSTANDING OF SCIENCE -

r

- =T R ©"SUSTAIN'' SCIENCE EDUCA,  SYSTEM . - &~
L -G ICIENCY THROUGH » MAL "HEAD-TO-HEAD" COMPETITION s
) -EQUITY THROUGH SPECIAL TARGETING .
== ® SUPPORT SCIENCE LITERACY - N
" 3 VRS
ihidFe

_ Fig. 13

We believe today that there will be an excess supply af scientists - especially in the aca-
- .+ demic sector -~ unless society decides to make Jarge-new sacial investatents in R&D or ' L
-~ - education. The concern about quality persists. The possibility that some individuals may
-~ _make significant breakthroughs is believed sufficient to justify infusion of some new talent -

- . even‘though the projections show éxcess supply . _ . e

" A further concern‘in 1976 was, the age distribution among college dna university faculty . In
the past, it was believed that the entry of young, technically current scientists and engineers . -
*. maintained-and even increased. productivity in our research and education systems. However,
__we now envisian few new openings in our colleges and universities and this reinforces the -
search for new options thut-will-allow.us to maintain productivity and avoid professional :

«

obsolescence . . : e
0 \ —_—

-

We also believe that the suppart we provide must be equitable as well as efficient. For
- equify today may manifest itself in improved performance tomorrow. in both education and
research. Similarly,.equal opportunity must be a strong criterion in training our scientific
. - personnel. This means that activities designed for special constituencies ~~ women, minori-
ties, and the handicapped -- must become a'significant part of the science education program.

o . .
. Belief about the "oublicness” of séience now-becosnes stronger. We believe that there is a
need for greater public understanding of science, especially concerning major issues of .
- personal cheice or public policy that have.science and technology content. There appears -
to be a need for more interaction between scientists and nonsciéntists concerning maral issues
-~ connected with the impacts of science and technology . These beliefs suggest that program-
matic emphasis on science -- emphasis on science museums, the media, and those who facil-
itate_ard deliver informal science education =- could respond to this need.




Figure 14 compares the program mix and funding levels for 1976 with 1971 and 1959. After
five years of dekate, we have returned fo a mix addressed to a wide variety of audiences.
We now have general purpose progrems for institutional support, and programs that provide
incentives for innovation. Very importantly in our Science and Society programs we are
beginning to recognize science education outside our formal school and university systems as
a vehicle for informed public decision-making and’science literacy.
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. For the first time in some yeafs, we can say that our programs address science education
problems ot all levels. The design cf these programs encourages institutions to evaluate
their own performance, and to employ "self=help" measures to maintain momentum after

< support has run out. Such designs, | believe, provide incentives to adapt to the changing
environment . c
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-  AREASONABLE SCENARIO FOR THE 1980's

* Strategic beliefs need to be tested against our prospective educational world. We seem to-
- day to be heading toward @ "steady-state" educational system. By a steady state, | mean

~educational system. Because faculty-student ratios are relatively constant in our system of
~education, the number of new openings for teachers in our schools and colleges will be
~extremely limited.

P

financial and intellecival integrity, are seeking new sources of students and are changing
their.offerings. Many of them face an aging faculty on the one hand and, on the other,
demands for increased productivity in teaching and research. At the pre-college level the
transition implies tight budgets and a continuously tight job market. We can expect further
| increased public demands for performance and accountability to accompany tight budgets.

' -
.

'ﬁgpres 15 and 16 attempt to show these and other trends. | have included what | believe
- will be some important changes in educational demands by those in the educotional sector
" and by the general public. ’

“we are in for a period of stability with a decreased flow of young students through our formal

We are now in a time of transition to the steady state. Colleges and universities, to maintain

v D A REASONABLE SCENARIO FOR THE 1980’s . '
2. . A REASUNABLE SCENARIO FOR THE 1980’
COLLEGES AND UNIVIRSITIES BONIDUALS
SCHOOLS PUBLIC
® SEEKING SEW SPURCES OF STLDENIS o 5 ANING .
. SUVELED ENROLLMEL TS @ PARTICIPATION
® LHANGING GFERINGS | SUBLATIDNALIDICATION
z ’ ) = @ CONSTANT OR DECU NING BLOGETS @ PAYOHF
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tf our colleges,.universities, and schools were highly responsive to the changing "market-
place" for education, they might adjust to the "steady state™ rapidly and without great
difficulty and cost. For various reasons, they cannor be absolutely responsive, nor should
they be. However, in the transition we may be facing a serious. problem by having a formal
system of science education that is too large, inefficient, and costly, and an informal system

that is too small.

