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EXECUTIVE SUMMARY

The American Chemical Society Chemistry Education Task Force finds that:
Misunderstanding of science is widespread

and the public understanding of chemistry is poor.
'Ibo little science is taught in the elementary schools.

possibly because too few teachers are well qualified to teach it.
Mither programs to-assist improvement of teacher qualifications
nor good teaching materials are readily available.

'Rao few teachers of chemistry in high schools are well grounded
in the subject; those that are are spread too thin, have too few
'mechanisms available for maintainifig and improving their
qualifications. and are too easily wooed away to more satisfying
and more remunerative employment.

Laborato)y exercises are slowly disappearing from
general chemistry education in both high schools and colleges.

College-chemistry for nonmajors has yet to find an appropriate
character; that for majors is beset with unanswered questions
about curriculum content. especially as it relates to
future professional employment.

Applications of both information technology and discoveries
about learning are occurring haphazardly.

Demand forand supply ofwell-educated cherriists are poorly related
to each other. Arbitrary barriers to entry and progress in
the profession continue to be reported.

Industry does much to aid science education, but should do much more.

The highest priority, recommendations of the Task Force are:
'lb the United States Government:

Vigorous and large expansion of National Science Foundation and other Federal prograrhs"to
upgrade the quality of science instruction through direct service to teachers.
Establishment of Federally supported Regional Science Centers as focal points for improvement of
pre liege science education.

To State agencies and curriculum bodies:
Raising of teacher certification standards in science and mathematics, in both elementary and
secondary schools.
Increase In the amount and level of science and mathematics taught to all students.
Improvements of teacher compensation and in conditions of employment.

7b Scientific Societies:
Formation of a National Council on Education in Science andachnology to Coordinate and
oversee national educational efforts. with emphases on public understanding of science and on
precollege education.

7b the Chemical Industry:
Strengthening and expansion of activities that bring- the resources of the chemical industry to bear
on improvement and support of science education at, all levels.

lb the American Chemical Society:
Creation of a 5-year plan to improve chemistry education nationwide in the high sehoolS1
Consideration of how best to characterize opportunities in chemistry and the expectations of
employers, identify necessary curriculum and resource elements. and utilize results of research to
improve chemistry educ ation.
Expansion of efforts to provide informaieon on chemistry and chemical affairs to Congressional
and administrative decision-makers.
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Grouped according to target entity, the principal noun ndations of the Illsk Force are:
(N) With regard to National Concerns:

Formation of a National Council on Education in Science andlbchnology to coordinate and
oversee national educational efforts.
Formation of a sub-Council on Public Understanding of Science and lechnology,
Forination of a sub-Council on Precollege Education in Science and lechnolog.
Strong ACS participation in these efforts.

(A) With regard to All Levels of Education:
Vigorous and large expansion of National Science Foundation and other Federal programs to
upgrade the quality of science instruction through direct service to teachers.
Expansion of Federal support of research and development in the use of computers and other
information technologies in science education.
Expansion of Federal support of research in science education.

(E) With regard to Elementary Sch.'oc4 Science:
Coordinated effort by scientific and engineering societies to address the major problems of science
education in the elementary schools.
An immediate national effort by scientific anci engineering societies to add science to the piesent
basic triad of school subjects.
Development of model science programs for each grade level K-8.
Development of guidelines for certification of elementary school teachers to teach science.
Establishment of Federally-suppoi-ted Regional Science Centers as focal points for improvement of
precollege science education.
Expansion of ACS activities in the area of pre-high school chemistry education.

(H) With regard to High School Chenlistry and Science:-.
Creation of an ACS 5-year plan to improve chemistry education nationwide in the high schools.
A national effort to raise teacher certification standards in science and mathematics and to secure
adherence to such standards.
Adoption Of a national minimum standard that 3 years of science taught with laboratory and
3 years of mathematics be required for graduation from high school.
Study of changes necessary to improve the high school chemistry curriculum.
Adoption of a guideline that at least 30 percent of class time be devoted to laboratory exercises in
the high school chemistry curriculum.

(T) With regard to il.vo- Year College Chemistry and Chemical 7t.chnology:
Revision of the ACS 1970 "Guidelines for Chemistry in the 'Avo-Year Colleges."
Development by. ACS of an outreach and consultation program to assist impro:ement of chemistry
prograMs in two-year colleges.
Establishment of an ACS approval service for Chemical 'Technology programs.
Development of an ACS approval service for college transfer and other two-year college chemistry
programs.

Mb
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(U) With regard to University and College Chemistry and Science:
National effort to attain acceptance of a requirement for admission to colleges and universities of at
least 3 years of laboratoryscienee and 3 years of mathematics taken in grades 9-12.
National effort to assure that the laboratory science requirement for any baccalaureate degree is at

, least 10 Trent of the undergraduate credit that must be earned by the student.
Establishment of guidelines to the appropriate balance in college -level chemistry courses for
nonscience majors among the fundamental principles of chemistry, applications of chemistry. and
the place and role of the chemical sciences in contemporary society.
Development of a program of vorkshops and other activities to increase interaction among
teachers of the natural sciences and engineering. the arts. humanities. and the social sciences.
Adoption of a standard thatall college-I el foundational chemistry courses, whatever their
student clientele. include substantial id significant laboratory, twork.
Preparation by the ACS Committee Professional 11-aining of recommendations concerning the
content of chemistry courses intended for rtudents who are not majo'rs in chemistry.
Development by ACS of curriculum modifies in such aspects of chemistry as are germane to the
ccrricula of professional schools of law. business. and the health profesMons, among others.
Inclusion in the budgets of instrument purchase programs of additional funds to permit
development of cooperative mechanisms for the maintenance and repair of such equipment.
Sponsorship by the ACS of the preparation of position papers providing advice and guidance to
faculty members on ways to include or improve instruction in the undergraduate curriculum on a
number of specific topics and areas.
ACS consideration of how best to characterize opportunities in chemistry and the expectations of
employers. identify necessary curriculum and resource elements, and utilize results of research to
improve chemistry education.
Consideration of the mission of the ACS Committee on Professional 'Raining,
ACS leadership of efforts to modernize the concept and structure of technical libraries.

(C) With regard to Careers in Chemistry:
Government and industrial support of a program of postdoctoral appointments for research on
problems of national concern to assist bridging temporary differences in employment demand and
scientist supply.
ACS sponsorship of effortS to identify and correct arbitrary restraints on women, minorities, and
other special segments preparing for or practicing the prOfession of chemistry.
Increased development, testing. and evaluation of electro-optical systems for continuing
education: expansion of ACS continuing education services.

(I) With regard to Industry and Education
Strengthening and expansion of activities that bring the resources of the chemical industry to bear
on improvement and support of science education at all levels.
Establishment of an ACS staff Office to deal with activities at the academic-industrial interface.

9 vii



Recommendations Artanged by rget Audience

TARGET AUDIENCE

Recommen-
dation

Number Description Page

National Concerns NI National Council on Education in
Science and Thchnology 6

N2 Sub-CounciUCornmission on Public
Understanding of Science/Thchnology 7

N3 Sub-Council/Commission on Precollege
Education in Science and 11.chnology 8

N4 Chemistry Literacy and the American
Chemical Society 10

All Levels of Al improving the Qualifications of
Education Thday's Thachers 12

A2 Information Thchnology and Science
Education )3

AS Research in Science Education 14

Elementary School El Scientific Societies Effort in
Science Aid of Elementary School Science 18

E2 Reading, 'Riting, Itithmetic, and
RScience 19

E3 Guidelines for School Science Curricula 20
E4 Elementary School Thachers of Science 20
E5 Federal Regional Science Centers 21
ES ACS Activities in Pre-High School

Chemistry Education 22

High School H1 A Five-Year Plan to Improve
Chemistry and Chemistry Education in the
Science High Schools 26

H2 Raise Thacher Certification Standards:
Improve Qualifications 27

113 Science Requirement for High School
Graduation 28

114 High School Chemistry Courses 29
115 The Laboratory Componei'll-of Hfgh

School Chemistry 30

Two-Year College Ti American Chemical Society
Chemistry and Guidelines for Chemistry in
Chemical the lvo-Year Colleges 34
Fit chnotogy T2 Outreach and Consultation in Aid of

Instructional Improvement 34
T3 American Chemical Society Approval of

Chemical Thchnology Programs 35
T4 ACS Approval of Other Two -Year College

Programs in Chemistry 35

ti

viii



University and UY College Admisiia Requirement
College Chemistry in Science 38
and Science U2 College. Graduation Requirement in

Science 38
U3 Chemistq Courses for Noriscientists 39
U4 Reductiotp of Cultural Duality:

Interdisciplinary Integration 40
U5 Laborato7 Instrution in Foundational

ChemistryCourses 41
116 Chemistry Courses for Undergraduate

Nonchernists 41
U7 Chemistry Modules for Professional

Curricula 41
U8 Laboratory Experience in the

Chemistry Curriculutn 42
U9 The Approved Curriculum in

Chemistry 44
U10 Characterization of Career

Opportunities in Chemistry 45
UI I 'Mission and Structure of the ACS

Committee on Professional Ilaining 47
U12 Information Management 48

Careers in C 1 Economic Restraints on Career
Chemistry Development 50

C2 Arbitrary Restraints on Career
Development 51

C3 Continuous Learning 52

Industry and Il Academic-Industrial Cooperation 54
Education 12 Coordination of the Industrial-

Academic Interface 55

11



Recominendations Arranged By Principal Agents

AGENTS

United States
Government

State Agencies,
Curriculuni Bodies,
Educational
Institutions

Scientific
Societies

Number Description

Al

A2

A3

US

Cl

C3

El

E2

E4
E5
H2

1113

U5

US

Ni

N2

N3

E I

E2

E3

E4
lit

H3

114
T2

U I

U2

U4

U7

C3

Improving the Qualifications
of ibday's leachers
Information Ibchnology and Science
Education
Research in Science Education
Federal Regional Science Centers
Laboratory Experience in the
Chemistry Curriculum
Economic Restraints on Career
Development
Continuous Learning

Scientific Societies Effort in
Aid of Elementary School Science
Reading, 'Rithmetic. and
Rscience
Elementary School leachers of Science
Federal Regional Science Centers
Raise lbacher Ceirtification Standards:
Improve Qualifications
Science Requirement for High School
Graduation
Laboratory Instruction in Foundational
Chemistry Courses
Laboratory Experience in the
Chemistry Curriculum

National Council on Education
in Science and Technology
Sub-Council/Commission on Public
Understandingof Sciencerlechnology
Sub-Council Commission on Precollege
Education in Science and lbcpnology
Scientific Societies Effort in Aid of
Elementary School Science
Reading. 'Riting. 'Rithmetic, and
Rscience
Guidelines for School Science
C: urriculum
Elementary School leachers of Science
Raise;leacher Certification Standards:
Improve Qualifications .

Science Requirement for High School
Graduation
MO School Chemistry Courts
Outreach and Consultation in Aid of
Instructional Improvement
College Admission Requirement in
Science
College Graduation Requirement in
Science
Reduction of Cultural Duality:
Interdisciplinary integration )4
Chemistry Modules fir Professional
Curricula
Continuous Learning' 12

Page

12

13
14

21

42

50
52

1

19
20
21

27

28

41

42

Ei

7

8

18

19

20
20

27

28
29

34

38

',38

40

41
52



Chemical Industry E5 Federal Regional Science Centers 21

H2 Raise 'Lacher Certification Standards:
Improve Qualifications 27

H5 The Laboratory Component of High
School Chemistry 30

T2 Outreach and Consultation in Aid of
Irstnictional Improvement 34

C 1 Economic Restraints on Career
Development 50

Il Academic-Industrial Cooperation 54

American Chemical N4 Chemistry Literacy and the
Society Americaq Chemical Society 10

E6 ACS Activities in Pre-High School
Chemistry Education 22

H1 A Five-Year Plan to Improve Chemistry
Education in the High Schools 26

H5 The Laboratory Component of High
School Chemistry 30

Ti American Chemical Society Guidelines
,for Chemistry in the Tivo-Year Colleges 34

T2 Outreach and Consultation in Aid of
Instructional Improvement 34

T3 American Chemical Society Approval of
Chemical Technology Programs 35

T4 ACS Approval of Other Tkvo-Year College
Programs in Chemistry 35

U3 Chemistry Courses for Nonscientists 39
US Chemistry Courses for Undergraduate

Nonchemists 41
U9 The Approved Curriculum in

Chemistry 44
U10 Characterization of Career

Opportunities in Chemistry 45
U 11 Mission and Structure of the ACS

Committee on Professional Raining 47
U12 Information Management 48
C2 Arbitrary Restraints on Career

Development 51
12 Coordination of the Industrial-

Academic Interface 55

13 xi



PREFACE

The American Chemical Society Chemistry
Education 'Risk Force was appointed in January
1983 by the then-Chair of the Society Committee
on Education. Dr. Stank -v Kirschner. and began
work almost immediately.

The charge to the Task Force was a simple
one: Examine the state of chemistry education irz
he United States today and make such recom-

mendations/Or action as seem appropriate in
tight of thelindings. We determined to look at all
levels of education and at both formhl and infor-
mal modes: we did not feel that we were directed
to be practical or even reasonable.

While the funding of the Task Force's work
was generous. it was not lavish. It was realized
early that surveys over the various darts of the na-
tional educational apparatus, of students and
other consumer groups, and even of the smaller
collection of persons who have thought and are
thinking deeply and conscientiously about educa-
tion in the sciences. were not possible. Rather, the
"Risk Force decided to use as leverage for its expe-
rience and as the starting Point for its thinking the
substantial and growing collection of reports pub-
lished rer ently (some of the most important being
issued during the active work period of the Thsk
Force) by several bodies national in scope, by a
myriad of groups more limited in compass, and by
informed and concerned individuals.

Among the first are the reports of The Na-
tional Commission on Excellence in Education
April 1983) and The National Science Board

Commission on Precollege Education in Mathe-

matics. Science and '11.chnology, and many re-
ports of conferences and other studies of, problems
in chemistry education done under the auspices
of the American Chemical Society. Complete list-
ings of these source materials will be found in the
Bibliography.

Members of the 'Risk Force made no secret of
their work and infOrmation flowed freely to us. As
the program of working meetings was followed, a
number of invitations were extended to interested
persons to provide opinion, expressions of con-
cern, proposals for the. solution of perceived prob-
lems, etc. Later, when the recommendations of
the 'Risk Force were in preliminary form, several
hundred persohs were asked to comment on that
part of the `Risk Force work product. Finally, drafts
of thiS report were sent to a small number of very
knowledgcabtle individuals for critical review.

The "Ihsk Force has identified some serious
problems in science education and in chemistry
education, and recommendations are made for
actipn to improve such problem situations. Not all
of the identifications or recommendations are en
tirely original with this Task Forcewe are far
from the only persons addressing these matters in
arinal, organized fashion. Our debt to the efforts
of other groups and indOuals is substantial. Per-
haps lithe number, scope. and concern of such
mutually indebted endeavors grows sufficiently,
something will be done to allocate human, fiscal,
and physical resources to the solution of the prob.
ferns.

11 Xiii



INTRODUCTION

Any study of the state of chemistry education
must begin with a look at the whole of which
chemistry education is a part.

Enrollment fluctualions notwithstanding. ed.,
ucation in the United States is a huge enterprise.
Currently, the elementary schools enroll 27 mil-
lion students. high schools 14 million. and col-
leges and universities over 12 million. There are
about 100 thousand precollege institutions and
they employ 2.5 million teachers; the 3300 col-
lege-level institutions have 620 thousand faculty
members. The leverage of such large numbers is
enormous: if every high school student were given
the opportunity to perform a precipitation test for
aqueous chloride ion by using one milliliter of
tenth molar silver nitrate solution. the reagent
cost would be over $80,000.

The current budget c` the U.S. Department of
Education is about $14 billion; the aggregate of
annual state, Federal. and municipal expendi-
tures'on education (much of it for instruction, 'ias
been estimated at $150 billion, about half as large
as the budget of the Department of Defense. Aver-
age annual expenditures per pupil are about
$2000 in the schools, over $3000 in two-year col-
leges, and (;ver $9000 in four-year colleges and
universities.

Science and mathematics education starts
early in the elementary schools. For grades K-3,
17 minutes per day are devoted to science. 41 to
mathematics, and 95 to reading; in grades 4-6,
science gets 28 minutes per day, mathematics 51.
and reading 66. Elementary school students
maintain more positive attitudes toward mathe-
matics than toward school in general. but there is
a steady decline in such affection as the grade
level increases; the trend is reversed for science.
Forty-eight percent of nine-year olds identify
mathematics as their favorite subject. 6 percent
choose science; among seventeen-year olds. math -
ematics is the favorite subject of 18 percent, sci-
ence of 12 percent. Unfortunately, student
achievement in both science and mathematics
has declined steadily at all age levels during the
last 15 years.

Nationwide. there has been a steady decrease
in the amount of science completed by students
during the high school years. In the decade ending
in 1981. students completing more than two years
of science in grades 10-12 declined from 31 to 25
percent of high school seniors. The trend is simi-
lar among college-bound high school seniors,

though they included more science in their pro-
grams than did other students; the median num-
ber of years of courses completed In grades 7-12
by the college-bound group was: 4.2 years of En-
glish. 3.7 of social sciences, 3.5 of mathematics,
1.3 of biological science, and 1.6 of physical sci-
ences, in 1980-81. a

In 1980-81, about 2.8 million students.gradu-
ated from high schools and about 1.5 million of
them went on to some higher education. Their po-
tential may have been somewhat lower than that a
of the corresponding group of students seeking
college admission in 1966-67; in those fourteen
years, the average score on the Verbal part of the
Scholastic Aptitude Test (SAT) declined from 467
to 425, on the Mathematics part from 494 to 468.

The division of the stream of students enter- r
ing colleges and,universities into employment in-
terest groups, and therefore into majors or fields of
concentration, occurs early. Bpd there have been
some marked changes In the last decade or so. In
1970, 19 percent of college freshmen indicated
precollege teaching as a probable career (11 per-
cent pointed toward the secondary schools) and
2.5 percent one of the physical sciences; by 1982
these indications became 5 percent (2 percent)
and 2.8 percent. respectively. The average Verbal
SAT scores of intended education majors fell from
418 to 39: in this period, that on the Mathematics
part f,-dm 449 to 418. The corresponding figures
foi intended majors in a physical science changed
more: average Verbal SAT fell from 515 to 438, av-
erage Mathematics SAT from 580 to 520.

Colleges and universities awarded (all fields)
420 thousand associate degrees in 1980-81, 940
thousand baccalaureates, 360 thousand masters.
and 40 thousand doctorates. In education there
were 108 thousand bachelor degrees awarded in
1980-81 (down from 194 thousand in 1972-73).
99 thousand masters (down from a historic high of
128 thousand in 1975-76). and 7 thousand doc-
torates (a rate essentially unchanged for over a
decade). In physical science education, baccalau-
reate degrees fell from 900 in 1970-71 to 600 in
1980-81, masters from 800 to 500. and doctor-
ates from 90 to 80; in mathematics education the
decline was steeper: baccalaureate degrees fell
from 2200 in 1970-71 to 800 in 1980-81, mas-
ters from 800 to 400, and doctorates from 50 to
30.

There have been declines in degree produc-
tion in the physical sciences, including chemistry.

15 1



in this period, but they have been much lessay-
eraginp, about 10 percent. at any level. In 1.980 -81,
for example. there were some 10 thousand hacca .
laureate degrees awarded in chemistry, 1800 mas-
ters. and I6(X) doctorates; the corre?.ponding fig-
ures for all physical sciences were i thousand,
5.5 thousand, and 36(X), respectively.

,
Bv 1980-81 the proportion of graduating cer-

tifiable teachers in mathematics who did not ap-
ply for sch(x)i teaching positions had reached 27
percent: the figure for physical science certifiable
teachers was higher. In 1980-81. of the individ
uais teaching primarily mathematics and/or SCi-
CTICC. 87 percent were certifiable in some field
but only 44 percent in the field in which they were
teaching.

College and universiay chemistry faculty
members are clearly tendercompeAted in com-
parison with their colleagues in industry. and the
sieady decline in stud:mt interest in.rigorous
,iclds has not helped their esprit. But their prob-
lems of image, morale, and compensation are triv-
ial in comparison with those of teachers in the ele-
mentary and secondary schools.

Favorable attitudes toward their careers by
teachers in schools decreased dramatically in
both inten.:ity and frequency of occurrence during
the past two decades. 'Hatcher morale appears to
have been affected more adversely by factors such
as changing public attitudes toward the schools
and teachers, media treatment of the institutions
and the profession, and student attitudes toward
learning. titan by concerns over inadequate
teacher c(ennensat ion. Even student behavior
and class size are rated by teachers as less impor-
tant cause agents for career-related dissatisfaction
than the attitudes of other's about the profession.

Not that t here are not real problems of facili-
ties and finance in the schools generally. Science
teachers have greater need than others for special
kinds of faeilities and equipment. costly materials
for instruction. smoothly functioning supply sys-
tems. and sale space. Seldom are these forthcom-
ing in the quantity or quality needed.

Teachers feel real pressures born of student
interest in science and the relentless change of the
discipline. Only about a quarter of elementary
school teachers are confident of their ability to
teach what scenic(' there is in the currieti him at
that level A snenewhat smaller proportion (but
still over an eighth) of secondary school teachers

sienct admit to feeling inadequately qualified
to teach one or more of their course?. The interest
of high school science teachers in improaing their
qoalifications is well evidenced by the fa( t that by
1977 forty-seven percent of them had attended
one or inure of the institutes sponsored by the Na-
tional Science Foundation, anfortunateiy. attri-
tion in the profession and the demise of bat pro-
grant have lowered this fraction substantially.

2

What is the state ofehemistry eat teat ion in
the United States codaii? Chemistry as such is or-
dinarily a high Sc l(x)] and college subject, though
there is some chemistry content in the science
taught in the elementary schools, Nearly every-
where one finds evidence of student, teacher, and
parent interest in science as a school subject. In
many places one finds that this interest can be
demonstrated in terms of good teaching, sound
student achievement. and strong parental and
community support for the programs and facili-
ties necessary if sound instruction is to be given.
In many places one finds examples of dedication.
commitment. and determination. But, those
places are rather scattered. The fraction of the stu-
dents at any grade level who learn in an environ-
ment as positive as that reflected above is quite
smalltoo small for good service to the future of
either the students or the Nation.

At too many places, at too many levels.
teachers are illqualified to teach science. Elemen-
tary school teachers often have had no serious sci-
ence instruction in their preparation for the pro-
fession. At the high school level, few who teach
chemistry hay, real subject matter competence in
the discipline, ,ind those who do are incr
easily wooed away to caller professional employ-
ment. In both the high schools and in smaller col-
leges. too many faculty members are forced into
an instructional pentathlonspread thin over far
too many different assignments for quality per-
formance in any of them. There is very little orga-
nized help for teachers at any level who want to
maintain or improve their competence to give in-
strt anion in a science discipline. chemistry in-
;.:Anted:

CurricnIum materials of high quality and cit.-
T11611tii rabic effectiveness do ,ot exist in profusion:
the lower the grade level the greater the need. Mar-
keting forces push instructional materials toward
conformity and uniformity, with the predictable
result that neither diversity nor excellence is
found or served. The computer. instead of liberat-
ing instruction. threatens to put it into a strait -
jacket-- conveying subtly. for example. the false
notion that science is all known and closed in-
stead of exploratory and open-ended. Laboratory
exercises. in part because they are logistically <lif-
ficult and have always been expensive, are boil
seen more and more often as unnecessary t

dents arc expected to learn from watching some-
one else's "hands on" instead of their own.

Colleges and universities have similar prob-
lems. Chemistry is a neglected "liberal art ": nei-
ther admission nor graduation requirements re-
flect its place or value in contemporary life, or its
intellectual .north. Pressures for efficiency drive
curricula toward single approaches to chemistry
in spite of the diversity of student interests and ca-
pacities. There is complaint that chemists isolate
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themselves from meaningful interaction with
their faculty peers in other fields. both science and,
nonscience. which depend on chemistry for serv-
ice instruction. Many questions are raised about
the content. currency. and relevance of the under-
graduate preprofessional chemistry curriculum in
regard to the career goals of individuals and the
broad spectrum of employment opportunities af-
forded its graduates. Some assert that there is a
serious mismatch between the legitipiate expecta-
tions of those who employ chemists and the as-
sum )tions of those who devise and implement the
C11 cilia which prepare them for employment. In
Some areas. e.g. information science as applied to
the practice of chemistry, industries report that
they cannot rely on their new employees being ad-
equately prepared. Poor fiinding of higher educa-
tion is moving the cutting edge away from higher
education toward industrial laboratories, which
seem to he able to keep their instruments on line.
Learning in chemistry must be tifelong, but con-
tinuing professional education is accorded much
less attention than it deserves.

There are still other kinds of problems at the
academic-industrial interface. Industry does
much kir education, but only a fraction of what
would be desirable in its own long-term interest:
this is especially true where the public under-
standing of science is concernedwith chemistry
and industry a very sensitive area.-Industries do
little to exchange information about any gcx4 and
effective programs that they have in education:
and they do even less to communicate such tid-
ings to the public. Industry also hears a different
drummer than does the educational system that
produce's its scientists: as a result. industrial de-
mand for chemists, for example. can change ten
times as rapidly as the educational system and
students can respond. And. in both industry and
aeadetne. women, minorities. and the handi-
capped continue to report artificial barriers to the
progress of their elreers,

The conclusions drawn from these findings
by the Chemistry Education Task Force take the
form of thirty-nine principal recommendations
and numerous ancillary ones, all set forth in the
sections which follow. We begin with recommen-
dations (N) that reflect our concern for the nation-
wide low level of public understanding of science.
and our conviction that the momentum generated
by recent national studies of school education. in
general. and of education in mathematics. sci-
ence, and technology. in particular, must be main-
tained. There follow some proposals (A) that relate
to education at all levels, These are, in turn. fol-
lowed by clusters which deal with problems at the
levels of the elementary schools (E), high schools
(H). two-year colleges (T). and colleges and univer-
sities (U). Sections dealing with matters related t,J
the careers of some chemists (C), including contin-
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uing education, and with the special opportunity
we believe exists for the chemical industry (I).
complete the Report.

At the start, the 'Risk Force was advised to
concentrate its attention on-post-secondary chem-
istry education. with special emphases on the un-
!ergraduate and graduate preparation of chemi-

cal scientists and on their continuing professional
etration. Soon, however. many urged us to
broaden the scope of the study. expressing the
conviction that the educatiorrof nonscientists and
critical problems in precollege eduCation were
equally deserving of our effortsthat the whole of
chemistry education should be lo6ked at. We took
the latter advice.

The recommendations of the 'Risk Force re-
flect disquiet with precollege education in many
respects. not just with instruction in chemistry or
in science, Our disquiet is somewhat _loser to
alarm than our prose may suggest. The quantity
of precollege education is great. but too often its
quality is not. Much of the time we expect the
wrong things of our system of eduction and em-
ploy poor tactics that e, lye into wckse st&tegy:
to avoid discrimination .-.gainst, we lave thrown
away discrimination for; to avoid ia riers, we
have thrown away hurdles: in pursuit of fun and
happiness, we have praised effort but reduced
challenge and depreciated achievement: we decry
the falling test scores of studentsbut it is we who
are weighed in the balance and fol aid wanting.

