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ABSTRACT

This handbook contains several suggestions for
introducing and maintaining innovative science activities. It
supplements the published research findings of the Harvard Study
Committee ("Essentially Elementary Science") as well as the summary

- ¢f those findings ("Something of Value") by offering teachers,

administrators, school copmittee directors, teacher training leaders,
and State Department of Education personnel a description of
important management alternatives that can be selected and pursued to
bring the benefits of NSF programs to elementary students. Topics
presented include research programs developed related to teacher
education, implementation of science curricula related to use of
skilled teachers to train others, teacher-directed centers for the
advancement ¢f teaching and learning, the need for information
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“In ecxplaining to a child the general phenomena of
Nature,” T. H. Huxley wrote in 1869, “you must. as
far as possible, give reality to your teaching by object-
lessons; in teaching him botany. he must handle the
plants and dissect the flowers for himself; in teaching
him physics . . . don't be satisfied with tefling him
that a magnet attracts iron. Let him see that it does;
let him feel the pull of the one upon the other for him-
self. And. especially. tell him that it is his duty to doubt
until he is compelled, by the absolute authority of Na-
ture, to believe that which is written in books.”
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PREFACE

Extensive rescarch by the Harvard Study Committee
funded by the Massachusctts Advisory Council on
Education indicates that the National Science Founda-
tion clementary science programs represent a significant
improvement over other programs and other ways com-
monly practiced in introducing scicnce to young chil-
dren. These national programs offer a change from
reading about science to a discovery-by-doing approach
that is more cffective in developing critical thinking
skills and more enjoyable for both students and teachers.

This handbook supplements the published research
findings of the Harvurd Study Committee (Essentially
Elementary Science) as well as the summary of those
findings (Something of Value) by offering teachers,
administrators, school committec directors, teacher
training leaders. and State Department of Education
personnel a description of important management
alternatives that can be sclected and pursued to bring
the benefits of NSF programs to clementary students
In addition, regardless of which alternatives a group
might sclect or even invent for themselves, four major
themes stated or implied in this presentation deserve
careful attention. These themes are:

1. Collaborative efforts can usually be more effective and
economical than isolated efforts in offering fine science
programs to elementary school students

2. Inservice staff members represent a critical resource
in arranging such collaborative efforts.

3. Individual leadership is a necessary catalyst to imple-
menting and maintaining an effective elementary science
program.
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4. The previous three themes deserve serious consideras
tion for evolving a high quality of curniculum service to
students in other areas besides science.

Considering these four themcs, this bandbook im-
plies “ery important questions well beyond the area of
science — questions for state legislatots and education
officers and for college and university officials as well
as for directors of local school districts:

L. Are our laws and State Departient of Education pro-
grams designed to offer strong encouragement and Lupport
for collaborative efforts?

2. Do college and school district administeators cooperate
in arranging ways to utilize the exchange of talents and
information among insetvicc staff members from school
districts?

3. What programs and working conditions exist at state
and local Jevels to encourage and reward individual lead-
ership?

4. Are efforts at collaboration on elementary science
perceived as an example of a process that might be profit-
ably extended to many other areas of service to students
and taxpavers?

To summarize, this brief handbook raises important
management considerations for everyone interested in
improving educational scrvice. It is, therefore, more
than a handbook on the development of lively elemen-
tary scicnce programs.

DR. RoNALD J. FITZGERALD

Director of Research

Massachusetts Advisory Councii .
on Education

iv




iNTRODUCTION

The Massachusetts Advisory Council on Education
commissioned the Office of Instructional Research and
Evaluation at Harvard University to conduct a study
to determine the cxtent to which the new elementary
science curricula are being used in Massachusetts
schools, to make a broad appraisal of the quality of
instruction in eclementary science; to determine the
effects and utilization of the innovative curricular pro-
grams — aith particular emphasis on American As-
sociation for the Advancement of Science (AAAS);
Elementary Science Study (ESS); Science Curriculum
Improvement Study (SCIS); and Minnesota Math-
ematics and Science Teaching Project (Minnemast),
each of the four mitially supported by funds from the
National Science Foundation; and to make recommen-
dations and suggestions to further the sound use of
clementary science in Massachusetts schools.

In the committee’s previous reports ' on elementary
scicnce in Massachusetts schools, the findings of the
research study and the interpretation of them indicated
how powerfully the clementary scicnce course content
improvement projects were in changing a rather static
textbook-oriented classroom into a lively one with a
great deal of pleasure by students and teachers in
nmkmg their own scientific investigations of the world
about them. Compelling reasons for cxpanding the
usc of new curricula were presented in the various
discussions concerning cach of the science programs.

' Something of Value. A Summary of Findings and Recom-
mendations for Improving Elementary Science in Muassachu-
setts. The Office of Instructional Rescarch and Evaluation,
Harvard University, March 1973.

Essennally Elementary Science. A Report on the Staius of
Elementary Science in Massachusetts Schools. The Office of
Instructional Research and Evaluation, Harvard University,
March 1973.
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A summary of some of the findings i presented in thc
appendix of this document.

The Committee’s intention in this handbook is to
offer suggestions about expanding the usc of these pro-
grams; it is not a blueprint for change in any sense.
Elementary science works best when its use fully re-
fleets the dynamics and idivsyneracies of the individual
school and when the teachers arc treated with great
respect and are given some time and help to solve
their particular problems. Even five years ago, such a
handbook would have focuscd solely on devising ambi-
tious and relatively costly training programs and im-
plementation strategics, involving federal programming
assistance; however, with the downturn in federal
support for education in the past few years, such a tack
would be as foolhardy and unrealistic as it would be
remiss. Accordingly, this handbook is addressed to
stiggesting relatively ineapensive strategies and notions
that require collaboration and cooperation among
schools and school systems,

There may be a narrowing of choices as a resuit of
decreasing federal aid, but, in facing low-cost alter-
natives in teacher training, for anmplc the perceptive
and ingenious educator knows, and his observations
“can be reinforced in the two previous reports, that a
hidden and little used resource, the classroom teacher,
can make important contributions in effecting new
patterns of training in the future. In the long run, the
schools are responsible for their own strengths and
weaknesses; the suggestions made in this report may
assist teachers and administrators to utilize their own
strengths that can make them more self-reliant.

DeaN K. WHITLA

Dan C. PiNcK

Oflice of Instructional Research
. and Evaluation

University Hall

Harvard University
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PROGRAM

Reduced-cost alternatives in teacher education and
staff development may result from consortia  of
school systenss wtilizing shilled science coordinators
and teachers to encourage the wider use of new
curricula in clementary science (and in other sub-
jects) in systems that are now using the new pro-
grams and to assist in the sound introduction of the
new programs in systems presently using traditional
scienee curricula, The program is modelled some-
what on the League of Cooperating Schools in
California feighteen systems work together on staff
development n clementary schools). Similar efforts
are suggested for Massachusetts schools, and many
pros and cons are presented about this suggestion.

A COMPREHENSIVE TITLE 11l EFFORT

An implementation plan that urges the considera-
tion of using Title 111 funds and centers to provide
staff developruent and other services over at least
a five year period. The comprehensive and con-
certed attack on implementation of new science
curricula — possibly within the present-day financ-
ing potential of the state and local school systerus,
offers the possibility of directing sustained work in
seience. The emphasis, as in the Schools Science
Collaborative Program, is on using skilled teachers
to train others and on ¢ffecting decisions that would
allow funds to be directed in inproving elementary
science instruction throughout the state.

CENTERS FOR THE ADVANCEMENT

OF TEACHING AND LEARNING
Teacher-directed centers in which faculty may as-
semble easily and counsel one another is not a new
iden, but it is one that continues to offer benefits.

vii
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The Committee found that faculty using the NSF
programs spend much more.time meeting mformally
than do teachers of textbook science programs. By
simply providing tcachers with a facility in which
to meet, some common and perplexing problems
might be resolved. ‘There are more than four
hundred teacher centers in England. There is one
in Massachusetts, in Pittsfield. The Centers are ore
way in which systems can have an organized and
systematic way of placing some of the responsibility
for making innovations in the hands of the class-
room teiachers. With the downturn in federal fund-
ing for making innovations and for teacher training,
it will incrcasingly become the responsibility of
systems to provide staff development for themselves,
The Committee notes how desirable it may be for
standards to be set and teaching practices to be de-
termined locally.,

AN INVENTORY OF ATTITUDES AND
RESOURCES

Before a systema embarks on 2 new science program,
it is important to know the feclings and attitudes
of the faculty first and to diseover :lso what tech-
nical and physical resources already exist. A sample
of questions that might be asked ~f teachers is
presented,

TRIALS OR PILOT PROGRAMS

Customarily, many systems have used the new pro-
grams first on a trial basis, with a few teachers in
a few schools using the new materials, The change
effort can be strengthened by having trials in all
classrooms in one or more schools, thereby remov-
ing to some degree the jsolation of the trial teacher
when he or she is using a new program but when
the rest of the teachers are using textbook-oriented
science programs. Thc NSF curricula have been
tested and piloted by a number of systems, beginning
in thc development phase of the curriculitm pro-
grams in the carly sixtics. Change takes timc. but
some of the trials and plans for implementation
need not now requirc as much time to develop. The
Committee suggests having a co-alignment of de-
cision making about using new programs; the co-
alignment exists at two levels, the administrative

viii
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(well-supported  NSF  programs  which will form
the basts for the science program) and the faculty
(which curncula they would like to use and how
they would like to use them).

