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assessments; the utilization of diverse philanthropic, commercial,
and scientific organizations to provide for academic enrichment; and
the expanded use of appropriate educational technologies both in
science and across other domains. This guide has the following
contents, by chapter: (1) rationale, purpose, and the 14 steps in the
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appropriate. (JJK)
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FOREWORD

The State Board of Education's most fundamental commitment is to educational equity and excellence for all

Connecticut students. The depth and richness of that commitment is thoughtfully, thoroughly and forcefully

expressed in Challenge for Excellence: Connecticut's Comprehensive Plan for Elementary, Secondary, Vocational, Career and

Adult Education1991-1995 This series of curriculum guides, developed for the 1990s, represents an important element

in the Board's efforts to achieve Goal VI of its Comprehensive Plan: To Improve the Quality of Instruction and

Curriculum.

These books also are published to carry out the State Board's statutoryresponsibility to "prepare such coursesof study

and publish such curriculum guides . . . as it determines necessary to assist school districts to carry out the duties

prescribed by law." The letter of the law which requires the 'Board to provide these materials is clear, and clearly

important. More important, however, is the manner in which the Board embraces the task of meeting the spirit of the

law.

The Statewide Educational Goals for Students 1991-1995 (part of the Comprehensive Plan adopted by the State Board

in April 1990) and Connecticut's Common Core of Learning (adopted in January 1987) together are the heart and soul of

the achievement we envision for all Connecticut students. This vision can only become reality, however, at the district

level through the creativity, talents and special understanding that local education professionals and citizens bring

to the K-12 curriculum planning process. These curriculumguides are specifically designed to help districts develop

state-of-the-art learning programs and opportunities in each of the 11 mandated curriculum areas: the arts; career

education; consumer education; foreign language; health and safety; language arts; mathematics; physical education;

science; social studies; and vocational education.

In these guides we have endeavored to present meaningful and up-to-date ideas consistent with the State Board's

goals for public education. Central to this effort are the convictions that (1) all children can learn and are entitled to

an appropriate education; (2) diversity is enriching to school systems and all students benefit from the opportunities

that diversity affords; (3) no single method of instruction is adequate to meet the educational needs of all children;

(4) schools share the responsibility to maximize the comprehensive development of students; (5) mastery of

knowledge and the ability to manipulate ideas are essential to being productive citizens; and (6) schools are but one

vehicle through which education can be fostered the vital role families play in supporting student learning must

be recognized and families and the public schools must cooperate effectively to maximize student achievement.

The Statewide Educational Goals for Students, Connecticut's Common Core of Learning and these curriculum guides

describe what can and should happen in quality K-12 educational settings. This series seeks to firmly establish the

principle that the individual student is the beneficiary of these curriculums. The State Board of Education's mission

is to educate students to think, explore and apply a variety of knowledge in ways that reward themand that contribute

to growth in our society.

The guides have been developed under the direction of subject-area specialists in the State Department of Education,

with the assistance of advisory committee members chosen from schools, universities and, in some cases, other

agencies or community groups. These individuals have brought to the task a rich variety of experience and a shared

commitment to the education of Connecticut students. Procedures suggested in these guides, while strongly

recommended, are optional; the content represents expert professional opinion rather than state requirements. (In

cases where state statutes prescribe certain content, the appropriate statute is cited.)

It is our hope that these guides will be used as resources in an ongoing curriculum planning process that has as its

focus the lifelong achievement and well-being of all Connecticut students.

Gerald N. Tirozzi
Commissioner of Education
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PREFACE

The purpose of A Guide to Curriculum Development in Science is to assist curriculum planners in local school districts
as they develop and implement their own programs of study in science. Each science curriculum must provide
students with an equal opportunity to receive a planned, ongoing and systematic program of suitable educational
experiences.

This guide incorporates a number of changes reflecting developments that have taken place in the field of science
education since the first Guide to Curriculum Development in Science was published some years ago. Notable among
these are the increased emphasis on student participation in investigation in science and the uses of technology in the
science classroom and laboratory.