Though we are deeply troubled by the prob-
lems of- and facing chemistry education today, we
are optimistic that the people will sense the haz-
ard and support the changes that must Ix- made.
That would be consistent with the American char-
acter, no better described than by Alexis de 'lb-
queville:

"They [the Americans) have all a lively faith
in the perfectibility of man, they judge that
the diffusion of knowledge must necessarily
be advantageous and the consequences of ig-
norance fatal; they all consider society as a
body in a state of improvement, humanity as
a changing scene, in which nothing is, or
ought to be permanent: and they admit that
what appears to them today to be good. may
be superseded by something better tomor-
row,-

The 'lash Force trusts that that spirit con-
tinues to the present day.

We believe that education and disciplined
learning, that provided a substantial base on
which our society was founded, are critical to its
survival. The study of the universe and of the
creatures that occupy it are among humanity's
noblest efforts and achievements. Hut. while such
study hasincreased in depth and penetration, and
its results have been used to change our lives at an
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ever increasing rate. education in science and
technical fields has weakened and fallen behind
the pace of applications. This situation ir have
existed alwaysbut the disparity has become in,
tense and critical in the last twenty years.

We believe that there are effective means that
can be employed to restore the educational sys-
tem to a viable state where it can serve more effec-
evely the noble purposes we ascribe to it, but
those means must be employed in an orderly fash-
ion and consistently over a substantial period of
time; we do not believe that a crash program can
overcome the losses of past years in short order.

Such efforts will require a rededication of
many individuals and units of our society to the
goals and purposes of education. This rededica-
tion cannot be achieved in time now considered
spare. or excess over an individual's normal du-
ties, but must be part of those normal duties.'
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Since the time and effort of individuals are equiva-
lent to financial resources of the community, sub-
stantial redirection of the use of those resources is .

in order, and. indeed. without such reallocation no
progress will be made toward the desired long-
term changes in the educational Establishment.

Thus, we call for redirection of the assets of
time, money, and a)ther capital of our civil and pro-
fessional societies. We call upon the American
Chemical Society to establish certain bodies', task
threes. arYd staff offices to undertake certain stud-
ies and projects which we believe will prove
healthful. We call upon the chemical industry for
resources to sustain the educational programs on
which its own future must depend. Above all, we
call upon the State and Federal Governments to
devote resources they derive from the society they
'administer to the sustenance of the future of that
society through improved education.
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. Recommendations on NATIONAL CJAICERNS

Ni National Coulicil on Education in Science and Technology,
N2 Sub-Council/Commission on Public Understanding of Science Thchnology
N3 Sub-Couancil/Commission on'Precollege Education in Science and Thchnology

. N4 . Chemistry Literlacy and the American Chemical Society
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The public about whose understanding we are concerned is, in fact, all publicsthe educated and
uneducated in science, the voter and the politician, the child and the adult . . .



NI: NATIONAL COUNCIL ON EDUCATION
. IN SCIENCE AND TECHNOLOGY

Recommendation: Formation of a National Council on Education in Science and Technology
to coordinate and oversee national educational efforts.

There 41-Jeep concern about the impact cif sci-
ence on the "conditions of men," and growing
anxiety that genetic science may affect the "sorts
of men." How we react to these realitiestdepends
at least in part on what is commonly termed the
public understanding of science; how that under-
standing came to be and what it might be in the
future depend on the ongoing processes and con-
tent of education in science and technology. We
believe that these twoase inextricably bound up
with each other.

Effective communication is a basic personal
need. It is a critical societal need. In both do-
mains, the t prere to is common under-
standing. it is ger arguable that effective
communication about science between important
sectors of the population is in a state of collapse.
Neither science nor technologies based on it seem
likely to wane in their significance to the national
life and welfare: If decisions relating to that signifi-
cance are to be made democratically and wisely,
steps must be taken to improve the general. the
public understanding of science. .

Understanding of science has many levels
and dimensions: for example: (1) understanding
of what science is, and what it is not, including
some knowledge of the scientific approach to mat-
ters known and unknown; (2) knowledge of some
of the basic elements of science, including some of
the fundamental scientific constructs: (3) the abil-
ity to function effectively as a citizen in the con-
temporary technical environment; and (4) knowl-
edge of "organized" sciencee.g. basic scimice,
applied science. and developmentand informa-
tion about the impact of science on the individual
and on society through decision-making and pol-
icy formation.

The public about whose understanding we
are concerned is. in fact, all publicsthe educated
and the uneducated in science, the voter and the
politician, the child and the adultbecause they,
in various ways, comprise the four strata into
which issues divide a population: the decision-
makers, the policy makers, the attentive (and, one
hopes, informed) public, and the non-attentive
(and, one fears, ill- or mis-informed) public.

Any benefits that accrue to society and any
hazards to which it is exposed because of the uses
to which science is put will depend on value judge-
ments made by the public or in its name: by citi-
zens-voters, by pi 4blic representatives whom they
elect, or by publi officials whom they permit to be
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appointed. Those value judgements can be no bet-
ter than the capacity of the judgement maker to
understand and weigh the consequences of what
are sometimes manifold and complex scientific
and technical options. This is the public policy di-
mension of the public understanding ofscience.

Then ore other dimensions of the public un-
derstanding of science; a major one is economic.
Contemporary society is based increasingly on
theruits of scientific and technical discovery and
endeavor. The world arc-And us is changing at
least as rapidly as aver oefore and in easily dis
cernible ways. Both the quality and quantity of
the national life depend on the adaptive capacity
of the people. and that capacity is undesirably low
in science-based areas. The risks are that neces-
sary adaptation will be impressed on those who
cannot understand and change. and that thereby
the general interest will not be served. It is critical
to our national life that there be wide, informed,
and intelligent participation in the determination
of public issues. The need in areas related to sci-
ence is at least as great as that in any other.

Whatever is the quality of the present public
understanding of science. 'twill be affected net .

only by what is done to improve it directly, but by
what the underManding and sophistication are of
young people who join the adult public as they
complete their education. It is important that a ca-
pable and credible voice be developed which can
speak to government, to the academy. to industry,
and to the people in effective ways about the qual-
ity and quantity of education in the schools for cit-
izens and about the preparation received there by
students who will go on to more advanced educa-
tion in science or a science-related field.

Ni. A National Council on Education in Sci-
ence and Technology should be formed to co-
ordinate and oversee educational efforts at
all levels in science and technologyboth for
the general education of the population and

for the pr of such specialties. Inyrecog-
nition of igisize and complexity of the task
of improving education in science and under-
standing of it, two sub-Councils should be
formed to deal with: (1) the public under-
standing of science and technology; (2) pre-
college education in science and technology.
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a. The proposed National Council, if Rot created
and supported by an appropriate office or officer of
the United States Government. should be founded
by representatives of the major scientific and techni-
cal societies and. at least initially, funded by them.

b. Such a National Council should be a pan-sci-
entitle body. Ways might have to be developed early
to control its size. lest it become a "congress" un-

Nieldly in numbers, bui the National Council Mem-
be hip should include representation from scientific
disc line societi-:s (e.g. American Chemical Society,
Arn dean Physical Society). disciplinary area organi-

ions (e.g. American Institute of Biological Sci-
ences). pan-scientific organizations (e.g. American As-
sociation for the Adva :cement of Science), science
teaching associations (e.g. National Science Teachers
Association. American Association of Physics
'leachers). among-others. It is important that the
Council be representative. so this the interpenetra-
tion and interdependence of the various technical

disciplines be f ;rneci to advantage and that articula-
tion be improved,

c. The Council should stimulate, study. coordi-
nate, and oversee policy development and activities
concerned with: (1) the public understanding of sci-
ence and technology and of theirs interactions with
society: (2) the improvement of the science and then
science-related components of precollege education.

In later sections of this Report, this Task Force
proposes a number of responsibilities !of the Na-
tional Council in less global terms. At those points
appropriate detail will be given of sug,gested ap-
proaches and.structures. Here we emphasize tie
national and council aspects. A similar council
with somewhat broader responsibilities was pro-
posed by The National Science Board Commission
on Precollege Education in Mathematics. Science.
and lbchnology.

N2: SUB-COUNCIL/COMMISSION ON PUBLIC
UNDERSTANDING OF SCIENCE/TECHNOLOGY

Recommendation: nrmation of a sub-Council on
Public Understanding of Science and Technology.

The preceding section proposes a national
council that would coordinate the public and pro-

fessional asoects of eduction in scieltice and tech-
nology through two sub-councilsone devoted to
the work of the formal educational system. the
other devoted tothe processesrof corn ca

to and education of the general public. Pre
ably. the council and the sub-councils wou
created in the same way.

Science is popular fare these days: witness the
rapid increase during the last two years in the
number of periodicals devoted to bringing to a pre-
surnably numerous and widespread audience
sound writing and pictorialization of the progress
of science in many areas: witness the significant
and steady increasein the number of television
programs devoted to scientific subjects. Yet one
wonders if the speech from those pulpits is not
sermons to the committed. The understanding of
science that languishes today is not that of the ed-
ucated or attentive citizen whose interest has al-
ready been gained. it is that of the unaware, inat-
tentive citizen who has not been engaged.

There has been substantial interdisciplinary
cooperation in a number of efforts to improve the
public understanding of science and the impacts
of science and technology on society and the hu-
Man condition. Such activities have involved ele-

ents of the media. industrial. institutional, edu-
onal. and scientific Establishments with little

o no coordination. While one would not wish to

Place a heavy controlling hand on such efforts.
one might well hope to improve their efficiency
and effectiveness by fostering their coordination.

In part. concern that the public understand-
ing of science and technology is not as good as it
should be arises in the belief by science-literate
persons that the quality of public participation in
the making of science-related decisions is poor:
non-science is not distinguished from good sci-
ence; the unscientific masquerades too easily as
supportable and true: the declared absolute is
heard and respected while the never-completely-
certain reality is uftwanted and rejected. The sci-
ence-literate see in these signs the possibility of
stampede instead of sound judgement in the de-
velopment of solutions to those problems of soci-
ety that relate to or derive from science and tech-
nology.

N2. Whether or not a National Council is
formed, the equivalent of its sub-Council or
Commission on Public Understanding co f Sci-
ence and Technology must be fprmed. This
body should provide stimulation, study, co-
ordination, and evaluation of a wide variety
of activities designed to improve and ad-
vance the public understanding; it should be
an advocate for a needed change.
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a. Stith a sub-Council or Commission should in-
clude not only representation from the several do-
mains of professional seience.iscientific discipline so-
cieties. disciplinary area organizations, pan scientific
organizations, science teaching associations, and
others), but membership drawn from the informa-
tion communityirriOia experts (print and eletro-
optical), communications organizations (e.g. Amen-
can Museum Association, National Association of
Science Writers, American Library Association, Cor-
poration for Public Broadcasting), etc.), major sup-
port agencies (National Science Foundation, Depart-
ment of Education, the private foundations, and
others), and major industries and industrial organi-
zations.

b. The initial responsibilities t5f this sub-Council
or Commission should includ' : (a) working with the
National Science Foundation and the National As-

sessment of Education Progress to establish pro--
grams tor measuring the national. regional. and per-
haps even state levels of public understanding of
science: (b) working with various groups to develop a
system for collecting and reporting information on
the public understanding of science and technology:
(c) dveloping programs tor evaluating and reporting
on the total national etiort on communication of sci
mete and technology to the public and the related im-
provement in public- understanding. In addition. this
sub-Council or Commimion might: (d) sponsor or
convene national and regional conferenceson vari-
ous aspects of communicating science to the public:
(e) sponsor the establishment of a National Center for
Public Understandingof Science which would serve
as a stimulating locus for research and development
of a multi - disciplinary character.

N3: SUB-COUNCIL/COMMISSION ON PRECOLLEGE
EDUCATION IN SCIENCE AND TECHNOLOGY

Recommendation: Formation of a Sub-Council on
Precollege Education in Science and Thchnology.

No nation has turned se consistently, so force-.
fully. and so broadly to education to prepare its
people for informed participation in democratic
processes as has our own. no is it likely that that
reliance will diminish in the future. The present
widespread mis- and dis-understanding of science
is due in part to the rapid expansion ofscientific
knowledge and to the acceleration in the rate at
which new knowledge is applied to the things and
matters of everyday life. But. it is also due to the
failure of the processes and (likely) the Establish-
ment of education to keep pace with that expan-
sion and acceleration. It is fruitless to attempt to
fix blame for the present situation. The more im-
portant task by far is to restore health to the pub-
lic understanding of science. and attention to edu-
cation is a major portion of that task.

Complex modern Society demands that sci-
ence and technology be both used and under-
stood. The same educational apparatus that pro-
vides the underpinning for the general and public
understanding of science is responsible also for
the early schooling of those who will progress
from the learning to the "doing" of scienceto the
discovery of knowledge that later will be put to
It SC.

The concern of the people for the state of the
nation's schools and the educational tasks they
are supposed to accomplish has led to the forma-
tion of a number of bodies charged to study the
national system of precollege education and re-
port their findings, plans, and recommendations
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for action. Foremost among such bodies are The
National Commission on Excellence in Educa-
tion and The NationI Science Board Commis-
sion on Precollege Education in Mathematics,
Science and "Thchnology, both of which issued ex-
tensive reports in 1983. As will be seen later. the
recommendations of this 'Disk Force echb and
build in many ways on the findings and proposals
of those two Commissions. We believe that the
needs they have identified must be addressed,
that the tasks they have set must be accom-
plished, and that the momentum of their efforts
must not only not he lostit must be translated
into continuing oversight of the state of the na-
tion's efforts and progress in science, mathemat-
ics. and technology education.

rerImmr.u.or
N3. Whether or not a National Council is
formed, the equivalent of its sub-Council or
Commission on Precollege Education in Sci-
ence and Thchnology must beformed. This
body should provide continuing oversight
and evaluation of a wide variety of activities
designed to improve and strengthen precol-
lege education in science, and technology: it
should be an advocate for needed change,
imirrorr

a. Since this body is intended to both inherit the
mantles arid to continue bearing the burdens of The

22



National Commission on Excellence in Education
and The National Science Board Commission on
pvcollege Education in Mathematics, Science and
'Technology in the areas of science and technology.
at least. it is best that its composition reflect theirs.
with appropriate additional emphasis on expertise
from the several technical disciplines.

b. The initial responsibilities of this sub-Council
or Commission should include: (a) working with the
Natio5a1 Science Foundation,and the Department of
Education to develop Federal, state, and local sup-
port for efforts to improve the qualifications of
present teachers; (b) working with Federal, regional.
and state education agencies, and with the profes-
sional technical and teacher organizations, to coordi-
nate and improve present systems for assessing the
quality of precollege education in science. mathe-
matics. And technology: ideveloping programs for
evaluating and reporting on the total national effort
to improve and strengthen precollege education in
science (including mathetnatics) and technology.

Virtually every individual or group that has
reported ,a recenrstudy of the problems in science
education has proposed the formation of a na-
tional body to spearhead improvements. While
agreeing that the Federal Government will play a
central role in such efforts, the several studies
have proposed different compositions, authorities,
and placements with respect to the Government
of this national leading body.

A major recommendation of The National Sci-
ence Board Cornmissiorison Precollege Education
in Mathematics. Science and "Thchnology is that
the President of the United States appoint imme-
diately a "National Education Council made up of
representatives from a cross-section of national in-
terests." Tins Council would "provide leadership
in developing, coordinating and implementing
plans to improve and maintain the quality of the
Nation's elementary and-secondary education in
mathematics, science, and technology."

On a continuing basis. the National Education
Council would "identify educational goals and rec-
ommend the changes needed in.the form and con-
tent of education to reach these goals ensure that
(an) assessment mechanism . . . is deVeloped and
maintained for measuring and comparing student
achievement. participation and progress toward
these goals in every state, school district and
school: . . . monitor and report anually to the
American people on the status of American educa-
tion and progress toward achieving these educa-
tional goals . . . facilitate theesharing of information
about successful mathematics, science. and tech-
nology educational programs . . and recommend
incentives to encourage state, local and private in-
vestment in education."

(The Commission recommended annual ap-
propriations of $2.75 million to support the Coun-
cil and $5 million to finance the assessment mech-
anism.)

The National Council that this Task Force
has proposed differs from that described by the
NSB Commission in two principal respects: ours
would be an independent body rather than a unit
of the Executive Branch; and, its responsibilities
would include both precollege education and the
more diffuse matter of the public understanding of
science,

A distinct advantage of the Commission's pro-
pond Council is that it could be given real coordi-
nating authority extending beyond what are es-
sentially advisory rolesand such authority may
be important if Federal support is to be deployed
with maximum effectiveness. An important
strength of the Council we propose is that it would
deal with the understanding of science by present
citizens as well as future ones.

The National Science Foundation and the De-
partment of Education are the Federal Agencies
with major capacities and/or programs in what
might be termed civil science education. There
have always been a certain amount of tension be-
tween the two over their respective roles. Those
who believe that the National Science Foundation
should support programs as close as possible to
the research frontier have opposed its high school
(and sometimes college) teacher education activi-
ties in mathematics and science, !referring that
the Department of Education be the responsible
agency; similar preference has been expressed by
those who see nothing special ab6ut science and
mathematics as school subjects.
° This Task'Force agrees with the NSB Commis-
sion that the National Science Foundation "has
recognized expertise in curriculum development,"
and that its summer inservice institutes "provide
a proven model for the upgrading of teacher
skills." The National Science Foundation can
draw upon the ingenuity and resources of the sci-
entific community to solve problems irr science
education; further, it has been very successful in
strengthening the competenCe of teachers whose
duties are centered strongly on disciplinary

matteri.e., college and high school faculty
members.

On the other hand, the Department of Educa-
tion is much more practiced in reaching the vastly
greater number of elementary, middle, and junior
high school teachers, whose duties are usually
more diverse and Nvhase professional preparation
is less strongly focissedand, as we will note
later, may be very deficient in science content.

'lb coordinate science education-science edu-
cator activities of the National Science Foundation
wind the Department of Education. a National Sei-

tz(.ence Education Board could be cr ted within the
Executive Branch of the United S tes Govern-
ment as an interagency unit; in addition, such a
Board could play the informed conscience role en-
visioned by the NSB Commission. It could easily,
"identify, recommend, monitor, and report," but it
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would be very difficult for such a body to "facili-
tate' and ensure" unless it had additional authori-
ties (suggested in Recommendations N 1-N3) to
"study. stimulate. oversee. evaluate, and coordi-
nate.-

the degree that its powers would depend ul-
timately on control over the purse. a National Sci-
ence Education Board would have to have author-
ity to direct and coordinate thospifactions of their
annual appropriations that NSF and DOE are au-
thorized to expend on science education. And. in

that sense. it would Ix' an operational as well as an
advisory body. A National Science Education
Board so situated and so empowered could be a
highly effective spearhead for the many activities
envisioned for its counterpart by the NS13 Com-
mission. and it could play a strong intiating and
directing role with respect to the numerous
teacher, curriculum, and instructional materials
improvement activities described in later sections
of this Report.

N4: CHEMISTRY LITERACY AND THE AMERICAN
CHEMICAL SOCIETY

Recommendation: Strong ACS participation in these efforts.

Physicists have expressed concern over the
"mad scientist" image of them that it; frequently
projected by the media; and. justifiably. chemists
are tired of their image as despoilers of the world.
The public is very much aware that "chemicals"
pollute some portions of the environmept. and
very little aware that their lives are chemical. The
public is caught up with the potential of genetic
manipulation for improvements in human health
and crop yields, but does not know that genetic
"engineering" is chemistrypure and not-so-sini-
ple. The content and balance of the chemistry
component of the science' literacy of the general

-population need attention.
The American Chemical Society budgets sev-

eral hundreds of thousands of dollars annually for
activities designed to improve the public under-
standing of science in general and chemisry iII
particular. The Council'Committee on Public Re-
latlons. Joint Board-Council Committee on Chem-
istry and Public Affairs. and Board Cominittee
Public Affairs and Public Relations have impor-
tant oversight responsibilities. The Education Di-
vision, Depart !Dent of Public Affairs. and the Of-
fice' of Publii. RelatiOns, all three of which are stall.
activities, mount numerous programs that seek
to iiiprove aspects of public understanding. And
several niember groups. such as Corporation As-
sociates and the Division pi Chemical Education,
arc vigorously active in the area.

This 'Disk Force believes that there is at
present too little coordination of the Society's ac-
tivities designed to improve' the public under-
standing of chemistry. Public-oriented bind edtica
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tion-oriented eflOrts interpenetrate each other, but
,there is little reflection of this reality in the way
the Society's programs operate.

N4. Within the American Chemical Society, a
committee or task force (perhaps ad hoc) on
public understanding of chemistry should be
formed to: (a) provide the inputfor chemis-
try to the proposed National Council (N1) and
its suggested sub-Council or Commission on
Public Understanding 'N2); (b) provide coor-
dination and oversight of ACS activities in
this area; and (c) establish a sub-unit to give
needed attention to the implementation of
the Society's educational efforts directed to
non-scientists.

a. This Task Force bheves that the American
Chemical Society should place additional emphasis
on its act ivitiesas a direct interpreter and adviser to
Congressional and administrative' decision-makers.
and that it should expand its efforts to provide' tutor'
mat ion to interpreters and 1)opularizers of science
An appropriate ACS body should dui Cr111111e whether
there are needs and opport unities for mass commun-
ication to the public that should be Tilti Wit( Ion
or re-direct km of Society resources.

The sub-unit IntqltiOnt'd to N4tc) is urgent ly
needed. Whether it be a subcommittee of the Societe
Commit tee on Ethical ion or a staffed Office wit hui
the Education Division. or both. is leas unpa
than the creation Of the fortis;
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Recommendations on ALL LEVELS OF EDUCATION
Al Improving the Qualifications of lbday's Mashers
A2 Information Technology and Science Education
A3 Research in Science Education
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One of the views held by members of this PasIC Force is that good teachers know something about the
teaching arts AND about what they teach.



A 1: IMPROVING THE QUALIFICATIONS OF TODAY'S
TEACHERS

Recommendation: Vigorous and large expansion of National Science Thundation and other
Federal programs to upgrade the quality of science instruction
through direct service to teachers.

This report of the recommendations of the
Task Force is, we hope, colored strongly by our
concerns for qualityin particular for the quality
of the educational experiences that students have.
At some levels of education we know exactly how
to pursue that quality. primarily because there is
agreement on what it is. At other levels of educa-
tion it is more difficult to address the issue be-
cause there are differing views of it. Some mea-
sure quality by how the students feel about what
they have learned; some by what the students
have learned; some by how the students feel
about themselves while learning or after having
learned. Since the learning for which we have a
cart' is being done by flesh-and-blood human be-
ings, not by intelligent automata, all of these di-
mensions and others as well are important.

It is important also'that we maintain aware-
ness that there is an ever-changing mix (varying
with time. discipline, and individuals) of what is
taught and what is learned; of What is teaching
and what is learning. However we learn, it is im-
portant that the quality of the teaching be as high
as possible.

One of the views held by the members of this
Thsk Force isthat good teachers know something
about the teaching arts AND about What they
teach. Since teaching and learning have powerful
behavioral aspects. it is,easy to feel accomplish-
ment and satisfaction when one masters the arts,
techniques, and some of the science of teaching
and learning. Hut. just as an engine produces no'
work unless fueled, so the arts of education pro-
duce no learning unless fueled with knowledge. At
too many levels. in too many places. about too
many subjects. those who teach do not have suf-
ficient or new enough knowledge of subject mat-
ter to asitist sound learning.

We do not attempt-to fix blame for this state of
affairs, We simply assert that present teachers
must be helped to improve the base of knowledge
upon which they stand to teach. Further, we as-
sert that although some weakness of the present
inundations of teaching may arise from imperfect
art, much of it arises from outdated or insufficient
content.

[hiring the I 980s and until rather recently
t he United States Government supported a num-
ber of programs designed to assist high school and
college teachers of mathethatics and the sciences
to update and-rx tend the disciplinary knowledge
on which their teaching was based. There were
summer institutes for both high school and col-
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lege teachers. science faculty, fellowships, and sev-
eral programs of grants for conferences and short
courses. There were consultant and visiting scien-
tist programs. instructional scientific equipment
grants, college iti:ience improvement programs.
grants for summer research for undergraduates,
etc. These programs started at the teacher-disci-
pline interface and spread to work on curricula,
provision of instrumentation, fostering faculty
and student research activities, and a variety of
other ways of initiating and maintaining the mo-
mentum of knowledge and skills improvement by
indiVidual teachers.

Funding for these programs eventually all but
disappeared, There were concerns about their ef-
fectiveness, particularly their cost effectiveness.
'Some of the curriculum projects ran onto shoals of
various kinds. It was difficult to demonstrate posi-
tive results of a cluster of programs whose aggre-
gate costs were several hundreds of millions of
dollars. Retrpection4has given us a different
view: If nothing else. the teacher development pro-
grams of the National Science Foundation air
rested and for atime reversed the nationwide de,
cline in the quality of science instruction that
began before them and continues after: in educa-
tion as in athletics, continuing capability depends
on continued coaching and trainingone has to
run in order to stand still: and, those programs
were among the most effective educational coach-
ing and training effortstver devised or imple-
mented. 0.

We think it important that there be a continu-
ing:national effort to sustain teacher vitality and
to motivate the changes in chemistry education at
all levels that are necessary in response to the con-
tinuous development and change in the disei
pline. Hut. the time now demand much more
than service to just this important objective.

In some later recommendations we will argue
for increased emphasis on science hi the primary
and elementary grades, both to build in a con-
structive way upon the natural curiosity of chil-
dren and to assure that from the earliest years a
inundation is slowly and carefully built that will
help assure that those choices and decisions re-
lated to the facts and methods of science that
every citizen is called upon to make or support are
wise ones. In other recommendations we will
stress the need for more and better student con-
tact with science in secondary schools and in
higher education.

If our recommendations for high scho and
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collegiate curriculum content are received favor-
ably and implemented widely. a larger-fraction of
new teachers should have the knowledge and
skills they need to help students meet and learn
science at every level of education. in the mean-
time. today's teachers need helpand lots of itif
several more generations of students are not to be
undeedueated (or. Horse. dis- or mis-educated) in
science. ere are many ways to help .aday's
teachers: rkshops, conferences, and other in-
service activities can reach many in a short time:
summer or semester-long institutes can provide
new background and updated experier..7e for
those requiring more thorough work: materials
development and curriculum assistance are im-
portant too.

#111111111111111=iiMIMMIIMENI 110111MI

Al. The Chemistry Education Task Three rec-
ommends a vigorous and large expansion of
National Science Foundation pod other Fed-
eral programs to upgrade the quality of sci-
ence instruction through direct service to
teachers. Such programs should include not
only college and high schoolftwulty mem-
bers (who were well served by earlier pro-
grams of the libundation) but also elemen-
tary school teachers and those specialists in
science education at all levels who will bear
respousibility in improving the science liter-
acy of the student and general populations.
We recommend also that state and local gov-
ernments match the federal contribution by
facilitating and supporting teacher partici-
pation in such programs and, in due course,
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by developing their own systems for assur-
ing teacher improvement and refreshment.