There are, ir. general, four Federal strategies that can be pursued with respect to this ed-
vcational v;/_orld (Figure 17). ‘

FEDERAL STRATEGIES - 2

O LAISSEZ—FAIRE

« MAINTAIN CURRENT SYSTEM ’ .

' ® INCENTIVES FOR SMALLER, MORE DIVERSE ~ »
’ ' , FORMAL SYSTEMS -

- -  INCENTIVES FOR LARGER, MORE DIVERSE o

’ INFORMAL SYSTEMS - _ a

5 - - [ S
4 77-M8 ~
- 128478
. Fig. 17 o ‘ -
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We can leave our system of science education alone to sort ifself out. We would then be
‘prepared to accept the system that emerged. Alternatively, the Federal Government could
_try to maintain the current system. It could provide incentives for a smaller, more diverse,
and more efficient formal system of education., It could also provide incentives for a larger,
more diverse, infformal education system. ' - .

Laissez-faire do s not seem acceptable. Qur science education system (or the education
system proper) cnnot be expecied to work things out for itself without incurring very large
social costs. Whether we like it or not, it does not appear feasible to maintain the current
system. A reasonable Federal policy might involve some combination of the lafter two

options.




, .Science education within NSF is not immune to these general trends. | have tried to show
this in Figure 18. '
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In this figure "audiences" are graphed against educational “activities.” Audience refers T~
to proposers or applicants, and activity refers to those things for which audiences use grant:
funds. A traditional activity would bespure science for research-bound individuals. This
is distinguished from nontraditional activities such as those supported, for example, in the -
new Science For Citizens program. The old audience comprises, for example, the top 20
research universities and the quality liberal arts colleges that feed the leading graduate
"schools. Members of the new audience are, for example, the set of junior and community
colleges and public interest groups. ' & T

Science education at NSF has been operating-during most-of its.history in the upper left
quadrant of Figure 18. -t has focused an the impartant, but relatively restricted, mission
of fostering high-quality science education for primarily academic scientific careers. But
today. science education is facing demands from thé new audiences that must expand. The -
new audiences -- minorities, women, and the handicapped -- want to participate more

¢

v

A




<

e

fully in traditional types of science education activity. Traditional cudiences such as
S four-year colleges want to diversify their activities and other oudience“s such as two-year
colleges or museums envision new kinds of science education activities. | have represented
these demands for participation by the arrows out of the upper left quadrant.

™




GOODNESS OF FIT OF THREE PROGRAMS
;}gat the beginning.that we need to test the goodness of fit of our enﬁ‘rer model and pro;-i
5. But due to limited time, instead, | will take a cioser look ‘at three programs: Fellow- ‘
, Comprehensive Assistance to Undergraduate Science Education (CAUSE), and Develop-
and Research. The reader.can extend analysis to other programs. * As | noted, it is

hdble to.test programs for their substantive content and for the incentives they provide C T
hdaptation. ’ o
I Fellowships )
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e 1960's when it appeared more scientists were needed, féllowships and traineeships -
. greatly expanded. Figure 20 indicates how the maynitude of the program has responded 5d
arket conditions. '
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. The number of awards in the 1960's reflected the 1959 projections for demand, but by the
early 1970's when projections began to indicate ex- 2ss supply, the number of awards dropped
sharply. Figure 20 suggests that the real preference of the Federal Government was fo be
pro-cyclical; it did not try to be a stabilizing force.

A Y

From a social perspective, fellowships provide incentives for the most talented; from an

“individual perspective they increase the payoff from graduate school for those receiving
them and, of course, there js some prestige value attached. Unfortunately, the payoff seems
fo be decreasing. Some economists now calculate that the rate of return on investment in

" graduate education is about 11 percent.

: ?
.