Several national trends also are reflected in this guide. One is a concerted look at the scope and sequence of the science
program. Another is the use of performance assessments for the evaluatim of student accomplishment. A third is
the use of collaborative efforts involving science museums, science centers and various businesses and industries to
provide enriched activities for students and teachers. A fourth is the use of educational technologies that expand the
types of learning activities taking place in science and those that link science with other disciplines. These trends are
evolving and will continue to do so over the years ahead.

This guide should provide a useful document for the development of a local curriculum guide in science. It contains
suggestions for a statement of philosophy for the science program. It provides recommendations for the setting of
goals and objectives, the instructional program, time allocations, physical facilities, safety considerations and the use
of community resources. The guide also contains suggestions for working with students who have special needs.
Finally, ..t offers ideas for the professional development of faculty and staff. It is important that each local curriculum
development committee make itself fully aware of what is taking place in other localities and at the state and national
levels as it develops its own science curriculum.

Students moving through our school systems are facing an increasingly complex and technologically oriented. world.
They need to be well grounded in the sciences in order to be prepared, knowledgeable and skilled citizens who will
be productive and self-fulfilled. The schools play a critical role in this process. The science curriculum is an important
means to assist students in the discovery of their natural environments and their roles in it. If this guide is useful in
helping them to achieve this knowledge and these skills and attitudes toward themselves and their surroundings, then
the r als of all those involved in the preparation of this document will have been realized.

ix 1
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"Most of the fundamental ideas of science
are essentially simple, and may, as a rule, be expressed

in a language comprehensible to everyone."
Albert Einstein
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Local Curriculum Guides

1

CEST COPY AVL
1



DEVELOPING A SCIENCE GUIDE CHAPTER1

We are entering a new era. The past decade has seen
tremendous growth in the cields of science and technol-
ogy. Our entrance ink, the age of "information and
technology' has brought us into closer contact with people
from all parts of the world; it has changed our ways of
doing business and our manufacturing techniques; it has
altered the ways in which we spend our leisure time; it
has opened avenues to the 2xploration of space; and it has
allowed us to manifest our creative abilities in ways that
heretofore were impossible.

The rapid changes taking place in science and
technology also affect our system of education. They
influence the curriculum from a content point of view and
they are beginning to play a significant role in enhancing
teaching methodologies. The effects of these fields must,
therefore, be important considerations in the develv-
ment of a curriculum guide in science.

Curriculum guides rarely find their way to the
top of the best-seller lists. However, it is hoped that this
document, and guides developed from it, will be differ-
ent. This guide to curriculum development addresses a
number of questions that school district administrators,
supervisory personnel and teachers often ask about
programs in science, such as:

What is an appropriate qcope and sequence of
science offerings?
What are the important concepts to be taught?
With the current emphasis on accountability, on
goal statements and student objectives, how can
they be worked into the science program?
How are textbooks and other instructional mate-
rials selected?
What kinds of new educational technologies are
available?
What are important safety considerations for
classrooms and laboratories?
What scheduling and staffing patterns, times for
laboratory activities and approaches to science
instruction should be considered in developing
and operating a science program?
How is use made of community resources, pro-
fessional organizations and sources of support
for science programs?

The purpose of this guide is to suggest answers to
these and related questions, so that when educators from
a local school district sit down to plan their own science
program, they will have guidelines and information with
which to work. Beyond this, it is hoped this guide will
provide assistance with recurring questions involving
science programming, science classroom management
and the role of science and technology in the school
environment. If these purposes are served, then the
creation of this document will have been justified..

Intent of the Guide

This guide is intended primarily for curriculum planncrs,
most of whom will be teachers. But the guide also is
designed for a broader audience. Among those for whom
the guide is intended are the following:

Members of local boards of education. The local
board of education is responsible for approving the sci-
ence curriculum as a part of its program of studies and for
assuring that it is consistent with the best educational
practices that can be brought to bear. The local board also
is responsible for assuring adherence to state and federal
guidelines. This guide provides an overview of what is
involved in developing a high-quality science curricu-
lum for Grades K-12.