The National Science Board Commission
on Precollege Education in Mathematics. Science
and Itchnology has proposed a program of
summer and in-service institutes for teacher
improvement that would expend $3.49 billion
over a five year period. it was proposed that Fed-
eral support be half the total. the other half being
provided by the states on a matching basis.

The recent transfers of some costly Federal
programs to state funding make it unlikely that
the states will accept this particular education ob-
ligation on the scale that is necessary. even if the
effort-could be limited to five years. We believe
that a program of this kind is a national need and
therefore should be a Federal responsibility. Fur-
ther, the program should be a .permanent one. ad-
dressing a succession of priorities as changing cir-
cumstances warrant.

There are neither the faculties nor the facili-
ties to achieve the objectives of the Commission's
proposed program in just five years. A permanent
cluster of efforts could be phased-in over a period
of 4-6 years. however. Federal funding should be of
the order of $200-250 millic a each year. The
states' "match" of these funds will be indirect
higher teacher salaries. support of facilities im-

,provement. provision of more adequate equip-
ment and supplies. etc. Such things might be
requirecLof the states. rather than the shared sup-
port of direct costs envisioned by the Commis-
sion,

A2: INFORMATION TECHNOLOGY AND SCIENCE
EDUCATION

Recommendation: Expansion of Federal support of research and development in the use of
computers and other information technologies in science education.

Modern information technologycomputers.
video recording devices, inexpensive electro-opti-
cal means of storing and transmitting informa-
tion. etc. is creating a wide-reaching revolution
in the conduct and even the nature of human af-
fairs, Work. recreation, and education are all being
affected profoundly.

For example. t computer is changing
quickly and drast ally the ways in which com-
merce and indust y are done and the nature of
many 'ohs. It has enhanced greatly the effective-

ness of scientists and increased the scope of scien-
tific investigation. The new world created by the
computer makes new demands on science educa-
tion and. fortunately. affords the means to meet
these and other educational demands. The whole
science curriculum, from elementary school on,
ward, must be changed to prepare students to use
computers at wdrk and at home as well as in the
cl4ssroorn and laboratory.

The range of computer applications to science
education is enormous: simulations of the behav-
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for of chemical systems; mammoth database ca-
pacity; networking of individuals, libraries, and
databases; diagnosis of the individual student's
current knowledge, mental models, and problem-
solVing strategies, permitting teacher-tailoring of
appropriate learning activities; tireless tutoring:
etc

The changes in school programs that can be
made because of these applications cannot be eas-
ily or lightly undertaken. All of them, to some ex-
tent. put the student and teacher at the mercy of
the programmer: simulations assume that the
programmer knows what is going to happen; diag-
noals is based on the programmer's knowledge of
syndromes and judgments concerning their ele-
ments. Schools must have guidance based on re-
search and development if they are to be confident
of the educational effectiveness of various innova-
tions now possible and if the advanced rssibili-
tics that go well beyond present practice are to he
explored eare.full Some of the necessary re-
search and deve pment will be carried out in the
private sector. B t, since private and public pur-
poses to not always coincide, there is need for the
Ilnited States Government to provide support
here, as it does in other areas important to the na-
tional interest.

A2. The United States Government should
continue and expand its role as a major sup-
porter of research and development in the
use of computers and other information
technologies in seience education, including
the establishment of a research and develop-
ment center to explore the potential of infor-
mation technology in science education.
MINMIP- 4111MMIMIM

a. At present, the National Science.Foundation
and the National Institute of Education are the main
Federal vehicles for provision of support for research
to science ethication. It is likely that the Department
of Defense and other Federal agencies, however. are
sponsoring research and development work that
have substantial application to education. All such
agencies should increase the number and expand
the support of joint or cooperative research projects
that bring together physical and life scientists,
teachers. computer scientists, and cognitive lidt711-

tititS to study and develop educational applications of
information technology. Because of the number of
different disciplines involved in such activity, we pro-
pose that the Government establish a demonstration
research and development center to explore the po
tential of information ttchnolog' in science educa,
lion for all students.

A3: RESEARCH IN SCIENCE EDUCATION

Recommendation: Expansion of Federal support of research in science education.

The increased emphasis on providing sub
stantial science education to all students brings
forward questions alx)ut the proper objectives of
education in science for the general student who
will not seek a career in science. how well these
objectives have iwen achieved in the past. and
how such achievement can be improved in the
future

"IWo major objectives of science education are
the growth of understanding of basic scientific
principles, and the development of the ability to
use these principles in reasoning about scientific
matters and in solving problems that arise at work
amt in daily life. Content and subject matter are of
critical importance to such growth and develop-
ment and it is makeshift to rely instead on the
short cuts which simulation and algorithmic
learning seem to afford.

Research in cogni.ive science has entered a
new and fruitful phase. yielding knowledge that
can improve the learning of science by both the
general student and the student interested in a
science-related career. Cognitive scientists, in col-
laboration with scientists and teachers in several
disciplines, have shown, for example. that stu-
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cat 'its enter upon science instruction with their
own mental models of the phenomena that are
studied. These models, based on previous obser-
vation and experience. are often erroneous, and.
like myths, are remarkably resistant to nuxiifica-
tion. and often remain dominant when science in-
struction has been completed.

Research on problem solving has shown that
novices and more expert persons use quite differ-
ent approaches: an expert first analyzes the prob
)ern in terms of the principles involved, then turns
to mathematics to complete the solution: the nov7
ice typically seeks immediately a formula con-
necting the data provided. and is often at a loss if
none can be found.

The scientists and teachers pursuing this re-
search believe that a central objective of science
education should be to help students develop cor-
rect mental models of phenomena (this requires
-specific attention to modifying the tenacious erro-
neous models the students bring with them) and
to turn to these models rather than to rote forum-
las when confronted with a problem to be solved.

These and other conclusions that continue to
emerge from new research in science education
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suggest strongly that substantial modifications
are required in existing curricula, teaching prac-
tices. and teacher education programs. It is in the
national interest that these changes be made and
that further research along these promising new
directions be supported. As in other areas of na
tional importance. the principal source of re-
search support in science education must be the
United States Government.

A3. The United States Government should
continue and expand its role as the principal
supporter of research in science education,
especially through efforts that increase the
interactions between and among scientists,
science educators, and cognitive scientists.

29

a, At present. the National Science Foundation
and the National Institute of Education are the main
Federal vehicles for provision of support for research
in science education. These two agencies should in-
crease the number and expand the support of joint or
cooperative research projects which bring together
teachers. scientists and mathematicians concerned
with teaching in their disciplines. and cognitive sci-
entists. Such projects have proved very fruitful in in.
creasing our understanding of both the learning and
teaching of science and in suggesting ways to im-
prove them.

b. The Education Division of the American
Chemical Society, the corresponding units of other
disciplinary associations. and the proposed National
Council (N1 and N3) should encourage both the ex-
pansion of Federal support of science education re-
search (particularly that involving cognitive science)
and the careful application of the results of such re-
search to curricula, in the classroom, and in the edu-
cation of teachers.
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First and foremost. introductory science shou:d be based on the observation of phenomena and dis-
cussions of possible causes.



E I: SCIENTIFIC SOCIETIES EFFORT IN AID OF
ELEMENTARY SCHOOL SCIENCE

Recommendation: Coordinated effort by scientific and engineering societies to address
the meticp problems of science education in the elementary schools.

"The principal goal of eduCation is to create
men and women who are capable of doing
new things. not simply of repeating what
other generations have done . who are dis-
coverers. We need pupils who are active, who
learn early to find out for themselves, partly
by their own spontaneous activity and partly
.hrough the materials we set up for them."
[Jean Piaget (1896-1981), educational psy-
chologist)

Convincing research suggests that a great
many young people lose their early curiosity
about natural phenomena and develop negative
attitudes about science before they reach high
school. Yet. some teachers do generate and main-
tain enthusiasm for science in their students;
some schools and school systems produce more
science-interested students than others; and
many high school graduates are science-literate
and have demonstrably acquired that literacy
over years of schooling. A suitable curriculum, at,
tention to the individual needs of learners, and
teachers who themselves have developed and sus-
tained some enthusiasm for science, can produce
students who, at every stage of their progress
through the schools, have appropriate knowledge
of science, have continuing opportunities to de-
velop an interest in science as a career area, and
are becoming sufficiently familiar with science to
use it as background for their adult lives.

That the state just described is not universal
maLarise (ultimately) from unfortunate attitudes
such as: lack of parental concern and support for
learning. lack of student motivation. and wide-
spread undervaluing of intellectual growth and
achievement. These factors and others have cre-
ated three major barriers to the improvement of
elementary school science instruction and the
bettering of the attitudes of children toward sci-
ence:

1. The barrier of insufficient time-20 minutes
or so of each school day (about the national average)
is not enough:

2. The barrier of preSently inadequate curricu-
lm in spite of a national effort at curriculum im-
provement some years ago:

3. The barrier of teachews ill-prepared to teach
science and encourage students in science.

Later in this section, the Task Force will com-
ment on each of these areas in more detail.

Over the past twenty years, the National Sci-
ence Foundation has funded a number of science
curriculum projects for elementary schools, in-
eluding: Science. A Process Approach; Science
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Curriculum Improvement Study: and Elementary
Science Study. Evidence of the extent to which the
products of any of these NSF-supported projects
have been or are being used in elementary schools
varies depending on the report and level of analy-
sis; however, these new curricula in aggregate
have never reached as many as a third of the ele,
mentary school population at any time, and their
use 1 as slowly waned as follow-up and refresh-
ment funding has disappeared.

Science is an incidental topic in most elemen-
tary school curricula, and it is no surprise that
school administrators and teacher certification
bodies have paid little attention to the need to
qualify teachers to communicate science in an ac-
curate and offective manner. The same status is
among the factors that have produced the present
under-emphasis on this subject area which looms
so large in the life of the nation.

Making a substantial improvement in the
quality of elementary school science education
will be a formidable task, but it must be done.
New resources and new energies must be brought
to bear on the task. It is not enough to start with
alarm and finish by "giving everyone the same lit-
tle bit to bring about the same little change.- This
Task Force believes that the nation's associations
of qualified technical professionals have a respon-
sibility to provide both guidance and participatory
leadership to a national effort to raise the quality
and quantity of the science instruction received
by our children.

1111111111111111111111111

El. A coordinated effort by the American
Chemical Society and other national scien-
tific and engineering societies should be
mounted to address three major problems o f
science education in the elementary schools:
the insOlcient time devoted to it; the less-
than-desirable quality of the curriculum and
educational materials; and Me lower-than-
necessary qualifications and preparation of
the teachers charged with direct responsibil-
ity for it.

a. This effort could be le' by the American Asso-
ciation for the Advancement of Science. which has
Joni given special attention to science in the schools.
Educational societies, such as the National Science
aaehers Association, could play important roles
also.

b. The centrality of chemistry to its sister sei.
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ences and the importance of chemical phenomena to
every aspect of daily life require that there be a
chemistry component to science instruction at all
grade levels; chemistry is'too important to be left un-
til there is time for a "unit" or "mini-course" in the
middle or junior high school curriculum, or for a
"course" in high school. Leadership in this as of
the national task is appropriately that of the Ar eri-
can Chemical Society through instrumenitis su as

the (governance) Society Committee on Education.
(stall) Education Division, and (membership) Divi-
sion of Chemical Education.

c. We recommend that state and local teacher
certification be dependent on regular participation in
subject matter-oriented educational activities such
as workshops and institutes, as well as on similar ef-
forts directed toward improvement of skills and
methods.

E2: READING, 'RUING, 'RITHMETIC, AND RSCIENCE

Recommendation: An immediate national effort by scientific and engineering societies to
add science to the present basic triad of school subjects.

The remarkable success of "American" scien-
tists in achieving the levels of insight, ingenuity,
and indefatigability that lead to Nobel Prizes has
been ascribed to everything from the flight of sci-
entists from Nazi Germany to the superiority of
the entrepreneurial climate fostered by the way
science is organized and supported in the United
States. But, few indeed are those who have laid
the laurel wreath at the foot of the American
school system.

The purpose of science education in the ele-
mentary schools ought not to be to assure future
Nobelists of appropriate initial preparation, but it
should not cut off that possibility. The purpose
ought not to be to initiate the intense pre-career
contact with science that might benefit students
who are as excited about natural phenomena as
some youths are about basketball, but neither .

should their excitement go unanswered or even
unstimulated. The purpose ought to be to give
every student an understanding of what science is
and is about that will permit, not inhibit, encour-
age, not discourage, and provide a foundation for
that entirety of school-taught science that is foun-
dational.to effective citizenship.

There is too little science of any kind taught
in elementary school. Since little science is
taught, few students get enough exposure that re-
sponds to their interest and curiosity if they have
it, or stimulates it if they do not. T tie results are
poor awareness of science and poi discrimina-
tion with regard to Ecience-based matters arising
in adult lifepoor preparation for meeting the de-
mands of life in an increasingly technologically-
oriented environmentand'many fewer students
interested in science-related careers than is in the
national interest.

Comparisons with the patterns in European
countries reveal some of our shortcomings in ele-
mentary level science education. They devote 25-
30 percent of class time to instruction in science
and mathematics, in a school year averaging 240
days of 7-8 hours contact; we -spend 20-25 per-
cent of class time in such instruction, in a school
year averaging 180 days of about 5 hours contact.

Japan perceives that it is in the national interest
to provide advanced education in science and en-
gineering to two to three times as many students
as are necessary to meet immediate employment
demands, believing, apparently, that the worker
in a nonscience profession who has a science
background makes a positive contribution to the
national welfare, including the gross national
product. The patterns of American education, by
contrast, are increasingly driven by short-term vo-
cational forces,

E2. The American Chemical Society and
other national science and engineering soci-
eties should begin an immediate national ef-
fort to add science to the present basic triad
of school subjectsreading, writing, and ba-
sic mathematics.

a. It would help to increase to 25-0 percent the
propOrtion of the school day that is devoted to in-
struction in science and mathematics. Substantial
improvement would also be attained if the percent-
age were maintained while the school day were
lengthened. Mathematics already has 45 minutes of
the elementary school day; it is the time devoted to
science instruction that' must be increased.

b. One sure way to assist the increase of atten-
tion to science instruction in the elementary school
curriculum is to expect science achievement on the
part of all students. Therefore, the testing of science
learning must be made a major part of any program
of assessment of student progress. Achievement test-
ing is, however, but one of the mechanisms which
must be employed to assure the quality and content
of instruction in science (and in every other area); the
nation does not need more time devoted to pap.

Finally, we observe that students carNe re-
quired to read and write about science: no sacrifice of
learning of communication skills is necessary in or-
der to increase the efforts in science and mathematics.
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E3: GUIDELINES FOR SCHOOL SCIENCE CURRICULA

Recommendation: Development of model science programs for each grade level K-8
4IF

well-considered elementary school scfience curric-
ulum elements.

A chemist thinks immediately of certain con-
cepts and facts that ought to be taught to elemen-
tary school students: a physicist, biologist. astron-
omer. or geologist might draw up a rather different
list. There is certainly no single best way to e-c-
pose school children to science. but there are cer-
tain features of that exposure on which-most sci-
entists would agree. First and foremost.
introductory science should be based on the ob-
servation of phenomena and discussion of possi-
ble causes. Second, students should be given the
opportunity to carry out simple experiments (and
watching the growth of a planted seed is an exper-
iment if a second seed is planted or grown under
slightly different conditions).

It seems safe to say that all physical scientists
would agree that one important aspect of school
introductory science is the observation of quanti-
tative relationships (larger/smaller, less/more.
faster/slower), and that another is the observation
of changes in properties (color, physical form. en-
ergy content. solubility). It is doubtful that ele-
mentary school students should be prepared spe-
cifically for the wave mechanics presently (and
inappropriately) introduced in the high school,
but the particulate nature of matter is something
that they should be led to understand at an early,
stage.

In brief, there are many descriptive and con-
ceptual matters that can and should lie intro-
duced to all students through well-designed and

mammul

E3. A model science program for each grade
level K-8 should be developed under the aus-
pices of the National Council (N3), with each
major science society assuming responsibil-
ity for assisting the creation of curriculum
guideline components in its disciplinary
area. It is critical that science instruction in
the elementary grades be based on observa-
tion ofpktoinena, and that it contain de-
scriptivO, quantitative, and conceptual ele-
ments.

a. As part of its participation in the proposed na-
tional effort (El ). and consistent with the objectives
of the present recommendation. the appropriate
units of the American Chemical Society should spon-
sor the development of chemistry modules for each
grade level with special emphases on ease and safety
of use and On low cost.

b. This Task Force recommends that the Ameri-
can Chemical Society and its sister science and engi-
neering associations join to inform the public of the
need for observation-based elementary science edu-
cation so that the' local and state financing bodies
will be supported in their quest for the additional
funds that may be required to equip classrooms and
provide instructional kits feir such "hands-on.' sci-
ence in the schools.

E4: ELEMENTARY SCHOOL TEACHERS OF SCIENCE

Recommendation: Development of guidelines for certification of elementary school teachers
to teach science.

There is a critical shortage of teachers who
arc qualified to teach the science that ought to be
in the elementary school curriculum. Few
teachers who do teach science in elementary
schools are well prepared to do so. Neither the fis-
cal nor psychological rewards of school teaching
are adequate or appropriate. 'leachers with skills
marketable Ntside education are easily tempted
into other and more rewarding careers.

Half of the 45 leading teacher education insti-
tutions require 8 semester hours or less of college-
level science in their elementary education curric-
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ula. In one large school district in a relatively
wealthy state in the Southeast. 12 percent of the'
teachers of elementary school science. had taken
no college-level science at all before starting mas-
ter's level degree work in education. 20 percent
had taken no course in the methods of science or
the methods of teaching scir ice. and 65 percent
had never attended an in-se ice seminar or work-
shop on science teaching. I many states, elemen-
tary and middle school teachers can be certifi-
cated with as little as one college-level science
course. and in most states there is no certification

33



requirement of coursework in methods of teach-
ing science. Among teachers, the level of expres-
sion of self-confidence to teach the material in the
curriculum is a fifth to a third as high with respect
to science instruction as it is with respect to in-
struction in reading. social studies. or (even)
mathematics.

Immulamommip--
E4. This Task Force recommends at the Na-
tional Council (N3) with respect the devel-
opment of model FI-8 science programs under
its auspices, set forth guidelines for certifi-
cation of elementary school teachers to
teach science; and, we recommend Qtat those
guidelines require of such teachers before
certification the successful completion of at
least 3 one-year courses in the sciences, a
balanced selection being required among
courses in the biological, earth, and physical
sciences.

a. Further, we recommend that the National
Council and its component scientific and engineer-
ing societies mount programs of public nuormation
in support of the changes in conditions of employ-
ment of elementary school teachers which, in fair-
ness, should accompany more stringent require-
ments for their professional certificationchanges
such as: compensation competitive with alternative
careers; scholarship, tax-preference. and other finan-
cial inducements to enter and remain in teaching;
salary schedule advancement and tuition assistance
for subject matter coetinuing education in addition
to that derived from methods education and longev-
ity; and released time for the special preparations
that are necessary for the safe and effective teaching
of science to children.

b. We recommend that elementary school
teachers with a specialty in science. perhaps as
members of a teaching team, be used to provide

. ,
sound instruction during the period in which indi-
vidual classroom teacher preparation for science in-
struction is being brought up to adequate levels.

e. Finally, we urge the participation of present el-
ementary school teachers in programs designed to
improve their knowledge of science and science
teaching (Al).

E5: FEDERAL REGIONAL SCIENCE CENTERS

Recommendation: Establishment of Federally supported Regional Science Centers
as focal points for improvement of precollege science education.

Curriculum guidelines and increased teacher
certification requirements will be regarded as hur-
dles by some who. otherwise. agree that steps
must be taken to improve the quantity and qual-
ity of elementary school science teaching. Fur-
ther. there is no doubt that such components of a
general remedy have a long-range but slow-acting
aspect: Help is needed in addition for those who
presently teach in elqmentary schools. most of
whom will continue to do so: help that, though
continuing, is shorter-range and faster-acting.

This:Vask Force believes that two kinds of
help would be especially useful: (1) assistance to
teachers in the form of new curricular and in-
structional materials: (2) assistance to teachers in
the form of educational activities and experiences
for them designed to strengthen their knowledge
and understanding of science and of recent re--
search findings on the effective teaching of sci-
ence, and to strengthen their self-confidence to
present science and supervise student activity in
the classroom.

To\these ends:

E5. As many as ten Regional Science Centers
should be established and supported by the
United States Government to provide focal
points for the improvement of sci-
ence education through teacher service pro-
grams, curriculum and materials develop-
ment projects, the provision of expert
consultation, etc. the small permanent staff
of each center should be strongly discipline-
oriented, and each center should serve sev-
eral disciplines selected in view of regional
needs.

34

a. It would be appropriate that the National
Council (N3) (a) direct the selection of the host insti-
,Litton fo- each such center by formulating the selec-
tion criteria and in other ways. and (b) serve as an in-
dependent supervisory body for the w hol program.
It is very desirable that the base funding for the Sci-
ence Centers program be provided by the National
Science Foundation since. in this and other ways, it
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is important that these centers have strong science
discipline character.

b. We believe that there should be contributory
financial support to the Regional Centers from the
states. The financial role of school districts and insti-
tutions of higher education will be manifest in their
partial support of teachers and faculty members as-
signed to the Centers for limited periods. The contri-
butions of industry to this program in the national
interest can be the most varied of all, ranging from
direct financial contributions, through the donation
of other kinds of material resources, to the tempo-
rary loan of skilled and interested professionals.

The program of each regional center should
be sensitive to the general and specific needs of
the member states as well as to defined national
objectives in science education K-12. Thp-trh-73r so
centers should be only lightly tied together, but
there should be free flow & etween them of exper-
tise and developed products. A broad spectrum of
science disciplines should be represented at each
center, such diversity being necessary to meet the
needs of both elementary and secondary schools.
Cognitive science and information technology
specialists must be part of the staffing of every
center. Center programs will have important cur-
rency and vitality if both academic and industrial
scientists are included in the rotating staff.

The centers should be located optimally with
respect to significant factors such as: convenience
of access to teachers for short-term assignments;
strong academit support by a host institution
(which should have well-e-Aablished and high
quality programs in all of the basic sciences);
availability of laboratory, other educational, and
visitor residence facilities (though some dedicated
to the centers would be xpected to be Z'on-
structed under the ram as it matured).

llachers 471 of become involved in the pro-
grams of the Regional Science Centers if they are
disadvantaged financially by such participation.
Even highly compensated health professionals
pursue required continuing education only when
suitable incentives are provided; greater self-sacri-

fire should not be eXpected of the nation's poorly
compensated and much maligned teachers. Fed-
eral suppoi t possibly tied to state and school dis-
trict support, should be made available for sum-
mer salaries of teachers participating in institutes
or workshops, for sabbatical leave salaries of
teachers serving as rotating staff members, for
university and college faculty directing and carry,
ing out staff functions, etc. We recommend that'
state and local teacher certification be dependent
on regular participation in educational activities
such as the workshops and institutes which
would be programmed by regional centers, and
other subject matter-oriented education.

Our view of the importance of new curricular
and instructional materials is parallel to that of
The National Commission on Excellence in
Education:

"lextbooks and other tools of learning and
teaching should be upgraded and updated to
assure more rigorous content. We call upon
university scientists, scholars, and members
of professional societies, in collaboration
withaster teachers, to help in this task, as
they did in the post-Sputnik era. They should
assist willing Publishers in developing the
products or publish their own alternatives
where there are persistent inadequacies."

--4k1though teacher participation in Center pro-
grams should over time, improve school science
instruction, the creation and dissemination of cur-
riculum and instructional materials developed or
selected through Center activities would provide
immediate assistance tqa large number of school
districts. Federal budgeting for the regional cen-
ters should include substantial sums for both de-
velopment and dissemination of materials.

It should be noted that several regional sci-
ence centers were established under a former NSF
program. Their experience should permit avoid-
ance of many pitfalls in the development of the
centers proposed here.

E6: ACS ACTIVITIES IN PRE-HIGH SCHOOL CHEMISTRY
EDUCATION

Recommendation: Expansion of ACS activities in the area of pre:high school
chemistry education.

The American Chemical Society recently has
established an Office of High School Chemistry in
its (staff) Education Division to implement a wide
variety of programs in support of high school
chemistry teaching, including that intended for
the general (nonscienee oriented) student. In this
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and preceding sections of this Report, we have
identified and proposed a number of new respon-
sibilities that should be undertaken by the Soci-
ety. Other responsibilities for the Society are im-
plied by the recommendations of the 1982 ACS
Invitational Education Workshop on Chemistry in



the Kindergarten-through-Ninth-Grade Curric-
ula, and by the 5ecommendatims in other recent
national reports, especially that of The National
Commission on Excellence in Education. It is,
therefore, appropriate and timely that an ACS
staff function be created to serve prehigh school
chemistry education.

EEL The American Chemical Society should
expand its activities in the area of pre-high
school chemistry education to implement
the recommendations of recent ACS studies,
those from other national reports, and other
elements of ACS sciomce education policy as
they apply to the pre-high school years.
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a. Initially, this assignment might be given to the
present Office of High School Chemistry, making it,
in effect, an office with responsibilities covering the
whole of precollege education. Experience should de.
termine the desirability of and need for a separate of-
(ice for the pre-high school activities of the Society,

b. Among the specific responsibilities of the ex-
panded staff function should be the stimulation of in-
creased interaction between elementary school
teachers with a specialty in science and both aca-
demic and industrial scientists. It should also spon-
sor the preparation of teaching modules for use at
various grade levels K-9. consistent with the curricu-
lum recommendations of the National Council and
presenting chemistry from a sound and balanced
perspective appropriate to its centrality among the
sciences.

it
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Colleges and universities should offer at convenient times and in accessible locations those formal
courses that would permit numbers of individuals in their service areas to complete certification re-
quirements, pursue advanced degrees, and in other ways increase their potential as knowledgable
and qualified high school teachers.



H I: A FIVE-YEAR PLAN sit IMPROVE CHEMISTRY
EDUCATION IN THE HIGH SCHOOLS

Recommendation: Creation of an ACS 5-year plan to improve chemistry education nationwide
in the high schools.

No level of science education has attracted
more numerous expressions of concern and more
varied suggestions for remedy during the Work of
this Task Force than the high school level. High
school is where the science awareness and science
literacy of students can be powerfully advanced
by the simultaneous application to subject matter
and issue-oriented material of all the learning
skills developed tOlthat time. High school is where
serious interests devtlop, the general areas in
which careers might be pursuedare explored, and
where tentative choices are made: High school is
where those with a particular orientation can be
exposed to work supporting that orientationto
study that demands of them some rigor, intensity,
and sophistication of effort, and rewards them
with achievement and senses of accomplishment
and identification.

At present. science education in the high
schools taken as a group reflects neither the per-
sonal significance nor the national importance of
the subject.