<

. How well has the program served its purpose ? Figure 21 shows the distribution of awards in
terms of graduate record examination scores. Very few applicants with scores of under’

1,300 have been selected. If GRE is correlated with, or predlcts sciéntific success, then, )
our se!echon process is reasonably efficient on average. But since GRE is not a perfect o
predlcfor, we need to be concerned about equity ir the process. K

Figure 22 shows the citation rates for biological science fellows and that they have a higher
u'ahon rate throughout their careers “than appllcanfs who did not get dwards.
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Similar outcomes hold for all other fields of science and supports the belief that the most

. productive are being selected. However, from this data we cannot really infer tha scien-
tific success or produchvnf) is brought about by the training received%r by our efficient
selection process. We can, however, acknowledge that the program does inject high-quality
talent mf:me research system. ‘
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There are several equity problems connected with the program. Figure 23 shows the con-
~ centration of fellows in particular institutions. The closer the curve gets to the 45° line,
" the more even the distributjdn. If 50 percent of the Fellows were in 50 percent :6f the

eligibie jnstitutions, the curve would be on the 45° tine.

3
A
g —— =

2

DISTRIBLTION DF INSTITUTIONS SELECTED
BY FELLDWS

CUNIRATIVE % OF INSTITLTIONS

T LOMURATIVE S OF FEULOWS

~+ Fig. 23 :
o In fact,.the distribution is skewed. Roughly 70 percent of the Fellows are in 10 percent of’
eligible institutions, and tiis has caused some concern. 3

.\

. :
7 Another equity concern relates to women,and minority applicants. Although the NSF has
some latitude to adjust awards in relation fo sex and ethnicity, the proportion of minority
= fellows i§}foo low: "

s -
e

Figure 24 shows how the Fellowship program might be judged.
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It is fair to say that the program is maintaining the quality of selection and is stabilizing
the flow of talent into the system. The program is not satisfying all equity concerns.
These concerns take two forms: whether or not women and minorities get enough
fellowships; and whether the heavy concentration of Fellows in very few institutions
“is fair. To address the first concern, in FY 1976 only one black student received a fellow-
ship and women comprised 30 percent of the applicants but received 22 percent of the awards.
There are at least two options that can be considered in response to the equity concerns.
One is sheltered competitions, the other is alteration of criteria and standards. By iaw,
the fellowships can be given on-merit grounds only. They are awarded in terms of so~called
“quality groups," Quality Group One being the highest and Six the lowest. In practice
the system works as follows: Quality Group One is composed of the most outstanding
applicants and all get awards. Quality Group Two consists of more individuals than there
are awards remaining, and all applicants in the group are considered to be of equal merit.
+ In selecting awards from Quality Group Two, weight is given to geographic distribution
(in-tesms of applicants' home states), ethnicity, and sex. There are not normally enough
awards available to go below Quality Group Two. It has been suggested that 'we reduce
the size of Quality Group One, expand Quality Group Two, and give prefefence to women
and minorities in making selections from Quality- Group Two. ‘ :
3 Ve ) . . a

CAUSE . a

We turn now to CAUSE, an unusually compléx and interesting program. All 3,000 two- and
*. four-year institutions in the United States are eligible. The 1,200 two-year schools are a
new cudience for NSF. CAUSE is designed to achieve efficiency by allocating funds through
a very rigorous competition. It is supposed to achieve equity or fairness through priorities

in the program for two- and four-year colleges. An assumption behind these priorities is
that the undergraduate programs of the Ph.D.~granting institutions have less need of outside
assistance, because they are wealthier, and because there are "spillovers" from the graduate

-

programs. ) , ,

‘The CAUSE. strategy is given in Figure 25. ‘ L

- ) " CAUSE

o EXTEND "SUSTENANCE™ TO ALL 2-YEAR AND 4-YEAR
EDUCATIONAL INSTITUTIONS

e ENCOURAGE INSTRUCTIONAL PROGRAMMING DESIGNED
- T 10 MEEY LOCAL NEEDS

@ ACHIEVE EFFICIENCY THROUGH COMPETITION FOR FUNDS

Fig. 25 . .
o ACHIEVE EQUITY THROUGH PREFERENCE FOR NON- Ph. D.
INSTITUTIONS
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pre 26 shows a comparison of CAUSE .and an analogous program -~ College Science
rovemenf Program (COSIP), COSIP supported undergraduate institutions of excellence
he early 1970's. In COSIP only two percent of the funds went to remediation; in CAUSE,
nercent of the grants ¢o for remediation.” Twenty-nine percent of the CAUSE grants ..
"lve individualized instruction, compared fo fifteen percent in COSIP.