SOME NOTES TOWARD A DEFINITION OF
AN IDEAL TRAINING PROGRAM

The Committee rightly states that there is no ideal
training program and that too much teacher train.
ing is simply the mechanical use of materials. Uni-
fying what is taught with Jow it is tanght is a
desirable goal. and this cannot be achicved without
a sensitive approach and components that somehow
are a reflection of what the teachers would like to
see happen in ihe classroom. In addition to the con-
sideration and mix of knowledge of subject matter,
knowledge of children, and an awareness of some
of the inhibitions caused by various teaching meth-
ods, equally pertinent consideration should be given
to removing sex-role stereotyping (that says that
girls and women cannot do experimental work) and
the use of new science programs with children with
special learning problems. The new elementary
science progrms offer & sound way to give all chil-
dren more options and opportunitics for growth,
Again, the Committee advocates making greater use
of the skilled teacher in conducting training pro-
grams and in addressing what appear to be some of
the common problems, even including storage and
distribution of science materials.

EVALUATION, CONSIDERATION OF

While each of the new program has or suggests an
evaluative scheme or frame of reference, an eclectic
approach may be the most felicitous and useful one.
Evaluation should be an integral part of the
implementation process from the beginning and not
be added as a required afterthought after a cur-
riculum has been adopted. There are many ways to
evaluate learning and to be accountable. They are
and should be broader than objective tests.

A NOTE ON UNDERGRADUATE
EDUCATION IN SCIENCE

The suggestion is presented that more exposure and
experience with the new curricula may be helpful
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to the prospective elementary teacher. These ex-
pericnces might consist of being able to use the new
matcitals with children, more laboratory experiences
in suience, and opportunitics to nvestigate various
teaching strategies that accommodate themselves
more effectively to the NSF programs.

SCIENCE INFORMATION SERVICES

Scicnce Bulletins for the schools and their con-
stituencies are useful 1n gaining informed support
for the science activities, In the implementation
phase. the publication of progress reports to admin-
istrators and parents may help a great deal: not
mcrely praise from teachers but thoughtful descrip-
tions by them of the new seience aetivity and its
effect on their students.

SAFETY IN THE SCIENCE CLASSROOM
Because severe accidents haven't occurred, and per-
haps are not likely to. is no reason to forget some
simple but essential precautions.

INITIATIVES

The concept of the “prime mover” may be out-of-
date, but bencath the formal operations of getting a
good science program moving in the schools, the
devotion and skill and especially the leadership of
one person or several is always present. An eXxample
is shown of the initiative taken by a science educator
in another state in developing a statewide imp'.n -
tation plan — based upon the findings and recom:
mendations in the Commiittee’s report, Somcthing
of Value.

A FURTHER NOTE ON THE NSF
CURRICULA

The comments of a seience coordinator about the
clementary scienece progruun in his system should
perturb anyone who is still bound to a textbook
program.

APPENDIX: SUMMARY OF FINDINGS OF THE
STUDY
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I Schools Science Collaborative Program
Tue BrRoab A1Ms

1. Reduced-cost alternatives in teacher training and
staff development may be possible in new voluntary
confederations of school systems that want to share
their expertise on elementary science.  School Science
Collaborative Programs can be started by the schools.
Such programis will enconrage the wider use of the
new curricula in systems that are now using them and
assist in the sound introduction of the new programs
in systems that presently are using traditional ap-
proaches. The focus of the. program is on staff develop-
ment in a shared role among groups of five or more
cooperating school systems beginning with summer
workshops and carrying on during the school year.
The program is modelled somewhat on the League of
Coop-rating Schools in California (eightcen systems
worh together on staff development in clementary
schools). These could become regional instruction
centers in the schools and work in voluntary partner-
ship with university scicntists and members of certain
groups, suchi as the Massachusetts Association of
Scicnee Supervisors. The program attempts to promete
a process of which the essential clements are as follows:

(a) An introductory capericnee at a summer workshop
15 2 senstble way to allow teachers and principals to become
immersed in the techniques and philosophics of the new
clementary science programs. and this expetience is
heightened when clementary age students attend, for a
portion of time. the summer workshop. The kind of
laboratory experience offered at a summer workshop —
when the opportunity exists to become familiar with the
methods and materials in a comparatively informal atmos-
phere — 15 conducive to cifecting more adequate imple-
mentation practices during the regular academic ycar.
The sumnier workshop, morcover, offers a shared starting

1
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point for teachers and prncipals starting a Schools Sci-
ence Collaborative Program.

(b) Centers of excelience exist in all sections of Massa-
chusetts. Schools successfully using each of the new pro-
grams can be found in all counties. in these schools, there
are shilled teachers and adnunistrators, fanuliar with the
science programs and past attendees at National Science
Foundation summer and academic year stitutes, a nu-
cleus of able teachers of tecachers. Forty-five out of 244
school systems in the state with elementary schools have
designated K-12 or K-6 science coordinators, the majurity
of the systems with such people are using NSF programs
(18 systems have designated K-6 science coordinators and
cach of these systems uses NSF curricula) and they can
be identified as central systems that can reach out to
other systems. This combination of resources — skilled
teachers and science coordinators — provides hnowledge
and informed judgment and experience in implementing
the science programs.

(c) Planning teams in systems considering joining a
Schools Science Collaborative Program should consist of
administrators, teachkers and the science coordinator. One
school district might stimulate discussion of the possibility
of forming such a collaborative by requesting the appro-
priatc Regional Education Center of the Departinent of
Education to publicize and host an imtial meeting. Or, in
some cases, the structure of an cxisting collaborative
formed for other purposes might be utilized. Then the
team members will develop specific plans on how their
system will cooperate with other systemns and as the work
progresses they will prepare their own implementation
schemes. The key factors are the continuing responsibil-
ities of the planning tcam throughout the implementation
process, from program sclection, monitoring trials, arrang-
ing feedback, devising a flexible long-range plan — all
consonant with the aims of the Schools Science Collabora-
tive Program.

(d) The notion that people in the schools take the re-
sponsibility for staff impcvement 1s not new (the normal
schools in some citics more than sixty years ago did this
and from most accounts did it well); but perhaps it needs
to be re-invented at this time.

2
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(¢) Much has been written about the isolated teacher,
less about the isolated schools and school systems. It seems
wasteful to hive with this hind of 1solation, especially when
the notably responsive Athens of a school system may be
contiguous to the Sparta. In the past, innovative pro-
grams have often been imtiated in leading systems, and
the “lighthouse™ systems’ excmplary practices were in-
tended to induce similar practices in the more conservative
and hesttant systems. To a considerable extent, the result
of funding "hghthouses™ appears that the maintenance of
the superior system is ensured, but that little spillover is
evident in the less innovative system. It seems that in
education opposites do not attract cach other — and pos-
sibly for good rcasons. It 1s desirable that collaborating
systems in the School Science Collaborative Program re-
flect a rather common background. As the Committee
discovered in its rescarch. even in spite of depressed eco-
nomic conditions of some school systems, whether in the
city or town or country. superb clementary science pro-
grams are offered.

SOME PRACTICAL CONSIDERATIONS

2. A demonstration or target school in which sound
programs arc apparent is sclected in the central system
with this school as a focal point for training and sum-
mer workshops among the five or more collaborating
systems. Each of the systems will select two or more
teachers from cach of two schools within the system to
work in the program, with their principals, «rom the
beginning. At least twenty or more teachers and their
principals and science coordinators (or the p:rson most
responsible for science) will plan the summer work-
shop. At least seventy students from grades one through
six would attend the summer school for .hree of the
four-week summer program.

3. Pre-planning for the program will be done by
teachers and science coordinators; this group will de-
cide how large a part elementary science will play in
the summer school’s curriculum (2 range of subject
offerings and activitics will be offered) and they will
decide therr strategics for the summer znd during the

3
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academic year. ungraded classes, team teaching, grad-
ing, activity centers or sclf-contained teaching arrange-
ments, the space needed, equipment and materials in
subjects other than science. They will present their
plan in the spring to the respective school administra-
tions for the consideration of superintendents and
school board members. The plan essentially is a first
step in implementing new science curricula, and it
should meet the Committee’s primary consideration
that the motive power should come from local groups
of teachers and science coordinators accessible to one
another and operating with sensitive administrative
support to break through the harmful isolation that now
impedes cooperative work.

4. An NSF institute training cxperience for teachers
costs the federal government more than $700 for cach
participant. To reach only the 28,800 clementary
teachers in Massachusetts schools would cost over $200
million. With the decrease already in government
funding for teacher training and the likelihood that the
already minute funding will be cut back even further
during the next few years, alternative schemes should
be considered to provide tcachers the equivalent ex-
perience. (Roughly 300,000 high school science and
mathematics teachers attended NSF institutes in the
United States; less than 40,000 elementary teachers
have been able to do so.) Since training is an impor-
tant component of implementing the clementary science
programs and since several hundred or more skilled
clementary science teachers and science coordinators
in Massachusetts have participated in NSF programs, it
would scem wise to exploit their skills and experiences.
Certain points need to be raised about the financial
implications of new confederations within the schools;
some of them are:

(a) The Schools Science Collaborative Program is pre-
dicated on the sharing of facilitics, materials, and the ex-
pertise of teachers and admunistrators by many cooperat-
ing systems. At the present time, it is still possible that
the costs of trial packages of clementary science curricu-

4




fa can be reduced by cooperative use of NDEA Title 111
funds (a5 they beeome available) for cementary science.
For eaample, through this Title the state reimburses a lo-
cal system onc-half the cost of materials purchased for
the summer program. If onc system, for example, wants to

_spend $4.000 on the new curricula — not regular class-
room yuantities but enough to start an cxperimental or
trial program, NDEA Title HT will reimburse the system
with $2,000. If five systems collaborate on a summer pro-
gram, the actaal cost for cach system would be $400 in
materials outlay. Addinonal expenditures might be necded,
of eourse. additional expenditures on travel and sometimes
subsistenee costs for teachers during the summer and at
group mectings during the acadenuc year may be some
of the requirements. It may well be that the costs for
this hind of support would add very little more than
many systems now budget. Sinularly, the additional costs
for seience coordinators may mahe a comparatively small
addition to the salary structure. (Nuturally, many systems
regularly offer summer programs now, to a certain extent,
the Schools Science Collaborative Program is an clabora-
tion upon cxisting practices.)

