
DOCUMENT RESUME

ED 068 295 SE 014 575

TITLE The Callaway Gardens Conference on Building a
Multiyear, Multidisciplinary, High School Science
Program. Final Report.

INSTITUTION Florida State Univ., Tallahassee.
SPONS AGENCY National Science Foundation, Washington, D.C.
PUB DATE Oct 71
NOTE 72p.

EDRS PRICE MF-$0.65 HC-$3.29
DESCRIPTORS Conference Reports; *Curriculum Planning;

*Educational Needs; High Schools; Individualized
Instruction; *Interdisciplinary Approach; Learning
Theories; *Secondary School Science

IDENTIFIERS Callaway Gardens Conference; National Science
Foundation

ABSTRACT
In addition to a summary of the proceedings of the

Callaway Gardens Conference attended by selected science educators,
scientists, and psychologists, invited papers by Robert Gagne ("The
High School Science Program--A Psychologist's Assessment") and
Clifford Swartz ("The High School Science Program--A Scientist's
Assessment") are printed in full. The preliminary working paper, by
Ernest Burkman, James DeRose, and Clifford Swartz, and summaries of
the three working groups of the conference are also included. The
conference concluded that the present high school science program,
with its relatively uncorrelated and inflexible sequence of biology,
chemistry, and physics is not suitable for the majority of high
school students because it tends to overemphasize "pure" science and
neglect the social implications of science and technology. Conferees
agreed that a totally unified program, designed to cross traditional
subject boundaries and include materials from more areas of science,
including social science, should be introduced. To increase
flexibility to cater to individual differences in interests and
abilities, a three-year program based on one- to three-week
relatively independent units was recommended. This would also allow
science to be seen as a subset of a total educational program.
(Several pages may be light.) (AL)



Final Report

U S DEPARTMENT Of ffEA1111
EDUCATION :1.1.1:WARE
OFFICE OF EDUCATION.

, "Z. t . t, V

Pit'Pt t,t ',,

The Callaway Gardens Conference on
Building a Multiyear, Multidisciplinary,
High School Science Program

Octohe r, 1971

Conducted by
The Florida State University
with the support of
The National Science Foundation

FILMED FROM BEST AVAILABLE COPY

1



FINAL REPORT

CONFERENCE ON BUILDING A MULTIYEAR,

MULTIDISCIPLINARY, INDIVIDUALIZED

HIGH SCHOOL SCIENCE PROGRAM



FOREWORD

For some time Dr. James De Rose, Marple-Newtown, Pennsylvania
school district; Dr, Clifford Swartz, Physics Department, State
University of New York at Stonybrook; and I have been di scussirg
our mutual concern with the present status of high school science
teaching. During these discussions, the three of us reached agree-
ment that something should be done to make il. convenient and
possible for schools to implement a significantly different type of
science program from the one that is currently in vogue. Some of
our ideas as to the nature of such a program appear in the working
paper that was prepared later by the three of us for use by the
Callaway Gardens conference. These ideas were also included in
a proposal submitted by me to the National Science Foundation for
funds to convene a broadly based group of authorities to consider
the feasibility of developing the kind of science program that had
been discussed. Once that support was obtained, Jim De Rose,
Cliff Swartz, and I jointly planned what ultimately became the
Callaway Gardens conference. The three of us also worked
cooperatively on this final conference report, but, since I was
most directly responsible for preparing the report, I must accept
the responsibility for any errors of omission or commission.

Ernest Burkman
Conference Director
Florida State University
January, 1972
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The time has come to design curriculum materials for the
schools of the future. " During three days at the end of October,
1971, thirty people gathered at Callaway Gardens in Georgia to
consider the validity and possible consequence of this statement.
They hzid come in response to an invitation sponsoi.ed by the
National Science Foundation and issued by Ernest Burkman,
James De Rose, and Clifford Swartz. The participants had
received in advance a working paper which analyzed the pre-
sent situation in high school science teaching and which then
proposed the development of modular, multidisciplinary in-
structional materials suitable for individualized instruction.
This report describes the conference and the conclusions
reached, which went considerably beyond the relatively mod-
est recommendations of the working paper.

The Participants

A complete list of the participants and their professional
affiliations is given in Appendix I (green section). The group
represented a very wide range of experience in science and school
instructional materials development. There were one or more
university chemists, physicists, biologists, physicians and
economists. There were people who had played active roles in
the development and spread of PSSC physics, CHEMS chemistry,
CBA chemistry, BSCS biology, ECCP engineering, ISCS junior
high science and AAAS and QS elementary school science. Every
branch of the teaching profession was represented including class-
room teachers, science supervisors, school administrators,
professors of science education and learning theorists. We also
had representation from various professional organizations such
as National Science Teachers Association, Social Science Educa-
tion Consortium, Council on Physics Education, the American
Institute for the Biological Sciences, and the AAAS Commission
on Science Education.

Most of the participants have played dual roles in the past
so that regardless of their main affiliations they were familiar
with school problems and the accomplishments of instructional
materials development during the last decade.
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The Working Paper

The full text of the working paper is given in Appendix II
(canary section). It was expected that the conferees would use the
paper only as a base for elaboration and revision. There are two
parts to the paper, one consisting of general statements about the
present school science problems and about the nature of the pro-
posed modular materials, and the other containing more detailed
plans for a particular proposal for preparing new materials.

The criticism of our present science teaching is embodied
in five specific charges. These are followed by nine features that
should characterize any new high school science program. The
heart of the proposal is the call for the preparation of many short
modules constructed so that a student can be more responsible for
his own learning. These units were not described as forming tight
sequences of study in biology, chemistry, and physics but rather
as encouraging multidisciplinary work, perhaps with themes of
social interests.

The details of the second part of the working paper were
included to show one particular way in which the curriculum could
be produced and packaged. It was assumed, correctly, that these
details would be most subject to revision by the conferees.

Conference Sessions

The first day of the conference was devoted to position state-
ments and organization. Ernest Burkman welcomed the participants
and explained the background considerations that had led to the
writing of the working paper and to the calling of the meeting.
Robert Gagne then gave a paper entitled, "The High School Science
Program -- A Psychologist's Assessment". This paper is included
as Appendix III (blue section). After a review of the accomplish-
mel,:s and disappointments of previous curriculum revisions in the
sciences, Gagne emphasized needs for the future. In particular,
he called for attention to the overall goals of science instruction,
for clarity in thinking about objectives, and for early and continuous
concern about the system of delivery and the mode of instruction of
new materials.

5
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The conference next heard from three men who administer
science programs or curriculum developments in three large school
systems -- Washington, D. C. , Shawnee Mission in he suburbs of
Kansas City, and Miami, Florida.

Reuben Pierce, Science Supervisor for the Washington Schools,
described the extent to which the new science programs are actually
being used in his city. He called for greater attention to the daily
needs and interests of the majority of students. The new science
program's have had little lasting effect in most of his classrooms.
Leonard Molotsky from Shawnee Mission, Kansas told of his system's
efforts to individualize instruction for schools where the great major-
ity of students go on to college and where parent interest and partici-
pation in school affairs is high. Molotsky reported that the system
has produced a considerable quantity of modular material. Finally
Richard White from the Dade County Public Schools stressed the
political and financial realities of making changes in our public
schools. In Miami they have instituted real changes in instructional
systems as a by-product of such projects as reorganizing their
schools for year-round use in five blocks of nine week periods.
Dr. White stressed that local efforts of the kind in which his system
is engaged are severely limited by the kinds of instructional materials
now available. He specifically cited the need for modular learning
materials and for carefully constructed sets of objectives and evalu-
ative materials.

After lunch Clifford Swartz gave an assessment of school
science teaching from the viewpoint of the scientist. He pointed
out the very great changes that had actually taken place in school
science courses during the past decade, but claimed that further
advances can be made only by drastically altering the nature of
the schooling process. His paper, which emphasized the power
of modular, self-teaching materials to change traditional methods,
is included as Appendix IV (goldenrod section).

James DeRose spelled out the problems to be faced in the
conferee's discussion of the working paper and in any consideration
of new teaching methods. He announced the division of the confer-
ence into three working groups, each with a chairman and recorder.
Two of these groups were to concentrate primarily on the content
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and goals of any new high school science teaching program. The
third group was requested to focus its attention on the nature of
the materials themselves, including the problem of how the mate-
rials might be produced. The three groups met separately on the
second day and reported their conclusions the following morning.
These reports are included as Appendix V (pink section). The
final morning session concluded with a discussion of the reports
and the implications of the mandate to pursue an instructional
development project that was issued by all three groups.

Summary, Conclusions, and Recommendations

The conferees were selected on the basis of their reputations,
experience and affiliations and not because of any known bias on
their parts in favor of changing our educational system. It is note-
worthy, therefore, that all three discussion groups generally af-
firmed the critical analysis of our present schools that is given in
the working paper. A summary of that analysis edited to reflect
some of the points made during the conference is given below:

(1) Because science teaching is mostly group centered and
teacher directed, few provisions are currently made for the vari-
ations in prior knowledge and experience, in interests, in ability,
in learning rate, and in learning style that are known to exist
among students.

(2) For many if not most students, the present science pro-
gram tends to overemphasize "pure" science at the expense of
applied science and technology. Furthermore, the social implica-
tions of science and technology are, for the most part, ignored in
most science programs. These tendencies are in conflict with the
fact that today's students live in a world that is dominated by tech-
nology and social conflict.

(3) There is little correlation between the biology course
taught presently at the tenth grade level, the chemistry course
taught in the eleventh grade, and the twelfth grade physics course.
Furthermore, the validity of the present biology-chemistry-
physics sequence is questionable and it is indefensible for a
modern high school science program to be limited to these
three science content areas.
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(4) Existing high school science instructional materials tend
to be inflexible. They incorrectly assume that every teacher and
every school can and will offer the same content scope, and sequence,
and will adopt the same instructional strategy. Furthermore, because
the present materials were designed for use in year-long courses,
they require that students and teachers commit themselves in advance
to a particular sequence of topics for a full year. Although innovative
teachers can, with difficulty, adjust their use of the materials to
permit a more individualized method of instruction, the large number
of American high schools that are now attempting to free their
students from the course complex are severely limited by the type
of instructional materials presently available.

(5) Few present science programs deal effectively with the
problem of defining instructional goals and determining the effec-
tiveness of instruction. This means that there is presently no way
to meet the legitimate requests and in some cases demands of
interested parties for an accounting as to the effectiveness of
science education.

(6) The high school science curricula of the 1960's have
failed to significantly increase the percentage of students who
receive science instruction. Most of today's nigh school graduates
have not received an adequate general education in science.