Administrators and supervisors. The adminis-
trators and supervisors in the local school district are
responsible for providing overall guidance and supervi-
sion for curriculum development as well as assurance
that the goals and objectives of the district are met. School
administrators and supervisors are responsible for
scheduling time, providing needed resources and assur-
ing a proper sequence for the science program. They
must be familiar with the many components of the pro-
gram and the means by which they were developed.

Classroom teachers. Ultimately, and consis-
tently, the responsibility for working with students and
providing them with the content, skills and values inher-
ent in the study of science falls to the classroom teacher.
Curriculum guides can help to provide an overall K-12
context within which a teachlr can view a specific course
and present the conceptual framework for that course in
relation to the offerings which precede and follow it.

While diversity of content and methods of pre-
sentation are cornerstones of educational programs in a
democratic system, there are certain objectives which
should be targeted in every science program. A curricu-
lum guide can be useful to teachers by indicating what
these objectives are and by providing suggestions for
their achievement.

References to examples of state and local guides
appear on page 5..

Uses of the Guide

This guide can be used in three ways: (1) to assist in
establishing goals and objectives for the science program;
(2) to assist in developing procedures in such areas as the
selection of content, evaluation of materials and facilities,
methods for dealing with studen ts with special needs and
staff development for science teachers, and (3) for an
ongoing science program, to suggest procedures for se-
lecting new texts, meth ;ds of maintaining a safe environ-
ment in the laboratory, resources for acquiring student

2 U
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evaluation instruments, ideas for new courses and the
use of new educational technologies, and types of profes-
sional development activities for teachers..

Steps in the Development Process

To be most productive, a procedure for the development
of a local science curriculum will make use of a coordi-
nated effort among community representatives, admin-
istrators and supervisors, and the practitioners - the
teachers - to as great an extent as possible. A science
program that has no investment from those who will use
it offers little chance of success.

The following 14 steps are suggested for the
development of a local science curriculum guide. They
represent four phases of the process: (1) getting started
(Steps 1 - 3); (2) developing the guide (Steps 4 - 8); (3)
implementing the guide (Steps 9 -12); and (4) evaluation
of the program (Steps 13 - 14).

Step 1. Organize a science curriculum develop-
ment committee. Select representatives from various
levels elementary, middle/junior and senior high
schools. Administrators also should be represented to
keep them informed of the committee's questions regard-
ing district policies and procedures which can influence
the development of the program. Identify resource per-
sonnel from other appropriate subject matter areas, from
the community - particularly in science-related euter..
prises - and from higher education. These people can be
called upon to give advice and assistance as the project
progresses.

Step 2. Assess the status of the present local
science curriculum. Edon moving into a new program
in science, the present program should be studied. What
are its weaknesses and its strengths? What materials are
on hand? How do teachers feel about what they are
doing? What problems are there? What is needed in the
new program that can help address those problems?
Much of this information can be provided by the indi-
vidual teachers; much can be provided by the science
curriculum development committee.

Step 3. Research other science programs.
Contact other districts, the Connecticut State Department
of Education and commercial vendors to determine what
recent program developments have taken place and what
new materials are available. Often a science program, or
elements of it, have been adopted recently by a nearby
district which may be willing to share its experiences.
Staff of the State Department of Education can suggest
school districts that are able and willing to provide this
kind of assistance. In addition, Department staff are
knowledgeable about many recent practices and devel-
oping trends on both the state and national levels.

Step 4. Developing the philosophy and goals
for the science program. A program in science should
have a basic philosophy as its foundation. There should
be goals for the program which are consistent with that
philosophy. Program and student objechves then follow
from the philosophy and goals. This approach will let
everyone know what is being attempted, why it is being
attempted and what is expected of those who take part in
it. Once the science curriculum committee has prepared
its own philosr ?hy and goals, other teachers, administra-
tors, selected parents, studen ts, board members and other
citizens outside the school system might look at them and
offer their reactions. This information should be re-
viewed by the science curriculum committee and used for
possible revision. The development of philosophy, goals
and program objectives is discusseel in Chapter 2.