{b) Broadly stated. while cxact estimates about the costs
of operating Schools Science Collaborative Programs can-
not be made, we feel that even without outside funding,
the bencfits likely to accrue over a period of time arc
worth the investment of the individual school systems.

GETTING STARTED

5. As in most innovative programs, the initiative
comes from somcone woo cares deeply and wants to
help people in the schools. And, as we have seen in
the study, this person can be a teacher, a science
coordinator, a principal, a school board member, a
superintendent.  While elementary science programs
apparently run without the obvious virtuoso perfor-
mances by individuals (this is revealed by an accumula-
ticu of statistical data and the interpretation of it)
beneath the surface, there is evidence of a specific
presence (however quict and imperceptible they may
at times be) of a “prime mover.” Should a number
of persons wish to investigate the development of the

5
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program, one cascat scems to be in order: educational
fads have come and gone with the scasonableness of
external program funding, a particular new program —
it can be diffcrentiated stafling, behavioral objectives,
modular scheduling, and the like — lasts a year or two,
then ceases. Long-range commitment is desirable:
collaborating school systems ought to be committed to
this new scicnee confederation for a minimum of five
years. Otherwisc, it may be the wisest course not to
instigate such a consortium. The Committec’s hope is
that teachers™ hopes will not again be raised and then
lowered, as has happened with so many “crisis pro-
grams.” The Schoois Scicnce Collaborative Program
aims to build sclf-reliance in systems. Change takes
time, and as teachers in the program become more
adept in the new materials they will train other teachers
in their own systems. The program is not a one or two-
year cffort. Without the possibility of gaining sustained
support and institutional commitment it may be the
sounder decision .10t to embark on it at all.

WHAT CRITICS MIGHT SAY

6. Even though cost reductions might be made by
certain joint practices among school systems, the idea
of collaboration among them is uncommon in the
extreme (when the school systems themselves manage
their programs). Important questions can be raised.
What is so compelling about the proposed program to
warrant collaboration? Under existing statutes, col-
laborating school systems would have to submit in-
dividual proposals to NDEA Title III. Wouldn’t such
a process be too cumbersome? Who would coordinate
it? Wouldn't it be better if such training services were
offered in the fifty-four colleges and universities in the
state that preparc teachers? Teachers in the schools are
not scientists, but aren’t the professionals able to help
them? Joint programs of one sort or another have been
tried across the state for the past twenty years, but
none of them, so far as we know, has been managed
by the teachers and science coordinators in the schools.

6
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‘Why should we assume that teachers and administrators
want to engage in such a program now? Teacher
centers in each system might accomplish the same tasks.
Wouldn't they be less expensive? Elementary science
has a low priority in the schools. Why should school
systems embark on this program when reading and
mathematics have higher priorities?

E

Answer:

This program stresses pcople, not money. For too
long, innovation has stressed building costly admin-
istrative devices to transplant curriculum training
programs from one system to another, via outside-
the-classroom direction, without emphasizing the fit
between programs and local needs. There are now
networks of “innovative” systems and agencies to
encourage joint work; but too many of them offer
minimal services to the classroom teacher; e.g., one
agency offers the ERIC microfiche service to col-
laborating systems, another offers computer services
in personnel selection.

Answer:

Of course it would be helpful if teachers of science
in colleges and universities offered help regularly to
teachers in the schools; but they don’t. Furthermore,
there aren’t enough “experts” available to serve all
the schools simultancously. And teachers in the
study reported some dismay with their undergraduate
preparation in science. Consequently, the Commit-
tec recognizes that inservice training must often
provide the necessary exposure to clementary science.
And skilled teachers in the schools are able to do
this.

Answer:

There is a cost saving in sharing materials; but, even
more importantly, there are immensc benefits in
sharing intcrest and expertisc. And skilled teachers
are experts.

7
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Answer:
This collaborative program could be the mechanism
to support innovation in smaller systems, many of
which spend less than $700 per pupil and are not
committed to taking new directions in clementary
science.

Answer:
The program offers benefits in the icaching of other
subjects and activitics; it is not limited to science;
elementary science offers a way to give teachers and
students pleasurable and worthwhile experiences that
may affect learning in other subjects. The program is

a sound way to help create responsive learning
atmospheres.

Answer:
The program is one way to remove some of the
isolation in the schools, a desirable and healthy goal,

£

—

ERIC A

Aruitoxt provided by Eic:




E

II A Comprehensive Title 1II Effort

7. An alterative way of developing a comprehensive
implementation program in the state is possible within
the present-day financing potential of the state and
lecal school systems. There are Title IIT Centers
located regionally in Massachusits; these centers cn-
gage in varied activities, from planning and developing
new programs to aiding systems implement the ones
they have. Most subjects are dealt with in varying
degrees by the Centers.  Allocated for various purposcs,
Title I funds do not represent large sums of money for
any one program — and, as a matter of fact, they are
quite restricted. However, taken into a cumulative
amount, the monics represented are  considerabie.
What is needed is the development of an implementa-
tion system for clementary science which utilizes these
funds, without asking for additional funds.

8. The science implementation system would be com-
posed of perhaps fifteen regions, each representing
geographically the arca served by selected Title I
Centers.  Within cach of these regions target schools
would be selected to serve as demonstration and im-
plementation centers. These schools would reccive
concentrated support during the first year of operation.
Little or no attempt would be made to work with
schools or systems outside the designated target schools.
During the first year, the target schools would begin
to develop excmplary training programs. Training
would be provided for teachers in these schools while
at the same time teachers in these schools are develop-
ing training programs for others, to be used in the
future. The Title II1 Centers would work with system
personnel and selected science coordinators in design-
ing the program that would serve particular arcas.
These Title I personnel already exist and are paid for

9
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under current funding. Competent help could be
selected from the schools and universities,

9. Target schools would receive a major portion of
available funding to train staff and future science
trainers. During the second year of operatiun auxiliary
schools would be selected to work with clementary
science programs. A teacher, trained in a target school,
would thus be seconded for a year at the auxiliary
school. A teacher from the auxiliary school, selected
because of his or her skills in science and at working
with others, would be sent to the original target school.
Consequently. the teacher from the auxiliary school
would be working with a team of experts in the target
school. In the meantime, the teacher on leave from
the target school would be having an influence on the
auxiliary staff, in clementary seience and teaching
strategies. During the third year, the teachers involved
would go back to their original schools. The teacher
from the auxiliary school could now continue the
leadership role previously shown by the target school
teacher. By the fourth year, the auxiliary school could
then be considered a target school with trained per-
sonnel available for assignment to new auxiliary schools.
During the fourth year, the target schools would have
multiplied considerably. It would take four or five
years to make durable inroads in full-state impiementa-
tion of NSF elementary science curricula, The Com-
mittee fecls that this plan is workable because there
are already many able elementary science teachers and
science coordinators in systems throughout Massachu-
setts. Admirable target schools are now in operation.

10. A statewide implementation plan is desirable.
This plan would arrange a pooling of resources in the
schools and state agencics. Not only would it help to
remove the provincialism of systems, but it would also
serve to infuse useful new approaches in other subjects
and activities along the way. To make it work, a read-
justment in prioritics must be made. Instead of spray-
shooting rather small grants on disparate projects on

10
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a number of fronts, it means that a concerted effort
and commitment be made to targeting work in elemen-
tary science, perhaps having Regional Education Center
resources arranged to contact and support all Title 111
centers interested in joining this commitment. The
procedural model could then be addressed to other
curriculum areas in the future.

FURTHER FINANCIAL IMPLICATIONS

11. Target tcachers might receive additional stipends
for both training and demonstrating from the Title III
Centers. Teachers moving from one community to
another “on loan™ would receive regular salaries from
their local school systems, plus increases as they earn
them. Additional stipends for travel and per dicm might
be provided by Title III funds. (This outside support
would be minimal in relation to the total effort.)

12. It is not realistic to cxpect large increases in
money during the next few years, what must be done
must be done essentiall within the constraints of funds
that are currently availabie.