A Science Program for the 1970's

There was also general agreement that the most fruitful way
to begin to make the adjustments that are needed, would be by devel-
oping and making available to schools a set of second generation
instructional materials that would incorporate a fresh look at both
the kind of science that high school students should study, and the
instructional procedures that should be used in teaching high school
science. Some of the features that the discussants felt should char-
acterize such a new high school program are as follows:

(1) A total unified instructional system should be designed
that would provide interesting and useful work for all students for
all the high school years.

1
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(2) The total set of program units within the new system
should deal with a balance of basic and applied aspects of not only
chemistry, physics, and biology, but of other sciences as well
including the social sciences. Many, if not most of the program
units should cross traditional barriers of discipline so that they
would cease to be identifiable as dealing exclusively with chem-
istry, or physics, or biology, or with science at all for that
matter. Units within the system should often emphasize real-
world problems connected with human and social interaction and
many topics should be drawn from the applied sciences and/or
engineering.

(3) A minimum level of scientific literacy and capability
for high school graduates should be defined and spelled out in
advance. The instructional system should include learning activ-
ities that are aimed at helping students to reach these minimum
levels. It should also provide a means for assessing progress
toward these goals.

(4) The system should permit considerable flexibility of
choice as to which instructional goals beyond the minimum ones
that a given student should be expected to achieve.

(5) The basic unit of the new system should be considerably
shorter than the one-year courses that now serve as that unit. A
flexible three-year program composed of distinct one- to three-
week program units would appear to have many advantages. Such
an arrangement would make science study flexible in terms of
topics, sequence of topics, individual pace, and depth of commitment.

(6) The program units within the system should be made as
independent of each other as possible (complete independence did
not appear to the conferees to be desirable or feasible). It should
be possible for students, teachers, school districts, and states to
order the program units in different ways so as to accommodate
differences in student background, interests and ability, teacher
preference, and local conditions.

9
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(7) Each program unit of the new system should provide more
than one way of working towards whatever common goals are desired.
This kind of variety could be provided by the use of different media,
varying reading levels, or even different conceptual approaches.
For example, the same scientific phenomena can often be studied
equally well through mathematical abstractions or through picto-
rial or physical models.

(8) The program units within the system should be developed
in such a way that students can do the learning activities in them at
different rates dependent upon their abilities and interests. This
means that the materials must be designed for use on an individual
student basis with the guidance and assistance of a teacher.

(9) In addition to the program units the new instructional
system should include a flexible instructional management scheme
that will assist school systems and teachers in choosing and imple-
menting a new science program. At a minimum such an instructional
management system should include the following:

(a) Alternate suggested ways to sequence the program
units, i. e. different possible tracks for varying types
of students.

(b) Suggested procedures for organizing and controlling
any laboratory equipment or other things for student use
that the units call for.

(c) Suggested procedures for assessing, monitoring, and
reporting overall student progress.

(10) The cost to the schools of the proposed system should
not exceed present expenditures for science instruction. For the
most part, the program units should not call for large outlays of
funds for new equipment or for new facilities unless equivalent
economies can be made elsewhere.

The most important new direction to come out of the working
sessions was a clear call for an expansion of science into the realm
of everyday student life including the social science and mathematics.
(See point (2) above. ) The detailed plan in the working paper is
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almost conservative in this respect. To those who wrote the paper
it seemed best to move slowly so that most of the new materials
would be clearly recognizable as physics or chemistry or biology
and thus could be easily used in standard classrooms. The conferees
urged otherwise, They felt that many if not most of the units should
be centered on themes of immediate, practical interest, involving
elements of the standard science disciplines as needed.

Most of the participants agreed that any new high school
instructional materials should be designed for the majority of
students and not for the academic elite. There were differences
of opinion about whether common materials would reach everyone
or whether an attempt should be made to produce suitable variations
for everyone. Fortunately, one of the virtues of modular materials
is that it is possible to produce and try units individually without
committing the whole effort to a particular approach or level of
difficulty.

Science in the School of the Future

One concern that was expressed again and again during the
Callaway Gardens Conference was that any future high school
science program must be considered as a sub-system of the total
educational system rather than as a separate entity. The confer-
ence participants emphasized that any steps taken to improve high
school science instruction should be planned such that they are
compatible with and contribute to total high school reform.

One of the advantages of a modular type of high school science
program is the fact that such a program could easily be merged into
an overall scheme for upgrading the entire high school. The modular
approach that has been suggested could be converted into a total
instructional system simply by developing additional program units
that deal with content from other areas of the curriculum, and broad-
ening and diversifying the management system that will accompany
the program units.

At one point in the conference it was suggested that the idea of
producing a science-oriented instructional system might be abandoned
in favor of launching a massive effort to simultaneously improve all
facets of the high school. It was the general feeling, however, that
the difficulty of building and implementing a totally new high school

11
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program would be so great as to render such a project unmanageable.
A more limited effort of the kind described above was favored because
of its feasibility and beca.use it would serve as both a compatible step
in the right direction, and as prototype for broader future development.

A Word of Caution on the Task to be Done

The Callaway Gardens conferees made no attempt to spell
out in detail what would be required to develop and implement a
system of science instruction like the one that has been described.
But a common concern along these lines was repeated many times.

It was emphasized again and again that building a flexible,
multiyear, multidisciplinary, individualized high school science
program is a job that should not be approached lightly. Among
the accomplishments of the curriculum developers of the 1960's
was their success in making clear how difficult it is to develop
innovative instructional materials and to disseminate and make
it convenient for schools to implement those materials. The
people who manned the early projects found that this process
requires considerable time and resources, and the attention
of top flight people who devote full-time to the effort. Although
the experience that has been gained could result in a number of
efficiencies in any effort undertaken in the future, the extent of
these should not be overemphasized.

School people, the educational establishment, and the fund-
ing agencies are urged by the conferees to recognize that building
a quality program of the sort described above would be a much
more difficult instructional development task than any that has
been done to date. This kind of job would require an all out effort
and will not be brought to a successful conclusion in a think-tank
atmosphere or by a handful of teachers working together from
3:00 to 4:00 p. m. every Thursday afternoon for a year.
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General Conclusion

It appears that the time has indeed come to design curric-
ulum materials for the schools of the future. Many schools are
already experimenting with individualized instruction, frequently
with homemade materials that could stand improvement. The
subject of science, encompassing elements of mathematics and
social studies, would serve as an ideal focus for the development
of an organized, well-tried instructional system. The conclusion
of the Callaway Gardens Conference was that such a development
should be instituted and encouraged on a nation-wide level.
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itcd projects have intellectual respecUhility,

In most. e these new materials were designed
for traditional act f students who would play traditional
roles in school. _Vi_thowh there is some disagreement with respect
to the exact nature of the difficulty, virtually everyone concerned
with or affected by education feels that the traditional methods ne
longer adequately pert-, m the functions that they should. Many
high school students coinnlain of irrelevant content, authoritarian
teaching rnethoeis. and overly centralized decision making. Parents
are alarmed over these things and over the high costs of the educational
system as well. Teachers and administrators are uncomfortable
because, although there is much rhetoric about the ills of education
and there exist many general descriptions of what might be done to
solve the problems, very little concrete help has been provided with
which to get the remedial process underway.

Despite the recent efforts to improve the high school science
curriculum, this area of the school program has received a share of
the criticism. Some of the specific charges now being directed at
the high school science program are as follows:

(1) Science teaching is generally group-centered and teacher-
directed. Few provisions are made for the variations in interests,
in ability, in learning rate, and in learning style, that we know exist
among students.

(2) "Pure" science tends to be overemphasized at the expense
of applied science. The content of high school science courses is
inappropriate for inost students who will not enroll in a college or
university. Furthermore, the social implications of science and
technology have not. heen considered.
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(3) There is presently little correlation between the biology
course taught at the 10th grade level, the chemistry course taught
in the eleventh grade, and the twelfth grade physics course. Further-
more strong questions are raised :4 s to the validity of the biology-
chemistry-physics sequence and to the fact that the high school science
program is limited to these three science content areas.

(4) The high school science instructional materials that have
been developed by nationally based groups tend to he inflexible The
new materials, like the old, are designed for year-long courses.
Students must commit themselves for a year, and the teacher and
class together must commit themselves for a particular sequence
of topics during that year. There are, of course, exceptions to
these generalizations. There are ways in which a teacher can provide
a very good route through the science topics. Some of the new cur-
riculum products can be used by students for individualized study and
progress. The total amount of such materials, however, is small
and in general suitable only for students in the upper academic level.
Furthermore, the materials consist only of isolated pieces that are
clearly either physics or chemistry or biology or math. If an
American high school today wanted to free its students from the
course complex and arrange individualized study in all fields, they
could choose from only a very small body of curriculum materials
or administrative procedures.

(5) The new science curricula have failed to increase the
percentage of students who take high school science courses. Most
of today's high school graduates have not received an adequate general
education in science.

It was mutual concern over the validity of some of the criticisms
of the present high school science curriculum and the instructional
materials that determine it which stimulated the several discussions
leading to this paper. Those involved in the discussions concluded that
the best way to make the needed corrections was to develop and dissem-
inate a set of second generation instructional materials that wculd
incorporate a fresh look at both the kind of science that high school
students should study and the instructional procedures that should be
used. Some of the features that the discussants felt should charac-
terize such a new high school program are as follows:
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(1) The science program should be designed so that it would
provide interesting and useful work for all students for all the high
school years.

(2) Nlinitilum goals of scientFic literacy and capability for high
school graduates should lie spellf-d out in operational terms. The
curriculum m:,tel.ials should both prepare and test students at these
minimum levels. but should also provide more advanced lessons and
goals.

(3) The b;i6i.0 science program unit should be considerably
shorter than the one year courses that now serve as that unit. A
flexible three year program composed of roughly one hundred (one
to three week program units) would appear to have many advantages.
Such an arrangement would make science study flexible in terms of
topics, sequence of topics, individual pace, and commitment.

(4) The total set of program units should deal with both basic
and applied aspects of not only chemistry, physics, and biology, but
of other sciences as well, Many individual units should cross tradi-
tional barriers of discipline so that they would not necessarily be
identified as being chemistry, or physics, or biology, or science at
all, for that matter, The topics should frequently have a theme of
some real-world problem connected with human and social effects
and with the applied sciences or engineering fields,

(5) The program units should be made as independent of each
other as possible (complete independence does not appear to be
desirable or feasible). It should be possible for students, teachers,
school districts, and states to order the program units in different
ways so as to accommodate differences in student ability, teacher
preference, and local conditions.

(6) Each unit should provide a variety of ways of working towards
particular goals. The variety should be provided by the preparation
of different media, different reading levels, and even different con-
ceptual approaches. For example, many scientific phenomena can
be equally well approached through mathematical abstrattions or
through pictorial or physical models.

0-11-
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(7) The program units should be developed in such a way thatstudents can do the activities at different rates dependent upon theirabilities and interests. This means that the material must be designedfor self study on an individualized basis, but with the guidance andoccasional assistance of a teacher.