The shortage of properly qua,tifid teachers is
6. well documented; many now in service appear to

have had training that is at best marginal for the
demands of current science instruction; few are
compensated at levels appropriate to the impor-
tance of their efforts or competitive with other and
increasingly attractive opportunities.

There are only inadequate resources and pro-
grams available for the refreshment and upgrad-
ing of the background of those effective and inter-
ested science teachers who elect to remain in the
high schools; indeed, the national effort in support
of such programs has waned just as the national
dependence on its results has waxed.

There are excellent programs in chemistry
that work for the most strongly motivated stu-
dents, including many who will elect a career in
science, but these fine programs appear to be less
effective for those with nascent potential in sci-
ence. The less challenging courses that are gener-
ally available fail to motivate high ability students
sufficiently to make even a tentative choice of one
of the chemical sciences as a career. Further, stu-
dents without career interests in science do not in
general, receive instruction in chemistry ade-
quate for discriminating and intelligent citizen-
ship.

Chemistry and other laboratory sciences are
often taught as if they were done and over with, in-
stead of being presented as open-ended and exper-
imental fields (computer simulation is especially
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pernielpus because it does implant the notion that
sornebotty already knows all the answers); oppor-
tunities ftistudents to study chemical change
through tit it own efforts NI properly equipped in-
structionallekboratories are decreasing.

Fa, The American Chemical Society's Divi-
sion of Chemical Education and the Society
Committee on Education, in consultation
with appropriate other bodies and individ-
uals, especially high school chemistry
teachers, should create a 5-year plan for us-
ing available and expected resources to im-
prove chemistry education nationwide in the
high schools. This plan should provide a pri-
ority listing of goals, programs, and activi-
ties for pursuit during five years by the edu-
cation components of the Society, and should
relate to likely and desirable programs sup-
ported by the United States Government, by
state governments, and by private industry.

The most critical areas in need of attention
are the quality of the teacher. the quality of the
content of chemistry courses, and the quality of
the experience afforded to all students.

a. We recommend also, that the American
Chemical Society's Committee on Education. in con-
cert with selected representatives of the Society's
governance and operating structure, develop ma
chinery that will enable chemists to influence appro-
priately and significantly the planning, develop-
ment, and implementation of the forthcoming
changes in science education, especially at the high
school level, that will follow upon the recommenda-
tions of The National Commission on Excellence in
Education (which reported in April 1983) and The
National Science Board Commission on Precollege
Education in Mathematics. Science. andll-chnology
(which reported in September 1983).

h. Wpile it is unlikely that the Society could, at
this time; undertake high school chemistry program
approval), it should do more to add force to its recom-
mendations for teacher preparation and continuing
education. Education committees of ACS local sec.
Lions might be willing to assist high schools in their
areas and work for public support of better the
try education in their communities. The most power-
fui force for educational improvement is an informed
and aroused constituency.
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H2: RAISE TEACHER CERTIFICATION STANDARDS:
IMPROVE QUALIFICATIONS

Recommendation: A national effort to raise teacher certification standards in science
and mathematics and to secure adherence to such standards.

The majority of secondary school teachers
certified to teach chemistry are competent to
teach basic chemical principles and to present the
existing curriculum effectively and under-
standing. But even such teachers need ways of
maintaining and advancing their professional,,
skills beyond those that are conveniently available
at this time. Unfortunately, the vast majority of
secondary school students are not being taught
chemistry by certificated teachers of chemistry
they are being taught by persons who have mini-
mal background in the subject and little if any
qualification to maintain and advance their work-
ing familiarity with it, however acquired. As there
is critical mass in explosions, so is there a criti-
cal ikrnalp t of background necessary before
teachers at any level can be self-sustaining in up-
dating their skills in and refreshing their knowl-
edge of any subject. Most persons who teach
chemistry in the secondary schools today do not
have that critical amount of background in chem-
istry. i

According to recent surveys and samplings;
over half of newly appointed science teachers have
qualifications less than the often low existing state
standards: among teachers whose class assign-
ments are ar least half in science courses. 32 per-
cent majored in a science: and, the number of stu-
dents graduating each year with majors in science
instruction (which is short of the optimal prepara-
tion for high school science teaching) is'less than
the need in 40 of the 50 states.

It is clear that standards for certification of
teachers to teach science must be increased, that
present taeiters must be assisted to maintain and
improve their science-related professional skills.
and that present and future teachers must be af-
forded the status and compensation which are
among the most powerful incentives to keeping
good teachers in good schools instead of losing
them to satisfying employment outside education.
The present mismatch between necessary and ac-
tual qualifications and numbers of high school
teachers of science, especially chemistry, must no
longer be tolerated.

112: The National Council (Ni), the American
Chemical Society, other science societies,
and the appropriate agencies of the United
States Government should work more
closely and more forcefully with state educa-
tion agencies: (a) to raise teacher certifica-
tion standards in science and mathematics:

and (b) to set limits on administrative use of
emergency or temporary certification
(which tends to continue indefinitely) of per-
sons underqualified to offer sound science
instruction. lb the former end, the American
Chemical Society should review and update
its 1977 "Guidelines and Recommendations
for the Preparation and Continuing Educa-
tion of Secondary School Teachers of Chem-
istry"; to the latter, the Society should in-
crease its own efforts to bring into high
school teaching professional scientists who
are qualified in science education.
111111111M111111111MIENIEW

No matter what improvements in the high
school scierre curriculum are devised and imple-
mented to increase the science awareness and lit-
eracy of students, or to furnish a basis for their se-
r'ous consideration of science-related careers, it is
the high school science teacher who will present
that curriculum and whose qualifications will. in
large part. determine its success. In earlier sec-
tions of this report. the Task Force urged immedi-
ate action of two fronts to increase the oppor-
tunities for updating and upe,rading the science-
related professional competencies of high school
teachers of science, including chemistry:
in Section Al, the whole panoply of programs of
teacher improvement funded by the National Sci-
ence Foundation; in Section E5. Regional Science
Centers. which have a role to play in the improve-
ment of secondary school science instruction at
least as significant as their role in elementary
school science education. An even greater variety
of opportunities needs to be made available, be-
cause of the divsrsity of the personal and profes-
sional situations of individual high school
teachers.

a. Sound preparation for teaching chemistry in
high school is similar to the content of the under-
graduate liberal arts major in chemistry (30-35 se-
mester hours of chemistry, 10-15 of physics. 10-15
of mathematics. and substantial work in English and
a foreign language) plus professional work in prepa-
ration for teaching in general and for teaching labo-
ratory-centered science in particular (12-18 hours).

b. Workshops should be offered for college or
other acceptable credit that would allow high school
chemistry teachers, through even( lg. Saturday. or
summer attendance. to become more knowledgeable
in the field of chemistry. Updating ai d strengthening
of information on basic concepts. ap)lications of
chemistry. and chemical facts are especially useful
and needed,
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c. Colleges and universities should offer at con-
venient times and in accessible locations those for-
mal courses that would permit numbers of individ-
uals in their service areas to complete certification
requirements. pursue advanced degrees, and in
other ways increase their potential as knowledgeable
and qualified high school chemistry teachers. Simi-
lar programs, especially in the area of professional
education. should be made available to professional
scientists who wish. upon retirement or at other
times. to assist the national effort to improve high
school science instruction by becoming qualified
high school teachers themselves, full- or part-time.
(An example of such a program is that in St. Louis
sponsored jointly by the Monsanto Company and
Washington University.]

d. We recommend that the National Council and
its component scientific and engineering societies
mount programs of public information in support of
the changes in conditions of employment of high
school teachers necessary to attract qualified per-
sons to such teaching and to retain them there.
These changes include: compensation competitive
with alternative careers: scholarship. tax-preference,
and other financial inducements to enter and remain
in teaching; salary schedule advancement and tui-
tion assistance for subject matter continuing educa-
tion in addition to that derived from methods educa-
tion and longevity: released time for the special
preparations that are necessary for the safe and ef-
fect ive teaching of science at the high school level:

and the allocations of both personal assistance and
material resources to the laboratory component of
instruction required for its effectiveness and safety.

e. Because optimally-prepared high school
chemistry teachers who keep abreast of their science
are attractive to other employers, it would be in the
national interest for such employers to work with
school districts and individual teachers to develop
programs that share these scarce persons between
academic and pri.ate sector employment. Summer
positions in industrial laboratories have long been
available to qualified high school teachers; we com-
mend such arrangements and urge their substantial
increase and expansion. Industry can do much in
other ways: by supporting special equipment needs.
sponsoring awards for both student and teacher ex-
cellence, and by makihg its interested and qualified
personnel available to the nation's schools. (It is grat-
ifying that Congress is now considering several
pieces of legislation that would support such indus-
try involvement in the improvement of science edu-
catidn.)

f. The overall-effectiveness of education in sci-
ence would be improved significantly by closer inter-
actions between high school and college faculties.
TheTask Force recommends strongly that indi idual
colleges and universities assume leadership in devel-
oping opportunities for such interactions. In the field
of chemistry, the local sections (membership) of the
American Chemical Society could provide interested
and qualified persons to assist these efforts.

H3: SCIENCE REQUIREMENT FOR HIGH SCHOOL
GRADUATION

Recommendation: Adoption of a national minimum standard that 3 years of science taught
with laboratory and 3 years of mathematics be required for graduation
from high school.

For twenty years or more. academic require-
ments for graduation from high school have been
steadily. eroded. There are many reasons for this
trend. and the forms taken by the erosion are sim-
ilarly diverse. Science has been an important as-
pect of the national life for over a century, and its
importance continues to increase. It is in the high
school that society has its last opportunity to as-
sure that all its future adult citizens have a.sound
basis in science for citizenship. It is in the high
school that students become aware of the exist-
ence of the enormous number of career opportuni-
ties that depend to some substantial degree on the
acquisition of foundational knowledge of discipli-
nary science. And, it is in high school where stu-
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dents can first be shown, through application of
the learning skills already acquired. something of
the struyture and detail of the great disciplinary
areas, science foremost among them.

The address of sdniie of these objectives for all
students and all of these objectives for some stu-
dents requires real contact with at least the three
great central sciencesbiology. chemistry, and
physics. We do not argue for any particular ap-
proach to any of them, for "equal time," or for any
one sequence. We do argue that all students
should be exposed to all three of them and that
there should be hands-on laboratory experience in
all three of them.
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113. The National Council (NI) supported by
the American Chemical Society and other
science societies should work clogely and
forcefully with state school boards and other
education agencies toward a national mini-
mum standard that 3 years of mathematics
and years of science taught with labora-
tory be required for graduation from high
school, the latter including substantial
amounts of biology, chemistry, and physics.

1111121

a. This proposed standard is conisistent With
Recommendation A (('urrieulum content) of The Na
nanal Commission on Excellence in Education. We
;irgc butt diate etiOrt towards its adoption,

h Parallel to the need for substantial seitsm

the high school curriculum is that for improved guid-
ance of students by high school counselors as to the
career opportunities related to that scicn,..A. instruc
hon. The scwnice societies have an obligation tv im-
prove and extend their services to high school coun-
selors through updating of then present intOrmation
materials, provision for counselor workshops, and
other means of establishing maintaining effec-
tive communication between the present and poterc
tial workers in science-related occupations.

c. We recommend also that high school guidance
counseling so conducted that students are made
aware early that evert' career preparation of lasting
value requites a sequence of commitments over the
high school years and beyond. high school curricula
should be broad and general so that options are not
inadvertently foreclosed. This is an espectally serf
ous problem in technical areas because the ability of
colleges and universities to remedy omissions from
in high school years is decreasing rapidly

H4: HIGH SCHOOL CHEMISTRY COURSES

Recommendation: Study of changes necessary to improve the high school
chemistry curriculum.

Far her wt'' oted that the present high school
science curriculum appears to work for the most
strongly motivated students. but not for those
whose interest in science is nascent or quiescent.
Part of prOblein SeeinS to lie in the apparent
necessity for Many high schools to offer just one
chemistry course. Especially if some significant
exposure to chemistry, including laboratory. is to
he required of all students. some -.1r-cotrimodat ion
:oust lit' made to the fact that a majority may not
pursue more advanced study of chemistry.

At least two different t vpes of high school
(hemistr y courses could be developed and offered.
One would Ix. a course intended to convey to the
ionscience' student some of the structure and de

tall of modern chemistry. with emphases on the
htmisrry that is involved in the phenomena of

everyday lift'; how chemistry is similar to other
5(1(111 es, related to them. and differs from them:
what national problems and opportunities have a
silinihcant chemistry component. The Other
would be a truly modern course that would give
an introduction to chemistry to those students
who are likely 10 make career choices that will re
quire additional tor Mai work in the science: it
would cover the same general topics as the course

1)1)`0111)(1' students, but would emphasize
chemical tact. the ways of establishing chemical
fact, the ways of organizing chemical fact, and
would introduce the students to the different ways
of t tunking about chemical knowledge

Both of these courses require atten:lon front
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the chemical profession itself. and should not be
developed by high school teachers ()ilk'. college
and university teachers only. or even by a combi
nation tit just the two groups.

Wt' recognize that our beliefs about chemistry
courses may not have the univer sal serviceability
we hope for thern ThcrefOre

H4. The National Council (Ni) should guide a
study by the American Chemical Society,
with appropriate contributions from soci-
eties centered in sister disciplines, of the
high school chemistry curriculum and rec-
ommend such changes as are found neces-
sary to improve the effectiveness and utility
of that curriculum. Resources should be de-
veloped to encourage high schools with suf
ficient enrollment to offer two (or more) /IV
ferent chemistry courses, to meet the needs
of different major fractions of their students.
IOW iiii1111111111.11111111

a. \k"c cricoui age experimentation with wars of
incorporating uhemistrr into the description of phe-
nomena widely throughout the entire school curricu-
him so thin, as students approach upper-level
«iiirscs. they have sufficient background to make in-
telligent choices among the different kinds of chem.
IsIrV courses available to them, arid that those
i hoiees are not foreclosed
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b. We discourage as strongly as possible develop-
ments in high school chemistry courses which make
them into descriptive, elementary, or warm-up ver-
sions of the first year college chemistry courses. In-
troductory college chemistry has its own problems
and the widespread emulation of its content in high
school courses, and. worse, in texts intended for
them, is a disservice to many students at both levels.
Perhaps the most salutary result of closer interac-
tions between college and high school chemistry fac-
ult y members would be spreading agreement on the

division of the tasks we share.
c. High school chemistry courses should have

the characteristics recommended by The National
Commission on Excellence in Education: "The
teaching of science in high school should provide
graduates with an introduction to: (a) the concepts.
laws, and processes of the . . . sciences: (b) the meth-
ods of scientific inquiry and reasoning; (c) the appli
cation of scientific knowledge to everyday life: and
(d) the social and environmental implications of sci-
entific and technological development."

H5: THE LABORATORY COMPONENT OF HIGH SCHOOL
CHEMISTRY .

Recommendation: Adoption of a guideline that at least 30 percent of class time be devoted to
laboratory exercises in the high school chemistry curriculum.

"While reading a textbook of chemis-
try. 1 came upon the statement, 'nitric
acid acts upon copper . . and I deter-
mined to see what this meant . . Having
located some nitric acid, . . . I had only to
learn what the words 'act upon' meant . . .

In the interest of knowledge I was evcri
willing to sacrifice one of the few copper
(Tilts then in my possession. I put one of
them on the table; opened the bottle
marked 'nitric acid': poured some of the
liquid on the copper; and prepared to
make an observation. But what was this
wonderful thing which 1 beheld? The cent
had already changed, and it was no small
change either. A greenish blue liquid
formed and fumed over the cent on the ta-
ble The air became colored dark red . . .

How should I stop this? I tried by picking
the cent up and throwing it out the win-
dow . . learned another fact; nitric acid
acts upon fingers. The pain led to another
unpremeditated experiment. I drew my
.fingers across my trousers and discovered
nitric arid acts upon trousers . . . That
was the most impressive experiment .

have ever performed. I tell of it even now
with interest. It was a revelation to me.
Plainly the only way to learn about such
remarkable kinds of action is to see the
results. to experiment, to work in a labo-
ratory." lira Remsen (1846-1927). educa-
tor. hetTliSi

Chemistry is a laboratory science, But, as
teacher qualifications have declined and costs
have increased, the amount of time devoted to stu-
dent laboratory exercises in high school chemis-
try has decreased steadily. In many schools, dem-
onstrations by the teacher (always an important

30

and effective mode of instruction) are the only op-
portunities afforded students to observe the phe-
nomena of chemistry. Chemistry is an experimen-
tal science. Its great attraction as intellectual
experience and training is that even a beginner
can carry out experiments that yield observations
to be interpreted and explained. With even a little
experience, a student can make measurements of
chemical phenomena and learn the techniques for
converting quantitative data into testable hypoth-
eses.

Recently, computer simulation of laboratory
exercises has seemed to afford relief from the
costs and logistical problems associated with the
maintenance and conduct of student laboratory
work, particularly in high schools. The novelty
and attractiveness of some computer simulations
cannot be doubted, but neither can their inappro-
priateness as a substitute for hands-on student
laboratory experience. The computer does have a
place in the chemical laboratory: as a data proces-
sor, to permit unusual and effective display of the
results of student observations, as a tutor in meth-
ods and procedures, and as evaluator of learning
and understanding; but computer simulation is
not a desirable or effective substitute for direct cf.
perience with the behavior of chemical systems. ip

rawer
HA. The Task Fbrce recommends thiqany
American Chemical Society guideltnefor the
high school chemistry curriculum provide
that at least 30 percent of class time be de-
voted to student laboratory exercises. The
Society's education bodies should study the
costs as well as the content of laborat 3ry in-
struction and recommend ways in which ef-
fectiveness can be maintained usher re-
sources are limited.
IIMINE1111111



a. It is possible that some of the rapid increase in
high school laboratory costs are the result of imita-
tion there of the kinds of exercises done in the first
year general chemistry laboratories in colleges and
universities. Colleges and universitt's are under the
same kinds of fiscal pressures expeAlbnced by school
districts: neither should do the work of the other. Ac-
ademic chemists should Join with interested chem-
ists from industry to develop latioratory exercises for
both school and college courses that are faithful to

the content of modern chemistry without requiring
its sophisticated instrumentation.

Surveys which have included students show
that they are enthusiastic about laboratory workin
all high school science courses, not just chemistry. It
is important that constructive educational use be
made of the enthusiasm, especially since this finding
is independent of whether the student is self-classi-
fied as "science-oriented- or "general."
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Re Commendations on TWO-YEAR COLLEGE CHEMISTRY
AND CHEMICAL TECHNOLOGY
Ti American Chemical Society Guidelines for Chemistry in the Two-Year Colleges
T2 Outreach and Consultation in Aid of Instructional Improvement
T3 American Chemical Society Approval of Chemical Technology Programs-
T4 ACS Approval of Other Two-Year College Programs in Chemistry

Photo: Monsanto Company

The American two-year college . . . must meet the high standards of
those who accept its output . . .
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T I: AMERICAN CHEMICAL SOCIETY GUIDELINES FOR
CHEMISTRY IN THE TWO-YEAR COLLEGES

Recommendation: Revision of the ACS 1970
"Guidelines for Chemistry in the Two-Year Colleges"

The American two-year college has the most
diverse and perhaps the most demanding constit-
uencies of any of the kinds of educational institu-
tions flourishing in the United States today. In
every dimension it is complex and broad. It is
called upon to prepare students for specific occu-
pations and for transfer to four-year institutions; it
must meet the high standards of those who accept
its output while repairing the effects of too low
standards employed by those who produce its in-
put: it enjoys both multiple financial support and
multiple bureaucratic oversight; and, in addition.
it must meet the self-defined educational needs of
a substantial fraction of the adult population.

The implications of these characteristics for
two-year college instruction in chemistry have
been examined several times. Notable among
such studies were the 1969 Conference on Sci-
enee in the 71vo-Year College (sporisored by sev-
eral of the then extant science commissions) and
the 1980 review (supported by the National Sci-
ence Foundation) by the Center for the Study of
Community Colleges resulting in the report "Sci-
ence Education in 71m-Year Colleges: Chemis-
try.' ilowever. there is little evidence that their
recommendations. which were published widely.
were utilized by such colleges or their parent sys-
tems to improve or even to. maintain the quality of
chemistry or other science instruction programs.

The American Chemical Society. after a thor-
ough study. published in 1970 a set of Guidelines
for C7hernistry in the Two -Year Colleges, some-
what analogous to that for undergraduate profes-
sional education in chemistry published by the
Society's Committee on Professional 'Training. Be-

cause there was no implementation monitoring or
compliance review mechanism established, analo-
gous to the Committee's approval program for un-
dergraduate pre-professional curricula, the 1970
Guidelines have not had the beneficial effects ex-
pectedof them.

Recommendation Ti and others that follow
recognize the need to update the 1970 Guidelines
and, by developing an action plan for their utiliza-
tion, make them an effective instrument for in-
structional improvement.

"gram
T1. The American Chemical Society Commit-
tee on Education should undertake to revise
the 1970 "Guidelines for Chemistry in the
Two-Year Colleges" to reflect the diversity of
chemistry education responsibilities that
have become the norm for individual two-
year colleges in the past 15 years.

a. This revision should reflect the comprehen-
sive nature of two-year college chemistry programs
rather than be limited to the transfer programs for in-
tended chemistry majors. Further. the revision
should address two major issues which have special
intensity in the two-year colleges: standards for stu-
dent performance. and adequate funding require-

b. If there is to be acceptance and utilization of
the revised Guidelines, they should be accompanied'
by suggestions of the appropriate audiences to re.
ceive them and effective methods for their imple-
mentation at the departmental. institutional, and
system levels,

T2: OUTREACH AND CONSULTATION IN AID OF
INSTRUCTIONAL IMPROVEMENT

Recommendation: Development by ACS of an outreach and consultation program
to assist improvement of chemistry programs in two-year colleges.

Because of their internal diversity and com-
plexity. two -year colleges, present difficult man-
agt7111C11 t problems. Few of their top administra-
tors have science or engineering backgrounds.
"Guidelines." and other forms of "approval" or
"accreditation" standards. justifiably can be
viewed with suspicion. The American Chemical
Society has a long and distinguished record of
non-coercive encouragement of and support for
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the maintenance and improvement of quality
chemistry education at the undergraduate level,
Since the two-year colleges are an important frac-
tion of the national apparatus for undergraduate
education, the Society should take steps to bring
to them the same kind of outreach and consultation
in aid of instructional improvement that has been
available to institutions awarding the baccalaure-
ate degree.
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T2. The American Chemical Society should
develop an outreach and consultationpro-
gram that would make the expertise of the
Society staff and membershipmore effec-
tively available to two-year college adminis-
trators whose institutions are engaged in
substantial efforts to improve the quality of
their chemistry programs.

a. In support of such activities, it would be desir-
able for the National Council and its component dis-

cipline-related associations to undertake studies of
the special costs needed to maintain science instruc-
tional programs of the necessary quality, so that
such information is available to administrators and
consultants. Further, these studies might well give
attention to the development of new approaches to
funding these special costs, Local industry. a major
employer of the occupationally-educated two-year
college graduate,-bas been a generous supplier of
nearly-state-of-the-art equipment to such educa-
tional programs. These efforts need to be expanded,
and their analogue for academic transfer program in-
strumentation and equipment needs must be devel-
oped.

T3: AMERICAN CHEMICAL SOCIETY APPROVAL OF
CHEMICAL TECHNOLOGY PROGRAMS

Recommendation: Establishment ofan ACS approval service
for Chemical Technology programs.

Chemistry programs of two-year colleges are
not among those eligible for the review and ap-
proval syStem for undergraduate pre-professional
instruction carried out by the American Chemical
Society's Committee on Professional 'Raining.
The review of such programs by regional accredit-
ing bodies or by state two-year college boards is
usually cursory, may be minimal, is often carried
out by persons who have neither science nor
chemistry background, and is not done with re-
spect to guidelines that have been accepted or
generated by the chemistry education commu-
nity.

We believe that many benefits would flow
from initiation by the American Chemical Society
of a program approval activity directed to the
needs of the two-year colleges. Institutions should
have the opportunity. after careful internal self-, evaluation. for external review of program, pro-
gress, and planning, by qualified chemistry edu-
cators working from guidelines developed and
accepted by the chemistry education community.

Because of the great diversity of curricular
needs addressed by two-year colleges, it is impor-
tant that.1xich a program approval activity de-,
velop gradually. covering first those curricula that

are well defined, then those less highly struc-
tured.

T3. When the Revised Guidelines (7:1) have
been published and the outreach and consul-
tation program (T2) is functioning, the
American Chemical Society should under-
take to certify /approve Chemical Technology
programs in two-year colleges at the request
of such institutions.

a. Like the present program of the ACS Commit-
tee on Professional '11-aining, this activity in support
of quality chemistry education in the two-year col-
leges should lx' voluntary on the part of the institu-
tions and based on curriculum guidelines and review
procedures that have been developed carefully and
sensitively by highly qualified chemistry educators
working closely with representatives of a cross-sec-
tion of employers of chemical technicians.

b. A useful first step could be to offer the vpor-
t unity to two-year colleges for external review of
their own self-evaluations conducted in light of the
published Guidelines.

T4: AMERICAN CHEMICAL SOCIETY APPROVAL OF OTHER
TWO-YEAR COLLEGE PROGRAMS IN CHEMISTRY

Recommendation: Development of an ACS approval service for college transfer and other two-
year college chemistry programs at the request ofsuch institutions.

Chemical Technology programs are relatively
few in number and there is some agreement as to
their level and content, though all of which we are

aware interact flexibly with local and regional em-
ployers to assure a reasonable match between spe-
cialized components of the programs and the re-
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quirements of changing employment opportun-
ities. The college transfer programs offered by
two-year colleges are much more numerous and
are influenced in much more detail by the neces-
sity to maintain reasonable correspondence be-
tween their content and that of related programs
of ipstruction in the colleges and universities to
which students transfer at the end of one or two
years. When students may transfer to any of sev-
eral institutions, as is almost always the case, the
demands made upon the ingenuity and skill of
two-year college faculties are considerable.

Because of this pluralism and variety, many
have discouraged the Society from extending to
the two-year colleges the kind of direction and as-
sistance implied for four-year institutions by the
Guidelines of the ACS Committee on Professional

Thaining. But, because two-year colleges are a part
of the higher education system that eventually
graduates baccalaureate chemists, we believe that
that extension should occurand on the same ba-
sis: at the invitation of the institution, when it has
determined that it wishes to be rated against the
appropriate guidelines.

T4. When Recommendations T1, T2, and T3
have been implemented, the American Chem-
ical Society should undertake to cert(fy/ap-
prove college-transfer and other chemistry
programs in two-year colleges at the request
of such institutions.
1NIMMINIMIIMr
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[. . . a chemistry course] should represent a significant intellectual
challenge: it should present substantial information on the properties
and reactions of real materials . . .



U 1, U2: COLLEGE ADMISSION AND GRADUATION

)REguntEmEwrs
IN SCIENCE

Recommendation: National effirt to attain acceptance of a requirement for admission to
colleges and universities of at least 3 years of laboratory science and 3
years of mathematics taken in grades 9-12.

Recommendation: National effort to assure that the laboratory science requirement for any
baccalaureate degree is at least 10 percent of the undergraduate credit that
must be earned by the student.