11
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III' Centers for the Advancement of Teaching
and Learning

13.  In an cditorial in The Christian Science Monitor,
on September 25, 1968, advocacy of several attempts
to build in the public schools teacher-directed Centers
for the Advancement of Teaching and Learning was
made. The editorial discussed how *a school system's
best teachers, plus experts they invite from clsewhere,
would help set community teaching standards.” Further,
the editorial noted that “It makes a good deal of sense
at this time, when teachers like students and other
groups feel resentful of pressure from the top, that
their best energies be utilized for self-reform. The uni-
versities will not have to give up the rescarch and
materials role they now hold, but the moment does
seem ripe for a switch in emphasis from campus theory
to classroom results.” Many teachers feel that in the
past proposals for change have emanated from admin-
istrative or other non-teaching sources, and the power
to initiate change has remained the almost exclusive
prerogative of administrators. As a result many pro-
posals are most likely to be framed in terms of admin-
istrative cfficiency and evaluated in terms of adminis-
trative problems. with the teachers often feeling that
they have been “used” for the benefit of someone else.
Great gains are to be had by shifting some of the
emphasis for change and implementation more to class-
room teachers. Productivity of whatever nature appears
to increase when those on e firing line feel that they
have had a hand in shaping the institution's direction
and when they are consulted about policy and not
peremptorily directed to implement it. (It is not
essential to refer to the pioneering work about the social
attributes of cffective organizational governance of
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- F. J. Rocthlisberger and Elton Mayo, but it may be
extremely illuminating.?)

14.  The Centers may have many purposcs, in curric-
ulum implementation and teacher training; the Centers
can be supplementary and complementary to other
progressive institutional arrangements.  Regardless of
whether a system decides to join a collaborative effort
with other systems, strong teacher centers should be |
started; the Committee believes that they will play an
increasingly important role in raising standards and
performance. Among the proposed activities and ser-

|
|

vices of the Centers — focused initially on clementary
science — are the following:

\
\
|
(a) The Centers will provide teachers with the oppor-
tuntties to develop their ideas and share their thoughts on
curricular matters, they may come together and counsel ‘
one another informally on a variety of topics. As the
Committee’s rescarch noted, teachers of the NSF curricula
spend a lot more time talking to onc another about science
and teaching than do teachers of the traditional textbook

pregrams.

{b) The Centers wili plan and conduct inservice train-
ing programs to implemer: the new scicnce courses.

(c) The Centers will help to assemble materials for
classroom use and by offering help they will assume infor-
mal advisory functions.

(d) The Centers will serve as liaison forces to marshall
the resources of the system for the benefit of the teachers:
some teachers cspecially in large systems may often be
unaware of the many services the system itself offers to
teachers. The Centers will serve as uscful channels of
information.

(¢) The Centers will sponsor system-wide conferences
on clementary science. offer symposia, and invite scicntific
experts in for short periods of time.

* Ehon Mayo, The Sucial Prublemns of An Industrial Civiliza-
tion. Division of Research, Graduate School of Business Ad-
ministration, Harvard University, 1945,
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(f) The Centers will work m close cooperaiion with the
principals, in planning science programs, as well as with
science coordinators and other administrative officers. The
Centers will serve in the planning and development of
long-range system gozls in elementary science. If plan-
ning tweams are formed by systems that are conswlering
adopting new science curricula. the tcams might work
through the Centers. science coordinators, administrators
and tcachers —all members of the planning team —
might use the Centers as a focal point to initiate their de-

liberations.
LocaL SuppPorT oF THE CENTERS

15. The costs are unlikely, in relative terms, to be
great; the growth of the Centers will vary from com-
munity to community. Part-time services of a director
will be needed in one comimunity, full-time in another.
Space in a building not in the schools scems preferable
to running Centers in the schools. Centers may be
located in “found” space — rather inclegant facilities
presently lying fallow, in the community, More than
four hundred teacher centers exist in England and the
facilities in which they're locaied range from factory
buildings, garu;es, office buildings, to local libraries;
and the centers grew out of the local implementation
planning for new clementary science programs. The
one teachers center in Massachusetts that operates in
the fashion outlined in this handbook is in Pittsfield; the
superintendent there is Dr. Thomas J. Whalen. (Teacher
Renewal Centers was an aborted federal project of
recent history: planned were four hundred teacher cen-
ters across the United States. None was begun, and
the program folded.) Local support is essential to
move this good idea.

STRUCTURAL IMPLICATIONS

16. The Centers would be directed through a board
of ten or more members appointed by the superinten-
dents of the associated systems. The board would

14
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include especially teachers, principals, and the person
most responsible for science. Authority would naturally
derive from the superintendent and the school board.
Centers would work closely with the systems’ present
curriculum department to prevent duplication. The
structure of the Centers will vary, but it is desirabie
for them to be run by small steering committees, and
no complex machinery should be necessary to make
the Centers run smoothly.

SELF-RELIANT TEACHERS IN SELF-RELIANT SCHOOLS

17. The Plowden Report in England (published in
1963) and considered by many critics as a landmark
in suggesting improvements in clementary education
noted *. . . The only uniformity of practice that the
Board of Education desires to se¢ in the teaching of
elementary schools is that each teacher shall think for
himself, and work out for himself such methods of
tcaching as may usc his powers to the best advantage
and be best suited to the particular needs and condi-
tions of the school. Uniformity in detail of practice
(except in the mere routine of school management) is
not desirable, even if it werc obtainable.” Balance this
statement with the observation of an elementary prin-
cipal about the need for tcacher-dirccted centers: a
principal said, “It has hecome quite apparent that our
local institutions of higher learning either do not have
the inclination or do not have the demonstrated ~apac-
ity to assist in training teachers in the new mode. As
a result, it will fall upon our shoulders to locate, invite,
and evaluate cducationa! practitioners who have made
meaningful gains.” An admunistrative board made up
of teachers, principals and perhaps central office ad-
ministrators who would run a center through a director
of their cwn choice wa. a sound practice, according to
a superintendent. He said, “This would place teachers
and other instructional people in a position of making
policy through staff development in a way that is not
possible in the present institutional form of school
administration. It might make possibic a consolidation

IS5
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of all inservice training into a new, ercative and ener-
getic approach to eduecational problems.” In short, it
will be up to the community to sct its teaching stan-
dards. to mise them, and to respect the quality and
ability of its present instructional staff to help do this.
“Only when training programs are created by teachers
for their own clear purposes will the efforts, encouraged
by minimal funding, survive,” Fletcher G. Watson, the
Henry Lee Shattuck Professor of Science Education at
Harvard University, said recently. “When teachers plan
and act for their own purposes, they'll get the job done.”

O
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IV Beginning Again: An Inventory of
Attitudes and Resourccs

18. Is it desirable to gain a bedrock of information
about the attitudes of faculty and classroom resources
before embarking upon a new science program? What
does a system already have that gives <trong cvidence
of the need for a change in program and how can a
system evaluate a new one? The Committee feels that
an mventory is a useful way to begin assessing the need
for a new program, how well it might be received and
what help teachers might desire. The following ques-
tionnaire lists some of the concerns. Somcone needs
to delete questions that may be inappropriate and add
others which are pertinent.

THE HARVARD ELEMENTARY
SCIENCE QUESTIONNAIRE

Tius questionnatre may be helpful to you in making a pre-
luninary  assessment and inventory of exper.ences, atli-
tudes, materials, and eapectations among the teachers in
rour elementary schools, in schools that are trying out new
curricula as well as those in which the texthook is the
present mode of instruction. We hope you will deletz
questions that you fecl are not pertinent, add others of
your own choosing that are, and feel that the final docu-
ment is your own.

School —

Grade(s) or grade equivalents you are teaching:
Kindergarten:

Grade: 1

2

3

4

5

6

Number of children in class:
Other teachers involved:

17
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a.
children who-are weak in skill subjects

How miany years have you taught-
in this system eee——1)
in total ——2)

How many college science courses nave you taken?
—eeee1) none cmeeeee—})  5-6
——— 22} 12 —e~=5) more than 6

How many of the above courses were laboratory
courses?

Teachers naturally differ in their attitudes toward sci-
ence and science teaching. Please indicate how you
feel about cach of the following statements. Rank
them:

I — strongly agree

2 —agree

3 —tend to agree

4 — tend to disagree

5 — disagree

6 — strongly disagree

Teaching science is satisfying because

often succeed in science 123 456
b. Science is too complex a subject to be

taught at the elementary level 123 456
c. Teaching science gives me a chance

to be more flexible and try out new ap-

proaches with children 123 456
d. Teaching science makes me uncasy

because I'm never sure what, if anything, -
children are learning 123 456
¢. Teaching science is fun because I

learr, as much as my students 123 456

f.

Teaching science makes me uncasy

because I'm never sure what will hap-
pen and what questions will be asked 123 456

g. Science is the onc subject where all
children are highly motivated 123 456
h. Teaching science is cnjoyable be-
cause I like the subject matter 123 456
18
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COMPARISON OF SCIENCE
AND OTHER SUBJECTS

5. Compared with other subjects. I like science
1) more
———2) thesame
—3) less

6. Compared with other subjects, my teaching skill in
science is amn1 ) better
2) the same
3) not as goou

7. Compared with other subjects, the progress of chil-
dren in science is —_——1) better
2) the same
3) not as good

8. Compared with other subjects, I fec! children gen-
crally like science — 1) more
2) the same
—3) lecss

9. What science program(s) have you used:
a) AAAS (SAPA) —Science— A Pro-

cess Approach —1) -22)
b) CIS— Concepts in  Science with
labs —_—l) 22)
c) EIS— Experiences in Science —1) 2)
d) ESS — Elesemary Science Study — —1) —-2)
e) MINNEMAST — Minnesota Math &
Science Teaching Project —_—1) 22)
f) SCIS — Science Curriculum Improve-
ment Study —_—l) =22)
g) Text (publisher: ) 1) —-2)
h) Text & Lab Kit (— 498 ——— ) 1) —2)
i) LabKit ( ) —1) —2)
j) Local curriculum guide —1) ==2)
k) Units I developed myself —l) 22)
10. How long have you been using your current science
program? — 1) firstyear
—2) 2ycars

3) 3 or more years

19




11. Did you volunteer to start using this program?
wr o) yES
2) no

12. Were you among the first teachers in your system to
vse this program?
_1) yes
2) no

13. Please characterize your current program on the fol-
lowing dimensions. Consider the four lines as gra-
dations between each pair of statements. Please check
where you feel your program falls on cach dimension.