(8) The cost to the schools of the units that make up a proposedprogram should not exceed present expenditures for science instruction.For the most ty:it. the program units should not call for large outl.aysof funds for new equipment or new facilities unless equivalent economiescan be made elsewhere.

(9) Each unit of study should have its goal clearly spelled oi.tso that the student will know exactly what he must be able to do todemonstrate proficiency in the topic. Such specifications are fre-quently called behavioral goals. It is possible to state these withoutresorting to the mystique sometimes attached to the use of the name.

belie,e that the time is particularly propitious for attackingthe problem of developing and introducing a more flexible and indi-vidualized science program. As a result of the use of ISCS scienceat the junior high level, the existing interest in, and the demand for,finding ways of breaking old patterns of standard classes and standardcourses has accelerated. Many school systems are now asking whatthey should do at the high school level to maintain the impetus forindividualized instruction that the ISCS program has begun in thejunior high school. Furthermore, a large number of high schoolsare already experimentaing with science programs that are not toounlike the one upon which the conference will center. The commentsfrom these schools and from other sources indicate that the demandfor new programs of this kind is strong but that this demana will notbe met adequately until new and appropriate types of' instructionalmaterials are developed.

The conference will be concerned mainly with the problem ofcreating individualized materials in the sciences. Any of the skillsnormally associated with other subjects - English composition, forexample - can also be taught and tested using the same type ofmaterials. Indeed, some students learn reading and writing skillsmore efficiently in studying science or music than they do in the formal
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Present plans call for roughly 125 units of instructional materials
to be developed. Since each unit will be designed to keep students
occupied for roughly one week, it is anticipated that a three year high
school science program will consist of roughly 100 units. The purpose
of providing 25% more units than any teacher will likely need is to
provide teachers, schools, and school systems with options from which
to choose units that will comprise their science offering. We presently
anticipate that approximately one-fourth will be chemically oriented,
that one-fourth will center on topics that can best be classified as
physics, one.-fourth will be biological, and that the remaining one-.
fourth will deal with topics drawn from the social sciences, psychology,
and the earth sciences. Furthermore, the particular theme and focus
of inquiry of any unit may be drawn from applied sciences such as
medicine or engineering.

The units will be constructed to allow the student to proceed
through them relatively independently. Each unit will spell out in
fairly specific terms what the stude:it should know, or be able to do,
at the conclusion of the unit; will describe the tools that have been
provided in the unit; will suggest ways in which the student might
proceed to learn what is desired; and will provide self-tests through
which the student can determine when he has successfully completed
the unit. Each unit will be developed so as to free the teacher from
most of his directorial and administrative responsibilities thereby
enabling him to serve as a resource to individual students and/or
groups of students who need help. Although the proposed materials
will differ somewhat from the present ISCS junior high school
materials, the role of the teacher in the new program will be very
similar to the one now performed by an ISCS teacher.

As indicated earlier, the units will be made as independent
of each other as possible, thereby allowing the sequence of topics
dealt with in a one year course, or over the three years, to vary.
We assume that the ultimate publishers of the materials will main-
tain their inventories in two different forms. Hopefully, a fairly
large percentage of the finished units could be warehoused as
separate entities to be assembled and bound according to the spec-
ifications of the consumer. For example, a selection of the units
might be made by the California State Textbook Adoption Committee,
and the publisher would bind the materials to these specifications
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and deliver tailor-made sets. The same would be true for those other
states and school systems that purchase large enough quantities of
materials to make custom binding feasible. To serve the needs of
small school systems one or more "recommended packages" of units
would be selected in advance, bound, and warehoused. These would
presumably be marketed and sold in the same way as are present
textbooks.

The general principles that are presently thought to apply to
the units and to their development are as follows:

(1) Each unit will be as independent as possible and will be
designed to encompass about one week of work by the average student.
This means that a three year package will consist of roughly 100
units. Since roughly 1.25 units will be developed, teachers and/or
school systems will be able to vary by selection both the scope and
sequence of their three year science offering.

(2) Each unit will be composed of one or more modules. All
students who do a unit do the activities contained in a "core module"
that is written at the skill and conceptual level of the average tenth
grader although the modules will be used by students in grades ten
through twelve. Most units will also contain optional modules as well.
Some of the optional modules will provide remedial help with some
skill concept that is critical to the unit's core module. Other optional
modules will extend the topic of the unit to a higher level than is
possible in the core module. The optional modules will make the
units appropriate for a variety of student ability levels. Less able
or less interested students will do only the core module plus what-
ever remedial modules are needed. Brighter or more interested
students will have the option of doing the more challenging activities
contained in the modules designed to extend the topics included in
the core module.

(3) In addition to the material contained in its component
modules, every unit will provide the student with overview state-
ments of the rationale and objectives of the total unit and a description
of the competencies that the unit assumes. Each unit will also con-
tain material that will help the teacher to understand how the component
modules are related and what the unit is designed to do.
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(4) Every module within Lmit tirtH l e serf contained and must
include everything necessary for the :ilitocnt to lean] the concepts
intended and to acquire the desired sk t I s. They mu.:,U- include
everything that the teacher tiecd, ,) 'teal ning and
to assess student progress.

What components will be inc.11;ti 1:! :1;r:
a unit will depend in part upon
development is carried on., Lts;.ei
now assumed will be included as part or
(we envisage the organization of the units ,:r.d
essentially similar).

c. ;nodule within
pet.; ,,ncoLinter a.s
the lements that it is
unit .nici,lor module

of the -modules as being

(4'1) Any necessary -text rnat-21-ials ',Ill *likely be in pamphlet
form. The materials will. be written so that thev understood
by an average student with as little input from the tc-!acher as possible.

(*2) Instructions for carrying cut any lahoratory activities to
be done will be part of every unit and module.

(3) Any loops, film, slides, and other audio visual items
that are needed will be included,. These materials must be in such
form that the student can study them individually and without dis-
turbing others in the class. For economy reasons we plan to limit
the amount of audio-visual material included, with the possible ex-
ception of audio-cassettes.

(*4) There will be a description in non-mechanistic student
language of what concepts the unit or module is designed to teach,
or what skill the student should gain as a result of the module.

(*5) There will be highly specific self-test items through
which the student can determine whether or not he has successfully
accomplished the goals of the unit or module.

(6) There will be suggested all:317.rti'S to the self-test items
written in student language. The suggested answers will include
suggested mechanisms through which the student can correct any
deficiencies he detects.
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(7) Every unit or module will include any equipment or
materials that cannot be assumed to be already in the classroom
(we assume that needs of this sort will be kept to a minimum).

(48) There will be a description of what the student is
assumed to know and to be able to do in order to successfully
begin the unit or module.

(49) There will be a general description of what the unit or
module is designed do, with fairly flexible suggestions as to how
the student might proceed through the materials to reach the goals
that are specified.

(10) There will be materials to help the teacher to implement
the module or unit.

Those items listed above that are preceded by an asterisk
indicate things that probably should ultimately be supplied in
individual student quantities. The remainder of the items could
be supplied in classroom quantities. We are assuming that the
individual student materials will often be stapled or stitched
together prior to use by schools. This would be true of the teacher
material as well. As projected, all other items would ultimately
be supplied to schools as separate entities. If this turns out to be
the case, each unit and module within a unit will ultimately consist
of a combined set of printed student material, a combined set of
printed teacher material, and assorted fragments such as pieces of
laboratory apparatus, audio-cassettes, and so forth. A collection
of these three kinds of material are what has been referred to
earlier as a "unit" or a "module". When circumstances permit,
the ultimate publisher could assemble a selection of units into a
custom made package, composed of two books, or sets of books --
one set for the student and one set for the teacher -- and any other
items necessary to do the work.
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Content of the Curriculum

The content of most present day high school science curricula
is limited to coin s in biology, chemistry, and physics. Largely
for historical reasons such subjects as geology, psychology, anthro-
pology, archeology, meterology, economics and oceanography have
been ignored, Furthermore, the applied sciences such as engineering
have notably been excluded from the curriculum but have often been
dealt with indirectly in such a way as to connote disdain.

In the proposed new materials we plan to present a more
balanced view of science. En this approach we will deal with topics
drawn from essentially all of the natural sciences and many of the
social sciences. Furthermore, we will seek to deal with both the
basic sciences and the applied sciences.

i3cause of the Flexibility that we plan to build into the units
that will comprise the three year course it should be possible to
deal more effectively with the present lack of both breadth and over-
lap of content than have most programs. To accomplish this, we
plan to follow a. two-step process. First, those skills and concepts
that appear to be fundamental to science without regard to discipline
will be identified. Several units will be devoted to treating these
topics. Each of these "fundamentals units" will deal with some
basic topic and will show the application of this idea or skill in at
least three specific science areas. One such unit, for example,
might deal with the elements of probability and the examples dealt
with might include gene combination, the behavior of gas molecules,
and the flow of currency.

In addition to the fundamental units, other units will deal with
more specialized topics that normally are parts of courses that deal
with the specialized sciences. Examples of such units are the diver-
sity of certain types of animals, the behavior of the halogen gases,
electrical circuitry, imprinting, the geologic time table and ecolog-
ical succession.

dr)
14 9



-24-

In assembh-og the units courses it is assumed that
teachers and school systems will use those units that deal with
fundament;.' topics more than once. It is rot intended that the
teacher will. teach the fundamental units first, followed by those
that deal with the specific sciences. Rather, it i.s hoped that the
fundamental units will be used at whatever points in the sequence
that they are needed.

The identification of the topics for fundamental units will be
a more difficult task than will be identifying those related more
specifically to the speciiic sciences. Listed below are some
examples of the kind:i of topics around which the fundamental units
will be built:

(1) A unit in which a student is taught to describe the operation
of a typical negative feedback system. Included within the unit would
be the concepts of systems, subsystems, components, interactions,
feedback, and negative feedback. Common examples would be taken
from home heating systems, economics, biological systems, and
mechanical speed control.

(2) A unit on energy designed to help the student to:
(a) Have firsthand experience with many kinds of energy.
(b) Describe in some detail energy conversions of many kinds.
(c) Tie the notion of "stickiness" to potential wells, particularly
in the case of 1-natter particles.

(3) A unit that deals with elements, compounds, and chemical
change designed to accomplish the following:
(a) Give the student the model that there are a small number of
elementary particles.
(b) Have the student learn the symbols for a dozen or so common
elements.
(c) Have the student examine formulae for several compounds and
learn what these formulae represent.
(d) Have the student examine several equations and learn what the
equations represent
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(4) . A unit designed to teach the student to measure such things
length, mass, volume, density, and temperature, using the usual

instruments equipped with metric scales.

(5) A unit on simple mathematics aimed at teaching the student
to handle functional relationships, particularly the linear, both
:-..1gebraically and graphically. The tool:_, required for this unit will
he the use of decimals and the making of graphs.