Step 5. Prepare a scope and sequence for the
program. Science programs run from K through 12 and
should be designed along those lines. Even if a specific
component of the program, e.g., K-6, 7 and 8, is of interest
at a particular time, there should be an overall scope and
sequence available so that such revisions do not lead to
duplication or omission. Suggestions for scope and se-
quence appear in Chapter 4.

Step 6. Prepare specific objectives for the sci-
ence program. The objectives for each course at the high
school can be developed by the teacher of that course in
communication with the department head and other
teaching faculty to assure articulation with the overall
science program. The elementary school teachers might
usefully break into groups for the primary (K-3) and
intermediate (4-6) grades to deal with the science objec-
tives at those levels. Objectives should be stated clearly
and concisely. Examples of these appear in Chapter 4.

Step 7. Obtain reactions to the goals and objec-
tives. The final step in putting together the scope and
sequence with its goals and objectives should be to get
reactions. The reactions should come from science teach-
ers; from representatives of other subject matter areas
such as mathematics, reading and social studies; from the
administration and from interested community people.
Special care should be taken to assure that the science
program is articulated with the mathematics program so
that students have the necessary mathematical skills when
they are needed in the study of science. While it often is
true that science teachers must teach some mathematical
skills in a science context, efforts should be made to
ascertain that the necessary mathematical operation or
skill has been presented at a time appropriate for the
teaching of the science concept.

Step 8. Assure the provision of resources for the
program. The scope and sequence and the objectives for
the program provide the structure for the acquisition of
materials. Major attention should be given to facilities
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(see Chapter 6) and to assut Mg a safe and comfortable
environment for students (see C!,.apter 7). Instructional
materials, such as print, nonprint and electronic materials
(see Chapter 8), should be selected to be consistent with
the philosophy, goals and objectives of the program.
Professional development (see Chapter 11) is an impor-
tant element in maintaining an active and vita science
program.

Step 9. Develop a guide that assures the provi-
sion of supplies, materials and equipment. A hands-on,
process-centered elementary or middle/junior high school
program will require sufficient supplies and equipment
for pupil use. High school laboratory courses likewise
will require lab supplies and equipment for individual or
team experimentation by pupils. These, in turn, necessi-
tate safe and adequate storage facilities (see Chapter 6),
safety equipment and furniture to ensure a safe and
comfortable environment for all students (see Chapter 7).
The design of the facility should be flexible and adaptable
in order to accommodate a diversity of instructional
practices such as individual, small and large group work,
teacher and pupil demonstrations, project activities and
independent study and research.

Step 10. Assure that the materials selected are
consistent with the philosophy, goals and objectives of
the program and meet the needs aad abilities of the
student population. These materials include textbooks,
laboratory manuals, a variety of workbooks, supplemen-
tal and enrichment aids, reference materials for student
research such as journals, periodicals, specialized texts
and research briefs and newsletters. In addition, elec-
tronic materials, including films, filmstrips, videos, mod-
els, transparencies and the es.iential hardware - film,
overhead and opaque projectors, audio- and videotape
recorders, computers with software and hardware pe-
ripherals, and micro projectors -should be available. All
materials should be examined to ensure that they are free
of gender and cultural bias. They also should contain
materials showing the contributions of different cultures
in the development of science and technology.

Step 11. Prepare a plan for professional devel-
opment. Researchers and practitioners agree that the key
variable in the classroom is the teacher. To ensure that a
new or modified philosophy, goals, objectives and up-
dated content are fully utilized, teachers must not only be
involved in their development, but have the time to
acquire the instructional strategies to implement the pro-
gram. One-shot workshops are inadequate for this pur-
pose. Teachers require time to incorporate the new
content, skills, processes and techniques for using new
equipment or tools into their teaching repertoire. Oppor-
tunities to pilot the program, to assess the ongoing pro-
cess with their colleagues and to exchange and share

ideas should be provided. The expectation of gradual
implementation should be clearly communicated.
Teachers should be involved in preparing the profes-
sional development plan as well as assisting in the selec-
tion of topics, presenters and resources.