1 2 3 4 i

a) Requires much Requires little
preparation —- = — —— preparation

b) Adequate teaching Inadequate teaching
guide — e — —— guide

c) Repeats topics —— — —. — Varics topics

d) Suitable for all Not suitable for
pupils e e = — all pupils

e) Very structured —— — — —— Very flexible

f) Produces unacceptable Produces acceptable
noise and noise and
activity — — — — activity

14. If you have previously used other science programs,
how do they compare with your current program? (Please
indicate which programs you arc discussing.)

15. How do you feel about present science programs?
1) Very satisfied

2) Fairly acceptable
—3) Ratherdull

————4) Very disatisfied

16. Teachers have suggested many factors that make it
difficult for them to carry out an effective science pro-
gram. Which of the following do you sce as ob-
stacles to you in teaching your science program?
Rate them: | — causes great difficulty

2 — causes some difliculty
3 — causes little or no difficulty

20
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MATERIALS Luttle

Gicat Some No

a) Lack of equipment 2
b) Nced to share materials with other classes 1 2 3
c¢) Ditficulty in replacing materials 1 23
d) Poor quality of equipment — often faulty
‘ or docsn’t work 1 2 3
1 ¢) Lack of suitable textbooks 1 2 3
| f) Lack of storage space for materials 1 2 3
| g) Lack of space and facilitics for scicnce
| in my room 1 23
‘ h) other
i I 23
i SYSTEM
a) Lack of time for scicnce in our schedule 1 2 3
| b) Lack of time to attend inscrvice sessions 1 2 3
‘ c) Time consuming innovations in other
subjects 1 2 3
d) Lack of support from principal 1 2 3
¢) Lack of active assistance from: principal 1 2 3
f) Lack of help from science consultant/
specialist 1 2 3
2) Community resistince to science program 1 2 3
h) other
—1 2 3
17. Have you attended any science workshops, institutes,
or courses conducted outside your system? (e.g. at a
local college or another school system)
1) yes
2) no
18. In the past 3 years. approximately how many hours
of science workshops have you attended?
hours
19. What hclp in teaching science has been available to

E

you? (Check all applicable.)
a) an “on-call” consultant, coordinator, or
specialist

~——b) scheduled time to meet with others using
the program

- - ¢) demonstration classes conducted by a quali-
ficd person

- — d) iitcrature on science methods. concepts, etc.

21
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. .¢) publishers’ representatives
f) other .~ - S —

L At adiial St b B ot tal il

20. How otten do you get together infornally with other
: teachers using the progiam to discuss problems and
: ideas?
er b ) Often en2) seldom —-3) never

21. Which best describes how you wusually fit science in
with your teaching? (Check one)

1) teach it as a separate subject

— 27 teach it correlated with other subjects

——=3) teach it incide¢ntally as need and interest

arise
———_4) teach it as enrichment for children who are
interested
——5) other
22, How are your science classes? 1) fantastic

—_—2) ok
—3) mediocre
4) disastrous

23. What comments can you make about how scicence is
going in your classroom?

24, How would you prefer to have science classes op-
crate?

25. What help would you liﬁé‘to have?

26. How many minutes per week do you teach science?
(approximatcly) — minutes

27. Some science programs include a lot of materials and
equipment.  If you use materials i science, which
best describes how you organize and store them?
Check onc.)

-——1) materials arc kept in school storage arca
until needed for a specific lesson

—__2) materials are stored in my room safely out
of reach

——-3) materials arc stored in my room where chil-
dren can get them

——4) materials arc kept out and around the
room

——-5) other

22
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28, Some people find that teaching science has influenced
certain wleas and methods of teaching in general.,
What has been your experience?

29, Would you please list the matenals in your classroom
that pertain to science, noting the quantity.
ltem Quantity

30. Would you please hist the different textbooks and the
quantity that you have now and would you please
note the publisher’s name and the date of the publi-
cation of the books.

Texthook Quantity

31. Would you make a diagram of your classroom nolmg
the desks or tables and windows.

32, Do you have a sink?

—1) yes
2) no

33. What kind of storage space do you have and how ade-
quate is it?

34, Would you prefer to have a summer workshop in sci-
ence as a way of becoming familiar with the tech-
niques and methods of a new program, or would you
rather have school-year training programs held after
classes? (Pleace check one)

1) summer program
——2) after-school program

35. If you prefer summer workshops would you also like
to be able to teach children during the summer, us-
ing the new science materials?

1) yes

2} no

36. Pleasc indicate:
the frequency with which students undertake experi-
mental work in science in your class at present.
Every, or ncarly every, science lesson
Regularly —one or two periods per week on
average
Sometimes
Rarely or never

23
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37. Please indicate:

the frequency with which, i your opinion. sciehce les-
sons should undertake expenimental work if ideal con-
ditions prevailed.

Every. o1 ncarly cvery, science lesson —_—
Regularly — one or two periods per week on
average _—
Sometimes —
Rarely or never ——

END OF SAMPLE QUESTIONNAIRE

19. Ioformation clicited by this questionnaire is a
helpful beginning for .ctting the stage for deciding how
to decide about making a successful exploration in the
NSF science programs and in implementing a program
once it has been selected. The right questions must be
asked before the system begins — and not after the
decision has been made to use a particular program.
Continual improvising is not conducive to success. A
system that initiates a new program without being ab-
solutely certain of its background will not casily be in
a position to hnow at a subsequent date whether, in
fact, it has made the right decision — or more impor-
tantly, why and where it went wrong. The kind of
infornmuition gained through this questionnaire may help
in setting community goals and expectations in clemen-
tary scicnce, Having this information, the system may
better ask whether it's willing to make a sustained
commitment to scicnce.

20. Likely, discernible differences will apear in differ-
ent schools within a system when the information from
this questionndire is analyzed. When such differences
do appear, one's interpretation of the data may reflect
differences in a philosophical point of view. Some
people may feel there is an irreducible minimum level
of consistency which should be found in the school
curricula and practices. Reinforcement permits casy
transfer of students and tcachers from school to school;
it is often motivated by the hope that it will insure at

24
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least & minimum of achicvement, We tend to support,
as more realistic wnd Jffectine, the scheol of thought
that it is not possible tu obtain consisteney and con-
formity 1 the teaclung jrogram. that teachers might
wish to adapt any matenials or programs to their indi-
vidual styles,  Clearly, if wide differences appear, it
may be harmful to try to impose a uniform pattern on
all schools and it may be wiser to effect better ways
of delegating responsibility to the individual schools.
Although a high degree of cooperation and coordination
is dusirable to maintain among the various schools in
the system, the Committee feels that curricula decisions
respecting the rights and inclinations of individual teach-
ers in all classrooms in all schools is a sine qua non
of managerial competence. The Commiittee noted in
the previous rescarch reports that the strongest elemen-
tary science programs occurred in schools in which
teachers had the privilege of making choices among
curricula themselves.

25
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V Trials or Pilot Programs

21. The Committee fecls that the change effort can
be strengthened by not having the customary trials of
new programis in a few classrooms in several schools
and that it js preferable to concentrate the trial cfforts
throughout all of the appropriate classrooms in the
schools involved. This practice can remove some of
the isolation a trial teacher presently has when she
alone or with two or three others is using the new
program in a school, by increasing the opportunity for
teachers in a building to share their experiences with
a new curriculum  Information travels more readily and
evaluation is casier to ceffect when all of the teachers
are working toward a common teaching goal.

ExpPLORING NEW ProGraMS TAkes TIME

22. The quick decision may often be the wrong bne.
It's desirable to sce how people fare with different
programs before deciding on one particular program.
(Forty systems in the state usc Several programs as a
matter of policy, and the trial becomes in them a con-
tinuing scarch for a more responsive environment.) A
brief outline of curriculum implementation in clemen-
tary science by a Massachusetts system follows:

1963-1964 Scven staff members at ESS in Watertown for
summer unit development conference.
Trial teaching.
Inservice wraining fur 80 teachers using available printed
materials.

1964-1967 Continued use of existing materials as supple-
ment to existing traditional curriculum.
Waiting for more materials to become available.
Inservice training on limited scale.

1967 (summer) Mrs. —— —  at ESS for four-weck
tcacher training institute.

26
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: 1967 1968  Inservice traiming on a limited scals.

Sclling idea of ESS for school wide adoption,
Development of system plulosophy.

Development of K-6 sequence and Preliminary Guide.
Devising model for impiementation .nd inservice train-
ing.

1968-1969  Mrs. ——— made full-time Elementary Sci-
ence Coordinator.
Pifot program. use of total K-6 sequence in six schools.
Inservice training for teachers on particular units.
Leadership training in 28 schools, one person primary
grades, one person intermediate grades.
Acceptance of program.
Equipment purchased: $2,000 per school.
Schools aceept cost of supplics at 70 cents per pupil.
(This compares to 5 cents and 10 cents a year ago.)
Equipment and supplies placed in warchouse.
Six hours inscrvice training for principals.