(6) A unit dealing with experimental design including the set-
ting up of control experiments.

(7) A unit dealing with the difference between observations
and models and the interaction between them.

(8) A unit dealing with the nature of light and its interaction
with a variety of systems.

The above list is, of course, only a partial one, As projected,
about one third of the hundred units will deal with common fundamental
topics. The remaining two thirds will deal with more specialized
topics drawn from the special sciences, but usually studied in terms
of applications of general concern to human life.
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1 begin by reminding you of a New Yorker cartoon which shov..s
hvo engineers in hard hats standing beside a river. Arching
the river is a magnificent new bridge which is beginning to erz.lct:
:.ad f::-!1 to pieces in the middle. One engineer is saying to the
other! "So much for the new math!"

initially, .1 should like to describe some impressions that 1 11:%-(.

about high school science programs. Many of these pc.,gralus ve-re
developed as a result of nationally organized curriculum-develop: 1H:
efforts. I emphasize that these are impressions, and they surely al
subject to correction. They are by no means based upon data whic:h
has been systematically collected, but rathef- upon general readi
and upon conversations with various people who are concerned with
these matters. Following this, I should like to try to draw some
wnclusions, and to explore what implications these impressions
may have for future planning in this area, I shall try to sa,, what.
tfic..y mean to me as a psychologist, as I have been asked to do.
Perhaps I should mention that taking a psychological view pri-
marily means to me interpreting the events from the standpoint
of the human learner.

Accomplishments and Disappointments

All of us must certainly be aware of the substantial accom-
plishments of curriculum development during the last decade in
die areas of science and mathematics. Various descriptions
have been made of what the goals of these programs were, and
what they seem to have accomplished. Perhaps the most important.
ones are as follows:

(1) The content of science materials has been modernized,
and made to conform with current theories.

(2) New ideas reflecting new scientific developments and
theories were introduced. An example is the whole DNA-RNA
story.

(3) Correction was made of certain errors of interpretation,
which may have been contributed by authors who were not them-
selves good enough scientists to detect them.

-26-
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(4) Serious attempts were made to "purify" the contw,
the sense of making it emphasize science and de-emphasize tech
nology. This kind of change reflected a preference of de:: hers,
for such topics as the study of the properties of electric knce,
in contrast to the study of how to connect wit es to make parallel
and series circuits.

(5) A greatly increased emphasis was introduced en tlp,
e:;s" of science, deigned to reflect the activities of the L-.cienl.J.-.1,
as opposed to his conclusions.

(6) Science materials were designed to be intellectually moc.
satisfying, and thus presumably more challenging to :students.

All of these changes would appear to be improvemenis.
ever, after a period of five to ten years, it is evident that the new
science materials have raised some doubts. Have these new c;.:t.:-

managed to improve science education? Certainly it appears that

there have been a number of disappointments:

(1) Although most curriculum development projects have gene
through the motions of conducting evaluation studies, evidences of
important changes in the fundamental intellectual repertory of
students is hard to come by.

(2) In a number of instances there was considerable initial
resistance to new programs on the part of parents. We heard a
good deal about parental misgivings concerning new science and
mathematics programs. To some extent this parental resistance
has continued, and it probably should not be lightly dismissed,

(3) There also has been some degree of resistance on the
part of teachers. Although most programs conducted teacher edu-
cation efforts in the form of training institutes, summer workshops,
etc., it does not appear that teacher resistance has been cntirt*,..
dispelled.

2 4



(4) One Of the prOMilik,,11 features of new programs is that
they suffer from and contime to suff,! from a kind of degradation
of their purpo:-:es when they are pic..mented by teachers. There
seems; to he a tendency on the pail o the ter her to regres to
earlit.r menu., of instruction when a new pr .)grain irr introduc 3d;
and this has 1),,en very diffh lilt to overcome.

(5) Perhaps the most disappoint ing feature of all is that the
prestige :nd :'ppeal of scie:e has not improved. Fewer students
in high school now take science coure-:es. Of coures, this tendency
is undouhtedly iiiflucnc.ed by change:1 in social values and attitudes
which the pro.:rams themselves in:iy have little opportunity of in-
fluencing_ Noyerth:le:;51, this result has been an unfortuhate
concomitant of the introduction of these new programs.

(6) 1 understand it to he the case that the new course materials
developed during the last de:-!ndo have tended to be used for a year
or two and then discarded. Of cour:-.e, the even newer programs
which replace then! may to a ommitic oble extent incorporate Cie
same aims, However, this tendon( v may also be seen as one of
returning to earlier forms of instruction, such as are exemplified
by "standard teNthooks. "

Some Reilootions on Curriculum lievelopment

As one who participated to sonic degree in more than one cif
these curriculum-development. efforts, but who at the same time
attempted to maintain the vi,:swpoint of an external observer, I ask
the question, what went wro ig? First, I don't think that is exactly
the right quest ion, As 1 lo.)k at these materials and the court.les
that. Were constrcted from hem, it would appear that they aro
very v:41unhlo, and that they are by no means inherently "wron,."

What kinds of things were overlooked that might have made
the whole effort more successful? 1 want to describe five ideas
about this question which I think S1101.11(1 he borne in mind as we
aldress the pr ublein of what, if anything, should be clone in the
future.



ion De.-ipite frequent claims to the
conic- 7!ot clear tha'.. the of science as h part of gen-

than of sl..eclali?.ed edw:ation, ha:--; been
,,nor , If scientific known(

v :o 1,ecorne p...Irt of every student's life,
by no of the curriculunl developments can be i.lentified
as 'nu direction, 1:':) ;rent many peonis:, being
attic' to . Circslit:-; may in-
deed Le .triportant kind 0: th:ici demon-

of motion in the perlodic moveruent ,.)f a pendulum.
'Link, is almost too easy a target fl'ora'l this point

much a studt,nt learns about trie
tri)cf.al(: c:f ;:in.A)er systems, for ni::ny purposes of life. including

of e, he needs to know now to perform operations
with nurchor,-;, There is some indication that this kind of life-
crient,.; has neen neiected, at least in the sense of being
too de-emphasized, in science as well as in mathematics.

What 1 am talking about is relevance. A relevant curriculum
is one which meets the needs of all ski:lents, not just those of a

few. its goals are based upon the needs of all the people,
not on the needs of college professors of science for "better pre-
pared' .:;tti:h-nts.

Clarity of ohiectives. You have all heard of the objectives
of instruft ion, ot behavioral" objectives, and I do not intend to
raise ;.:hosts of some old and tired arguments. When I speak of
objet-tive:3 I wish to talk about the outcomes of learning. I don't
particularly how they are stated, but I think people should
try to contruct clear communications about them, not fuzzy ones.
One should he clear, at least. I think, about what one expects the
student to be able to do after he has been instructed. I am not
satisfied, our do I think any clear-thinking person should be sat-
isfied. with the idea that "exposure" to a "well-strtictured" set
of topics .3 sorleliow, as if by magic, make the student into
an adrniia ,,veli-educated man, possessing all the virtues of the
unrii;ht man of .science.
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eellarly tree. I thin le the one shoeld be able to
ree'eer of Ceffer('nt ceteeiries of objectives.
':e.e eee convee a set of 01-v:1/nee':

Le ziboat i and e.'init this
tet. ::tader.t. And One I1cJtilJ 110t i)ret CiH t }IA
h,v it..eli teaches the stu :eet to Fi.,ive e t.dogieal

et t. the amount of bun dioxide, :n a sample
-ceee.7 a superior thieeer. in cea-itrast, if one i-is

:,...reeee out, ()me of ch.irieing attitudes tOWUC. Ii p01-
la' (dent- that slitsn a las.: of objec_tie..e.-:; will

: 1;,e' 11It2 niel:e the student cep,ble of hnov:ing, a ger:at
of pollut.en, or of beele- able to sote.e a

. te: pollut ion. I .eerning aS d it..!'erent out (mines,
He--) tiwee straftht. 1,..arning is a wonderful proc-

eee, nel magic.

e'eservation that science courses and their topics
are i.e.. ee eleHne; elevays (fleet. about their objectives. A lesson
which hpieeerily is aimed at establishing attitudes can easily end
up to eeee: a v au information. A lesson apparently designed to
coeve:. aahle organized information can easily end up teaching

t:eaeeT c etelleetual

C:e:rine the interest of students. I shalt not say too much
ribu'at this. because it is mostly obvious. Of course, it is another
ccenpk-euee what is meant by relevance. If instruction on the
interne.: ,Theuetion engine is eliminated from courses in physics,
perh;T:: fir very good, idealistic reasons, what does this do to
the app el of the course. and to the number of students who elect
it ? At : levels of the education structure, we are reminded
thet tic' into student interests. we must "meet students
where 1.11,,e are, " or else it is perfectly possible for them to drop
r;e! ht i.ore or during the conduct of the course. I do not

eee should draw from this the f.ieneralization that student
intereet, all ee-e levels, should he the sole criterion of eduea-
te.ee.e e,e,tee, However, if we are attending to the high school at
the Wr' Mould surely bear in mind that students of this

far from being adults, and perhaps we should go about
ceue!1:,- f.er- :a treating thorn as adult:-:, with regard to their inter-

-eeen.:e . \Ve may also have to become as conce rued to
,en. ;.ormulate a correct Ene,lish sentence as \yell as

a e:ee year old, as we are that they have learned any
peeteeii of science.



The system of delivery for instruction. ii re is the rock en
which most curriculum pr o!cci:- have foundered. Some of them,
for example, have !midi? as,--:m.,,ptions about metho.is of delivering
instruction that depend heavily upon the retaininf of teachers,
and upon their adoption of inst inlet tonal techniquest that are new
or at least non-traditional. I:sually it has turned out that teachers
have great difficulty leatinv and these techniques. 1They

do not acquire 0 commitment t:) them, and consequently the pur-
p()ses of the newly devised matc-r!als are not fulfilled.

In other contrwiting 2111C0 F1 01 CUM' i C111.11111 development,
assumptions are made shout instinlional delivery that are of

a traditional nature, and these too nn into difficulties when adop-
tion of the new materials is being: considered, because they fail
to conform to new ways of organizim,, instruction. An example
is provided by materials designed for teacher delivery and kiem-
onstration, when systems of individa01rAed instruction are being,
used by schools. In such ca.ies, rna!eials which may be excel-
lent in content can only be used after they have been treated by
:_,..xpensive adaptation operations.

My conclusion from this experience is that any enterprise of
course or curriculum design ought to consider the "instructional
delivery system" -- how are the students going to learn -- as a
first order of business. It may be decided that a highly tradi-
tional method is preferred, or ihat a somewhat untraditional one,
like independent study, is to he aimed for. But it does seem to
me most important that these decisions be made first -- before
one considers any details of content. Otherwise, this sin of omis-
sion will plague the enterprise, not only during its design period,
but most importantly during. the period of adoption and utili%ation.