Step 12. Prepare a plan for implementing the
program. When the preceding steps have been com-
pleted, a plan for putting the program into operation
should be developed. The plan should delineate the
procedures and activities required, the specific individu-
als or groups participating, a timetable designating dates
of operation and completion and the individual or indi-
viduals responsible for each task. For example, when will
materials arrive for distribution? What about acquisition
of living things which must be on hand at a particular
time? When will specific professional development ac-
tivities be conducted? How and when will the evaluation
be conducted? How will new teachers be oriented and
prepared? To ensure smooth implementation, it is essen-
tial that one person, be it a supervisor or coordinator, is
given the responsibility to direct the total program on a
continuing basis.

Step 13. Evaluation of the new program. There
are two major types of evaluation for the new program.
The first involves the extent to which the students are able
to meet the objectives of the program. Are the objectives
appropriate? Are they at the right level? Should they be
changed? This first type of evaluation is an important
component of the second; that is, how effective is the
program? Is it advancing achievement? Are students
obtaining the knowledge and developing the expected
skills? Suggestions for testing and evaluation for use wi th
local science guides appear in Chapter 10.

Step 14. Establish a subcommittee which will
continually monitor, fine-tune and, when necessary,
revise the program. Content and skills are not static -
certainly not in science. Daily changes in technology,
new discoveries in knowledge and new instructional
approaches make the science program a continually
varying entity. It must be monitored so as to encourage
the introduction of changes that mirror the times and best
prepare students for the future.

Once the first blush of the new curriculum fades,
unless some means are established to carry on this work,
little may be done to revise it. Curriculum revision needs
to be continual and every consideration should be given
to keeping the curriculum tuned to what is taking place in
scientific research and development. This may be ac-
complished by the committee, a subcommittee or an
individual who is assigned this responsibility. Following
the above steps can assist a local school district in devel-
oping its own science curriculum guide and in imple-
menting an effective science program..

4
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Local Curriculum Guides

Most Connecticut school districts have developed a science curriculum guide. The following districts have indicated
either through the Program Compliance Review process or through other communication with the Department of
Education that they have a curriculum guide available.

Ansonia Enfield New Haven Suffield
Avon Fairfield Newington Thomaston
Bolton Farmington New London Vernon
Branford Glastonbury North Haven Vocational-Technical Schools
Bristol Granby Norwalk Wallingford
Brooklyn Greenwich Plainfield Waterbury
Cheshire Guilforo Plainville Waterford
Clinton Hartforci Plymouth Watertown
Danbury Hebron Portland West Hartford
Darien Killing ly Rocky Hill West Haven
Deep River Manchester Somers Weston
East Hampton Mansfield Southington Westport
East Hartford Meriden South Windsor Wilton
East Haven Middletown Southbury Willimantic
East Lyme New Britain Stafford Springs Windsor
East Windsor New Canaan Stamford
Easton New Fairfield

Resources

Alaska Department of Education. Science Moael Cur-
riculum Guide. Anchorage, AK, June 1984.

American Association for the Advancement of Science.
Project 2061: Science for All Americans. Washington, DC:
American Association for the Advancement of Science,
1989.

California State Department of Education. Science
Framework for California Public Schools, Prepublication
Draft. Sacramento, CA, November 1989.

Indiana Department of Public Instruction. The Indiana
School Science Curriculum Guide. Indianapolis, IN, 1980.

Iowa Department of Public Instruction. A Tool for Assess-
ing md Revising the Science Curriculum. Des Moines,
IA, .983.

South Dakota Department of Education and Cultural
Affairs. South Dakota Framework for Science Curriculum
Development, Kindergarten - Twelve. Pierre, SD, 1980.

West Virginia Department of Education. Essentials for
Science K-8. Charleston, WV, 1978.

Wisconsin Department of Public Instruction. A Guide to
Curriculum Planning in Science. Madison, WI, 1986.
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Our increasing knowledge of the rapidly changing world
in which we live, brought about in large measure through
efforts in science and technology, makes it essential for all
citizens to be literate in these fields. While not everyone is
or should be a biologist, physicist, chemist or engineer,
everyone needs to know something about the nature of
science, how the laws of science work and what can and
cannot happen scientifically.