CONTENT OF-COSIP AND CAUSE GRANTS  ° ’
| T Cgcosie
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bre: 27 shows the distribution of o n

JSE and COSIP grants in terms of
sdience~activities matrix
nted earlier.
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in strategic models. CAUSE is broader than COSIP was, because science literacy is now an
explicit part of our science education model .

The success rate for CAUSE proposals was only seven percent in 1976 -~ 59 grants from 766
proposals. Figure 28 shows the projected impact of the CAUSE program at the current budget
level.and with a doubled budget from 1978 on. At the current level we would reach about
25 percent of the audience by 1985, but if funds were doubled we would reach 25 percent
by about 1981. This year there are one-third fewer proposals which will improve the success
rate. We do not yet know what has dropped out of the competititon and how this will affect
the impact of the program on the system. - v .

.

A qualitative evaluation of CAUSE is
shown IanlgUI‘e 29. - , PROJECTED NUMBER OF CAUSE GRANTS 19761983

—

CAUSE is meeting local needs and

serving new audiences. It meets some

equity demands by its emphasis-on

previously noncompetitive institutions,

but it is not reaching a substantial part -
" of the eljgible pepulation. C

The ppfions"fh nare: (1) We could
‘decrease the gize of the grants. The .

© " current ceiling is $250,000. But we Tk em bR @ TS " -
already have small grant programs for . . : ‘
local course improvement and for —
instructional equipment. There may'be ' Fig. 28

a good argument for one large program o ‘
of small grants, but there may be roém for adjustment short of this. (2) We could treat
CAUSE grants as natural experiments ard prototypes and try to evaluate them and disseminate

. 1
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the information gained. (3) We could try to preépec'ify the-educatignai eréds which would
be eligible for support, i.e., specify that resources should go te remediaticn or individual-
ization: But it. is difficult for a central funding agency to specify how. instifutions should
adapt to changing conditions. (4) We could increase the level of funding substantially .” By

AR

Jhi/' mean a discontinuous increase in the budget. - . Do

Y - SEARY . .
T Development and Research . - ‘

T

- ]

Figure 30 shows the strategy for Developr it and Research-. It is a new sfrofegy.ond amuch =~ "+~
. » .

more explicit one than in the past. B - G

2

Figure 31 shows that we contiriue fo support work on materials and technologies.’ However, =~
our old audience is developing nontraditional programs and courses. Alss, there are rew.
approaches togproblems not explicitly addressed before, for example, the use of computer= (
assisted instruction for remediation in two-year coileges. In the past two years, no Develop-
ment-and Research projécts have been specifically identified as concerned with minorities,”
woren, and-the handicapped, but it can be expected that a year from- now ‘there will be-*

* activity in this area.
N L « -
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Evaluation of the Development and Research program is necessarily more tentative than that
for the support programs because this unified program has only recently been initiated.
Figure 32 sho'vs some interim judgments on development and research.
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’ . R DEVELOPMENT AND RESEARCH -
’ T - FT TO SCENARID

) S o

< P THE PROGRAM 1S

. ® o IRANSFERRING RESEARCH KNOWLEOGE INTO EOUCATION FOR SCIENTISIS
. L4 »
e - © SUPPQRTING SOME DIVERSIFICATION

OPTONS : ,
~ - . @RELY MAINLY ON UNSOLICITED PROPOSALS .
7 @ SHIFT 10 FORMAL SOLICITATIONS - ) ’ .
L eMme STRATEGY ) ) .
- . - 7 r .

« 53\\ & 3 : . :

N

.

< At v
‘](e program is fosiering the transfer of research knowledge into education, both of content .
and of modes of presenfohon. It is supporting innovation and diversification. We do not
have a good sense of what it is not dbmg at the moment, but its sfrucfure should make it quite .

"+ adaptable to the world é{ the Y980's. - ! .
’ . .
In treating Developmenf and Resea{,h we have identified thsee options for the fufuréx.