The thoughtless early specialization and
strong vocationalism that now characterize both
secondary and collegiate education in the United
States have eroded many aspects of liberaLeduca-
tion and deprive students of its life-long benefits.
We are,sympathetic to those who propose restora-
tion to the school curriculum of real contact with
more than excerpts from the great literature of the
world (and not just in our own language), addition
to it of significant exploration of the fine arts, and
elimination from it of needless repetition of self-
centering concerns; and to thosk who propose the
corollary changes in the degree programs of col-
leges and universities. Further, we believe that
both school and college curricula need substantial
strengthening with respect to other liberal and lib-
erating artsthe sciences and mathematics.

In a preceding section devoted to the high
school. (Recommendations H 1 -H5) this 'Disk
Force has urged strengthening of offerings and re-
quirements for high school graduation. At the col-
lege level. too. there is presently a lack of desirable
emphasis on foundational work1jn technical and
scientific subjects. A survey by the National Re-
search Council indicated that an average of 7 per-
cent of undergraduate course work was required
to be devoted to the natural sciences in 1980;
compared with over 9 percent in 1967. Both high
school offerings and college requirements drifted
downviard in this period, the former more rapidly
than the latter.

This trend must be reversed if graduates of
schools and colleges are to be prepared for the
world that actually exists about them, a world
that is increasingly dependent upon and reflective
of science and technical endeavor. Many college
graduates lack the background to deal with the
technical aspects of some of the complex and ma-
jor issuefronting contemporary society. Is-
sues such as disposal of toxic wastes, environ-
mental quality. occupational safety, nuclear
power. and manipulation of genetic material, in-
volve decisions by goveriiment. Ultimately, the
government is the people a ad they should be both
aware andinformed. Most sciences, chemistry
among them. relate to these issues. Even more im-
portant however, is the study of science as a pow-

38

erful method of inquiry into the nature of the
world about us.

A general increase in science requirements
for college entrance would have a very desirable
positive effect on secondary school curricula and
graduation requirements. A general increase in
distribution requirements for all college students
would enlarge the science knowledge of a still
growing, better educated group of the population,
providing them with genuine understanding of
the nature and content of science and increasing
their capacity for discernment, critical evaluation,
and sound judgement where science is a factor.
Language and literature may be under pressure
as major components of liberal education. but sci-
ence and mathematics have yet to be accorded the
recognition and study appropriate to their signifi-
cance in the contemporary lives of society and the
mind.

111. The National Council (N1) In concert with
the American Chemical Society and other
science and engineering societies should
work with national and state educational
agencies, educational consortia and accred-
iting bodies, and precentor colleges and uni-
versities to attain acceptance nationwide of
a requirement for admission to all colleges
and universities of at least three years of
laboratory science and three years of mathe-
matics taken in grades 9-12.

a. We recommend that this science requirement
be increased gradually to four full years of secondary
school (grades 7-12) laboratory science, to include
both chemistry and physics. We recommend that the
mathematics requirement be increased gradually to
four full years of secondary school mathematics, to
include two full years of algebra. And, increases in
content and achievement are the objectives, not just
increase in time spent. The continuing downward
drift in the fraction of credit in science offered in sat-
isfaction of requirements for baccalaureate degrees
is not in the national interest.
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1)2. The American Association for the Advance-
ment of Science in concert with the American
Chemical Society and other science and engineer-
ing societies should work with national and state
education agencies, educational consortia and

precentor colleges and universities to assure that
the amount eglabotatorm science requiredfor
any baccaaureate degree is of least 10 percent of
the undergraduate credit which must be earned
by the student.

U3: CHEMISTRY COURSES FOR NONSCIENTISTS

Recommendation: Establishment of guidelines the appropriate balance in college-level
chemistry coves for nonscience majors among the fundamental principles
of chemistry, applications of chemistry, and the place and role of the
chemical sciences in contemporary society.

It would be an empty g,sture to increase col-
lege graduation requirements in science without
taking steps to assure that sound. informative. in-
teresting. and useful courses exist to be applied to
the requirements. Generally. introductory courses
intended for science students or. worse. for majors
In the field of the course, fail to meet the needs of
majors in nonscience fields. Such courses assume
both more backgound and more interest than the
general student should be expected to bring to
them: they tend to be narrow and detailed.
strongly-focussed. and swiftly-paced: they discuss
the trees and not the forest.

The decade ending in 1977 yielded almost
150 reports in the Journal of Chemical Educa-
tion alone on curriculum and course develop-
ments in chemistry intended to meet the needs of
the general student: many additional reports have
appeared since that time. Some of the special
courses described in these reports are elementary,
non-mathematical versions of the standard intro-
ductory courses offered to science-oriented stu-
dents: some have a strong "applied" or "environ-
mental" orientation: and some focus narrowly on
key topics such as forensic scier, re, popular
drugs, kitchen chemistry, or art and antiquities.

Critics of the special courses have argued that
many of them fail what ought to be their central
objective, to illustrate the nature of science and
scientific thought. because of overemphasis on
facts and underemphasis on process and meth-
ods. Others are found wanting because they avoid
mathematics and abstraction, in spite of the fact
that it is virtually impossible to gain admission to
a college or university in the United States with-
out a year of algebra and a year of geometry in
one's secondary school program,

The ?ask Force applauds the interest and en-
ergy which have gone into these attempts to meet
the needs of the general college student. It would
be a mistake to strive for a high degree of uniform-

ity in such course offerings simply because the na-
tional interest, as well as personal interests. were
served by increased understanding of the sci-
ences. However, we do argue that a chemistry
course for non scientists ought to have certain
hallmarks: it should represent a significant intel-
lectual challenge: it should present substantie! in
formation on the properties and reactions of real
materials. particularly substances that students
might be expected to encounter in the ordinary
course of affairs: it should show how models and
hypotheses are used to organize and interpret
such information, leading to the establishment of
principles and "taws" of chemical behavior: it
should emphasize the experimental. tentative,
open-ended. and falsiliable nature of chemical
knowledge, and provide examples of coherence.
logical extrapolation, ambiguity, and irrelevance:
and it should include material on both the histori-
cal origins of the discipline and its present societal
significance. It should not be trivial, condescend-
ing, patronizing, or apologetic, nor should it be at
high dilution or without rigor. In the words of V.V.
Raman:

. . . (it) should be taught not simply as a
body of useful knowledge clothed in techni-
cal vocabulary but as a mode of inquiry into
the nature of the perceived world, as an intel-
lectual framework to guide us in the adoption
of tentative interpretations of what is ob-
served, and as a world view that is not ulti-
mate truth but is applicable only in the con-
text of a given set of available facts . . (It)
should be taught because of the value system
it fosters, because of its criteria for the ac-
ceptance of points of view as valid proposi-
tionsnot because of its potential exploitable
results, or even for its beautiful and powerful
theories."
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113. An American Chemical Society Task
Force on Chemistry Education for Nonscien-
tists, which might be the body described in
N4 or an ad hoc sub-unit of the Society Com-
mittee on Education, should consider the
general and diverse aims of college -level
courses taught for nonscience moors and es-
tablish broad guidelines to the appropriate
balance in such courses among the funda-
mental principles of chemistry, the method-
ology and philosophy of the disciplines, ap-
plications of chemistry, and the place and
role of the chemical sciences in contempo-
rary society.
MIIM1111

a. After guidelines are available, the Society.
with assistance of other funding sources. such as the
National Science Foundation and private educational
foundations, should sponsor workshops for the crea-
tion and improvement of chemistry courses for non-
sience majors (whose needs might be met more ef-
fectively by offering them sophisticated courses as
seniors instead of introductory courses when they
are freshmen).

b. in both the pre- and post-guideline periods,
the Education Division of the American Chemical
Society. or a unit like the Institute for Chemical Edu-
cation (University of Wisconsin-Madison). could as-
sist the improvement of such course offerings by es-
tablishing a clearinghouse for the exchange of
syllabi, instructional modules. and other inform
lion.

U4: REDUCTION OF CULTURAL DUALITY;
INTERDISCIPLINARY INTEGRATION

Recommendation: Development of workshops and other activities to increase interaction
among teachers of the natural sciences and engineering, the arts,
humanities, and the social sciences.

Improvement of the science literacy of stu-
dents. especially at the college level. may depend
on the simultaneous and joint improvement of
other lit eracies. Science faculty in general and
those in chemistry in particular often insulate
themselves from the nonscience academic com-
munity, just as, in our view. the nonscience aca-

demic community is insulated from 11,. Unless
there is better integration of science and chemis-
try with the totality of the intellectual enterprise,
renewed emphasis on science awareness and liter-

acy could simply widen the gap between the "two
cultures.-

The academic year does not provide enough
opportunity for those who teach in very different
disciplines to exchange viewpoints on issues of
common concern with an eye to the development
of integrated multidisciplinary instruction cen-
tert'd on them. Natural scientists, engineers. hu-

-manists. social scientists, and those in the arts all
have vontributions to make to our understanding
of matters such as: the interaction between sci-
ence and literature: the impact of technical activ-
ity on the human and physical environments: eth-
ial consequences of the application to human
beings of the findings of molecular biology and ge-
netic chemistry; the philosophical implications of
modern physical theory: uniqueness in the uni-
verse: profits and prophets: preservation of the
past: and other similar topics. without limit,

Some of the Chautauqua-type short courses
sponsored by the National Science Foundation
have brought scientists and nonscientists to-
gether to learn about progress if areas such as the
history of science, research in cognition, and the
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social consequences of the computer. revolution
all of which bridge the gap between the two cul-
tures. We applaud this program hnd urge its ex-
pansion. But more extensive activities of a similar
orientation are necessary to accelerate this inte
grat ion.

ism

1.14. The National Council and the supporting
societies mentioned in E. T1 should promote
the development and establishment of a pro-
gram of summer workshops end other suit-
able mechanisms to bring together teachers
of chemistry, other natural sciences, engi-
neering, the arts, humanities, and the social
sciences, to study issues of common societal
and intellectual concern so that the fruits of
such study may be applied directly to the im-
provement and expansion of multidiscipli-
nary instruction.

a. Some of these workshops could augment the
series sponsored currently by the National Endow
ment for the Humanities: others could be part of ex
isting National Science Foundation programs: and a
new series designed specifically to bridge the gap be-
tween the "two cultures" might usefully lx' soon,
soreri jointly by these two agencies. Such program-
matic expansion should be deliberate. long term.
and guided by thoughtful evaluation.

b. Additional support for the faculty 111V111 bers
participating in these workshops should be expected
not only from their institutions but from the various
academic discipline societies and associations.
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U5: LABORATORY INSTRUCTION IN FOUNDATIONAL.
CHEMISTRY COURSES

Recommendation: Adoption of a standard that all collegItlevel foundational chemistry
courses, whatever their student clientele, include substantial and
signi ficant laboratory work.

"When we shall be able to employ in scien-
tific education. not only the trained attention
of the student, and his familiarity with sym-
bols, but the keeness of his eye, the quick-
ness of his ear. the delicacy of his touch, and
the adroitness of his fingers, we shall not
only interest . . . people who are riot fond of
told abstractions, but, by opening at once all
the gateways of knowledge, we shall ensure
the association of the doctrines of science
with those elementary sensations which
form the background of all our conscious
thoughts. and which lend a vividness and re-
lief to ideas, which, when presented as mere
abstract terms, are apt to fade entirely from
the memory." [James Clerk Maxwell (1831-
1879). physicist]

The discussion preceding Recommendation
1-15 presented an outline of the case for the labora-
tory component of high school chemistry. Since
scientists must "do" things as well as think about
them. there has been no lack of recognition of the
importance of laboratory work at every stage of
their education. But. the laboratory is a similarly
essential component of foundational instruction

in science intended for (and especially if required
of) those preparing themselves in disciplines out-
side the sciences. The case is the same at the colle-
giate level as in-the secondary schools: science is
experimental: human bei\ngs gather data, inter-
pret it. and organize it; the -eract ion in the labo-
ratory between nature and the student is an es-
sential ingredient of education.

U5. Whether they are taught to nonscien-
tists, science majors, or chemistry majors,
foundational courses in chemistry at the col-
lege level must include a substantial compo-
nent of signUicant laboratory work.
EMMY'

a. "Substantial" is ordinarily determined locally.
But. it is our belief that devotion of less than 30% of
scheduled time to the laboratory work in a founda-
tional course is close to if not actually insubstantial.
It is of paramount importance that any educational
laboratory work be signyicant. not merely trivial or
time-spending.

U6, U7: CHEMISTRY FOR NONCHEMISTS

Recommendation: Preparation by the ACS Committee on Professional Training of
recommendations concerning the content of chemistry courses intended for
students who are not majors in chemistry.

Recommendation: Development by ACS of curriculum modules in such aspects of chemistry as
are germane to the curricula of professional schools in law, business, and
the health professions, among others.

We believe that the study of chemistry is good
intellectual exercise and that it imparts much
knowledge of permanent value and wide applica-
bilitv; it is, therefore. useful preparation for almost
any career. Indeed, it is the centrality of chemistry
that makes it a required subject at the introduc-
tory level in a large number of science and non-
science curricula. However, chemistry course en
rollments in most colleges and universities
diminish rapidly as their level rises. Some techni-
cal and professional curricula require a second
year of chemistry, building on the General Chem-
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istry course that is taken, usually. in the freshman
year: but. very few undergraduate students other
than chemistry majors are found in the advanced
courses which depend on "second year" courses
in organic and analytical chemistry and the nec-
essary parallel work in physics and mathematics.
Most of the instruction in chemistry departmeflts
is for the benefit of students Who do not intend to
major in chemistry.

Many students who take chemistry because it
is prescribed by the curriculum for another major
feel "sentenced- to serve out the experience. In
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some cases the fault lies in the chemistry depart-
ment: it may have allowed its service activities for
other units to get out of tune with their needs: or,
it may have gone too far in tailoring such offerings
to narrow interests, robbing the study of chemis-
try of its breadth and vitality. In some cases the
fault is wider spread because there is insufficient
knowledge on campus of national trends in chem-
istry requirements of the major professional cur-
ricula other than chemistryin the health profes-
sions, for example. In all cases, we believe, the
interaction between provider and consumerde-
partments could be improved if guideline infor-
mation were available from a source committed to
the maintenance of quality in chemistry instruc-
tion by other disciplines. That source exists: it is
the Committee on Professional 'Raining of the
American Chemical Society.

1111111MMENIIIIIIMIN

U6. The American Chemical Society's Com-
mittee on Professional Training, in coopera-
tion with its counterpart bodies in the pro-
fessional societies serving other disciplines,
should make recommendationsi concerning
the level and content of college chemistry
courses for students majoing in fields other
than chemistry, especially other technical
fields.

111111111.11110

a. This aci ivity is proposed as an aid to the nec-
essary COMil >tr5 interaction between chemistry

and other departments, not as a substitute for it.

The slow decline in number of undergraduate
majors in the liberal arts, of which chemistry is
one, has :,ad at least one very undesirable effect:
students carrying out advanced work in non-
science fields and in preparation for the profes-
sions now frequently lack the necessary back-
ground in chemistry and other sciences/that,
formerly, they would have acquired early in their
undergraduate years. In a few areas a Whole
course in ptiemistry (or another science) would re-
pair this omission: in most others less time is
available and more specific content is required.

The American Chemical Society, through
the body described in 113, above, andwith
the assistance of various of its membership
Divisions (e.g. Chemintry and the Law;
Chemical Marketing and Economics), should
undertake to determine the needs and de-
velop curriculum modules for advanced in-
struction in such aspects ofchemistry as are
germane to the curricula of professional
schools in law, business, and the health pro-
fessions, among others. The Society should
join with other science societies to develop
similar but more general modules in science,
its content, and its methods.

U8: LABORATORY EXPERIENCE IN THE CHEMISTRY
CURRICULUM

Recommendation: Inclusion in the budgets of instrument purchase programs
of additional funds to permit development of cooperative mechanisms
for the maintenance and repair of such equipment.

There is widespread concern that both the
quantity and quality of laboratory experience in
baccalaureate degree programs is deci easing. The
requirements for formal laixwatoi y work have al-
ways been less in the United States than in other
industrialised nations. but increasing costs of .

modernization, upgrading, or even sustenance of
present levels of quality generate pressures which
are resulting in even less favorable comparisons
than before. Many student!, awarded bachelor's
degrees in chemistry have very limited experience
with modern laboratory techniques and even less
experience in the design, formulation, conduct,
and analysis of experiments (Students graduat-
ing from Cooperative Education programs are a
notable exception.) As the content of the chemis-
try curriculum has become more theoretical,
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more student time is spent in the classroom and
in the pursuit of solutions to formal problems, and
less in the laboratory learning and perfecting
those techniques which establish and maintain
the real contact of a chemist with the material
world. Students develop little feeling for the be-
havior of matterwhich, ultimately, is what
chemistry is all about.

The advent of the computer has placed addi-
tional pressures on laboratory instruction. It sings
the siren song of economy through simulation,
with additional benefits of tirelessness,
cleanhandedness, and freedom from chemical
hazard. These attractions (instead of those slich
as augmentation of the laboratory experience, in-
crease in the scale and sophistication of related
data reduction, and the dgvelopment of broader
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and more challenging experiments) seem to affect
the ways in which the computer is applied in the
laboratory. Thus misapplied, the computer be-
comes another forCe driving students farther to-
ward the view that chemistry is a game played
against skillful opponents (who already know
everything that the student is supposed to learn)
rather than a way of unraveling and comprehend-
ing natural phenomena.

For over twenty years, one of the most effec-
tive responses of chemistry educators to the disin-
clination of students to regard laboratory work as ,
important has been to bring such supervised ex-
perimentation closer in methodology and sophis-
tication to the ways that chemistry is practiced in
real career situations. At first, experiments in ad-
vanced courses were designed to use instrumen-
tation like that used in academic or industrial re:
search: later, as less expensive and more
sophisticated versions of these instruments be-
came available, this kind of exercise spread to less
advanced courses. The cost escalation of the past
ten to fifteen years threateris to wipe out these ear-
lier gains.

The initial cost problem has been attacked
successfully by a host of programs. These include
industrial donation to education of still useful in-
struments, and several instrument purchase pro-
grams supported generously in past years by the
National Science Foundation. Instructional and
research instrumentation programs for colleges
and universities have helped the improvement of
laboratory instruction, as have those which stim-
ulate and support undergraduate and faculty re-
search opportunities. Reinvigoration and expan-
sion of these programs is necessary if the -

American chemistry graduate of the future is to
be capable of the practice and not just the contein-
plation of chemistry.

One aspect of instrument-basing of laboratory
instruction (and research. for that matter) has re-
ceived much less attekition than it deserves, espe-
cially if one believes that conservation of re-
sources is an appropriate response to increased
competition for resources. That aspect is the re-:,
pair and maintenance of the complex and sophis-
ticated ins,:uments used in research and instruc-
tiOTI. One need not visit a Third World Country to
see costly instruments out of use because they
cannot be repaired. The problem exists even in re-
sarch universitic!s, where cuts in support staff
seem to occur in perfect synchrony with the
breakdown of equipment: but it is disablingly seri-
ous in smaller colleges and universities which
have never been able to budget adequately for in-
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house maintenance and repair of instructional in-
struments.

Historically, agencies that grant funds to as
silt the purchase of instruments and complex
equipment for use in education have regarded the
maintenance and repair of such items as an insti-
tutional responsibilitypart of "cost sharing."
However the accountants feel about such things,
something must be done to assist smaller colleges
and universities in keeping their instruments on
line. If the demand for direct subsidy of mainte-
nance costs is to be restrained, other ways of ad-
dressing the problem must be devised.

The attention of the Task Force has been
drawn to several approaches to meeting this need.
Some colleges and universities close to each other
have been able to share instrumentation and thus
reduce the scope required of both initial pur-
chases and later maintenance. In a few cases, in-
dustrial research laboratories nearby have made
their instrument repair staffs available, such coop-
eration tieing a component of a broader academic-
'ndustrial collaboration. There are several in-
stances of other kinds of inter-institutional
cooperation. An especially attractive one (because
of its continuing success) is that centered on Geor-
gia Institute of lechnology which cost-shares with
60 smaller institutions a service designed to take
Institute instrument repair specialists to where
the trouble is.

U8. The National Science Foundation and
other agencies supporting the purchase by
colleges of instructional research instru-
ments should include in the budgets of these
programs additional funds to permit experi-
mentation, demonstration, and implementa-
tion of cooperative mechanisms for provid-
ing maintenance and repair service for such
equipment.

a. Since much government support of instru-
ment purchases is tied to their use in faculty and un-
dergraduate research, we urge that realistic note be
taken of the differences in the professional situations
of the facultymember in a small college and one in
an institution geared to graduate education and re-
search in making awards for the support of the gen-
eral costs of research. More than one person has
pointed out to,us that the small college faculty mem-
ber who carries on a program of research with under-
graduates -produces good graduate students in
chemistry. not necessarily publications."
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U9: THE APPROVED CURRICULUM IN CHEMISTRY

Recommendation: Sponsorship by the ACS of the preparation of position papers providing
advice and guidance to faculty members on ways to include or improve
instruction in the undergraduate curriculum on a number
of specific topics and areas.

Some of the strength of undergraduate t.,itica-
lion in chemistry in the United States arises in the
multiplicity of oplxirtunities available: a student
can choose a college and a program that fits his or
her interests and needs. At graduation, however.
the interests and need% of potential employers en-
ter the picture. Wiles occur when the prepa-
ration of a student differs substantially from that

hich is ca.})propriate and expected. The reduction
of such difficulties is what has impelled the design
of curricula whose content and. one hopes. intent
are agreeable to the parties on either side of the
meeting

The Con unittee onl PrOteSSiOtlal flaming of
the American chemical Society was established
to determine and to promulgate "minimum Stan
dards" for the education of a baccalaureate chem-
ist to practice.' chemistry as a professional. Over
time. the "minimum standards have given way
to -guidelines." in recognition of the pluralism of
both the academie comIntrnity and the world of
professional activity. but the Committee's pro-
gi'xin continues to pro.dcle assurance that gradu-
ates ofi.in approved curriculum are qualified to
function is chemists at a baccalaureate level of
professional preparation. The Committee under-
takes to understand what a chemist is supposed
to be able to do and to enunciate the characteris-
tics of t fie undergraduate education that will pre-
pare one to be a ,

hcrc hits always been strong opposition to al-
most any position taken by the Commrttce. espe-
eially trim] schools that did not conform to the
Imo (it is a rather elastic one) deemed proper by
the Commit a Fortunately, the Committee has
limited its efforts to the publication oa list of "ap-
proved" programs that nit-et is guidelines. It has
never forced atr approved program on all the stu-
dents in a given college: but it has insisted that all
sohools with approved programs be prepared to
otter and. in tact. do offer a curriculum of that
ehaFiC't er and scope. And application for ap-
proved status is completely voluntary on the part
of an institution with a program to be considered.

We deal in other sections with 50111C broad as-
pets of t he st r out ure and work of the Committee
on Professional Training. Here. our concern is
liner detail the content of the approved ClInT
hint --;otid it responds to opinions expressed by ed
uc ators. caliph ivers. arid students. Some feel the
uorneultun descr died by the Committee's guide,
lines is so riled as to desirable experimen-
tat nid innovatane others would prefer greater
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specificity, especially if the curriculum included
thereby some area felt to be lit-Wet...fed. Some feel
that the curriculum is already overcrowded and
needs purging; others believe that the cavities in
the curriculum arc more harmful tha.1 its bulges.

The following brief paragraphs will serve to
identity some of the concerns expressed to the
"'ask Force and shared by some of its members.

Courses concentrate increasingly on chemical
principles that underlie current chemistry re-
search as -al, to a lesser extent, practice. The result
has been a weakening of historical perspectives
and humanistic values in terms of which all
chemistry majors should Iv, prepared to under-
stand the plact of chemistry in our culture,

The full-year organic chemistry and physical
chemistry courses are utilized (particularly in the
large universities, Which set the content and tone
for nearly everyone else) by more students major-
ing it. fields that build on chemistry than by those
majoring in chemistry itself. Yet. as these courses
have evolved they have tended to concentrate in
creasinglv on topics that have microscopic orien-
tation (fine for future graduate students in chem-
istry) to the exclusion of those that have a
macroscopic orientation (needed by all others who
are enrolled).

Mw-h student interest in chemistry stems
from contemporary applications to the life sci
ences. There is not space 1!) the CheilliSIIN major's
curriculum for much formal instruction in bio-
chemistry and molecular biology, so room must
be made for them in organic chemistry.

Most chemists are employed by industry. and
most such deal every day with some aspect
polymer and macromoleculajrchemistry. topics
which are coherent and mature. Both are almost
ignored in the curriculum in spite of their critical
relevance to career opportunities and the ease of

their incorporation into courses in analytical. mor
game. organic. and physical chemistry.

There is a widening gap between academie
coverage and career practice in the applications of
computers and computation to the management
of information, control of experiments. and devel-
opment of models in both chemical research and
norm--arch activities. Since computenassisted
instruction and experimentation art' common
place in colleges and universities. the probleni is
one of balance. not one of exposure.

Students see limited applications of probabil,
itt,' and statistics in topics ranging from t he ki
netic theory of gases to the xrav determination of
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protein structure. Yet. examination of chemistry
curricula shows virtually no formal coursework
on mathematical probability or. even more impor-
tam to a practicing chemist. on the statistical de-
sign of experiments, reduction of data. or the de
duet ion of conclusions.

Chemistry faculty must share the burden ()fa
criticism heaped on the whole of education: that
its graduates are deficient in communication
skillsinept at expressing their ideas or reporting
the results of their work either orally or in writing.

Chemica/ economics is not part of the ap-
proved curriculum, vet economic factors will de-
termine the course of the professional lives of
most chemists. Good text material that could be
incorporated in a variety of courses that are in the
curriculum is readily available.

Most chemical educators and graduate chem-
ists are aware of safe methods for the conduct of
experiments and have some knowledge of how to
handle emergencies. Unfortunately. practice lags
far behind awareness and formal instruction is
virtually nonexistent. Education with respect to
safety and chemical hazards should start with
the early development of sensitivity to the prob-
lems. illustrations of good practice. and insistence
upon it.

Formal training in OlCilliCal it/formation re-
trieval is seldom included in the chemistry curric-
ulum, vet every professional chemist must use a
variety of complex printed sources as well as an
increasing number of computerized databases.
Further. the pace of change in information SVS-

t CMS is greater than can be accommodated by
sell-help efforts.

Since chemistry is a growing. changing.
evolving science. it should surprise no one that
curriculum issues such as those just described
continue to arise. The time available for baccalau-
reate professional education is relatively inexten-
sible. however. and curriculum change must pro-
cede by evolution, substitution. and re-synthesis
rather than by addition and accretion. We suspect
that the Committee on Professional "'Mining has
considered relatively recently all of the curricu-
lum problems mentioned above and more. yet the

impression held by many is that nothing is bt ing
done.