Because there is so much misu nderstand i ngabou t
science, it is important to help students understand the
nature and value of scier,tific theories. Scientific theories
are general statements that explain and organize a large
number of facts, generalizations or events. All scientific
theories are tentative beeause science itself is a dynamic
and creative enterprise. No scientific theory can beproven
in any absolute or final way, but each theory can be used
with more and more confidence every time new observa-
tions or experiments produce results that are consistent
with predictions based on the theory. Some students may
think theoretical ideas are not very practical; just the
opposite is true. There is nothing more practical than a
fruitful theory because it enables scientists to predict,
explain and give structure to many previously unrelated
facts, observations and ideas. Indeed, the formulation of
valid general statements - scientific theories - which in
succinct form reveal the relationships between objects
and events, can be said to be the most important and
fundamental goal of scienc,.:.

STRUCTURING A PHILOSOPHY

Schools play a vital role in fostering creative thought, in
providing information and in developing student atti-
tudes toward science and technology. They also help
future voters learn how to make responsible choices
regarcEng science and society. As such, the science pro-
gram is an essential part of the total school program.

It is important that everyone in the school district
- citizens, board members, administrators, teachers and
students - knows the rationale for the science program:
why the program exists, what it is trying to accomplish
and how it will go about doing it. For example, will the
program concentrate on the teaching of concepts, skills,
facts, processes or some combination of these? Will the
program be textbook oriented to the exclusion of labora-
tory experience? Will it be directed at the individual or at
groups? Will it be inquiry oriented?

The philosophy should include:
reasons for offering the program;
general statements as to what the program will
do; and
general statements as to how the program will
accomplish what it intends to do.

Examples of Philosophies

The philosophies which follow have been extracted from
selected curriculum guides in science or from the state-
ments of professional science associations. Note that each
philosophy addresses the threecriteria mentioned. These
examples can serve as models or as points of departure
for composing a philosophy for the local cutriculum
guide in science.

The following example is drawn from a state-
ment prepared by the American Association for the Ad-
vancement of Science (1989):

The first task and central purpose of
science education is to awaken in the
child, whether or not [he or she] will
become a professional scientist, a sense
of joy, the excitement and the intellectual
power of science. Education in science,
like education in letters and the arts, will
enlarge the child's appreciation of [her
or his] world; it will also lead [him or her]
to a better understanding of the range
and limits of man's control over nature.

Science is best taught as a procedure of
inquiry. Just as reading is a fundamental
instrument for exploring whatever may
be written, so science is a fundamental
instrument for exploring whatever may
be tested by observation a nd experiment.

Science is a body of facts, a collection of
principles, and a set of machines for
measurement; it is a structured and di-
rected way of asking and answering
questions.

The Iowa Department of Public Instruction (1980)
has developed a philosophy of science education which
includes the following statements:

Science education is the link between
science and society. Its ultimate goal is
to DEVELOP SCIENTIFICALLY LITER-
ATE CITIZENS who useand understand
the impact, knowledge and processes of
science.

The study of science offers a KNOWL-
EDGE OF NATURAL PHENOMENA
that uniquely rests upon the notion that
humans can test and understand the or-
derly nature of the universe. Funda-
. Iltal to this proposition is a need for

8
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students to develop and apply the logi-
cal thought PROCESSES OF SCIENCE
AS PART OF THEIR BASIC LEARN-
ING. These processes are best developed
through a well-articulated science pro-
gram that includes experimentation and
manipulation of materials.

Yet another statement of philosophy created by
the Indiana DepartmeAt of Public Instruction (1980)
contains these passages:

Science and technology affect nearly ev-
ery aspect of our lives; thus, all partici-
pating citizens of a democracy need to be
scientifically literate. All high school
graduates need basic science competen-
cies. A wise decision-makii 4,, problem-
solving, scientifically literate citizenry is
the expected end product of the science
program. . . .

Science is not just a body of facts, theo-
ries, and laws, but it is also a unique way
of knowing a way to generate knowl-
edge... .