. can continue to rely on unsolicited pr als, use proportionately more sfructured pr@grd?r.
solicitations, ‘or use some combinatiof of the two. The difficutty with unsolicited proposals
is that there is no natural process whid® assures that the mix of meritorious unsolicited pro-
posals will produce an effective and balanced solution to curricular and instructional problems.
. On the other hand, central funding agencies have not proven to be especially good predictors
either. We could identify particular needs and issue solicitations, but we should not ‘imit
ourselves exclusively to our own judgment, It will probably be best to retain both methcds.

As | noted, time does not permit the qualitative evaluation of all 27 programs in Science
Educaiion. However, we do expect to extend this analysis to the other programs, and fhns
process shoufd give us better knowledge of our overall effectiveness.
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" GENERAL ISSUES AND OPTIONS

-

[

I will return now to the strategic issues | began with. Employing the audiences~activities
matrix, four options for the Directorate for Science Education are outlined in Figure 33.

It is clear there will probably ke some activity in.all: four quadrants.under any option chosen.
What is at issue is relative énphasis. .

L

N ° f‘

FOUR OPTIONS FOR SCIENCE EDUCATION

ACTIVITIES
TRADHTIONAL  NONTRADITIONAL

Fig. 33 -,

1. One option would be to keep the science education funds concentrated on the traditional
mission -- encouragement of the highly talented -~ to systain the research system. This
approach would provide a clear definition of mission, and would reinforce the support of the
science community. Internally, it would be easy to operate because it would’ concentrate
on audiences and activities that are very familiar to the staff of the Directorate for Science
Education. The disadvantages of this strategy are that it does not answer those who wish to
see greater individual and institutional equity reflected’in our programs, and it ignores a
Jarge proportion of the issues raised as we move toward an educational steady state .

2. A second option is to retain cmphasis on activities for the scientifically talenied, but
encourage the broadening of participation in these activities through mechanisms such as
sheltered competitions, revised criteria, and pre-award assistance. The advantages of this
approach are that the mission of science education would remain well-defined, the science

community would-remain supportiveﬂmd greater equity would be achieved. Internally, this

option would not create serious problems, given the emphasis on the talented, although we -
would need to contirue to learn how to contact and work effectively with new audiences.
The disadvantages of thig approach are that it, too, would ignore eierging educational

i
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- included in the program, and it would offer the gr

3 \

problems, and it would crgate a resource problem. Because of t mber of new institutions
and individuals that wish to participate, we would need either to cut backsubstanticily on
resources going to the old audience, or our budget would need to be considerabW

3. A third approach would be to attempt to operate in all four quadrants. This sfrafeg;y

would have the advantage of responding to the emerging problems. However, the mission

of science educétion would be much less defined. Continuing support by the scientific
community proper might be jeopardized. Internally, opergtions would become more difficult,
because new ctiteria for judging the effectiveness of activities would need to be established.

We must also face some critical questions regarding resource levels, if we are to support all

- activities for all audiences. To expect to have any impact, it would probably be necessary

for the Science Education budget to expand discontinuously . Increasing audiences and
activities:would certainly spread current resources beyond the point of any impact. ‘

s

4. A fourth option would be to shift the Science Education program toward new audiences

_ and nontraditional activities. The rationale would be that basic and applied research

activities of NSF provide educational support through assistantships and direct employment.
Science“education should thus operate in a fotally different environment with relative
emphasis in support of information education, e.g., scienze museums, the media, etc. The
advantages of this approach are that many issues not currently being addressed could be
‘eatest possibility for building @ general
public zcrsiituency for science education. This approach, as |'noted, implies that the
educational content of research grants would have to be explicitly evaluated. Internally,
exercising this option would be the most difficult as it would call for experience and skills
not possessed by our current staff.

| do not claim to have fhe answer to what options the Directorate for Science Education |
should .choose, nor would it be appropriate for us fo make this decision independently of
others' needs and interests. We have continuing responsibility to:our old audiences as
re.Pesented by the upper left quadrant of the prrgram, but we cannot, for long, ignore the
other three and we will continue to face external pressures to operafe into the other quad-

. rants.  As a rough guide to decision, | believe the programs of the Directorate for Science

Education need to be designed to strike a reasonakle balance between our responsibiljty to
provide the educational base forour research system and the need to be responsive to new
audiences who have broader, more generalized requirements for science education.
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