The mode of instruction, Closely related to the question of
procedures for delivery of instruction is the question of the mate
of instruction, which means the arrangement of the actors in the
instruct!_onal drama. Does the teacher occupy center stage.. or
background? Where is the student located ? Ilow many actors are
there? What function is filled by the props, or "hardware"? Using
t raditional terms, this is a question pertaining to the use of lectures,
laboratories, group discussions, televised lessons, and so on.
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Mu h instruction m z schc,.,t is stilt based upon the model
which uses the txtbook accompLnied by elf her teacher lecturing
or class recitat!on, 0; both. Viewed in terms of how learning
occurs, it is diffi(.11t to provide a really good rationale for this
combination. ft ',A/,at is to be learned can indeed he obtained by
reading a t.,)c-, a lecture over the same material or a student-
by-student reinstatement of this material pretty obviously is a
waste of time. This is the basic reason, I think, why thoughtful
students see little point to high school elan es, and become in
creasgly "turned off" by them. One must ultimately depend
upon the student to learn what he is supposed to learn. Repeat
ing it to him is unlikely to do much good. And if the purpose of
recitation is to see whether he has indeed learned the material,
why not do this more systeinatteall:;, by allowing each individual
student to dem(,:istrate that. he has learned when he is ready,
rather than when the teacher happens to call upon him?

Science instruction has often been cast in the mode of the lab-
oratory exercise. The difficulties of designing good laboratory
exercises, and of avoiding the routine following-of-procedures,
are well known. In contrast, good laboratory exercises take on
the form of "projects," having definable goals, but whose outcomes
cannot be predicted in terms of "coming up with a right answer. "
The advantages of this mode of instruction are several, and they
are substantial ones. First, the student is confronted with a
total problem-solving situation, which calls upon his knowledge,
his skills, and his cognitive strategies. The situation is intrin-
sically motivating, particularly if the student has been permitted
some choice of the exercise initially. And he must depend upon
his own resources to analyze, organize, plan, conduct, and report
the activity required to reach the goal.

Additional advantages to instruction are gained in such labo-
ratory projects when they are undertaken by pairs of students,
or by small project teams. Such an arrangement adds still another
component of realism, since scientific work is often conducted
this way. In fact, it might be argued that science is almost never
an individual matter, in the sense of being private. It is always
subject to public. scrutiny and criticism, even when the public con-
sists of a small set. of highly knowledgeable colleagues. Still
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another advantage of conducting s( ience projects in pairs or groups
is the opportunity this provides for refinement and clarification of
ideas occurring in the discussion and the give and -take of a coop-
erative intellectual venture.

It seems to me that the mode of isboratory Faid ficid projects
undertaken by small groups or pairs of students, or on occasion
by a pair consisting of teacher and student, might well he seen
as the most desirable instructional arrangement for most science
instruction, even beginning in the early grades. l have mentioned
its many positive advantages for effective learning. There is also
a strong contrast here with the text-lecture ur text-recitation
kind of arrangement. In projects undertaken by pairs or groups,
there is little evidence of time-wasting, so long as the activity
remains devoted to the project goal. Of course, I recognize that
projects themselves must be cleverly designed if they are to outdo
in interest such activities as opposite-sex chasing, but that is
generally true for most educational efforts.

Summary

Let me summarize in the following brief statements. Any-
one who tries to take advantage of experience in curriculum devel-
opment to undertake the design of new courses of instruction will
profit by attention to the following actions in pursuing the goal
of learning effectiveness.

(1) He will devote considerable attention to the defining of
goals of the program to be designed.

(2) He will attempt to establish clear, communicable objec-
tives, initially perhaps in the form of categories of objectives.

(3) He needs to be specifically concerned with the motivational
value of what he designs, particularly in reference to its relevance
to student interests.

(4) As a first step, he should make some decisions about
the methods to be used to deliver the instruction, whatever its
content.
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(5) He needs to choose a mode of instruction which fulfills
the purposes of his objectives, is appropriate to the subject
itself, and which avoids wasting time. It should be a mode that
engages students in activities that are as continually productive
of learning as possible.
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Each of the preceding three speakers has explained that many
of the things that he was going to say have been covered by an earlier
speaker. I find myself in the same situation and, since this is the
Bible Belt, during the lunch hour I looked at scripture for some
advice. In the copy of the Bible which the Gideons have placed in
my room I found words of both comfort and warning, in St. Paul's
second letter to the Corinthians, the ninth chapter, the first verse,
where he said, "For as touching upon the ministering to the saints
it is superfluous for me to speak to you". It is noteworthy, however,
that St. Paul then went on for five more chapters.

It has only been about a dozen years since scientists first
became interested in the way science was being taught in school.
I remember that at Brookhaven National Laboratory, a number
of us became interested in the PSSC high school physics course which
was just being developed. The popular view is that scientists became
interested in these projects because the Russians had put up their
earth satellite, Sputnik, earlier than the Americans. No doubt that
national embarassment helped to provide funds for science curriculum
revision, but it had very little to do with the motives of the scientists
who actually took part in it. Like most of the scientists active in the
projects, I became personally interested because I had young children
and was appalled to discover the nature of science instruction in the
schools. We should not forget that science instruction in those days,
perhaps not so very long ago, was really bad. Let me characterize
the situation by reminding you of the most popular high school physics
text at that time, written by Dull, Metcalf and Williams. It's succes-
sor, incidentally, greatly improved after many revisions, is still the
best seller. The edition that I remember in the late 1950's had a
special feature that was widely advertised. It was a multi-layered
transparency that illustrated the nature of physics. The advertising
gave the impression that there were many such transparencies in the
book. In fact, there was only one and that one showed a steam shovel
down in an excavation. If you took away the top transparency you could
look into the cab and see the driver with his hands on the control levers.
When you took away the next transparency you could look into the gear
box itself. That was a fair representation of the state of physics
instruction during the 1950's. Some years after that edition came
out, I was in the office of Dr. Hopkins who was the general high
school science editor for Holt, Rinehart, and Winston. When I
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kidded the book and its transparency, he wheeled
:!;ound in hi ,'hair, picked out the book and spread it on the

His in Front "Wasn't it. frightful?" he said, "But
it sw,..pt ,he

:act the describe the situation 12 years ago in another
way. W( r:n ::n institute at Brookhaven Laboratory for all of
the teachers v.-ho taught high school physics in Suffolk County.
There were ;!bout 50 of them, of whom only six had studied
physics in colltge for more than one year. Only one was able
to use caleuli:., at all, and it turned out that he was not a very
sucess:(11 teacher.

tind(.-r circumstances like these, what was needed was
clear to us all. We should have a new text describing real,
modern physics. l'here should be laboratory devices allowing
first hand contact with important natural phenomena, and
perhaps most impoitant of all, there should be training of
the teachers to fit them to use this new material. It should
be training of the teachers to fit them to use this new material.
It shouhl also he pointed out that we never intended that this
new high school physics course should he designed only for
future scientists. We did, however, implicitly accept the
fact. that. oIlly the academic upper quartile of students would
be taking the course. To this day most physicists would claim
that l'SSC is not a pe-professional course, but rather is an
appropriate part ()I' general liberal studies.

What has happened in the dozen years since that new
facinatinp; course wars 1111redlleed ? 1 would claim that many good
things have happened, in many cases, directly traceable to the
project and its spreading influence. Most of the high school
physics texts are now respectable, having borrowed heavily
froth the liberating ideas of PSSC. over the nation there have
been interactions between teachers in the schools and scientists
in the universities and laboratories. It is no small matter that
it. is nov: considered professional and respectable for a univer-
sity physicist to be concerned with school science teaching.
As a result of these interactions and of the many summer in-
stitutes, the academic level of high school science teachers
has dramatically risen.
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On the other hand, there has been no increase in enrollments
in physics. Indeed, if anything, the percentage of ::;tuctents taking
physics seems to be decreasinz. At the present time, we seem to
be engulfed by a rising tide of anti-science, that is to say, hostility
toward science and technology and a fad for such ireational things
as astrology. I would claim that the effect of the new math programs
has been nothing short of a national tragedy. The programs as actu-
ally used in the schools have turned into a perversion of the goals
of the originaton.i, Ileherman, one of the is,lies of i Y new
math, denounced its effects before his untimely death. it;.chesd
Feynman, the great mathematical physicist, was severely critical
of the new math when he was asked to review possible textbooks
for California schools. Let me illustrate his criticism by quoting
just one comment:

"When we come to consider the words and definitions which
children ought to learn, we should be careful not to teach "just"
words. It is possible to give an illusion of knowledge by teaching
the technical words which someone uses in a field (which sound
unusual to ordinary ears) without at the same time teaching any
ideas or facts using these words. Many of the math books that are
suggested now are full of such nonsense-of carefully and precisely
defined special words that are used by pure mathematicians in
their most subtle and difficult analyses, and are used by nobody else.

"I would take, for example, the subject of sets. In almost
\All of the textbooks which discuss sets, the material about sets is
never used -- nor is any explanation given as to why the concept
is of any particular interest or utility. The only thing that is said
is that 'the concept of sets is very familiar. ' This is, in fact, true.
The idea of sets is so familiar that I do not understand the need for
the patient discussion of the subject over and over by several of the
textbooks if they have no use for the sets at the end at all.

"A zookeeper, instructing his assistant to take the sick
lizards out of the cage, could say, 'Take the set of animals which
is the intersection of the set of lizards with the set of sick animals
out of the cage.' This language is correct, precise, set theoretical
language, but it says no more than, 'Take the sick lizards out of
the cage. '"
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What about the effect of these new science programs on col-
lege science courses? There have been some, of course, but not
for the reasons we might have expected. Many of the more modern
views of science have actually filtered upward to the et-Moire corr7F:es
and textbooks. It is not the case, however, that we can nov stht
off college science instruction at the sophmorc level, There have
been many attempts to find out the comparative performance of col-
lege freshman as a function of the nature of the high school science
courses. These efforts have never been successful., probably
because you cannot simply ask a student whether or not he had "PSSC
Physics", I have seen some teachers who have been through summer
institutes teaching a far more modern course using taditional mate-
rials than other teachers who had figured out a way to demand a
rote memorization out of the PSSC Physics text.