The 'Disk force believes that it is possible to
discover ways of bringing into the existing curric-
ulum appropriate content from problem areas like
those listed above. The problem is more one of
pedagogy. the work of faculties. than it is of stan-
dard-setting. the work of the Committee on Profes-
sional "11-aining. A useful model is the resource vol-
Mlle on physical chemistry topics important to
chemical engineering students presently in prepa-
ration under ACS sponsorship. This volume de-
rives from much person-to-person discussion. sev-
eral symposia. and a working conference of
physical chemists and chemical engineers (from
both the industrial and academic communities)
interested in solving the problem.

U9. The Society Committee on Education of
the American Chemical Society and the ACS
Division of Chemical Education should spon-
sor symposia mid carefully defined and de-
signed stucit to examine a number of spe-
cific problems with the approved
(professional) curriculum, and with those of
its components that are utilized regularly by
students majoring in other science fields.
Among such problemweas are the follow-
ing: hi§torical perspectives and humanistic
values; the organic chemistry and physical
chemistry courses; biochemistry, molecular
biology, and organic chemistry; polymer
and macromolecular chemistry; computers
and computation; probability and statistics;
communications; chemical economics;
safety and chemical hazards; and chemical
information retrieval. These studies should
generate resource materials and position pa-
pers to provide advice and guidance to col-
lege and university faculty members on opti-
mal ways to improve or include appropriate
instruction in these areas in the curricula
pursued by chemistry majors and by stu-
dents in other fields of science.
!MME!

U10: CHARACTERIZATION OF CAREER OPPORTUNITIES IN
CHEMISTRY

Recommendation: ACS consideration of how best to characterize opportunities in chemistry
and the expectations of employers, identify necessary curriculum and
resource elements, and utilize results of research to improve chemistry
education.

At the present time. over 85 percent of all bac,
ealain rate degrees in chemistry are awarded by
colleges and universities on the Approved 'List of
t he A( 'St. 'Mill-Hittee on Professional "IYaining.

all baccalaureate chemists. ilrout here ent
move immediately into fields with other
though they may lx' very close to chemistry (e.g.
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medicine, agricultural chemistry. chemical engi-
neering). The 60 percent of bachelor's degree re-
cipients who retain the label chemist split about
equally into those who go on to advanced work in
chemistry or closely allied fields. and those who
enter (or return to) industrial employment Mime-
diately, Since it has been half a century since a
majority of doctorates in chemistry sought ca-
reers in education, it is no error to conclude that at
least' 96 percent of each year's group of graduating
chemists will seek and find professional employ-
ment that is not academic but industrial or like in-
dustrial.

Organizations and corporations that employ
many persons educated as chemists ordinarily
support broad scientific programs, They can accu-
mulate specialists of various sorts to achieve any
flexibility and diversity that may be required in
the lower levels of their organizations, but most
promote quite significantly on the basis of the way
in which an individual acquires that flexibility
and diVerSit V Of professional competence within
himsefr.

Employers of small numbers of graduate
chemists tend to have more specific needs. and
the match of organizational and personal specifics
iti often important. Rut small organizations have
low institutional inertiatheir needs can change
dramatically in short times. Individuals must be
able to adapt to such changes.

The wide spectra of career aims for individ-
uals) and opportunities (from employers) force im-
possible objectives upon the prescription of any
cut riculurn other than those that provide maxi-
mum possible flexibility consistent with wise
gnidance of student learning. Although the Corn
mince on Professional Raining has attempted to
tallow this concept, the compromises it has been
forced to make have It'd to what most of its critics
and some of Its friends describe as a degree of sire
caicit v t hat may be contrary to the interests of
TthtTIV St MICTIK 111 poor tune with the lotw,er-
tao.ge needs othose who will be their employers.

Sonic colleges and universities permit and
even entourage vhemistry students to graduate
without satisfying the full requirementsof the
curraul um spelled out by the ('ominit tee: others
simply ignore the rubrics of the curriculum (still
sp.c)fied in It. r nis of "courses" arid the "tradi.
t 10nal <aleas of chemistry) and operate their own
educational patterns within 111c scope of -equiVa

iNiwi1c1);T," Yet, whether its guidelines are
,ea at not. the Committee has a powerful and

('<it tad presence and reputation and its careful
plot looneetnints tire heard and learned, it not fol-
kaef,a ealaastently

Issues like thot,e ittlphed by the comments apt
ntlteti to the text of the preceding recommenda-

tion are undoubtedly discussed by the Committee
and .1( led opon by them Yet. there is little infoo
tnatioo these process aspects and

the same concerns are expressed repeatedly over
time.

Expression of these concerns may represent
partial answers being offered to the question
"What is a chemist?"a question that the Com-
mittee on Professional Ilaining has continuously
before it. The vitality of the chemical sciences
guarantees that 'that question can never be given a
single definite answereve though the Commit-
tee discharges one of its major responsibilities by
describing a single curriculum.

The Task Force believes that it is appropriate
at this time, when the practice of chemistry is
changing rapidly and increasingly diverse pres-
sures operate on colleges, for a substantial effort
to be undertaken to determine the kind of prepa-
ration which might fit students best for careers in
chemistry as well as careers in related areas. This
effort might profitably be approached from the
perspective of the career itself, rather than from
that of the educator who -nay have a limited view
of careers related to chemistry as they actually ex-
ist. One is faced immediately with the fact that
there is a broad spectrum of careers in- and based
on- chemistry, and that they might require
equally diverse preparation on the part of the fu-
ture professional, It is for this reason that we feel
the first step should be to determine how to char,
acterize careers related to chemistry arid to iden-
tify. insofar as possible. the kinds of professional
education needed to prepare for them.

We would like to have the Committee on Pro-
fessional Raining undertake this effort itself. but
recognize that it is a considerable task that the
Committee might not be able to manage along
with its other commitments. Therefore. we pro-
pose an ad hoc body to undertake this study one
that will take advantage of the experience of the
Committee, but which has a broader base in both
the academic and industrial C01111111111itit's.

nom, 41111MIONII

U10. The Task norce recommends that the
President and Chairman of the Board of the
American Chemical Society either select an
existing committee of the Society (perhaps
the Society Committee on Education with
some augmentation of membership) or ap-
point one ad hoc to consider how best to: (a)
characterize opportunities in chemistry and
the expectations of employers; (b) identify
necessary curricular and resource elements;
and (c) utilize the results of research on
teaching, learning, and instructional tech-
nology to improve the effectiveness of chem-
istry education. This committee, whether se-
lected or appointed, should include: (1)
current members of the Committee on Pro-
fessional Training (CPT): (2) former members
of CPT; (3) representatives of a range of typeS

57



of industrial employers of chemists; and (4)
members of the Society who have not been
associated with CPT.

By opportunities in chemistry, we mean those
accessible to chemists at the four traditional levels
of graduationassociate, bachelor, master, and
doctor: by necessary elements, we mean those
that. if not available, will constrain the career op-
tions of individuals completing each of the levels
of education mentioned: by improvement in effec-
tiveness. we mean such sequelae as will preserve;

and enhance the flexibility of curricula. broaden
the opportunities available to graduates without
sacrificing the quality of their educational
achievement, improve the match between courses
of study and the long range requirements of em-
ployment, and make the educational experience
more efficient and satisfying.

a. Since the results of such a study arc intended
to complement the continuing deliberations of the
Committee on Professional 'Paining, the report
should be directed to CPT after review by the Society
Committee on Education.

U1 1: MISSION AND STRUCTURE OF THE ACS COMMITTEE
ON PROFESSIONAL TRAINING

Recommendation: Consideration of the mission of the
ACS Committee on Professional Training.

Several sources of potential new responsibili-
ties for the ACS Committee on Professional Train-
ing can be identified at any given time. For exam-
ple, in addition to this Report (which proposes a
number of new tasks for the committee, some
continuing, some ad hoc) individuals and institu-
tions propose regularly that CPT undertake the
same kind of supervision of doctoral education in
chemistry that it has exercised on behalf of that at
the baccalaureate level.

At the present time, the time and effort of the
Committee on Professional 'flaining appear to be
devoted fully to maintenance of the Approved List
of baccalaureate chemistry programs in college
and universitit. The changes that have occurred
in the past decade in the professional practice of
chemistry and sciences related to chemistry have
expanded enormously this supervisory task of the
Committee on Professional 'flair-ling. Additional
obligations. especially if they are continuing, may
be beyond the capacity of the Committee to accept
or discharge.

There are risks in asking CPT to do more than
it now does. The Committee has an excellent rep
u tat ion for objectivity and firm fairness. Over a
long period it has discharged a sensitive and diffi-
cult task_with unchallenged concern for quality.
high integrity, and demonstrable openness. Con-
c eivably. the imposition of additional obligations
On the Commit tee could weaken the thrust of its
present effortsa result wished-for by no one.

The Committee itself can certainly determine
whether or not its present duties permit its accept-
ance of one or more ad hoe, time-limited tasks
(such as several proposed in this Report). But an-
other body should provide advice on the assign-
ment to it of additional permanent obligations.

U11. This Task Force recommends that the
President +rind Chairman of the Board of the
American Chemical Society assign to an ex-
isting committee of the Society, or to the ad
hoc committee described in U10 above as its
second major task, the responsibility to con-
sider the intended, actual, and appropriate
future mission of the Committee on Profes-
sional Training and to recommend such spe-
cific changes in mission, structure, or both.
as may be required to maintain and extend
the effectiveness of the Committee, whether
continuing as at present or in some new
form(s).
1111=11111111111111111

The report Oldie proposed committee should
be reviewed by the Society (.7ominittee on Education
and by the Committee on Professional 'Paining. But
since its content may foreshadow changes in the as-
signment or CPT. the Board of Directors and the
Council should he the ultimate recipients of tlw re,
port.
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U12: INFORMATION MANAGEMENT

Recommendation: ACS leadership of efforts to modernize the concept and structure of
technical libraries.

Very early in its history. the American Chemi-
cal Society recognized a responsibility twin to that
of reporting discovery and observation in chemis-
trythe responsibility to assist the management
of the body of information thus created and ex-
panded. The Society's Chemical Abstracts Serv-
ice is the contemporary manifestation of that rec-
ognized and accepted responsibility.

Every chemist is both a creator and manager
of information. Much of the formal education of a
chemist is given over to activities designed to
teach the state of the science and the basic tech-
niques for adding to its store of knowledge. Some
time (hut less than formerly) is devoted to instruc-
tion and practice in the now burgeoning area of in-
formation management. Students do gain, almost
osmotically. some ability to use the traditional re-
positories of fact and opinionjournals, books.
abstracts, indices, patents. and the collections of
them called libraries. But the advent of the com-
puter has increased both the varieties of ways in
which traditiOnal collections can be probed and
the rate at which new and possibly substitute
kinds of collections are created, developed. and
emplaced.

The ease in the speed with which computer
techniques can be applied, and the continued
rapid fall in computing costs. have resulted in the
spread of new techniques that do not employ the
human mind as intermediary, but apply selected
data directly to the design. conduct, analysis, in-
terpn.qation. and reporting of experiments. The
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trend is clear and will continue. But, since the
costs, though falling, are still substantial, teach-
ing of these techniques and practice with them is
done less in colleges and universities than in the
industrial laboratory.

The nature of the technical library is chang-
ing. No longer only a collection point, it is the cen-
ter of manifold information gathering and man-
agement activities. Every discipline is
contributing to this change: every discipline must
be able to profit from it.

=1.10.1
[112. The American Chemical Society should
identify an existing committee or create a
new one to provide leadership within the
whole scientific community for analyzing
the needs and opportunities and for propos-
ing implementation nationwide of programs
to modernize the concept and structure of
technical libraries. This committee should
draw on the expertise of Chemical Abstracts
Service, but should include other individuals
skilled in information science and the use of
computers for information management in
both the industrial and academic communi-
ties. Among the committee's concerns should
be the use of these techniques far formal and
informal education, and the training of indi-
viduals for careers in chemistry applica-
tions of information sciences.
op< 11111MIE
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Recommendations on CAREERS IN CHEMISTRY
Cl Economic Restraints on Career Development
C2 Arbitrary Restraints on Career Development
C3 Continous Learning
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The chemical sciences and chemistry education cannot achieve their maximum potential unless
those who have the interest :ind intellectual capacity enjoy equal access to entry and advancement
in chemistry and related disciplines.
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Cl: ECONOMIC RESTRAINTS ON CAREER DEVELOPMENT

Recommendation: Government and industrial support ofa program of postdoctoral
appointments for research on problems of national concern to assist
bridging temporary differences in employment demand and scientist

" supply.

One of the hazards associated with defined
pathways for professional preparation arises in
the implicit assumption that the supply of gradu-
ates and the entry-level demand for their services
will correspond. In comparison with the situation
in the performing, graphic, and plastic arts, where
there is virtually no market influence on the pro-
duction of graduates and only a vaguely defined
market for their services, that of the chemical sci-
ences is comfortable indeed. It is believed that in
the chemical sciences there is a reasonable bal-
ance between the supply and demand for new pro-
fessionals, whose numbers are relatively stable,
and that incentives provided by salary and other
.differentials will act quickly to smooth any im-
balance.

Unfortunately, the rate of change in industrial
employment needs is typically an order of magni-
tude faster than that of academic preparation of
scientists at any particular level of education. For
example, the ratio 1981/1983e offers of entry-
level positions was approximately 2 for Ph.D.
chemists and 8 for B.S. chemical engineers, while
the ratio of degrees awarded was essentially and
demand (new hires) tends to drop 3-5 times as
rapidly as it rises. Further, economic driving of in-
dustrial demand causes fluctuations in both its
scale anditss:ovaposition: for the latter there are
no quicklacting analogues in the educational
st rea

An especially pernicious corollary to the mis-
matchbetween rates mentioned above is the pau-
city of recognized, experience-building interim po-
sitions for well qualified graduates who, through
no fault of their own, enter the marketplace at a
time of glut. When conditions improve the follow-
ing year or perhaps the next, employers look at
the current year's crop to the virtual exclusion of
those passed -by in the preceding year or two.
There is a premium on freshness for scientists as
well as fish.

it is an appropriate national concern that
there be developed a mechanism to dampen wide
oscillations in the number of employment oppor-
tunities available to the number of scientists being
educated todaya number which is in good bal-
ance with long-term average demand. The aca-
demic' postdoctoral research position has served
to provide further (sometimes additionally di-
verse) education to persons intent on academic ca-
reers; and the aggregate of such positions (which
has grown steadily for several decades) provides
useful interim employment for other new sien-
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tists when industrial demand is slack. But, if there
is a mismatch between what universities produce
and industry needs, postdoctoral positions in uni-
versities, by their very nature, do little to address
it in a useful way. A national postdoctoral system
that could provide the dampening needed should
be centered outside academe. It is highly desirable
that the number of such positions located in in-
dustrial, institutional. and government laborato-
ries be increased. Although there are some tempo-
rary or revolving postdoctoral research
appointments in industry, that sector, faced with
the occasional necessity to cut back on the em-
ployment of scientists, has found it difficult to
make a continuing investment in temporary, inex-
perienced scientists, though such an investment
could permit an industrial laboratory to under-
take research or development studies without
long-term commitment to either programs or per-
sonnela kind of flexibility that industry seems to
want (and academe ought to).

The various research and testing laboratories
of Federal, state, and local governmental agencies
employ large numbers of scientists on regular and
permanent professional tracks. The Federal entit-
ies. at least, provide also a number of temporary
or revolving postdoctoral research associateships
(the recruiting competition for the program is ad-
ministered by the National Academy of Sci-
encesNational Research Council); the program,
however, is small in comparison to need and, in
spite of substantial effort on the part of some Fed-
eral agencies, almost unknown. The Task Force
believes that this and similar programs should be
better publicized and that they should be ex-
panded, not in mission directions, but toward the
solution of problems in applied science germane
to matters of serious national interestsuch prob-
lems have long-term industrial as well as govern-
mental and disciplinary dimensions. and could
maintain the "freshness" (for purposes of eventual
industrial employment) of the young scientists
who worked on them for. say. one or two years.

CI. This Task Force recommends that the
United States Government establish a new
program of postdoctoral research on prob-
lems of national concern which could sup-
port as many as 200 chemical sciences ap-
pointments per year in Federal, industrial,
or institutional laboratories. Such appoint-
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'rants would be tenable for a maximum of
two years, and their number an addition to
those presently funded through grants for
fundamental research. The American Chem-
ical Society should assume leadership of
effort to secure parallel expansion of such

appointments under industrial sponsorship
and, in other ways, assist dampening of wide
swings in the annual numbers of employ-
ment opportunities.

C2: ARBITRARY RESTRAINTS ON CAREER DEVELOPMENT

Recommendation: ACS sponsorship of efforts to identify and correct arbitrary restraints
on women preparing for or practicing the profession of chemistry.

The chemical sciences and chemistry educa-
tion cannot achieve their maximum potential un-
less those who have the interest and intellectual
capacity enjoy equal access to entry and advance-
ment in chemistry and related disciplines. This
objective should be a basic principle of the chemi-
cal profession and should be both addressed and
exemplified by the American Chemical Society.

Statistically, the members of some groups in
the nation's population, though qualified individ-
ually, continue to be underrepresented in the
chemical professions, particularly at the upper
levels of career development; women and minori-
ties still constitute only a small percentage of the
total number of chemical scientists, especially in
major universities and small corporations. This
situation arose from historical patterns which, in
turn, originated in arbitrary restraints on entry
into the profession and on later advancement. Ex-
tensive efforts have been made to modify the old
patterns, reverse their effects, and thus remedy
the situation hut it persists.

Women arc identified legally as a minority
segment of our population. That they are. in fact,
both an actual majority of the population and the
largest of the legally identified minorities merely
intensifies the reaction to the injustices experi-
enced by women who pursue careers in fields long
dominated by men.

Some of our informants, women among
them, hold that serious discrimination against
women no longer characterizes the chemical sci-
ences. They argue that the present underrepre-
sentat ion simply reflects the length of time it
takes to change the perceptions and understand-
ing of young women at the moments when career-
related decisions are made; and they assert that
there continue to he improvements in the career
situations of women in chemistry.

Problems of women in chemistry are similar
in many ways to those of other minorities; but. be-
cause they constitute the largest minority, a thor-
ough study of their difficulties within the profes-
sion could have important teaching quality with
respect to the problems of all minorities,

C2. The American Chemical Society, through
its Women Chemists Committee and other
appropriate bodies, should sponsor a confer-
ence to identify the difficulties encountered
by women qua women in preparing for or
practicing the profession of chemistry. Fol-
lowing that conference, a specific charge
should be made to an appropriate Society
body to seek actively solutions to these prob-
lems and removal of such arbitrary re-
straints on career development as may have
been identified by the conference. .11* this ap-
proach proves successful. the Society should
apply it to the difficulties in the same areas
experienced by minority, handicapped, and
other special segments of the profession and
the profession-to-be.
II=11=1

a. The Task Force urges that the conference con
sider questions like the following:

Are there factors that operate currently to im-
pede the recruitment and advancement of women in
chemistry, or have such factors as existed in the past
been eliminated?

Are there constraints associated with certain ca-
reer paths that effectively inhibit women chemists
from pursuing these paths'?

Do such factors or constraints tend steer
women into careers that are less challenging or re-
warding than those open to men?

Are there factors, real or perceived, that operate
to discourage young women from choosing careers
in the chemical sciences?

What should be done to change the patterns that
discourage women students in grades 6 through 10
from making career decisions that reflect their ear-,
lier enthusiasms for science? In particular. what
should be done to make chemistry an attractive ca-
reer for women?

b. Sihee the problems that do exist are Mort! be
cause of the attitudes of men than of women, men as
well as women should be involved in planning the
conference, conducting it, and implementing its rec-
ommendations.
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C3: CONTINUOUS LEARNING

Recommendation: Increased development, testing, and evaluation of electro-optical systems
for continuing education; expansion of ACS continuing educationservices.

The tradition of continuing personal and pro-
fessional education is a very old one in the United
States. It has been sustained by the involvement
not only of educational institutions but of profes-
sional societies. licensing boards. employer entit,
ies and groups, ind individual providers. The pur-
poses of such continuing education are almost as
numerous as the individuals sp engaged: but, the
major categories. apart from cultural and educa-
tional enrichment in service of personal objec-
tives, appear to be:

Maintenance: work intended to maintain
and update the previous formal education of the
individual; typically, such work is organized
into "courses" similar-to those taught in col-
leges and universities, and brings to the gradu-
ate professional the content and level of such in-
struction.

Completion: usually courses, but in areas
which complement or supplement the work (in
both major and minor fields of study) taken by
the individual when a student: in the case of a
chemist a follow-up course in, say, physical
chemistry: an additional. higher level course in
mathematics or physics: work in economics.
marketing. or business law missed dining ini-
tial professional education.

Proficiency acquisition: the largest cate-
gory and the most varied in mode and scale of
individual activity: work designed to yield
(through limited. often intense study) new or en-
hanced proficiencies in the use of new experi-
mental techniques; report writing and technical
communications: recent advances in methods,
theory and practice: etc.

Continuing education is athCOTT pl iShCd
through a variety of formats: "open university":
correspondence: typical school, college, and uni-
versity classes: less formal (and other) modes
which involve just the individual student at the
time of instruction: and tutorial and small group
instruction. "IWenty-five years ago, continuing ed-
ucat ion, like initial education, was delivered pri-
marily though the printed or directly spoken
word. More recently a host of electro-optical tech-
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niques have gained prominence (prerecorded au-
dio and video materials, electronic blackboard
and teleconferencing. and a number of different
kinds of interactive. computer-pased methods)
but with a trend favoring class or institutional set-
tings.

The rapidly spreading use of electro-optical
techniques. unlike the "blip" of "teaching ma-
chines" some years ago, exhibits such momen-
tum that one must conclude that a revolution in
educational technique is underway that will by as
sweeping as that occurring in the workplace. In
some colleges and universities there is concern
that students no longer kno how to learn from
books, so acclimated have the\become to non-
print presentations. Unless there is parallel devel-
opment of new techniques affordable by individ-
uals. continuing education in the futuiraz will be as
place-bound as initial education has been and will
continue to be. This would reduce the scale of
such activity sharply. since much of continuing
education is now accomplished on an individual
basis and at home.

C3. Federal agencies, private foundations,
and scientific societies concerned with sup-
port of education in science should devote
substantial resources to the experimental
development, testing, and evaluation of elec,
fro-optical technological systems for provid-
ing maintenance, completion, and profi-
ciency acquisition types of continuing
education, with special emphasis-on the ac-
cessibility of high quality instruction to in-
dividuals away from the workplace. Specifi-
cally, the American Chemical Society,
through its Education Division, should con-
tinue to develop and expand its self- support-
ing audio, video, computer based, and other
electro-optical continuing education serv-
ices to both individuals and groups.
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Recommendations on INDUSTRY AND EDUCATION
11 Academic-Industrial Cooperation
12 Coordination at the Industrial-Academic Interface
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The chemical industry can bring substantial human, intellectual, and
financial resources to bear in aid of the structure and processes of edu-
cation.
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I I: ACADEMIC-INDUSTRIAL. COOPERATION

Recommendation: Strengthening and expansion of activities that bring the resources of
the chemical industry to bear on improvement and support of
science education at all levels.

Historically, a variety of interactions between
industrial and educational institutions made ma-
jor contributions to the growth and eminence of
the nation in pure and applied science; chemistry
was the earliest of the sciences to enjoy this flo-
rescence. Some of these interactions have per-
sisted during the last twenty-odd years (continu-
ing education programs. consulting by faculty
members, industrial support of some academic re-
search, etc.), but many have shrunk or disap-
peared altogether as Federal funding of basic re-
search, development in special areas, and support
of many programs to improve science and techni-
cal education have put money into academic insti-
tutions on a grand scale.

Since the last century, academic scientists
and industrial managers have dealt with each
other as producer and employer, respectively, of
the highly educated individuals needed tly the pri-
vate technical sector. This relationship has grown
steadily in size and occasionally in tension. Pri-
vate industry will never match, much less sup-
plant. the scale or variety of Federal involvement
in science education and academic research, but
the recent redevelopment of common interests
into shared and collaborative activities cannot but
benefit all threeeducation, industry, and govern-
ITICII t.

ndustry and business have the capability of
contributing by participation in many of the for-
mal structures and processes of science educa-
tion, and the desirability of their doing so is be-
coming more generally accepted. Present
educational modes can be supplemented with re-
sources available from scientists and institutions
outside the education establishment. Scientists
employed by industry can provide professional
skills as adjunct or exchange teachers at all levels
of education, and can contribute in many ways to
the development of a populace that is scientifically
aware and literate.

The need for science literacy of the general
public is beyond debate. Further. most of our local
and national leadership are nonscientists, and
their education for leadership must include ade-
quate grounding in the content and methodology
of science. industry is a direct victim of a scientifi-
cally . ..terate population.

In response to these needs, the chemical in-
dustry can bring substantial human, intellectual,
and financial resources to bear in aid of the struc-
t ure and processes of education. lb the extent that
industry recognizes that the future strength of our
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technological society depends on the present stu-
dent body, industry will recognize that it is in its
interest to divert a significant portion of present
resources to the education of future generations of
citizens and scientists.

In the course of this study, the Task Force has
observed many instances of viable interactions
between educational institutions and nearby in-
dustries. Some industrial corporations are suffi-
ciently large that their participation in such activi-
ties extends well beyond the local scene to the
state and region, and some operate at the national
level. Where chemistry is concerned, the nation-
wide system of local sections (membership) of the
American Chemical Society provides both a fo-
rum for planning and action and a natural mecha-
nism for-c1/400rdination that is local in the best
sense of the word. In the paragraphs below are ex-
amples of local activities that could serve as
models for widespread application.

Elementary Schools. Industries have recog-
nized the need for sound education in the schools
in many ways: creation of award programs for
master teachers; opening plants and laboratories
to guided teacher tours; establishment of special
funds to purchase science demonstration and
other unusual teaching equipment and supplies;
support or award of scholarships to teachers tak-
ing science updating work at workshops, insti-
tutes, and in summer sessions at colleges and uni-
versities; providing the* science personnel for
special meetings, lectures, workshops, demon-
strations, in-service courses, and other activities
aimed at strengthening science education; partici-
pation in varied efforts to acquaint the public with
the roles of science and technical endeavor in con-
temporary society; work to increase those aspects
of public awareness that can result in improved lo-
cal support for local schools; and sponsorship of
teacher institutes and wo;Nshops on science
teaching.

High Schools. Industry interactions with high
schools embody all of the elements just listed and
others in addition: donation of technical library
materials; encouragement of industrial scientists
to undertake part-time teaching or teacher assist-
ance positions in high school science programs:
establishment of special funds to acquire the labo-
ratory equipment and supplies necessai y to as-
sure that students have high quality, up-to-date
experiences in basic science; sponsorship of stu-
dent science fairs and projects and related awards
for excellent achievement; student tours of indus-
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trial plants and laboratories to emphasize the vari-
ety of technical employment and assist guidance
counseling in the schools: provision of summer
appointments in research, marketing. technical
services, personnel services.jand other areas, for
qualified science teachers (r i ported more fre-
quently for chemistry than r any other science
or technical area!): support for "career days" and
other counseling activities to provide sound infor-
mation to students on career choices and employ-
ment opportunities: provision of internships to
science-interested students after high school grad-
uation but before college to give them a taste of
technical employment in industry. as well as re-
muneratiVe summer employment: and support of
ACS local section efforts to improve high school
chemistry teaching.