The value of science education lies in its
problem-solving inquiry methods.. . .

Students must apply scientific knowl-
edge, as well as knowledge from other
disciplines, as they attempt to solve
problems which are meaningful to them.

. Teaching strategies [leading to deci-
sion making] give purpose, meaning,
and mi-itivation to learning....

Another statement of philosophy, delineated by
the Weston, CI', public schools (1985), proposes that:

As we move into the 21st century, sci-
ence and technology play an increasingly
important role in all aspects of our soci-
ety; therefore, it is imperative that our
future decision makers develop a posi-
tive attitude toward solving problems
through science education. This attitude
fosters a curiosity to understand and
appreciate the natural world as well as to
comprehend the impact of science and
technology on the individual, culture
and society.

Science is more than a body of facts, a set
of principles, or a collection of sophisti-
cated tools; it is a structured, active
method of asking and answering ques-
tions. A basic knowledge of scientific
principles is one component necessary
to form the foundation for future n-
deavors in the area of science. Likewise,
an understanding of the logical thought
processes involved in science is essential
for developing a framework to apply to
future learning. Creating this founda-
tion and framework involves a well-ar-
ticulated and developmentally appro-
priate science program which stresses
the inquiry method through laboratory
experiences as well as printed materials.
Our end result will create scientifically
literate individuals who will effectively
use their science education to make wise
decisions and become responsible,
problem-solving citizens.

Finally, this last example was written by a parent,
a scientist and a member of the Connecticut Science
Advisory Committee that developed Connecticut's first
Guide to Curriculum Development in Science (1981):

With the increasing role of technology in
all elements of our society, it is impor-
tant for everyone to have an under-
standing of the nature of science, how it
works, and what it can and cannot do.
The fundamental principles and methods
of science form both a knowledge base
for understanding and a framework for
learning. In the science program, prin-
ciples and methods of science will be
developed through both textbooks and
laboratory experiences by involvingeach
student in the major areas of earth and
space science, biological science, and
physical science at increasing levels of
sophistication through the grades.

The philosophy for the science program should
set its direction and tone. The goals and objectives for the
science program rest on this philosophy. They should be
consistent with the philosophy of the program, while
lending greater definition to what the program will
provide..
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GOALS FOR A SCIENCE PROGRAM

Program goals fall between the philosoktly and the state-
ments of objectives which are used to detail student
outcomes.

There is considerable controversy over the use-
fulness for instructional purposes of student objectives.
Many teachers are sufficiently knowledgeable and are
organized well enough to know in detail what they
intend to teach and what they expect their students to
learn and perform without referring to written objecti ves.
The advantage of written statements of goals and student
objectives is that they can be seen. This allows them to be
discussed, analyzed, evaluated and, if necessary, revised.
It allows everyone involved to know what is being at-
tempted and what types of performance are expected.

Statements of goals are developed on the as-
sumption that the philosophy of the science program has
been -ccepted. The science program is acknowledged as
an important component of the district's educational
offerings and the general instructional approach to it is
considered appropriate.

The goals are written to provide the framework
for specific instructional objectives and activities. These
goals indicate what the program hopes to accomplish.
The following examples of goals for science teaching,
extracted from various sources, can be useful in develop-
ing the local curriculum guide in sciencon

Examples of Goals

The following examples of goals have been developed by
professional associations or by state curriculum develop-
ment committees. As was the case with the philosophies
for science education, these goals can serve as models or
as points of departure for the development of local goal
statements.

The following four goals for a science program
are taken from the South Dakota Framework for Science
Curriculum Development K-12 (1980) produced by the
South Dakota Department of Education and Cultural
Affairs.

To develop those values and attitudes which
underline the personal involvement of the
individual with his or her environment and
with mankind.
To develop the rational thinking processes
which underlie scientific modes of inquiry.
To develop fundamental skills in the ma-
nipulation of materials and equipment; in
the care and handling of living organisms;
and in the collection, organization and com-
munication of scientific information.

To develop knowledge of process, facts,
principles, generalizations and applications
- the products of science - and to encourage
their use in the interpretation of the natural
environment.