It is an important matter that it is very hard to determine
the effect of any particular change in education. We should all
bear in mind the fable that is told by Stephens in his little book
"The Process of Schooling. " Once there was a primitive people
whose king died. They dug a hole in the ground, tossed in the body,
covered it over with earth, and as a parting gesture threw on some
grain seeds. The following season they observed that on the grave
there had grown a rich crop of grain. They were primitive but
scientific people. Putting together cause and effect, they arranged
the next year for another king to die and to be buried in the same
way. Once again there was the hole, the burial, the disturbed earth
and the seed. And once again there grew a crop of grain. Every

'gear after that, they managed one way or another to find a king
too bury. Over the generations there grew up a special class of
experts who supervised the burials. Each year the ceremonies
grew more and more elaborate -- different ceremonial clothing,
different words, but always at the end the gesture of the thrown
seed. Some years they had a good crop and some years it was
sparse. Another group of experts grew up to find correlation
between the details of the ceremony and the amount of grain that
was produced. Although they did scientific experiments, year
after year, which provided the theses for many doctorate degrees,
they never coul-1 find any correlation between the ceremony and
the product. And in all those years, they never thought to ask
whethe:- it was even necesrarN to put a king down there in the
fief;
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In spite of the warning of the fable, let me cite four reasuns
why we can hardly expect to see much change produced by the new high
school science courses. First of all, science is still an isolated
topic which barely touches the other academic courses. indeed,
high school science means only biology, chemistry, and phys..:cs,
It is very rare to. have any formal study of medicine, engineering
or any of the other applied sciences. Secondly, the great maiority
of schools still offer the traditional trio of science courses In per-
verted sequence. Biology is given first, sometimes to ninth craders
in spite of the fact that the new biology courses cannot really L,e
understood without knowing a considerable amount of chemistry.
The study of that subject comes the following year heavy with such
topics as atomic energy levels which will not be formally introduced
until the end of the following year in the physics class. Fewer than
20% of our students take all three of these courses. The third
problem is that although almost all students have to study science
in junior high school, it has only been within the last few years that
there have been good revised courses made available for that age
group. It will be some years before we have a sizable group of
students who have been exposed to the new science courses all the
way from elementary school to high school. Even then the chances
are that we will not be able to see any effect at the college level.
The fourth point concerns one of the main factors in trying to do
education experiments. The delivery system for the new curric-
ulum projects is dominated by the schools themselves and the nature
of the teachers. In our standard schools the filter effect is unavoid-
able. What actually happens in the classroom has been filtered
through the teachers experience and personality, and may bear very
little relationship to the intentions of the group that laboriously
worked out the curriculum details. I remember once standing in
the back of the classroom watching a skilled teacher who had attended
one of our summer institutes. He was explaining to the class why
they would have to abandon the Bohr model, since they had learned
about the wave nature of the electron. He pointed out with a black-
board diagram that the uncertainty of position of the electrons was
so great that they could not be pinned down into circular or elliptical.
orbits. He then drew a picture of something that looked like a closed
sign wave orbit and after considerable hand waving persuaded the class
that we now know that electrons follow that sort of path around the
nucleus.
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Can anything different and better be done in science instruction?
We had a school science materials show at our university the other
day. I was very impressed by the high quality of many of the text-
books at every level. The apparatus and the teaching aids were plen-
tiful and clever. In physics instruction we are almost embarrassed
by the amount of material made available, particularly now that there
is Project Physics. But still most of this material is designed for use
in our standard classrooms during the taking of standard courses.
We certainly do not need more material of this type. That would only
have the .effect of burying the king in different clothes. The problem
is more complex and what we have not tried on a large scale is a
drastically different system of schooling.

The particular type of instruction that we have come here to
consider is certainly not new, but its potency for radical change is
not generally recognized. We are going to consider ways to individ-
ualize instruction. Before I make claims about the ways that
individualization can change the nature of our schools, let me define
what I mean by individualization in instruction. People have various
impressions about those words, some of them quite emotional. At
one extreme, there is a mental image of a student in a closet, wear-
ing a headset, staring at a video tube and with his hands on a computer
terminal. At the other extreme, there is the nightmare of students
left completely on their own or perhaps voting to decide what they want
to do in their independent studies. The system that we are talking
about has nothing to do with either of these extremes. It is a highly
structured system of goals and sub-goals defined by proficiency exams.
For each of these sub-goals there are curriculum materials available
that tell the student what is required of him and how to go about pre-
paring to demonstrate his proficiency. In a complete system there
would exist an elaborate matrix of such assignments through which
each student would wend his way, at his own pace, though prodded
by an adult counselor, and leading toward goals that would be deter-
mined by the student and his parents within the guidelines of the
system and with the advice of his counselor.
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Let me point out briefly the changes that such a system would
make in some of the problems that we have already noted in our
standard science instruction: (1) The standard course topics could
change. Instead of having a year long course in biology and then in
chemistry and then in physics, modules could be developed around
themes that would be of immediate practical interest to the student.
These themes, for instance, could bring up problems normally
considered only in social studies and could involve studies in medicine,
ecology, math, engineering and statistics. (2) There need no longer
be a problem of which comes first, biology or physics. Courses,
as such, would not exist. The tight sequence that we have had in the
past, seldom understood by the students, is not needed. Most topics
can be approached in a fragmented way when they are needed for the
solution of some problem. To learn how a rainbow is produced, for
example, it is not necessary to commit oneself to a year-long course
of study that starts out with vectors -- which is our present practice.
(3) Teaching materials produced in short modules and designed as
much as possible for self-learning, are available for public scrutiny
and criticism. We get away from the closed classroom door and
from the filter effect produced when all information must come
through the teacher and his lecture presentation. Furthermore, with
curriculum material in this form, it is possible and easy to change
it rapidly, either for different emphasis or to bring it up to date.
(4) With such material the role of the teacher drastically changes.
The teacher becomes an aid to learning and not the prime source
of information as well as authority. This is a far more normal
role for most teachers who would be relieved of the fallacious
responsibility of trying to be expert in all brances of their subject.
Incidentally, the experience of most trials of this sort of material
has been that most teachers can assume this new role more easily.
Very little special training seems to be necessary. (5) Individualized
instruction provides a new role for the student and creates a completely
different atmosphere within the school. Although the student must
assume more responsibility for his work, he is granted considerable
freedom in organizing his moment-to-moment activities. In particular,
he is not locked into a classroom chair for a specific period of time,
nor does he have to abandon an interesting project because a bell rings.
During the years of this century, individualized instruction has been
tried with every age of student and with every socio-economic group.
Even though the materials for the trials have been crude, the system
seems to have worked in all of these circumstances. (6) The nature

/7 9
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of the physical plant can be different in a school using indwiduali.zed
instruction. Although the system can be introduced and has been
demonstrated in standard schools, it works most naturally without
the confinement of standard classrooms and corridors.. In particular,
it allows a great variety of activities that cannot easily he cone in
classrooms. such as projects outside the school. itself,

If this system of modular materials and individuall.ed pr ogress
is so successful and can create such great changes, why haven t
more schools adopted it? What happened to those many trials during
the last few decades? The reasons are complex but the simplest
explanation is probably the most important. There have never been
sufficient good materials for schools to adopt the entire system.
Let me cite two recent experiences, This past winter a movement
was started among students, teachers and some parents, to institute
individualized instruction in our local village high school. The
obstacle on which the venture founded was the lack of suitable
curriculum materials. As a matter of fact, physics instruction at
the local high school is now provided on an individualized basis.
But this is because three very hard working teachers created
sufficient materials modeled after the course that I had developed
at the college level. At a conference at MIT a few weeks ago,
almost five hundred people showed up to learn more about indi-
vidualized instruction in college courses, primarily in the sciences.
In spite of the interest in the trials., very few people had enough
materials available so that someone else could adopt a complete
system in his own college. As most of us here know, it is extremely
complicated and time consuming to produce a large amount of good
curricular material at any level.

It: seems to me that the time has come for the development
of individualized curriculum material in high school science, if
not in all subjects. There is considerable dissatisfaction with our
present courses. In many schools throughout the nation they are
experimenting in va.rious forms of independent study for individ-
ualized work. In the 1930's, there was similar enthusiasm for these
methods but the sufficiently large body of curriculum material was
never developed, Schools cannot develop this material themselves
anymore than individual schools could have produced a PSSC or a
CHEM study of ISCS projects. It is an enormous undertaking and
requires a nation-wide effort. The time ha.s come and we are at
least the nucleus of a group that could bring it about.

SO
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Summary of October 29 Meeting of Discussion Group A

Arnold Strassenberg, Chairman Richard Merrill, Recorder

The following is an attempt to summarize and organize the
major ideas that came forth in an exciting day of spontaneous dis-
cussion. No attempt has been made to detail the chronology of
the discussion or, in most cases, to associate ideas with the indi-
viduals who advanced them. The report does seek to indicate areas
of substantial agreement and disagreement within the group.

The ideas fall into four general categories: (1) Should some-
thing be done ? (2) What is the intended clientele? (3) What should
be the goals, objectives and content, or how should they he arrived
at? (4) What should be the nature of the "delivery system"?

(1) Should something be done ?

There was general agreement that the status quo leaves some-
thing to be desired and that further substantial work on the high
school science program is needed.

(2.) What is the intended clientele?

There was considerable discussion on this point. Views ex-
pressed included the following:

(a) We can't forget those students who will become scientists.
Don't sell science short or water it down in the name of "in-
terdisciplinary" studies. "Science can be fun" is not an
adequate guide to program development. We can't sacrifice
rigor for those who need it.

(b) It may be unrealistic to think that we will ever reach
all students. Maybe some "dropouts" are beyond help. This
point was debated vigorously. Most participants felt that no
category of pupils should be "written off" at the outset in
the planning of the new program being discussed here.
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(c) We may be aiming primarily at the 60% or so of high school
students who now take no science beyond that which is required
in high school.

(d) Science instruction for some students may mainly be a
means of turning them on to learning rather than an end in
itself.

(e) No one program, however flexible, will be a panacea, or
even be appropriate for all students. School is for everybody.

For some (college-bound, and particularly college-science-
bound), it may be enough to update, repackage, individualize,
and render more flexible the college-prep courses now available.

For the "middle 60%", we may need to develop a "citizen
science" for informed participation in society. It should have
a heavy social science flavor and should be issue-oriented and
packaged for individualization.

For the "lower 20%", we may need a "consumer science"
geared to decision making for personal survival. Social
science content should be incorporated.

(f) We might do well to leave the "repackaging" of present
college-prep science curricula to others and concentrate on
the crucial need for science for those who are not now well
served.

There seemed to be general agreement on this last point,
although it was also pointed out that some of the "science for
citizens" could well become a part of the curriculum for
college-science-bound students, even though they are reason-
ably well served by the present science courses.

(3) What should be the goals, objectives, and content, and how
should they be arrived at ?



It was acknowledged that a multidisciplinary, individualized
science program with some attention to social implications, such
as the one described in the working papers, would be a step ahead.
IF Lift: intended eliontele, however, several participants expressed
the feeling that a much broader program, involving real integra-
tion of natural and social sciences, is needed. Questions were
rai.asd as to whether this would be too much to attempt as a next
step, mid whether it was realistic to expect that funding might be
obtained for such a radical departure. The opinion was expressed
by ;(:.,.eal that schools not only are ready for ouch an innovation,
but that they desperately need it. It was also felt that perhaps a
project of this magnitude and daring would be more likely to re-
ceive frnding under present conditions than one which concerned
itself primarily with reorganizing and repackaging sciences. The
difficulty in developing such a program and "selling" it both to
funding agencies and to schools was not dismissed lightly, however.