Post-secondary. Community colleges: four-
year colleges, and universities enjoy a still wider
spectrum of interactions with industry, including
all of the king mentioned above and the following
in addition: donation. sharing, and exchange of re-
search instrumentation: utilization of faculty re-
search skills, as consultants and as summer and
sabbatical'employe:es: support for undergraduate
summer research: participation in formal Cooper-
ative Education programs for chemistry under-
graduates: provision of pre-research summer ap-
pointments for chemistry graduate students:
-support of academic fellowships, graduate and
undergraduate research assistantships, and
teaching assistantships: development and sup-
port of continuing education programs for indus-
try employees: establishment of discretionary
funds in chemistry departments to support edu-
cational activities or ptirchases for which institu-
tional funds are not or cannot be made available:
exchanges of qualified scientists between indus-

try and academe (adding to the experience and
perspective of both): support of student travel to
regional scientific meetings and to industrial
plants. research. and development laboratories:
funding of faculty research projects: support for
faculty work on research of specific interest to an
industrial sponsor: sharing of library resources:
interconnection of computer systems: consulta-
tion on curriculum content and development for
appropriate, accurate. and timely reflection of in-
dustrial research interests and needs: provision of
instructional materials dealing with industrial re-
seaTch interests and needs: provision of instruc-
tional materials dealing with industrial processes
and major product groups: and rostering the skills
Of 'retired industrial scientists.

This listing is by no means exhaustive, but it
shows the breadth of activities which have devel-
oped in various places as local industries and edu-
cational institutions discover and act on their
common and mutual interests.

1I. The Thsk Force recommends strengthen-
ing and expansion of the wide spectrum of
activities that bring the resources of the
chemical industry more effectively to bear
on the improvement, support, and service of
education at all levels. This expansion is im-
portant in technical areas, but it is critical
in the wider domain of the public under-
standing of science. The local sections of the
American Chemical Society are natural
sources of knowledge, interest, talent, and
energy for such efforts.
IMINNIIIP

12: COORDINATION AT THE INDUSTRIAL-ACADEMIC
INTERFACE

Recommendation: Establishment of an ACS staff Office to deal with activities at the
academic-industrial interface.

The text of the preceding recommendation
(11) contains lists of some of the ways in which the
resources and expertise of industry are being
brought to the service of education at various lev-
els. and of some of the less conventional ways in
which schools. colleges, and universities, and
their faculties. are meeting the needs of industry
and business.

No one is concerned about continuing explo-
ration of industrial-academic interactions: for. af-
ter all. both sides of the interface are changing
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continually and their ways of relating to cavil
other must also. Many are concerned, however.
about the continued nature of much of this explo-
rationabout its never-ending, repetitive. wheel-
reinventing quality: the lists of recommendations
from successive conferences on the subject often
have 75 percent redundancy. even after applica-
tion of a correction for cliches. For example. it is
highly likely that sometime later this year (and
probably next year as well) there will be a major
conference exploring problems at the interface be-
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tween the industrial and academic worlds. (The
writer of this paragraph has attended four such
conferent:es in the past eight years and been a
speakt.r at two of them.)'

One hopes for increase on a national scale of
the number and scope of interactions like those
described in the text of the last recommendation.
Virtually all of those activities started at the local
level. because there was communication between
interested persons on both sides of the interface
and ways were found to turn those interests into
action. Earlier it was noted that local sections of
the American Chemical SociefPy can and do play
important roles at this interface. An example of a
new kind of effort is that of the Central North Car-
olina Section, whose Academic-Industrial Matrix
(AIM) was created to coordinate and facilitate a
wide spectrum of activities bringing academic
and industrial chemists together to work on solu-
tions of problems of mutual interest.

The governance structure of the American
Cheniical Society contains numerous bodies with
interest in the interface: Corporation Associates:
the Society Committee on Education: the Com-
mit tees on Local Section Activities, Professional
Relations. Project SEED, Professional Training.
the I lanciicapped. and othersall working under
tlw general oversight of the Board of Directors or
Council. But, in spite of this extensive interest.
concern and proctorship, the level of action is
lower than we k-el it must be.

12. The American Chemical Society should
establish a staff Office to deal with the nu-
merous and diverse activities at the am-
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demic-industrial interface, so that the re-
sources and potential of both communities
may be brought more effectively to bear on
the improvement of both science education
and the public understanding ofscience
through education.
=Mr

a. This staff function could be created simply by
expanding that presently concerned with Coopera-
tive Education, one of the most effective kinds of in-
teraction between industrial and collegiate institu-
tions. As the principal coordinating body for the
Society's activities related to education, the Society
Committee on Education should assume leaiiership
in developing-a proposal to the Board of Directors
concerning the responsibilities. role, support and
funding of such an Office.

b. An early task for this Office should be review
of the recommendations of recent Society confer-
ences and workshops on problems at the academic-
industrial interface to determine which are being im-
plemented and which are not. Successful
implementation on the local level of suggested pro,
grammatic activities should be publicized and other
local foci of interest stimulated and supported in
the4r eflOrts to emplace such activities. Recommen-
dations for new policies or modified statements of
policy should be tracki:d and efforts made to assist
the clearing of the docket.

c. The Office should devise strategies for using
existing Society communications networks to dis-
seminate information about successful efforts to
solve problems at the interface and about new kinds
of local and area attention to education that seem to
be helpful, and in other ways should assist and rein-
force local efforts.

67



MONEY

The' various initiatives recomtnended by this
Task Force would require both public sector and
private sector financial support, directly and indi-
rectly. In this section we indicate levels of expendi-
ture that seem appropriate for the objectives of the
highest priority recommendations.

The recommendations to the United States
Government of highest priority have to do with
improvements in the qualifications of teachers
(A 11 and in the quality of instruction (E5). The
Task Force believes that a broad spectrum of in-
service workshops. short courses. and institutes
for teach( rs (A1) offers the best hope for improv-
ing and maintaining the qualifications of those
who teach. at every level. While the NSB Commis-
sion on Precollege Education recommended a five-
year effort of this kind, we believe that a smaller
but permanent program is necessary. Over a per-
iod of 4 to 6 years. it should be possible to phase-in
a program which would be staffed adequately and
reach a reasonable fraction of high school and pre-
high school teachers each year. The costs would
depend on the mix of program durations and loca-
tions. We recommend that the direct and institu-
tional indirect costs of instruction. as well as cer-
tain of the participant costs be provided by the
Federal Government at a steady state annual level
of $200-250 million. State sharing of the total
costs of such programs would be expected
through their support of released time. continua-
tion and outreach efforts. facilities improvement. .
long term salary augmentation. additional funds
for operations. etc.

A major factor in improvement of the quality
of instruction could be the Federally-supported
Regional Science Centers. an eventual 10 being
proposed by the 'Disk Force (ES). The locus of
these Centers would be on materials and new
methodologies. though activities in those areas
cannot be divorced from concern tor subject mat
ter. An annual Federal expenditure of $10 million
for these Regional Centers is recommended. A
separate research and development center ori-
ented specifically toward new instructional tech-
nologies should be created also: the recom-
mended level of Federal support is $2 to $5 million
per year. As these technique's become more widely
dispersed in the schools. this particular center
might acquire a more diversified mission and be
regarded at least in part. as an eleventh regional
center. (Both these aspects of tlx Center program
were recommended by the NS4Cormnission.j

The highest priority recommendations by the
'task Force that involve direct expenses to States
are the raising of teacher certification standards in
science and mathematics (E E4. and 112). re-
lated improvements in teacher compensation and
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conditions of employment (E4 and H2). and in-
creases in the amount and level of science and
mathematics taught to all students (El. E2, H3.
and 115). Full implementation of these recommen-
dations would entail substantial costs to State ed-
ucation agencies and local school districts. Some'
of these would be direct costs: better facilities. ad-
ditional laboratory instruction, higher pay for
teachers in demand in alternative markets, in-
creased costs for operations. etc. Some would be
indirect costs: high expectations and standards
(for people on both sides of the desk). increased
certification requirements, improved conditions
of employment. organizational changes. etc. Each
state. municipality. district. and school has its
own unique mix of problems and opportunVies. It
is not possible to make estimates of additional
costs that are satisfying in their detail.

It is possible. however, to indicate an appropri-
ate level of increased expenditure by focussing on
annual expenditures per pupil. We estimate that
the improvements in science instruction contem-
plated by our recommendations for the eltanen-
tary schools could be bought for an annual addi-
tional expenditure of $100 per pupil, including a
portion of teacher salary improvement. At the
high school level the additional costs.rnight be
slightly less. higher intrinsic costs being offset in
part because there is already some good science
instruction to serve as a base in almost every part
of the country.

These estimates-of additional costs may be
low. but not by a factor as large as 2.

Many of the -Risk Force recommendations to
scientific societies relate to the highest priority in
that setformation of a National Council to lead'
in many ways the improvement of both precollege
education in mathematics and science' and the
public understanding of science. The major scien-
tific and technical societies could mount a likely
highly effective effort through contributions ag-
gregating $1 to $2 million annually. Oversight re-
sponsibility would have to be based on expansion
of present data collection. which task is more ap-
propriately discharged under the sponsorship of
governments. We estimate that expansion would
cost $3 to $5 million per year. 'Both of these esti-
mates are consistent with similar ones published
by the NS8 Commission.]

Since no estimate exists of the value of indus-
try's present substantial and highly diverse con-
tributions in support of education, there is no way
to CVCII guess at the additional expenditures
which would raise industry involvement in the
improvement of education to a level like that con-
templated by our recommendations. It shoulc-be
remembered that some of these expenditures now
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,irt. and presumably would be borne ultimately by
the population at large through provision to the
industry of tax iVeti of diffcrent kinds. It is
not ridiculous to set a primary target of 2 percent
of cash flow, halt of which, at least initially, should
be earmarked for science and mathematics

The leadership we recommend to t ht. Amen.
can ( SOCiCt V dot's not have high addi-
tional costs: t itch of what wt' ask of the Society
can be accomplished by reallocation at present
It vels of expenditure. Thu SatTIC is true for least
some of the programming we recommend to the
Federal and Statt' g0 V Ur III1WT 1 t S .

l':tirtzotc (If costs to the people if there is not in
crcascd itIVetitlflefit tri (111(21ittj edUCUtiOrt.

1)111)lic expenditures Oil education are deter
mined by politica' "messes. The participants iT1
such prot.esses seem interested in assuring that
future nicrements in expenditure will buy a re
turn that is signiiicant and demonstrable. No one
expects i(iditional money to be "thrown at t clai-

t um. even it that would accomplish the ob)ec-
I Ives (ietiiri'd 1)V 1110'...4 of t he people. Put plainly.
some new contracts have I., betWCCI1

111L4)C,opit' and those %A.'il01211L .1.1p1OV tO tql11

CM(' thrlf t'Illidrtli,,BUt. there arc two parties to
every contract and of them. in this ease, has
sonic legitimate concerns about the expectations
of I he ot her The negotiations must attend to both
sets ot concerns.

fins is 1101 time plat'C the IllattCrti to he
nrV,u11,1tt'd 1 hOSC illt(TCSt(1.! thorn S110111(1 start

th- report Of The Nc !:0111171isstort of!

1-. .iCH1Crit i'!/1 Ed/U1III0I: .0i Nii11011 at ,t11(1

)M

then read: ( 1 )"High School. A Report on SCCOT1d-
ary Education in America." Ernest I.. liovy's
elaboration of the work of the National ifigh
School Panel of the Carnegie Foundation, and (2)
"Against Mediocrity: Thu Fiumanities in AfIleni-
Ca'S Schools," a collection of essays edited by
Chester E. Finn, Jr,, Diane Ravitch. and Robert T.
Faucher. In this triad of works aggregating 704
pages, the evidence is presented, the case made,
and the issues laid out_

In comparison with cost changes that many
of us regard as trivial in other are is of public ex-
penditure. the total costs of improved edi 'cation
at all levels and in all areas arc not sniggering
sums. Our estimates for the improvement of
school science and mathematics total about $4
billion a year. That is a magnificent sum in the
bank at-count of an individual, but it is round-on
error in the ag,grcgate of national and state budg
et's.

Educational improvement costs moncv. Fail-
ure to make. educational improvement costs
rittall more. Here we have estimated the costs of
implementing the highest priority recommenda-
tions of the lask Force. We cannot estimate the
costs associated with less than well-informed :nti-
',en judgements, continued low standards of
teacher certification. obsolete instruction and
teaching materials. failure to assist teachers to
prove their qualifications or any of a host of conse-
quences of inattention to the centrality of science
In educatIon for contemporary hte: hut those costs
are surely very tli01



Bibliography
American AssOciation for the Advancement of

Science. "Education ill the Sciences: A Developing
Crisis." Washington. D.C.: American Association
for the Advancement of Science, 1982.
American Association of Engineering Societies. "A
Working Plan for "II-eating the Engineering Fac-
ulty Shortage Problem." Washington, D.C.: Amer-
ican Association of Engineering Societies. 1983.
American Association of Engineering Societies.
"Catalog of State Initiatives." Project on Engineer-
ing College Faculty Shortage. Washington. D.C.:
American Association of Engineering Societies.
1982.

American Association of University Professors.
ACadetre. July-August. 1981, Vol. 67. No. 4
American Association of University Professors.
Academe. July-August. 1982, Vol. 68. No. 4.
American Chemical Society. "Chemistry in the
Kindergarten through- Ninth Grade Curricula:
Report with Recommendations." A Final Report
of the 1982 Invitational Education Workshop.
Washington. D.C.: American Chemical Society.
1983,

American Chemical Society. "Guidelines and Rec-
ommendations for the Preparation and Continu-
ing Echication of Secondary School "fl'achers of
Chemistry. Washington, D.C.: American Chemi-
cal Society. 1977,

American Chemical Society. "The Cross-Fertiliza-
t ion of Chemistry and Chemical Engineering Cur-
ricula." Final Report of the 1980 Invitational Edu-
cation Workshop. Washington, D.C.: American
Chemical Society. 1981

CIWIlliCal Society. -nit' tndustrial
(Altruist and the American Chemical Society.'' A
Report on the Presidential Conference on Indus-
trial ClicMists and the ACS. November 9-11.
1979. 'Washington, D.C.: American Chemical So-
ciety. 1980.

American Chemical Society. "The Many Facets of
Protssinnidism in Chemistry," A Report on the
i\CS Presidential Conference. November 15 and
16. 1981. Arlington. VA.

American Chemical Society. **Undergraduate Pro-
fessional Education in Chemistry: Guidelines and
f niluat ion Procedures," Committee on Proles-
Htinill Training. Washington, D.C.: American
Chenntal x'ie'ty, 1983.

American Chemical Society. Prolessionais in
1981 -82. Washington. D.t.'n Ameri-

can Chemical Sncietv,

Atm! is iar, t'llemical Society. Women Chemists:
I fIr5tt. Wa,-;h ngt C.: American Chemical So,
clet y. 1981

7 0

American Institute of Physics. Physics in Thor
High School. New York: McGraw flill Book Com-
pany, Inc .,1960.

Association Council c9r PolicVAnalysis and Re-
search. "The National Investment in Higher Edu-
cation." Washington. D.C.: American Council on
Education. 1982.
Atelse1a Frank J. Student Quality in the Sciences
and Engineering: Opinions of Senior Academic
Officials. Higher Education Panel Reports. No. 58.
Washington, D.C.: American Council on Educa-
tion. 1984. .

Barrow, K.; Mullis. I.; Phillips, D. "Achievement
and the Three R's: A Sync psis of National Assess-
ment Findings in Reading. Writing, and Mathe-
matics." Denver: National Assessment of Educa-
tional Progress, 1982.
Boyer, Ernest L. High School. A Report on Sec-
ondary Education in America. New York: Harper
& Row. 1983.

Brode. Wallace, R. 1962. "The Growth of Science
and a National Science Program." American Sci-
entist. Vol. 50. No. I.
Brode, Wallace. R. 1966. "Who Speaks tor Sci-
ence?" 7bpic. Vol. 4. No. 11:14 -35

Burkheimer. Graham 3. and Novak. Thomas P. "A
Capsule Description of Young Adults Seven and
One-Half Years After I ligh School." Washington.
D.C.: National Center for Education Statistics.
1981.

California State Curriculum Frantmork and Cal-
tc.ria Committee for Science. Science Framework
for California Priblic Schools: Kindergarten and
Grades One Through Ilnelve. Sacramento: Cali-
fornia State Department of Education. 1978.
Commission on the Humanities. The Humanities
in American Life. Berkeley. CA: University of Cali-
fornia Press. 1980.
Committee on Science and Mathematics Educa-
tion. "Recommendations for Improving the Qual-
ity of Science and Mathematics Education in
North Carolina's Public Schools." Raleigir.Ptirice
of the Governor. 1982.

Eric Clearinghouse for Science, Mathematics. and
Environmental Education. "Efforts to Improve
Quality: Selected References for Science Educa-
tors." Information Bulletin. No. 3. Columbus:
ERIC/SMEAC. 1983.

Erin Clearinghouse for Science. Mathematics, and
Environmental Education. "Science Teacher Sup-
ply and Demand." Science Education Fact Sheet
No. 1. Columbus: ERIC../SMF,AC, 1983.

59



Fairfax County Public Schools. "Science. Program
of Studies: 7-12." Fairfax: County School Board of
Fairfax County, 1978.
Finn, Chester, E. ,Jr., Ravitch. Diane. and Fancher.
Robert T. Against Mediocrity. The Humanities in
America's High Schools. New York. Holmes &
Meier, 1983,
Ga lareos. Eva C. "Engineering and HighThch-
nology Manpower Shortages: The Connection
with Mathematics." Atlanta: Southern Regional
Education Board. 1980.
liodgkinson. Harold L. "Guess Who's Coming to
College: Your Students in 1990," Washington.
D.C.: National Institute ofIndependent Colleges
and Universities. 1983.
Ledbetter, Elaine W. "The Status of Chemical Edu-
cation in the United States in 1982." Paper pre-
sented to the 7th Biennial Conference on Chemi-

cal Education. Stillwater, OK. August 11, 1982,

Lesgold. A.M.. and Reif. F. Computers in Educa-
tion: Realizing the Potential. A Report of a Re-
search Conference. November 20-24. 1982.
Washington. D.C.: U.S. Department of Education.
1983.
Levin. Henry M.. and Rumberger. Russell. W.
"The Educational Implications of High Itchnol-
ogy. Project Report No. 83-A4." Stanford: School
of Education. Stanford University, 1983.
Miller. Jon D. "Scientific Literacy: A Conceptual
ipai Empirical Review." Daedalus: Journal of the
American Academy of Arts and Sciences, Vol.
112. No. 2. 29-48.
National Acakiemy of Sciences. Chemistry: Op-
portunities and Needs. Washington. D.C.: Na-
tional Academy Press. 1965.
National Academy of Sciences. Research Brief-
in3 1983. Washington. D.C.: National Academy
Press. 1983.
National Academy of Sciences. Science and Math-
ematis in the Schools: Report of a Convocation.
Washington, D.C.: National Academy of Sciences.
1982.
National Assessment of Educational Progress.
"Ilschnical Report: Changes in Student Perform-
ance by Achievement Class and Modal Grade."
No. SY-RSM-21 Denver: Education Commission of
the States. 1982.
National Center for Education Statistics. The Con-
dition of Education: A Statistical Report. Edited
by Valeria W. Plisko. Washington. D.C.: U.S. De-
part vlit of Education. 1983.
NatioCal Commission on Excellence in Education.
A Nation at Risk: The Imperative for Educational
Reform, Washington, D.C.: U.S. Department of
Education. 1983.

60

National Commission on Higher Education Is-
sues. "'lb Strengthen Quality in Higher Educa-
tion." Washington. D.C.: National Commission on
Higher Education. 1982.
National Commission on Student Financial As-
sistance. "Signs of Rouble and Erosion: A Report
on Graduate Education in America." Washington,
D.C.. 1983.
National Research Council. Climbing the Aca-
demic Ladder: Doctoral Women Scientists in Ac-
ademe. Washington. D.C.: National Academy of
Sciences. 1979,
National Research Council. Research Excellence
Through the Year WOO. Washington, D.C.: Na-
tional Academy of Sciences. 1979,
National Research Council. Science for Non-Spe-
cialists: The College Years. Washington. D.C.: Na-
tional Academy Press. 1982.
National Research Council. Science, Engineering.
and Humanities Doctorates in the United States:
1981 Profile. Washington. D.C.: National Acad-
emy Press. 1982.
National Science Board Commission on Precollege
Education in Mathematics. Science and Thchnol-
ogy. Educating Americans.for the 21st Century.
Washington, D.C.: National Science Foundation.
1983.
National Science Board Commission on Precollege
Education in Mathematics. Science andllchnol-
ogy. "Thday's Problems. 'Ibmorrow's Crises."
Washington, D.C.: National Science Foundation.
1982.

National Science Board. Science Indicators. 1982.
Was iington, D.C.: U.S. Government Printing Of
lice. 983.
Nationa 7ience Foundation and Department of
Education. &_ierice & Engineering Education.fbr
the 1980'5 &Beyond. Washington. D.C,: U.S. Gov-
ernment Printing Office, 1980.
National Science Foundation. National Pattern of
Science and Thchnology Resources. 1982. Wash-
ington, D.C.: U.S. Government Printing Office.
1982.

National Science Itachers Association. "Science.
Technology-S(x7iety: Science Education for the
1980's." An NSTA Position Statement.
Office of Appropriate Tcchnolgy. High Technology
and High School. Sacramento: State of
1982.

Office of Scientific & Engineering Personnel & Ed-
ucation Science and Engineering Education:
Data arid information. Washington. 1).C.: Na
tional Science Foundation, 1982.

71.



Office of Technology Assessment. Informational
Technology and Its Impact on American Educa-
tion. Washington, D.0 : U.S. Government Printing
Office, 1982.

Peng, Samuel S.; Fetters. William B,: Kolstad. An-
drew J. "A Capsule Description of High School
Students." High School and Beyond: A National
Longitudinal Study for the 1980's. Washington,
D.C.: National Center for Education Statistics.
1981.

Raman. V.V. "Why It's So Important that Our Stu-
dents Learn Mere About Science," The Chronicle
of Higher Education. April 4, 1984, p. 80.
Reese, Kenneth M. Health and Safety Guidelines
for Chemistry Thachers. Washington. D.C.: Amer-
ican Chemical Society, 1979.
Science Handbook Writing Committee. Science
Education for the 1980's. Sacramento: California
State Department of Education. 1982.
Scientific Manpower Commission. Opportunities
in Science and Engineering. Washington, D.C.:
Scientific Manpower Commission. 1982.
Scott. Arthur F. "Education and 'Raining of
Chemists in the U.S.." Chemical & Engineering
News, April 26, L965, p. 94.
Scott. Arthur F. "Education and 'Raining of
Chemists in the U.S.," Chemical &E'rigineering
News, June 14, 1965, p. 96.

Scott, Arthur F. "Education and "paining of
Chemists in the U.S.." Chemical & Engineering
News. March 29. 1965, p.83.
Scott, Arthur F. "Education and '11-aining of
Chemists in the U.S.," Chemical & Engineering
News, May 17. 1965, p. 92.
Task Force on Education for Economic Growth.
"Action for Excellence." Education Commission of
the States. June 1983.
"Msk Force on Precollege Science Education.
"Strategies for Increasing Involvement of Re-
search Scientists in Implementation of Innovative
Science Education Programs." Bethesda: Federa-
tion of American Societies for Experimental Biol-
ogy. 1983.

The College Board. Academic Preparation Fo
College. New York: The College Board. 1983.

'1\ventieth Century Fund Task Force on Feder41El-
ementary and Secondary Education Policy. Mak-
ing the Grade. New York: Wentieth Century
Fund. 1983.

Wegener, Charles. Liberal Education and the
Modern University. Chicago: University of Chi-
cago Press. 1978
Winter. David 0.. McClelland, David C.. and Ste-
wart, Abigail J. A New Case for the Liberal Arts.
San Francisco: tiossey-Bass Publishers, 1981.