1969 (summer) Revision of Guide by Science Coordina-
tor and sclected teachers.,

1969-1970 Lceaders conduci inservice programs in 28
schools during the school year.
Each teacher in system receives 12-20 hours of inser-
vice training.
Pay for leaders, credit for participants,
Leadership training for balance of schools.
Equipmem purchased.
Science textbooks climinated from approved list.
Leaders conduct inservice training in 23 schools.
Equipment and supply storage system developed for all
schools.
Articulation meetings, sccondary and clementary teach-
ers.

1970-1973 Developing cquipment replacement proce-
dures.
Help teachers loosen up classroom atmosphere and pro-
vide a wider varicty of activitics and materials.
Develop list of quality reading books to support pro-
gram.
Provide varicty of evaluation strategics to he used vol-
untarily.
Give teackers detailed assistance in reporting student
progress to parents.
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BuT HisTorRY DOESN'T HAVE TO REPEAT ITSELF

23. 'Trials no longer need be conducted by the schools
to find out whether the new science programs are good
— they are, and the Committee’s work confirms this;
rather they should be conducted to see how the people
in the schools farc with different programs. Change
does take time, but the schools know a lot more about
the programs than they did even five years ago. What
seems desirable, as systems plan implementation strat-
egies, is for them *o develop ways to provide for con-
tinuous and flexible master planning — and not. be-
come locked into a plan.

FIRST DECISIONS

24 An effective atmosphere for making innovations
in clementary science can be fostered by the co-align-
ment of decision making. at two levels, the administra-
tive and the faculty. It seems desirable at this time for
the school committee and administrative policy decision
to be that well-supported NSF cuiricula will be used
in the system; once this decision has been made, then
the teaching faculty — possibly at the individual build-
ing level — should decide, following experiences with
the curricula, which ones they would like to use and
how they would like to use them. This recommenda-
tion, to a certain extent, recognizes a customary but
inexplicitly-formulated policy. To recugnize formally
this procedure can lessen the confusion, resistance and
frustration that sometimes results from not having a
clearly-stated policy, with decision making shared by
the two groups.® It is important to recognize that

*Some educational historians might consider that this Com-
mittee was reverting to the progressive faith of the twenties
that called for developing a curriculum, a standard one, to fit
local requirements that would be sifted through learning ex-
periences in cach classroom, and come out without any cur-
riculum at all but rather an unchoate faith in everyone dcing
his own thing, as it’s described today. But the Comm:‘tee
would claim that this is a wrong and facile interpretation of
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superior programs are available and that greater and
more responsive use is made of them when faculty share
in the decision. This is the first decision —to have a
co-alignment of decision making.

this handbook. What is called for is the kind of responsibility
for the public school teacher as 15 found in leading universitics
and in many of the best schools.

LMCA L TS )
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VI “Some Notes Toward A Definition of An
Ideal Training Program

25.  Of course there is no ideal training program; some
observers claim that we can transport packaged mate-
rials, concepts and training programs from one system
to another, but so far no one has devised a way to
transplant generous attitudes, feelings and beliefs from
one community to another. To impose a training pro-
gram upon a group of teachers would be as wrong-
headed as imposing a specific curriculum. The Com-
mittee feels that one must first discover the feelings
beneath the surface before even considering the devel-
opment of training programs: where do the teachers
begin? what do they know? what do they want to know?
and how do they want to go about fearning? The Com-
mittee’s research revealed that untortunately much of
the present training in science is antithetical to the aims
and techniques of the NSF clementary science pro-
grams. And, equally important, tcachers are greatly
dissatisfied with their training programs and isolated
the primary rcasons for their discontent as being told
how to discover something in a lecture-demonstration.
(Eighty-four percent of the teachers in the sample re-
ported that the workshops they attended consisted of
demonstrations, and 54 percent reported that the work-
shops seidom or never dealt with the units they were
teaching, and 68 percent of the teachers said that the
workshops seldom or never gave them the opportunity
to try out materials with children.) But considerable
success has been demonstrated in systems in which
science coordinators invite the participation of skilled
science teachers to conduct inservice programs with
them. Because cadres of skilled teachers of science
exist in many school system now, the collaborative
programs mentioned earlier in this paper offer unusually
fine opportunitics to give vital and pertinent training
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programs. Tcachers teaching teachers — whether in a
Schools Science Collaborative Program, a Center for
the Advancement of Teaching and Learning, or the
single school — is one way to maintain adequate train-
ing in science. In an ideal world, most of the training
would occur at summer workshops where the oppor-
tunity to try out materials with children informally
exists. But the world is not ideal, and, moreover, to
perpetuate the notion that only an elementary knowl-
edge of science is necessary to teach science well, might
be injurious: so training, as well as the possibility of
having consultant help available during the school year,
ought to go on all the time.

Tie TRAINING MIX

26. The teaching situations of a training program
should be a model of what one would like to see happen
1n the clementary classroom. formal lecture and presen-
tation kepi to @ mmimum and group ‘work and individ-
ualized instruction emphasized. The content of much
of the beginning part of the training program may be
draw from classroom situations with which the teach-
ers are coping daily. Other objectives should be:

(a) endeavoring to find ways in which children can as-
sume greater responsibility for their own learning.

(b) helping teachers to become more aware of their own
styles of teaching and lcarning.

(c) assisting teachers to organize and manage class-
room learning for their students in a manner that cnables
students to make choices of activity.

(d) helping to indwviduahize children's learning and tcach-
ing practices.

(e) gaining insights in alternative ways of learning the
concepts of the science curriculum.

(f) magnatively considering the use of the scicnce ma-
tersals of all sorts, not pedantically stressing the mechanical
use of one curriculum.

(g) drawing upon the experience of skilled science teach-
ers and their administrators in illuminating how they suc-
cessfully solved rather common problems that may scem
mundane but that aren’t. Storing and distributing ma-
terials can be important considerations.
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An clementary teacher in a training program said,
“Since the freedom to be yourself in the classroom is
personal, naturally no individual teacher will be forced
to do that which she doesn’t ‘feel’. If one stops to think
about it, the explanation is very uncomplicated. Were
one forced or directed to do this or that, the total effect
would be lost since it is in being onesclf that any tool
becomes useful to the total environment.”

REMOVING SEX-ROLE STEREOTYPES

27. The Committee found that the NSF programs
stressing experiential activitics could help to remove
the sex-role stereotyping that is reflected in our society:
the NSF programs permit girls — as well as boys — to
confront their perceptions directly with their personal
data. Clearly. girls can do experimental work, and from
this work gain a new reinforcing sense of achievement
and competence — one needed by all students but es-
pecially i the scienee door is to ke opened to women.
Accordingly, great gains are possible when the training
mix inchides discussions about attitudes toward sex-role
stercotyping.*

A NotL ON SrEcIAL EDUCATION AND CIFILDREN WITH
SPECIAL LEARNING PROBLEMS

28. Training programs in the future should deal with
providing skills at the carly identification of children
with special lcarning problems — sometimes severe
oncs — and how the school faculty and staff may func-
tion cffectively in concert in providing needed services.
Elementary science — especially experiential curricula
can offer a sensitive bridge to meeting some of the needs
of children with special problems. In its report, Half
Our Future, the Central Advisory Conncil for Education
in England noted how experiential scicnce programs
benefited children with unique learning problems.

‘Sonwe teaching suggestions and a bibliography may be
obtaned from the Women's Equity Action League (WEAL),
538 National Press Building, Washington, D.C., 20004, in their
WEAL K-12 Education Kit,
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VII Evaluation, Consideration of

29, Prime initiative for evaluation rests with teachers
and with cach school system, Despite widespread in-
terest and support of national and even international
standardized testing, most school systems in the state
have approached it with considerable reluctance, and
wiscly so. The Committee believes that procedures and
instruments for evaluating pupil progress in clementary
scicnce should be based on the schemes suggested by
cach of the NSF programs, but they must be geared to
the school's educational goals and how the teachers use
the various units and programs, National assessments,
some behavioral objectives (those that encourage rote
memoriZation rather than critical thinking) and stan-
dardized tests in clementary science are weak and often
Jrrelevant to many of the aims of the NSF curricula.
Evaluation ideally ought to be an integral part of the
planning and implementation processes and should not
be appended on to a science program ouce it is being
used in the classroom. There are many ways to evaluate
lcarning and to be accountable; they are, and should
be, broader than objective tests. They should include
the use of orally conducted interviews, creative projects,
demonstrations, eaperiments, written reports, classroom
observing and classroom environment checklists.?

" The reader may gam added insight into developing pertinent
and imaginative cvaluation strategies from the book Evalua-
tion Strategies. This book was based on intensive rescarch
and evaluation of Man. A Couwrse of Study, a social studies i
curriculum developed with National Science Foundation sup-
port at Education Development Center, Inc., in Cambridge,
Muassachtsetts.  Varied evaluation strategies are presented that
are directed to these concerns. How do teachers devise work-
able techmiques for evaluation? How do teachers mithe judg-
ments about student learning? How do students giin an
insight nto ther own muasteries or problems in developing
the ntellectual competencies and human  understandings at
the core of the course? Muany of the strategics are adaptable
to the science programs.
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VII A Note on Undergraduate Education in
Science

30. As the schools increasingly adopt the new elemen-
tary science programs, some faculty in science and
science oducation departments in the state’s colleges
and universities will consider offering more courses that
reflect the aims and techniques of experiential science
curricula in the clementary school. Obviously strong
collaboration among school districts can encourage and
even insist on this development. While some faculty
have been pioncers in developing such courses in Mas-
sachusetts colleges and universities — and a few have
received grants from the National Science Foundation
to run Cooperative College-School Science Programs —
it is probably useful to consider again what reforms and
reacjustments might help the prospective elementary
teacher. Fifty percent or more of the teachers in the
sample felt that their undergraduate science prepara-
tion was not as helpful as it might have been; they
noted what they considered to be deficiencies in their
coliegiate science studies:

(a) The lack of science courses and too much reliance on
science methods courses.