It was noted that if the scope of the program were to 1;
broadened to encompass the social sciences on an "equal partner-
ship" basis, the development of goals, objectives, and learning
experience would require participation by specialists in the sciences,
social sciences and education, and perhaps students as well. While
recognizing its own limitations in procetlding too much further to
define the scope and goals of the program, the group did discuss
a ithrui.er of ideas and possible "frameworks" for further develop-
ment. Some comments about the "delivery system" are inextricable
from these considerations.

(a) We should be concerned not only with content and proc-
enses of science but with student's resultant attitudes toward

Too much concern for immediately measurable
havioral objectives could cause us to ignore things that
might enable and encourage the student to continue learning
on his own in the future.

(b) Even in a multidisciplinary program, some goals will
speciticallf to tl.K :itudent's knowledge and appreciation

of Lilo 1] 1:3Civiii1;;Ii involved, of science as a way of thinking,
intellectual pursuit and as a human enterprise, and to

the di:d.inctions between science and applied science or technology.



(c) We should not assume that for students who are less aca-
demically able, it is sufficient or even desirable to simply
emasculate science content, or present it at a slower pace.

(d) The goals should include: Scientifically literate citizen-
ship. Awaren7:ss of the physical world. Science as a way
of thinking.

(e) One framework for goals might be the following:

(A) Goals for the citizens:

(1) Survival (personal and societal). Knowledge
essential for the voter. For instance: (1) we can't
violate the laws of nature, (2) many scientific and
technological problems can be solved, given time
and money. (3) every action affects something else,
(4) the magn'tude of variables is crucial, (5) the
entire system should be considered, (6) scientific
methods can be used for many problems, (7) nppliod
sciences will permit/cause drastic changes in our
way of life, (8) we need practice in using, understaml-
ing and makieg value judgments on the basis of read-
ings froal instruments, (9) the public needs to know
how to evaluate proposals made by scientists, (10)
the public needs to lielow what the important techno-
logical issues of the clay are and he able to evaluate
consequences of various COUrSc:; of action.

(2) 'file beauty of science. 1;ta1.vlcd:;e tor the curious.
such as (1) processes that related U. ever.vday lives,
(2) the ,eienee and technology behind what we see, (3)
the relationships of science. technology and I-astorv.
(4) basic information about natural ph2eamena, e.g.
atomic l inetie theory, atellar and planetary
systems, etc.

(B) Philosophy of science (processes and methods, re-
lationship of models to evidence, etc.)
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(C) Basic principles and vocabulary of science, e.g.

(1) Forces cause motion.

(2) Motion occurs at finite rates.

(3) Many natural phenomena are related by mathe-
matical relationships.

(4) Laws of nature limit what is possible and define
what is difficult.

(f) Science Framework for California Public Schools identi-
fies goal areas as follows

(A) Develop those values, amirations and attitudes that
underlie the personal involvement of the individual and
his environment with mankind (e.g. interest in natural
phenomena, response to beauty, recognition of limita-
tions of science, objectivity, suspended judgment, etc. )

(B) Develop the rational thinking processes which under?.
lie scientific modes of inquiry (e.g. classifies, hypoth-
esizes, generates relevant data, infers, tests predictions,
identifies variables, etc. )

(C) Develop fundamental skills in manipulating material
and equipment and in gathering, organizing and communi-
cating scientific information (e.g. observation, recording
of data, graphing, handling apparatus, etc.)

(D) Develop knowledge of specifics, processes, concepts,
generalizations, unifying principles, etc. (Appendix A
to Framework discusses major conceptual systems of
science. )

(g) Other ways of organizing objectives have been developed
by NSTA, National Assessment, etc., and are worth consid-
ering.

56
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(4) What should be the nature of the delivery system?

Again, here are some of the ideas expressed, and some of
the possible bases of organization suggested

(a) Modules smaller than normal courses are desirable for
flexibility. Uniform length is not necessary or desirable.

(b) It is unrealistic to expect that all or even many et the
modules can be totally independent of one another. in some
cases, sequencing will be needed. Nevertheless, many pos-
sible sequences and combinations of modules should be
possible.

(c) Some "core modules" or "fundamental modules" may be
necessary.

(d) Modules should be capable of modification,
adaptation by teachers and students.

(e) Modules need to take into account different
and motivations of students, not just I.Q.

extension and

backgrounds

(f) Students should have real, but not unlimited, options
with regard to the objectives they seek, the modules they uti-
lize, the sequence, the rate of progress, etc. Options should
include that of attempting something at which they may fail
(and learn thereby) although the normal experience should
be success. Options will be chosen in consultation with the
teacher.

(g) Evaluation of student progress should involve a consider-
able element of self-evaluation, especially with respect to
affective outcomes.

(h) Different sets of modules should allow different students
to achieve some of the same objectives in different ways.

(i) Some modules could be problem-oriented, others primarily
discipline-knowledge or skill-oriented.
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(j) modules could be mainly support units for others.
(Nodis.1 1.3 1- modules. )

tiaini-e of the modules should cast the student in the
role of an a...tive learner.

(1) role of the teacher in the proposed program is so
markedly different from his conventional role, that a system

1711:able the teacher to assume this new role must be a major
aspect of the curriculum development effort.

(in) Tli organizations of the program should probably be
based on problems of significance to society and of interest
to students, rather than on disciplines or discrete topics or
proces.,-.s. The structure of the course should make it nec-
essary for the student to obtain knowledge from the disciplines
to 11:-3 in solving or better understanding the problem that is
Iris current. base of study.

(n) Some major areas within which appropriate interdiscipli-
nary problems might be formulated include: environmental
problems (population, resources,energy sources, pollution);
communications; direction of change; health; decision-making;
survival; quality of life.

(0) Some major content themes were identified. These might
form the basis for some modules, or might be guides to se-
lection of problems.

Possible themes that are related to both natural and
physical sciences include

(A) Ways of knowing how we get engaged with the world.

(B) Specialization and human knowledge; functions and

(C) Measurement
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(0) Orders of magnitude

(T? :P Approximations - usefulness

(P' 1 ticertainty and Probability

1')e(:;sion-making with incomplete information

41) Controlled and uncontrolled experiments - directed
ollsot vations

(I) Hypothesizing and hypothetical testing

(.0 'Models and reality

(K) Systems - feedback

(Li Mathematical - analytical - logical thinking

(M) Values, evaluation, and science

Two other sets of possible content themes were:

Set I Set 2

Energy Nurture
Cybernetics and Systems Theory Maintenance
Probability Continuity
Change

(p) The group explored several variations of a matrix that
might serve as a guide to the development of an overall struc-
ture, or might serve to express the structure once it is for-
mulated. A matrix of this sort could also be helpful to
students in identifying learning modules that would help them
meet their chosen objectives.
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Goals and Objectives

g ferAn (alifornia. Framework or other sources)

l_:Npertenees Attitudes
Rational
Thinking Skills Knowledge
Processes

) Problem Area X
te. g, commun
,,ation) XX
A) Specific Problems X

B)

C) X X
1) Modules X X X
2)

a) Sub modules X X XX X
b)
C.)

The "content themes" described might be used as criteria
o snl.,-ct the rational thinking processes, skills and knowledge

Thai should be included,

Participants: A. Strassenberg, Chairman
G. Choppin
P. Becker
P. Fordyce
R. Merrill, Recorder
I. Morrisett
S. Olsen
.1, Withers



Summary of October 29 Meeting of Discussion Group B

E. 1'st-1, J. A. Young, Recorder

'Do discusses; by the group was whether or not
pr e.sent tieliciencies in the high school science program are

.-.u1:..icientl:y important to warrant a major effort to redesign the
program. Cht-,-re was general. agreement that the content of the
!sigh p,:c:gram and the pedagogical approach commonly used

T.;ach are drastically inadequate for the reasons indi-
,Led Vee ceii"crence working paper and others, and than an

f fori to tic-sign yin alternative to present practice is not only
r ed but 0.1mosl. essential,

ros;, tv,ucr al Characteristics of a Modern High School Science
l-'rowain

Aifor r;.;eirig upon the serious weaknesses of current high
,.,chool science teaching, the group tried to agree upon some gen-
eral characteristics that should apply to any new science instrue-
tional progr,Irn that might be developed. Two principle statements,
one related to content and the second related to pedagogy, emerged.
These points arc summarized below:

(1) The snip proposes that the principal content thrust of the
:-.01:i(lice program for most students should focus upon giving the
student the tools and understandings he needs to solve the kinds
of "real worl:fill problems that he presently encounters and, more
Inipof.-talitly, the problems that he is likely to encounter in the
lulu-re. Some specific guidelines for selecting content that is in
line with i 1.-;imeral objective are

(a) Any topics chosen should be of real interest to the student
at: tle t,m; he studies them. "It's good for you" or "it's good
-,;e.ieece" arc not. sufficient reasons for introducing a topic
into the r,1 ogram.

(h) Any lopic to be included in the program should have def-
inite future for the student. A reasonable question
to ask while selecting topics would be: "How could and/or will
the usP +l-,is information or skill five to seven years
after he finishes the program?"
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(c In selecting topics, emphasis should 13( placed upon util-
ity as opposed to their contribution to "pnre" science.
Although 'pure" science certainly has a place in the high
school science curriculum, for most students it should prob-
abl:, serve as a means by which to understand broad questions
rattle:. tii;o1 as an end in itself.

(d) The of a topic for helping a student to under-
stand one 01 the science disciplines or even to understand
the overall discipline called science is not sufficient grounds
for including ii in a new program. Although some discipline-
centered topics that have utility potential should certainly have
a place in a modern high school science curri.culum, most
stuck:nts should probably spend considerable time in studying
topics of a cross-disciplinary, multidisciplinary, or inter-
disciplinary sort.

(2) With respect to the pedagogical style of a new science program,
the group agred that it should foster a more personalized form of
education than is currently the case. At a minimum, it should enable
students with different interests and abilities to travel at differential
rates through variable sets of learning activities that are aimed at
producing outcomes that will vary with the individual. Put into
operational term, this meant to the group that instructional materi-
als should take the form of: a self-assigned (chosen) set of mod-
ules (units) with multiple entry paths, geared to various levels of
sophistication and/or depth of treatment, with varied objectives
that lead to multiple exits, that is not directed exclusively toward
any specific group of students such as the disadvantaged or the
college-bound.

Possible Specifics for a New High School Science Program

(1) Boring the second portion of the discussion period, the group
tried to idenf if y some of the kinds of specific topics toward which
units or modules might be directed. A considerable portion of that
discussion centered upon the question of what general concepts
underlie all disciplines. This quickly led to a discussion of sys-
tems analysis which seemed to the group to be a fruitful area from
which to draw topics for interdisciplinary units. During that dis-
cussion, the following possible topics for units were identified:
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(a) The nature of hierarchy.