72
61



,t>

INDEX

AAAS = American Association lc r the Advance-
ment of Science

AAAS. and science in schools 18
AAAS, laboratory science requirement. college

graduation 3a
ACS = American Chemical Society
ACS Board Committee on Public Affairs 1()
ACS Board. and committee on career opportuni-

ties 46
ACS CAS. leadership in information management

48
AC'S CPT, and committee on career opportunities

46
ACS CPT. at academic-industrial interface 56
AC'S ('PT, chemistry content of nonchemistry cur-

ricula 42
AC'S CPT, committee to consider mission and

struckure 47
ACS CPT. curriculum guidelines and two-year col-

leges 34
ACS CPT. established to provide . . 44
ACS ('PT, flexibility of approved curriculum 46
ACSCPT, guidelines approach 44
AC'S C`'4)T. list of approved programs 44
AC'S Cq. ;minimum standards 44
AC'S CPT, mission and structure 47
AC'S ('PT. model for approval of two-year pro-

grams 35
ACS (PT. opposition to Committee positions 44
AC'S firesence and reputation 46
ACS ctn.. process aspects of curriculum guide-

lines 46
ACS CPT. sponsorship of position papers 45
ACS Central North Car as Section 56
AC'S Chemical Abst Os Service, see ACS CAS
ACS Chemistry Education 'Risk Force. see 'Thsk

Force
A('S Committee on Chemistry and Public Affairs

10
ACS Committee on Local Section Activities 56
A('S Commit te.'e on Professional Relations 56
AC'S Committee on Professional Ilaining. see

AC'S
AC'S Committee on the Handicapped 56
AC'S Corporation Associates 10
AC'S Corporation Associates, education activities

56
At'St onnr-il Committee on Public Relations 10
AC'S Council. and committee on career opportuni-

ties 46
ACS Department of Public Affairs 10
AC 781 )ivChEd. and f ive.year plan. high school

chemistry 26
AC'S DivChEd. and public understanding of chem-

istry 10
A('S 1)ivChEd. and school science 19
ACS Division of Chemical Education. see AC'S Diy-

ChEd

AC'S Division of Chemical Marketing and Eco-
nomics 42

AC'S Division of Chemistry and the Law 42
AC'S Education Division 15
ACS Education Division, clearinghouse function

40
AC'S Education Division, continuing education

services 52
AC'S Education Division, high school activities 22
ACS Education Division. public understanding of

chemistry 10
ACS Education Division. and school science 19
AC'S Office of High School Chemistry 22
AC'S Office of Public Relations 10
AC'S Project SEED 56
ACS SOCEI), and conunitte on career opportuni-

ties 46
ACS SOCEI), and five-Near plan, high school

Chemistry 26
ACS SOLED, and public understanding of hemis-

try 10
ACS SOCED, at academic-industrial interface 56
AC'S S(X.'ED. effort in aid of science education 19
ACS SWIM, revision of Guidelines for two -year

colleges 34
AC'S Society Committee on Education. see AC'S

SOCEI)
ACS Thsk Force, C.'hemistry Education for Nonsci-

entists 40
AC'S Women Chemists Committee 51
AC'S activities in pre-high school chemistry educa-

tion 23
ACS activities in precollege science education 22
AC'S and postdoctoral research appointnients pro

grain 50
ACS and science requirtnnent, high school gradu-

ation 29
A('S approval of chemical technology programs

35
AC'S approval of high school chemistry programs

26
AC'S approval of two-year college chemistry pro-

grams 35
ACS approval of two-year college transfer pro-

grams 36
AC'S approved curriculum in chemistry 44
AC'S committee on technical libraries 48
ACS consultation and mureach to twoyear col-

leges 34
AC'S development of K8 chemistry nitxhiles 20
AC'S effort in aid of school science education 18
AC'S guidelines for laboratory in high school .

chemistry 30
AC'S I970 Guidelines, Chemistry in TWo- Year Col-

leges 34
AC'S 1977 Guidelines. teacher preparation. high

school 27

73 63



ACS 1982 workshop: Chemistry in K9 Curricula
22

ACS local sections, at academic:- industrial inter-
face 56

ACS local sections, assijtance to chemistry educa
,

tion 28
ACS local sections, assistance to high school

chemistry 26
ACS local sections, and chemistry education 26
ACS local sections, improvement of high school

chemistry 55
ACS local sections. and industry aid to education

56
ACS staff tiniction at academic-industrial inter-

face 56
ACS staff function in Cooperative Education 56
ACS study of high school chemistry i'urriculunt

29
ACS study of laboratory instruction. costs and

content 30
AC'S. approved B.S. curriculum. see Curriculum,

approved
ACS. effort to add science to basic school subjects

19
AC'S. effort to raise teacher certification standards

19
AC'S. laboratory science requirement. college

graduation 38
AC'S. National Council Membership 7
ACS. science admission requirement, colleges 38
Academic-Industrial Matrix (AIM) 56
Academic-industrial cooperation 54
Academic-industrial interface 3
Academic-induStrial interface, coordination at 55
Admission Requirements in science, college 38
Algorithmic learning 14
American Association for the Advancement of Sci-

ence. see AAAS
ArTleriCan Association for Physics Teachers 7
American Chemical Society. see ACS
American Institute of Biological Sciences 7
AMCrican Library Association 8
American Museum Association 8
American Physical Society 7
Approved curriculum in chemistry. ACS 44
Approved curriculum. AC'S. see Curriculum, ACS

approved
Attitudes. student. toward science and mathemat-

ics I
B.S. chemists. and AC'S CPT guideline's 44
Barriers and hurdles in education 3
Basketball 19 1

Bibliography 59
Biochemistry in approved curriculum 44
Board of Directors, ACS..sec ACS Board
Books, ability of students to learn from 52
Budget. DOD I
Budget, DOE 1
Budget. US Department of Delentw'
Budget, I5S Department of Education I

PT, set' ACS CPT

Career aims of individuals 45
Career choice. B.S. chemists 45
Career counseling of high school students 29.
Career development, arbitrary restraints on 51
Career development, economic restraints on 50
Career opportunities. characterization of 46
Career opportunities, committee on 46
Career opportunities. large employers 46
Career opportunities, small employers 46
Career preparation, sequence of commitments re-

quired 29
Careers in chemistry. attractiveness to women 51
Careers in chemistry. optimal preparation for vari-

ous 46
Careers in chemiStry, perspective from standpoint

of 46
Careers in chemistry, recommendations on 50
Careers in chemistry, student interest in 26
Careers in science and technology, counseling 29
Careers. chemistry, characterization of opportuni-

ties 45
Centers. Regional, science education 21
Certification of elementary school teachers 19
Certification of high school chemistry teachers 27
Certification, emergency or temporary. limitation

of 27
Characterization of career opportunities in chem-

istry 45
Chautauqua-type short courses 40
Chemical Abstracts Service, ACS. see ACS CAS
Chemical economics in approved curriculum 45
Chemical information retrieval in approved cur-

riculum 45
Chemical scienceg'! market for graduates 50
Chemical technology programs. ACS approval of

35
Chemical technology, two-year colleges, recom-

mendations 35
Chemistry courses for nonscientists, college 39
Chemistry curriculum, ACS approved 44
Chemistry education, state of 2
Chemistry for citizenship 26
Chemistry in K-9 curriculum 23
Chemistry modules for professional curricula 42
Chemistry programs. ACS CPT approved 44
Chemistry teachers, high school certification 27
Chemistry teachers, high school, qualifications 27
Chemistry, ACS approved curriculum 44
Chemistry, characterization of career opportuni-

ties in 45
Chemistry, college admission requirement 2
Chemistry. college graduation requirement 2
Chemistry. college, recommendations on 38
Chemistry, high school. recommendations on 26
Chemistry, market for graduates 50
Chemistry, professional curriculum 3
Chemistry. public understanding of 10
Chemistry, two-year colleges, recommendations

on 34
Chemistry, university, recommendations on 38
Chemists. B.S., and ACS CPT guidelines 44

74



Chemists, as managers of information 48
Chemists, baccalaureate, professional preparation

44
Chemists, balance of supply and demand 50
Chemists, degree pre ion 2
Chemists, employer expect *ions of 3
Chemists, industrial demands for 3
Citizenship. chemistry for 26
Cognitive science and science education 14
Cognitive science, role in Regional Science Cen-

ters 22
College admission requirements in science 38
College chemistry courses for nonscientists, de-

siderata 39
College chemistry courses for nonscientists 39
College chemistry for nonchemists, content 42
College chemistry for nonscientists. ACS work-

shops 40
College chemistry.nonscientists. content 42
College graduation requirements in science 38
College and universities, enrollments 1
Colleges and universities, industry aid to 55
Committee on Education, ACS, see ACS SOCEI)
Committee on Professional 'flaining, ACS, see

ACS CPT
Committee on career opportunities, charge 46
Committee on career opportunities membership

46
Committee to consider mission and structure of

ACS CPT 46
Communication skills and science edit Lion 19
Communication skills in approved curriculum 45
Compensation of-school science teachers 21
Compensation of teachers and faculty members 2
Completion. purpose of continuing education 52
Computer programmer 14
Computer simulation of laboratory exercises 42
Computer simulation, inappropriate applications

26
Computer simulation. inappropriate use. high

school 30
Computer. application to science education 13
Computer. use in instruction 2
Computer -based technique's, in continuing educa-

tion 52
Computers and computation in approved c'urricu-

him 3
Computers. appropriate use in high school in-
, st ruLt ion 3()
C.'oneeptual elements, in model school science pro-

gram 20
Concerns. national. recommendations on 6
:onferenc on arbitrary restraints on careers 51

Continuing Education, see also: Continuous
learning

Continuing and initial education 52
Continuing 'lucation, and teacher certification

19. 22
Continuing education, audio and video materials

for 52
Continuing education. open university 52

75

Continuing education, place-bound 52
Continuing education, professional 3
Continuing education, school science teachers 21
Continuous learning and professional status 52
Continuous learning, purposes 52
Cooperative Education programs and laboratory

skills 42
Cooperative Education programs 55, 56
Cooperative instrument repair service 43
Coordination at the industrial-academic interface

55
Corporation for Public Broadcasting 8
Correspondence courses and continuing educa-

tion 52
Costs of certain Federal initiatives 57
Costs of certain State programs 57
Costs of certain recommendations 57
Council, ACS, see ACS Council
Counseling of high school students 29
Cross-disciplinary interactions 40
Cultural duality, reduction of 40
Curriculum improvement, cost estimates 57
Curriculum materials, Regional Science Centers

21
Curriculum materials, quality and effectiveness 2
Curriculum, ACS approved 44
Curriculum, approved, adherence to 46
Curriculum. approved. concerns about 44
Curriculum, approved, process aspects of guide-

lines 46
Curriculum, approved. specificity 46
DOD, budget 1
DOD. research and development in education 14
DOE support for teacher improvement 9
IX)E support of science education 8
DOE, budget 1
Defense. U. S. Department of. see IX)D
De.grees awarded compared with employment of-

fers 50
Degrees awarded. 1980-1981 1
Degrees awarded, all fields 1
Degrees awarded, chemistry 2
Degrees awarded, mathematics education 1
Degrees awarded, physical science education 1
Degrees awarded, science and engineering, Japan

19
Department of Defense', U. S., see DOD
Department of Education. U. S., see DOE
Descriptive elements. in model school science pro-

gram 20
Discrimination in education 3
Disceission of possible causes, school science cur-

riculum 20
Diversity and pluralism in higher education 44
Division of Chemical Education, ACS, see ACS

DiyChEd
Education, U. S. Department of, see DOE
Education, all levels, recommendations on 12
Education, careers in 46
Education, chemistry, state of 2
Educational technologies, nonprint 52

65



Effort. challenge, and achievement in education 3
Electro-optical systems, evaluation of 52
Electro-optical techniques in continuing educa-

.tion 52
Electronic blackboard. in continuing education 52
Elementary school science, recommendations on

18
Elementary schools. see Schools
Employee supply, rate of change 3
Employer expectations, of chemists 3
Employers. interests and needs 44
Employment demand, rate of change 3
Employment of school teachers.. compensation 21
Employment of school teachers, continuing

education 21
Employment of school teachers, financial induce-

ments 21
Employment offers compared with degrees

awarded 50
Employment opportunities, fluctuations in 50
Enrollments, by education level 1
Enrollments. colleges and universities I
Enrollments, high schools 1
European schools, time devoted to science, math-

ematics 19
Expenditures per pupil, average 1
Expenditures per pupil, recommended increase

57
Exxon Education Foundation Inside front cover
Faculty members. industrial consulting by 54
Faculty members, morale 3
Federal Regional Science Centers, science educa-

tion 21
Financial inducements to school science teaching

21
Findings, ACS Chemistry Education Task Force v
Five year plan to improve chemistry in high

schools 26
Fun and happiness in education 3
Georgia Institute of Technology 43
Government laboratories, postdoctoral research

50
Graduation requirement in science, college 38
Graduation requirement in science, high school

38
Graduation, high school, laboratory science re-

quirement 38
Graphic arts. market for graduates 50
Guidance counseling of high school students 28

ACS. laboratory in high school chemis-
try 30

Guidelines for school science curricula 20
Guidelines. ACS 1977, preparation of high school

teachers 27
Handicapped persons. career progress 3
Handicapped persons. restraints on career devel-

opment 5I
Hands-on laboratory science requirement, high

school 28
Hands-on school science, kits for 20
High school chemistry for the citizen-to-be 29

66

High school chemistry course for nonscience stu-
dents 29

High school chemistry course for students of sci-
ence 29

High school chemistry ccni:.ses. effectiveness 29
High school chemistry courses. student response

26
High school chemistry and introductory college

chemistry 30
High school chemistry for students in technical

fields 29
High school chemistry teachers. certification of 27
High school chemistry. ACS Office of 22
High school chemistry. effectiveness 26
High school chemistry. five year plan for improve-

ment 26
High school chemistry. improve teacher qualifica-

tions 27
High school chemistry. recommendations on 26
High school chemistry, role of laboratory instruc-

tion 26
High school chemistry. role of professional scien-

tists 27
High school chemistry. shortage of qualified

teachers 27
High school chemistry. teacher preparation 27
High school graduation, erosion of academic re-

quirements 28
High school science completed by high school

seniors 1
High school science requirement. laboratory com-

ponent 28.38
High school science. recommendations on 26
High school teacher college faculty interactions

28
High schools, enrollments 1
High schools. industry aid to 54
Higher education. diversity and pluralism in 44
Historical perspectiVes in approved curriculum 44
Humanistic values in approved curriculum 44
Industrial consulting by faculty members 54
Industrial academic interface cooperation 54
Industrial academic interface. coordination at 55
Industrial laboratories, postdoctoral research 50
Industry aid to colleges and universities 55
Industry aid to education at all levels 55
Industry aid to elementary schools 54
Industry aid to high schools 54
Industry aid to retention of high school teachers

28
Industry aid to teacher improvement programs 28
Industry and colleges. academic fellowships 55
Industry and colleges. continuing education pro-

grams 55
Industry and colleges. curriculum development

55
Industry and colleges, exchange qualified scien-

tists 55
Industry and colleges. faculty research projects

55

76



Industry and colleges, graduate student appoint-
ments 55

Industry and colleges, instructional Materials 55
Industry and colleges, research assistantships 55
Industry and colleges, sharing computer re-

sources 55
industry and colleges, sharing library sources 55
Industry and colleges, special departmental sup-

port 55
Industry and colleges, student travel to meetings

55
Industry and colleges, teaching assistantships 55
Industry and colleges. undergraduate research 55
Industry and colleges. use of faculty research

skills 55
Industry and colleges, use of research instrumen-

tation 55
Industry and colleges, use of retired scientists 55
Industry and education, recommendations on 54
Industry and high schools, laboratory equipment

funds 54
industry and high schools. library materials dona-

tions 54
Industry and high schools. loan of scientists 54
Industry and high schools, student science fairs

54
Industry and high schools, student summer ap-

pointments 54
Industry and high schools. student tours of plant

sites 54
Industry and high schools. support for counseling

54
Industry and high schools, teacher summer ap-

pointments 55
Industry and schools, funds for teaching equip-

ment 54
Industry and schools, guided teacher tours 54
Industry and schools. improvement of local sup-

port 54
Industry and schools. loan of technical personnel

54
Industry and schools, master teacher awards 54
Industry and schools, public information pro-

grams 54
industry and schools. teacher institutes and work-

shops 54
Industry and schools, teacher scholarships 54
Industry as source of support for basic research

54
Industry as source of support for education 54
Industry loan of qualified personnel to high

schools 28
Industry skipport of high school science education

28
Industry. aid to improvement of laboratory exer-

cises 31
Industry, efforts assisting two-year college chem-

istry 35
Industry, victim of science illiteracy 54
Information technology, role in Regional Science

('enters 22

77

Information management 48
Information science in B.S. curriculum 3
Information science, careers in 48
Information sources for this Report xiii
Information technology and science education 13
Information technology, demonstration center 14
Information technology, training programs 57
Initial and continuing education 52
institute for Chemical Education, Univ. of Wiscon-

sin-Madison 40
Institutes, subject-matter oriented 19
Institutes. teacher, NSF 2
Institutional laboratories, postdoctoral research in

50
Instruction, multidisciplinary 40
lAtruction, remedial. by colleges and universities

29
Instructional materials, Regional Science Centers

21
Instructional pentathlon 2
Instrument repair and maintenance 43
Instrument repair service. cooperative 43
Instrumentation in college laboratory courses 43
Intergrated multidisciplinary instruction 40
Interdisciplinary cooperation 7
Interdisciplinary integration 40
Introductory chemistry, high school and college

tasks 30
Japan, science and engineering degrees awarded

19
K-9 curriculum. chemistry in 23
Kits, instructional, for "hands-on" school science

20
Laboratories, government, postdoctoral research

50
Laboratories, industrial, postdoctoral research 50
Laboratories, institutional, postdoctoral research

50
Laboratory component of college chemistry

courses 41
Laboratory component of high school chemistry

30
Laboratory component, high school science re-

quirement 28
Laboratory exercises in chemistry, improvement

Of 31
Laboratory exercises. logistics. costs 2
Laboratory in baccalaureate chemistry programs

42
Laboratory experience in the chemistry curricu-

lum 42
Laboratory instruction. ACS Study of costs and

content 30
Laboratory instruction. foundational chemistry

courses 4 I
Laboratory, importance to high school science 26
Learning from books. ability of students 52
Learning, algorithmic 14
Libraries as repositories of information 48
Libraries, technical, nature of 48

67



Macromolecular chemistry in approved curricu-
lum 44

Maintenance and repair of instruc nal instru-
ments 43

Maintenance,purpose of continuing education 52
Management of information 48
Manager. industrial, and academic scientists 54
Market for graduates, various fields 50
Materials development, Federal funding for 22
Materials dissemination, Federal funding for 22
Maxwell, James Clerk; Physicist 41
Minorities, arbitrary restraints on career develop-

ment 51
Minorities, career progress 3
Minorities, representation in chemistry 51
Mission, ACS Committee on Professional 'flaming

47
Model program for school science, K-8 20
Molecular biology ia approved curriculum 44
Money, as estimate of certain costs 57
Monsanto Company 28
Morale, college faculty members 2
Morale, school teachers 2
Multidisciplinary instruction 40
Murdock Charitable '11.ust Inside front cover
NSB Commission, estimated costs of recommen-

dations 57
NSB Commission on Precollege Education Insti-

tutes xiii
NSB Commission on Precollege Education, pro-

posal 13
NSB Commission on Precollege Education viii. 8
NSF funding for Regional Science Centers 22
NSF science curriculum projects 18
NSF support for research in science education 14
NSF support for teacher improvement 9
NSF support of science education 8
NSF teacher development programs 12
NSF teacher improvement programs 27
NSF teacher institutes 2
NSF teacher institutes. expansion of program 12
NSF workshops. multidisciplinary instruction 40
National Academy of Sciences-National Research

Council 50
National Assessment of Education Progress 8
National Association of Science Writers 8
National Center for Public Understanding of Sci-

ence 8
National Commission on Excellence in Education

xiii. 8. 22. 29. 30
National Council guidelines. school teacher certifi-

cation 21
National Council model program, school science.

K-8 20
National Council on Education in Science & Tech-

nology 6
National Council, study of high school chemistry

29
National Council. NSB Commission recommenda-

tion on 9

68

National Council, math admission requirement.
colleges 38

National Council, raising teacher certification
standards 27

National Council, and Regional Science Centers
21

National Council, science admission requirement,
colleges 38

National Council, science-requirement. HS gradu-
ation 29

National Council, and support for science educa-
tion 15

National Council, and United States Government
7

National Council, workshops, multidisciplinary
40

National Endowment for the Humanities, work-
shops 40

National.Institute of Education, science ed. re-
search 14, 15

National Science Board,see NSB
National Science Education Board 9
National Science Foundation, see NSF
National Science 'leachers Association 7
National concerns, recommendation" on 6
National postdoctoral system 50
Non-print educational technologies 52
Observation of phenomena in school science cur-

riculum 20
Offers of employment compared with degrees

awarded 50
Open university, format for continuing education

52
Organic chemistry in approved curriculum 44
Particulate nature ofmatter. school science curric-

ulum 20
Pentathlon, instructional 2
Performing arts, market for graduates 50
Physical chemistry in approved curriculum 44
Piaget. Jean; educational psychologist 18
Place-bound continuing education 52
Plastic arts, market for graduates 50
Pluralism and diversity in higher education 44
Polymer chemistry in approved curriculum 44
Position papers. on curriculum problems 45
Postdoctoral positions,. academic 50
Postdoctoral positions, industrial 50
Postdoctoral positions, institutional 50
Postdoctoral research on problems of national

concern 50
Precollege education in science. strengthening 8
Preparation for career in chemistry. optimal 46
Prerecorded audio materials. in continuing educa-

tion 52
Prerecorded video materials, in continuing educa-

tion 52
Priorities.' highest, among Task Force recommen-

dations v
Private foundations, public understanding of sci-

ence 8

7S



Probability and statistics in approved curriculum
44

Problems of approved curriculum. position papers
on 45

Professional scientists, as high school teachers 28
Proficiency acquisition, and continuing education

52
Programmer. computer 14
Project SEED. ACS 56
Public Affairs, ACS Department of 10
Public Relations, ACS Office of 10
Public understanding of chemistry 10
Public understanding of science 6
Qualifications of high school chemistry teachers

27
Quantitative elements, in model school science

program 20
Quantitative relationships, school science currieu-

lam 20
Raman, V.V., Physicist 39
Reading and writing about science 19
Reading,'Riting, 'Rithmetic. and Rscience 19
Recommendation - ACS Approved Curriculum in

Chemistry 44
Recommendation - ACS Aid. Instructional Im-

provement 34
Recommendation - ACS Approval. Chemical Tech-

nology 35
Recommendation - ACS Approval, 'No-Year Col-

lege Programs 35
Recommendation - ACS Guidelines, 'No-Year Col-

leges 34
Recommendation ACS Pre -Iligh School Activi

ties 22
Recommendation Academic-Industrial Coopera-

tion 54
Recommendation CPT Mission and Structure 47
Recommendation - Career Development. Arbi-

trary Restraints 51
Recommendation Career Development. Eco-

nomic Restraints 50
Recommendation Characterization of Career Op-

portunities 45
Recommendation Chemistry Courses for Nonsci-

entists 39
Recommendation - Chemistry Modules. Profes-

sional Curricula 41
Recommendation - Chemistry Courses for Non-

chemists 41
Recommendation - Chemistry Literacy and the

ACS 10
Recommendation College Admission Require-

ment. Science 38
Recommendation College Graduation Require-

ment, Science 38
Recommendation Continuous Learning 52
Recommendation Federal Regional Science Cen-

ters 21
Recommendation - Five-Year Plan, High School

Chemistry 26

79

Recommendation - Guidelines. School Science
Curricula 20

Recommendation - High School Chemistry
Courses 29

Recommendation - Improving 'Reacher Qualifica-
tions 12

Recommendation In Aid of Elementary School
Science 18

Recommendation Industrial Academic Inter-
face 55

Recommendation Information Management 48
Recommendation - Information lbchnology, Sci-

ence Education 13
Recommendation - Interdisciplinary Integration

40
Recommendation - Laboratory in High School

Chemistry 30
Recommendation - Laboratory in Chemistry Cur-

riculum 42
Recommendation - Laboratory in Foundational

Chemistry 41
Recommendation National Council 6
Recommendation - Research in Science Educa-

tion 14
Recommendation School Rachers of Science 20
Recommendation Science as a Basic School Sub-

ject 19
Recormaendation - Science Graduation Require-

ment 28
Recommendation Sub-Council, Precollege Edu-

cation 8
Recommendation Sub-Council, Public Under-

standing 7
Recommendation -11.acher Certification. Qualifi-

cations 27
Recommendations of this Task Force. list of viii
Regional Science Centers. and teacher improve-

ment 27
Regional Science Centers, Federal support of 21
Regional Science Centers, science education 21
Relaxation times, chemist supply and demand 3
Relaxation times, employment and degree pro-

duction 50
Remedial instruction by colleges. universities 29
Remsen, Ira; educator. chemist 30
Repair service, cooperative, for instrumentation

43
Research. academic, industrial support of 54
Research. science education 14
Research, undergraduate 12, 43
Restraints, arbitraryn career development 51
Restraints, economic, on career development 50
Retired industrial scientists. as high school

teachers 54
Retired industrial scientists. as college faculty 55
Retired scientists, as high school teachers 28
Review of this Report xiii
SAT scores. Mathematics part 1
SAT scores. Verbal part 1
SOCED. see ACS SOCED
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Safety and chemical hazards in approved curricu-
lum 45

Scholastic Aptitude lest, see SAT
School administrators 18
School science education, see also: Science educa-

tion
School science education, quality of 18
School science, hands-on, kits for 20
School science, model program development 20
School science, recommendations on 18
School subjects, basic, inclusion of science 19
Schools, enrollments 1
Schools, industry aid to 54
Science as a basic school subject 19
Science awareness of high school students 26
Science completed by undergraduates 38
Science courses completed by high school seniors

I
Science Education Board, National 9
Science education in European countries 19
Science education, adequacy of curriculum 18
Science education, effort in aid of 18
Science education, research 14, 15
Science education, teacher qualification 18

eScienceeducation, time allocation in schools 18
Science illiteracy, problem for industry 54
Science instruction, and team teaching 21
Science issues, contemporary 38
Science learning, achievement testing 19
Science literacy and decision-making 7
Science literacy of high school graduates 18
Science literacy of high school students 26
Science requirement for college admission 38
Science requirement for college graduation 38
Science requirement for high school graduation

28
Science requirement in teacher education 20
Seimee. elementary school, recommendations on

18
Science. high school. recommendations on 26
Science. public understanding of 6
Science. reading and writing about 19
Science. teacher certification requirement 20
ScientiF...i. academic, and industrial managers 54
Short courses, Chautauqua-type 29
Shortages, of qualified science teachers 26
Simulation by computer 13
Simulation. inappropriate use of 14
Sources, information xiii
State government, teacher improvement efforts

13
State governments. support of Regional Science

Centers 22
Student attitudes toward mathematics and Sd-

(*rice I
Students. ability to learn from books 52
Students. high school, science completed 1
Students, interests and needs 44
Sub-Council on Precollege Education in Science 8
Sub-Council on Public Understanding of Science

7, 10
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Task Force, Chemistry Education. ACS xiii
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Chairs Inside front cover
Task Force, Chemistry Education, ACS, Staff In-

side front cover
Task Force, Chemistry Education, ACS, Steering

Committee Inside front cover
Task Force, Chemistry Education, ACS. Member-
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Teacher certification, science requirement 21
Teacher certification and continuing education 19
Teacher certification and school science 18
leacher confidence in ability to teach science 2
Teacher confidence in ability to teach various sub-

jects 21
Teacher education, science requirement, K-8 level

21
Teacher improvement programs 12
Teacher improvement programs, NSF 27
Teacher improvement, attraction to other employ-

ment 28
'Lacher improvement, and competitive compen-

sation 28
Teacher improvement, continuing education

courses 28
'leacher improvement, and financial inducements

28
'leacher improvement. industry efforts supportive

of 28
'leacher improvement, in-service programs 13
Teacher improvement. NSB Commission recom-

mendations 57
Teacher improvement, role of employment condi-

tions 28
leacher improvement, and salary schedule ad-

vancement 28
Teacher improvement, workship for credit 27
leacher involvement in Regional Science Centers

21
leacher recruitment and retention 28
'Teacher retention, high school. role of industry 28
leacher shortages, high school science 26
Teachers with marketable skills 20
leachers, conditions of employment, improve-

ment 21
Teachers, elementary school, certification of 19
Teachers, elementary school, science qualifica-

tions 20
leachers, high school science, compensation 26
Teachers, high school, subject matter competence

2
Teachers, improving qualifications 12
Teachers, morale 2
leachers, qualification to teach science 2.
'Teachers, school, compensation improvement 21
Teachers, school, continuing education of 21
leaching and learning 12
leaching arts 12
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Teaching machines 52
'leaching modules, science. K-9 levels 23
Team teaching. and science instruction 21
lechnical libraries. nature of 48
leleconferencing. in continuing education 52
,lest scores. falling 3
lest scores, see also SAT
'Testing. achievement. of science learned 19
Time devoted to science. mathematics, European

schools 19
Time devoted to science and mathematics. U.S.

schools 19
Time devoted to various subjects in grades K-6 1
lbcipeville. Alexis de: author 3
INvo-year college chemistry programs, ACS ap-

proval of 35
'Aro-year college chemical technology programs

35
'A'o -vear colleges. ACS 1970 Guidelines 34

Undergraduate research 12
Undergraduate research instruments 43
Undergraduate research in small colleges 43
United States Government, and National Council

7
United States Government. information technol-

ogy research 13
United States Government. research in science

education 15
Universe. study of 3
Washington University. St. Louis. MO 28
Wave mechanics. school science curriculum 20
Women Chemists Committee. ACS 51
Women in chemistry 51
Women. arbitrary restraints on career develop-

ment 51
Women. career progress 3
Workshops. multidisciplinary 40
Workshops, subject-matter oriented 19
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