(b) The lack of familiarization with less formal teaching
strategics and with the NSF elementary science programs.
(c) The absence of sustained opportunitics to use NSF
materials with children.

(d) The lack of laboratory experience in their science
courses.®

*These criticisms in the report were made by teachers cur-
rently in the schools and the reader is advised to note that the
teacher who received his or her degree as late as 1967 would
hardly have been exposed to the NSF elementary science
curricula in college because the curricula were either still
being developed or prepared for commercial distribution at
that date. (And the average number of years in teaching of
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In School Curriculim Reform in the United States
(1964), John 1. Goodlad said, “Tomorrow’s teachers of
teachers are not being educated in the new curriculum
movement.” He also said, **The most pressing need for
curriculum .reform today is in the four-year college.”
Some observers feel that this is relevant criticism today.
In A Study On The Continuing Education Of Teachers,
conducted several years ago at the Center For Coor-
dinated Education at the University of California at
Santa Barbara they reported, “In the making of a
teacher, it is highly probable that inservice training is
infinitely more important than preservice training. In
most instances, the preservice preparation of a teacher
cannot anticipate what life i a particular classroom
will be like. Nor does it equip a teacher to keep pace
with rapid social and technological changes affecting
education.”

the sample group was seven.) For many teachers their under-
graduate Mraining occurred seversl years before the new
programs were widely avalable. .Also, quakiative evaluations
of science methods course, are dufficult to form. And, naturally,
it 15 possible that miany more suenee courses are available than
undergraduates take.
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IX Science Information Services

31. Systems that are using the NSF programs might
consider whether useful support can be gained by in-
forming parents about their childrens’ science activities.
Although the research revealed that parents made no
demands — one way or the other — upon a school’s
scicnce program, common seanse advises that many pa-
rents cannot help but be pleased to learn what teachers
are doing and how their children are progressing. At
least one Massachusetts public school system publishes
science bulletins for parents several times a year. An
introductory paragraph reads as follows:

Our cfforts to improve science instruction have been well
received by students; parents, and teachers since the in-
ception of the SCIS program in September of this year.
We presently have all teachers in grades One, Two and
Three (57 teachers) actively participating in cither the
physical or hife science segment of the program in a unit
appropriate to their individual level. They anticipate a
mid-year switch. In addition, two ‘special classes’ are pur-
suing this ‘discovery approach to learning." These classes
especially demonstrate the flentbility of the program.

Eight pages of comments by teachers followed, and
most of the comments by the teachers were very
thoughtful, not encomiums. The science bulletins are
sent to the school department’s administration and to
all of the elementary principals. The clementary science
coordinator also discusses in some detail, at the end,
further implementation phases of SCIS. There’s a no-
tion that good ideas in cducation travel by themselves.
They don't, and by giving some attention to providing
reports of activities, then it’s possible to gather sensitive
support and understanding from the schools and their
constituencies.

The following examples have been taken from the
comments of a number of teachers:
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In prepanng for the experiment of transferring the aphids
to the pea plants some children were impatient while 1
transferred the aphids from the culture to the cups they
were to get their aphids from. I stopped and asked the
class tf they preferred me to put the aphids on their pea
plants out of class for them. A girl said No — that would
not be science — Wwe must prepare our own experiments
and manage them ourselves.

I think « mark of A to F would defeat the purpose of this
program. Evaluation would be better as attitudes and be-
haviors.

J. had been observing a vial of fruit flies for many days.
With the use of a magnifying glass he observed that one
of the pupa did not develop into a full-fruit fly, as did his
others. Conclusion from others in class was that this
also happens to human babies and all other living things.

Children are most enthusiastic. They are delighted to have
thetr onn materals aind opportunity to manipuiate: Plant=
ing umt successful. A great boost to one of my perceptually
handicapped students who can really relate in the world
of nature.

Amazingly enough the initiative shown by the slower chil-
dren is far more evident than in the other classes.

Children were at first hesitant to explore, wanted definite
instructions. Once convinced none was forthcoming, most
proceeded to put everything in the water. (Next year I
will wear hip boots.) Discovery began: the magnet worked
through glass, the candies were coloring the water, etc.
One boy discovered the picture turning green and insisted
this was impossible since his water was reddish-blue  And
the light bulb was finally Iit by a girl working with the
bulb facing the floor. Everyone screamed so loud when it
went on, she dropped everything.
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- X Safety in the Classroom

32, To the best of the Committee’s knowledge, very
few serious accidents have occurred in elementary sci-
ence classrooms in Massachusetts. But serious accidents
have happened in some other states. It is wise to review
some ordinary safety precautions. and not to forget
them. Some precautions are:

a. Do not permit children to work around an open flame
wearing braids, ribbons, ties, or long sleeves.

b. Keep burning candles or aleohol 1amps from being
toppled over by mounting them on wide-based supports.
¢.  Keep all materials on a metal tray or other fireproof
surface.

d. Keep all combustible materials away from flames. |
¢.  Keep a pail of water, a fire extinguisher, and a blanket
on hand.

f. Caution children not to touch electric hot plates. They
remain hot for some time after they are turned off.

g. Do not heat materials in glass containers other than
the heat-resistant type such as the “Pyrex™ brand. Tightly
stoppered containers should not be heated.

And, in inserting a glass tube into a hole in a cork or
rubber stopper, the following precautions should be
taken:

a. The hole should be just a trifle smaller than the tube.
b. The end of the tube should be smooth (fire polished).
c. The tube should be moistened or greased ard pushed
into the stopper gently with a twisting motion.

d. The stopper should be held in such a way that, if the
tube should break, the sharp, jagged edges will not picrce
the hand holding the stopper.

Children should not be encouraged to taste unknown
or hazardous substances.
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XI Initiatives

33. Who will lead Massachusetts schools in making
innovations 1 clementary science?  Disentangling the
clements of disscmination and diffusion is a task of
some complexity, but there is no doubt that over a
period of time the main element is the personal com-
mitment to help and to lead. Since the publication of
Something of Value and Essentially Elementary Science,
the Committee has learned about the initiatives of per-
sons in other states to lead in expanding the use of NSF
elementary science programs in their states. A profes-
sor of science education wrote about the Commiittee’s
reports. “Swnething of Value is a very significant study
and set of recommendations, The booklet should be
crrculated widely to administrators, supertisors, con-
sultants and other leadership personrel around the
country. . . . In my own small statc of New Jersey
I have initiated 4 modest dissemination project of this
report through a network of twenty-one county super-
intendents. 1 feel that this type of dissemination might
well be carried out in cach state. Certainly the findings
and recommendations in this report should be of value
to cducators and interested citizens (such as board
members) beyond the confines of Massachusetts.” Who
will lead in Massachusetts?
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XII A Further Note on the NSF Curricula

34, Let poople in traditional systems read the com-
ments of @ scicnee coordinator who feels that his system
is not making progiess in elementary science. The
coordinator wrote to the membezrs of the Committee:

At present, our science program might possibly challenge
a moron. 1t is so traditional and dated that it is a burden
for me to even visit the classes. The level of real student
inquiry is abysmal. Of the current staff, one is an en-
thusiastic novice laching any real exposure to any innovi-
tive science programs and the other has the graceful sen-
sitivity of o wanton rhino and totally alienates most of
the students,

The secondary supervisor considers the clemientary pro=
gram with disdain and to my hnowledge has never observed
an clementary seience lesson. The school was built only
a few years after the formal founding of the town in 1826
and has never been renovated.

Our seience equipment is minimal. In addition, most of
it 15 never used. The students view 15-25 demonstrations
a year.

In short, if national scientific awareness were dependent
spon ¢ nurm equal to ours, we would have a national dis-
aster.”

Some systems may be satisfied with their traditional
science programs. for them, change is not incvitable.
However, opportunities to give teachers and children
enjoyable and useful science expericnces is necessarily
the function of the NSF programs and not the conse-
quence of this Committee’s findings and recommen-
dations. The odds of raising the “level of real student
inquiry” are greatly increased when the new curricula
are used, and it is our hope that this handbook will
be helpful to everyone who seeks to offer the highest
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practical level of service to children in Massachusctts
schools. Let us all accept the oppertunity and assume
the rosponsibility for making desirable — and, in some
instanccs. major — changes in c¢ducational programs,
so that we can say again “It is most gratifying to every
citizen in Massachusetts to hnow that her school system
has served as a model for the education of the whole
nation™. . . . as the famous scientist, Louis Agassiz,
said in a statement to the Massachusetts House of Rep-
resentatives in 1859,
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APPENDIX
Summary of Findings of the Study

The reader is advised to consult the full reporis for a com-
prehensive picture of the findings. Here. we present only
a brief sclection of the findings reported 1in Something of
Value.

The people who use the NSF curricula find in them a
capacity to make classroom instruction lively and inter-
csting. This was as apparent from our rescarch as it was
from our classroom observations. The NSF programs —
offering an abundance of materials by which students and
teachers may gain a firsthand, investigative experience in
science — give schools a vehicle and a subject area that
can transform a static classroom into a lively one, and
make possible a shift from the didactic lecture method to
an interactive class mode, from reading about scicnce to
doing science. According to teachers and students, the new
curricula tend to be agents of change in themselves, and
rather spiritless classrooms can become energized when
laboratory experiences are possible.