(b) The interdependence and interaction of subsystems.

(c) Material, energetic and informational linkages and link-
ages denoted by values.

(d) How do we know what we know (epistemology: equilibrium
and feedback (negative, positive)) ?

(e) Analysis and synthesis as inquiry tools.

(f) The process of decay.

(g) Conservation: of matter, of beer cans.

(h) Transformation of matter, of beer cans (productive,
destructive).

(i) Differentiation and coordination (of parts).

(j) The evaluation of a complexity.

(k) The importance of accident.

(1) The utility of the imagination.

(2) The group felt that concepts such as the ones listed above
would allow a student to tie many topics together without first
needing to know a great deal about any of the topics, and addi-
tionally would help the student to discover his own place and his
function in the system of which he is a part. These considerations
then suggested further topics which may have future potential util-
ity for the student:

(a) Human health (toward self-diagnosis, the self-recogni-
tion of observations):

(A) Blood pressure
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(13) Nutrients

(C) White blood cell count

(D) How muscles move

(E) Nerve impairment

(F) Poisons

(G) Joints

(H) How do I tell if I'm pregnant ?

(I) What' good nutrition?

Some other topics that the group felt may be of use but that
are not as generalizable were:

(b) Why don't we control the weather ?

(c) Sex and alcohol.

(d) Structure of the protein molecule.

(e) Life without air.

(f) The sex life of a virus.

(g) Dinosaurs

(3) Finally, the group sought to identify some broad themes that
might be kept in mind as units were developed. Whether the themes
should simply be allowed to arise naturally from units or if clusters
of units should be directed at developing one or more of the general
themes was debated but not resolved. The themes identified were:

(a) Esthetic enjoyment, the quality of life.

(b) Economic and societal implications of the use of natural
resources.



-56-

(c) Decision-making in a technological society.

(d) The vitality of models.

(e) The limitations of science and technology.

(f) The storage of information.

(g) Living with TV commercials.

(h) My likes and dislikes.

(i) The nature and characteristics of systems (an explicit
treatment which would sublime some of the topics mentioned
earlier).

The group tended to reject an explicit discipline-oriented basis
for development of units such as seemed to be suggested on page
nine of the conference working paper. We feel instead that the
"disciplines" should pervade many of the units but that few units
should be devoted to single-discipline concerned topics.

Participants: A. Dawson
G. Dawson
J. DeRose
H. Ehrhart
W. Kabish
A. Kuhn
J. Piel, Chairman
C. Welch
J. Young, Recorder



Summary of Octol-r7r 29 Meeting of Discussion Group C

L. V. Rasmussen, Chairman Morris Lerner, Recorder

The committee first focused on the need for new science ma-
terials by assessing the validity of the charges directed at the
present high school science program in the five statements made
on pages 1 and 2 of the working paper. The statements included
in the paper were accepted as valid with certain amplification of
terms.

The term "applied science" as used in statement number 2
was taken to mean technology in the modern sense (rather than
trivial applications in "how to do it" format). Some concern was
also expressed P.hat the term "general education" not carry too
broad or too diffuse an interpretation. The wording could perhaps
be modified or changed to better indicate those elements of the
scientific enterprise which should be part of the cultural arsenal
of all informed and participating citizens.

In addition to the limitations of the present high school science
program that were spelled out in the working paper, the group
felt that certain other pertinent problems should be pointed out.
These are:

(1) The present lack of public appreciation of science as a cul-
tural activity suggests that the present science programs are
failing to meet a critical objective.

(2) The present programs do not take into account the existing
skills of entering students.

(3) In existing programs, there is little differentiation of goals
for specific groups of students.

(4) Few present science programs deal effectively with the prob-
lem of defining instructional goals and d";,.-mining the effective-
ness of instruction; i.e., there is no way of meeting the requests
and in some cases demands of interested parties for an accounting
as to the effectiveness of science education.

-57-
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(5) Present programs are designed for existing schools and ad-
ministrative procedures and are not particularly appropriate for
new schemes such as team teaching and modular scheduling.

The group felt that it was important to emphasize the differ-
ence between individualized study and "individualized instruction"
as outlined in the working paper. Current science materials can
be studied by individual students in isolation, but are not appro-
priate for individualized instruction which involves adjusting the
instructional rate and sequence to suit the needs of individual
students.

Form of the Program

Once the group had reached agreement upon the critical -seed
for an alternative to the present high school science program, we
iocused upon the question of what form such a program should
take. After considerable discussion of the modular plan presented
in the conference working paper, the group agreed that the basic
plan was a sound one. Several points of interpretation, clarifica-
tion, and addition were raised, however. These are summarized
below:

(1) As indicated in the working paper, the basic planning element
of the system should be the unit of which roughly 100 would con-
stitute a three year package of instruction. But every unit should
be designed to accomplish learning outcomes in the three categories
of

(a) Information

(b) Intellectual skills

(c) Attitudes

The weighting of these three categories of outcome would vary
from unit to unit as desirable. In addition, collections or sequences
of units might be designed to enhance the students' thinking and
problem-solving strategies.

E7



(2) Certain additional considerations should enter into the form
of the units as follows:

(a) Problems (topics) for units should often center upon ap-
plied science in a social setting.

(b) An instructional management system(s) must be devel-
oped if the instructional units are to be used efficiently and
well.

(c) The teacher must be given the tools with which to assess
student pt ogress in each unit.

(d) All units should be available for choice at any grade level
and possibly for pre-high school and adult use as well.

(e) The program should include recommendations as to mini-
mum levels of student competencies to be achieved and as
to those units which have been designed to produce those basic
competencies.

(f) As suggested by the conference working paper, there should
be specificity of objectives; but it should be understood from
the outset that there will likely be important instructional
outcomes from the new program that will not be immediately
me as ur able .

(g) Any units that are developed centrally should be consid-
ered as a core from which local schools and school systems
could depart. Schools and school systems should be encour-
aged to develop additional units of a local character and to
the degree possible the new program should include provisions
to assist schools in producing high quality additions to the
initial package.

Suggested Developmental Procedures

The last question discussed by the group was "How might an
individualized, multiyear, multidisciplinary high school science
program of the sort being discussed be developed ?" Within this

CS
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broad question, the first topic to be dealt with was possible mech-
anisms for defining the content of the proposed modules both col-
lectively and individually. Two broad generalizations in this regard
were agreed upon. These are as follows:

(1) It is critical to obtain broad input in the process of deciding
upon content:. Among the interests that must be represented are
the following:

(a) Science teachers

(b) School administrators

(c) Scientists, particularly those with cross disciplinary
interests

(d) High school students

(e) Parents of high school students

(2) Determination of content cannot and should not be made with-
out considering what would be required for subsequent development
and dissemination. Although educational innovation is the desired
goal, this goal will not be served unless the problems (topics) iden-
tified as the focus for units can be converted by developers into
student activities that are appropriate for an individualized program
that is acceptable to school people.

Several suggestions were made as to possible ways to identify
the topics and/or problems for the units to be developed. Although
no consensus was reached as to procedures, the comments of group
members are listed below in the order they were made:

(1) One large committee with broad representation might be assem-
bled several times to work up a tentative list of topics that could
later be modified if necessary by development teams.
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(2) A series of fairly loose studies in the form of opinion polls,
interviews and questionnaires might be made to assess the opin-
ions of students, teachers, scientists, etc., as to possible con-
tent for the units. The results of these surveys could then be
considered by a small group as they identify the specific topics
to be recommended to the developers.

(3) A series of local conferences with broad representation might
be held, Each conference report could then be considered by
small central group as they identify the specific topics to be rec-
ommended to the developers.

(4) Selected individuals might be asked by mail for their sugges-
tions as to topics and/or outlines for topics. This input would
then be considered by a smaller group who would determine the
list of topics to be recommended to the developers . Those indi-
viduals whose suggestions prove to be acceptable might then be
asked to do, or participate in, the actual development of units.

Near the end of the discussion period, the group focused for
a short time on the mechanics of producing a program once the
content for the units had been specified. Listed below in random
order are the suggestions made during that discussion:

(1) The proposed modular approach to instruction would permit
some decentralization of development. However. because of the
need for technical assistance, the difficulty of communications,
probable funding limitations, the need for coordinated field test-
ing, and other matters, it would probably he necessary to restrict
the number of places where development occurs to a fairly small
one.

(2) The problem of how much technology to introduce into the pro-
gram will require considerable study. While on the one hand an
impressive case can be made for the instructional advantages of
including TV and audio tapes, films, computer terminal presen-
tations, etc., on the other hand these things are difficult to develop
and expensive to produce and use. Unless some evidence can be
found that schools are able or will be able to implement a tech-
nologically oriented program, some constraints will likely have to
be accepted in this regard.
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(3) ire evalti:i'irn2 to., program, it would seem to be wise to use
Three step app,-oach as follows:

(a) As units are produced, they would be field tested individu-
ally on th basis of the goals for that unit. When revisions
on a particular unit are complete, that unit would be released
to a distributor for schools to use as they see fit.

(b) When reasonably large number of units are available,
an instruct ional management scheme would be developed that:
suggests how the units might be used collectively most effi-
ciently. Among other things, this scheme should include one
or more "road maps" that suggest for a school's considera-
tion various sequences in which the units might be used; a
mechanism by which the teacher can-monitor student progress
and make rational instructional decisions for individual stu-
dents; and a process whereby any equipment involved can be
kept under reasonable control. When the management scheme
is complete, it and the units which it encompasses should be
field tested as a total system. After any necessary revisions
in the management scheme, the total system would be made
available to schools through a distributor.

(c) Once the total system is in the field, a summative eval-
uation effort should be carried out. This might be done by
a group or groups other than the development group.

(4) Some provision should be made for assisting local school sys-
tems to develop additional units which take advantage of local con-
ditions, interests, personnel, or resources, and which are consistent
with the centrally developed units and instructional management
scheme. This would probably involve developing a training program
for local use on "how to develop units. "

(5) it might be advantageous to identify early in the process of
development the ultimate distributor of the materials rather than
to wait for this until the materials are well along. Some of the
possible advantages of this move are:
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(u) Communication between developers and the distributor
would be enhanced.

(b) The technical expertise available to the distributor (i.e.
editors, arti:3ts. film producers, marketing surveys, etc. )
could be utilized in the developmental process.

(c) As a condition for participation, the distributor might
be asked to contribute to the necessary funding.

(d) The distributor could be built into the developmental plan
as the element of continuity after the project was concluded.

Participants: E. Burkman
Creager

R. Gagne'
M. Lernei: (Recorder)
L. Molotsky
R. Pierce
L. Rasmussen (Chairman)
C. Swartz