Do the NSF curricula represent an improvement over
other programs and other ways (that are now commonly
practiced in the schools) of introducing science to chil-
dren in the elementary school? Qur answer js that they do,
for the following reasons:

PUPIL DIiFFERENCES

The NSF programs allow teachers to become more re-
sponsive to a wider range of pupil differences than the non-
NSF programs. Forty-two percent of the NSF tcachers
reported that their programs were “very suitable” for use
by all students, while only 23 percent of the non-NSF teach-
ers felt this to be the case. In an NSF program the slow
leamner can be reached mere readily while the ablest child
is simultancously being interested and challenged.

PUPIL PROGRESS

Since clementary science has a low priority in clementary
cducation, it is assumed by some observers that children
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do not mahkc as much progress in scicnce as they do in
their other subjects. We learned that 62 percent of the
non-NSF teachers felt that their children made less prog
ress in science compared to their progress in other sub-
jects: yet only 38 percent of the NSF teachers felt the
samce way about the progress of their children in science.

STUDENTS' LIKING OF SCIENCE

In the analysis of the responses from teachers, we found
that a larger proportion of NSF teachers (61 percent)
than non-NSF teachers (54 percent) felt that their stu-
dents liked scicnce more than other subjects. In the
analysis of student data, we learned that more of them
chose scicnce as their favorite subject (27 percent) than
any other subject. Scventy-six percent of them liked sci-
cnce cither the same or more than their other subjects.
{Only 5 percent reported that they diked scicnce the
least.)
‘DOING' SCIENCE AND "READING’
ABOUT SCIENCE

NSF classrooms more frequently oifer opportunitics to
*do” science and not just ‘read’ about it than non-NSF class-
rooms. according to the teachers. This is hardly unex-
pected considering the supply of matcerials that come with
NSF programs. Although there are no significant differ-
ences between the two in the writing of reports and making
collectzons and displays and modcls, other scicnce activities
show a difference. NSF classrooms do more cxperiments
and record data from them than non-NSF classrooms.
Apparently one cffect of being more active is to encourage
independent learning: we found that activities such as
taking home scicnce materials and supplementary readings,
and the like, occurred 25 percent more frequeatly in NSF
classrooms than in non-NSF classrooms.

TEACHERS' LIKXING FOR SCIENCE TEACHING

We found that there is neither an overwhelming liking for
science teaching nor an overwhelming dislike for science .
teaching in the clementary grades. One-fourth of the
teachers in our sample as a whole reported that they liked
teaching scicnce more than tcaching other subjects; an-
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other quarter said that they liked science teaching fess.
And onc-half the teachers reported that they liked teach-
ing secience the same as teaching other subjects. However,
we learned in another place in our survey that onee a teach-
er begins using an NSF program: the odds were improved.
« higher pereentage of the NSF teachers (79 pereent) liked
teaching scicnce more or the samce than the non-NSF
teachers (62 percent).

A NOTE ON SEX-ROLE STEREOTYPING AND
CHILDRENS INTERESTS IN SCIENCE |

Whiic 76 pereent of ithe children in a sample of fifth and
sixth graders liked scicnee the same or more than their
other subjeets — and they like the participatory-experi-
mental mode of learning which is typical of the NSF pro-
grams — our data revealed that only 14 pereent of the
children 1n these grades felt that soeicty wanted girls to
become scicntists.  Children’s attitudes about seicnee as
well as the assumption that girls cannot do experimental
worh appear to be generated in the elementary years. And
further that the fecling of the lack of support for science
as a possible carcer is marhudly more cvident among sixth
grade girls than among fifth grade girls.

If clementary teachers want to maintain the interest in
scicnee among girls, they may want to address the 1ssues
of sex-role stereotypes — both as the stercotypes influcnce
their own behavicr and expectations and as they limit the
options among their children. Not surprisingly, teachers
were found to have an impact on their students’ interest in
scienee. The teacher and elassroom characteristies which
tended to produce the positive science intercsts werc. a
positive attitude toward scicnce. a respcnsive, flexible
tecaching style, the use of experimental activities that en-
courage indmdual experimentation, and the belicf that
an interest in seience and the ability to perform scicnee
experiments ar¢ not sex-linked functions. When teachers
— men or women — had these characteristics and were
using sacnce programs that encouraged individual experi-
mentation, then girls had attitudes toward scienee which
were as positive as that of boys.

By cncouraging classroom discussions. about sex-role
stercotypes in science and by offering programs that al-
low individual participation 1n experimentation, tcachers
can help to offsct the traditional view that virtually compels
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clementary school students to question the ability of girls
to do science as well as the propricty of their being scicn-
tists.

ADEQUACY OF TEACHING GUIDES

More NSF teachers (80 percent) felt that the teachers
gudes were adequate than did the non-NSE teachers (65
percent).

CLASS SIZE

There 1s no difference in class size between schools using
NSF programs and schools using other programs.

EFFECT ON STUDENTS ATTITUDES
TO LEARNING

According to the teachers, the cffect of science instruction
on students attitudes to learning was that students showed
curiosity. ashed questions  participated actively in con-
ducting experiments and enjoyed science. The NSF pro-
grams were more cffective in  bringing about these
conditions than non-NSIE programs by ratios higher than
2:1,

CLASSROOM PREPARATION

A higher percentage of the NSF teachers (38 percent)
feel that their programs require ‘much preparation’ than
do the non-NSF teachers (22 percent).

SCHOOLS CAN BE THE DIFFERENCE

In the sample of children the data revealed striking sig-
nificant differences about the role of the school and the
teacher 1n stimulating the interest of children in science
Despite socio-economic differences and despite parental
occupations, ranging from-ihic unshilled to the well-to-do
professional, the home apparently plays a minor role, and
the school a major one in introducing science to children.
Thirty-cight percent of the children advised us that they
first lcarned about science from a teacher and only 6.
percent reported that the source was a parent, and brother
or sister (5 pereent). Eleven percent of the children re-
ported that they finst learned about science from televi-
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sion and 6 percent from a book. (Thirty-one percent said
that they dudn’t remember whete they first learned about
science.)

CLASSROOM MANAGEMENT AND DISCIPLINE

Some observers believe that interactive classroom envifon-
ments — especially those that may be encouraged by the
availability of matertals that allow ecach child to engage
in his own experimentation and to discuss hie work with
his peers — create classroom management and disciphine
problems. Yet from our data we can infer that the NSF
curricula do not create undue problems. A larger per-
centage of NSF teachers (60 perccat) than non-NSF
teachers (46 percent) felt the "noisc” and activity in therr
classrooms were in no way disruptive of teaching and
learning. Teachers prefer, apparently, to seo students in-
volved and working with one another in busy, active
classrooms. (At the extreme, only 4 percent of the NSF
teachers and 3 percent of the non-NSF teachers felt un-
comfortable.)

SHARING IDEAS

Thirty-seven percent of the NSF teachers meet together
informally and often to discuss science, while only 18
percent of the non-NSF teachers do.

SCIENCE SPECIALIST HELP

Thirty-one percent of the systems committed to NSF
curricula have some specialized science teachers. Only
19 percent of the non-NSF systems provide this kind of
help. The customary teaching approach in 51 percent of
the NSF systems is a classroom teacher with no assistance
from an clementary science specialist or consultant. This
percentage rises to 94 percent in non-NSF systems.

TEACHER INVOLVEMENT IN INNOVATION

Seventy-six percent of the teachers felt the need for a new
program (whether NSF or text) hefore they began using
their current progiam, but only 12 percent of the teachers
helped select the new program in their system and only
20 percent in their schools. Forty-one percent were among
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the first teachers in the system to use the new program
and thirty-nine percent volunteered to use the new pro-
gram.

FINANCIAL CONSIDERATIONS AND
INNOVATION IN SCIENCE

A striking correlation exists between per pupil expenditures
and the use of NSF curncula. Ninety percent of the
systems using these programs spend more than $900 per
pupil Only 30 percent of the systems spending less than
$600 per pupil use the new curricula,

The average amount spent on elementary science ma-
terials in the systems is less than $1.00 per pupil yearly,
Systems using NSF progiams spend $3.00.

The more per pupil expenditure on elementary science,
the more outside funding that system receives, and with
the cxception of National Defense Education Act Title 111
funds (76 percent of the systems) and Elementary and
Secondary Education Act Title II funds (64 percent),
little use has been made of federal programs to support
clementary science activities. Twenty-two percent of the
systems have used Elementary and Secondary Education
Act Title lII funds to help estabhish supplementary science
centers and innovative programs. Thirty percent of the
systems have used Elementary and Sccondary Education
Act Title I funds to organize innovative science programs.
Twenty-four percent of the systems have never used any
outside federal funds to allay the costs of science innova-
tion. The proportion of systems using local funds and
general state aid to the use of federal funds 1s 84 percent
local and state to 16 percent federal.

Where we found problems they tended not to be in
operational arcas; c¢g. classroom management and dis-
cipline, nor in the curricula themselves. Rather the prob-
lem areas concerned inservice training, consultant help
and storage space. The clementary school, however, can
be a sufficiently flexible institution to accomodate the
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problems of teacher specialization and training. and we
believe that it can become even more responsive to science
teaching needs. Instituting any new program, especially
those with equipment, can be expensive, and the NSF
programs are not cheap. These programs are also filled
with expendible items, such as batteries and bulbs, and
they too cost money. But the costs relative to school bene-
fits are very minimal and appear from all the data we
have been able to collect worthy of the cost.
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