As can be seen, these goals are more specific than
are the philosophies. They add direction to the science
program and open the way for yet more specific state-
ments of outcomes to be obtained.

The National Science Teachers Association, in its
position statement on Science - Technology Society: Sci-
ence Education for the1980s (1982), proposed the following
five fundamental goals:

To develop scientific and technological pro-
cess and inquiry skills.
To provide scientific and technological
knowledge.
To use the skills and knowledge of science
and technology as they apply to personal
and social decisions.
To enhance the development of attitudes,
values, and appreciation of science and
technology.
To study the interactions among science -
technology- societyin the context of science-
related societal issues.

Finally, from the Michigan Department of
Education's Minimal Performance Objectives for Science
Education in Michigan (1974) comes the following goal
statement:

Our goal of science education is to de-
velop scientifically literate citizens with
the necessary intellectual resources, val-
ues and attitudes and inquiry skills to
promote the development of a [human]
as a rational being.

The statements of goals also are referred to as
"program objectives" or sometimes as "objectives." In
general, the dist inguishing feature between statements of
goals or program objectives and the learner or perfor-
mance objectives which appear in the next section is that
goals are directed toward what the program should offer,
while learner objectives are specific as to what the indi-
vidual student is to do..

OBJECTIVES FOR STUDENTS

Objectives for students often are referred to as learner or
performance objectives. The identifying feature of this
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group of statements is that they define what the student
is supposed to do.

If a goal for the program in science is to "develop
scientifically literate citizens," then what is it that the
students must do to achieve that goal? If a goal of the
program in science is to "develop an understanding of the
interrelationship between matter and energy," then how
must the student demonstrate that understanding?

Ideally, learner or performance objectives must
be written to describe in specific terms the behavior to be
exhibited by the student. Often, excessive specificity can
be frightening. For example, "The student, given a bat-
tery holder, a bulb and one 10-inch length of conducting
wire, will in five minutes and in two different configura-
tions construct a circuit such that the bulb will light."
Objectives can be less threatening if they are not overly
specific and if the means for stating and evaluating them
are left in great degree to teachers.

The student objectives that follow were selected
as examples from a variety of disciplines for different
levels of instruction..

Primary Grades

The student should be able to:

list those things soil must have to make plants
grow well;
describe how soil helps animals;
describe and list those things that should be
added to the class aquarium to keep the
aquarium balanced;
list at least three requirements for the growth
of all green plants; and
separate pictures of plants and animals into
two groups..

Middle S-hool/Junior High

The student should be able to:

prepare a demonstration to show that sound
cannot go from one place to another without
the presence of matter;
identify the similarities of and differences
between fog and clouds;
demonstrate how to mount a slide on the
stage of a microscope and how to focus the
scope using different power objectives;
order a group of stones from lightest to
heaviest; and

separate a collection of rocks into two differ-
ent groups..

High School

The student should be able to:

compare, contrast and discuss food chains
and webs;
explain the relationship of temperature to
the kinetic molecular theory;
relate the flow of fluids to pressure;
identify the basic metric (SI) units that are
used for measuring length, weight, volume
and temperature; and
define an ecosystem and compare biotic and
abiotic components of the system.

These objectives, while more specific than the
statements of goals described in the previous section, still
are less specific than the battery and bulb example at the
beginning of this section. The examples given here and in
Chapter 4 were developed for broad populations of stu-
dents. It is intended that they provide direction for the
content of the local curriculum guide, while still permit-
ting the flexibility necessary for individual situations..

RELATING PHILOSOPHY,
GOALS AND OBJECTIVES

For practical purposes, it is ess ial that the relationships
among philosophy, goals and wjectives are clearly un-
derstood. Mese are not unrelated entities. The philoso-
phy determines the goals which then are translated into
specific objectives. A philosophy becomes real only
when this relationship h accomplished.

Assume that a particular philosophy states that
"The aim of science edi ...ation for the rest of the century
is to develop scientific and technological literacy for all
citizens." This philosophy emphasizes a general knowl-
edge of the science processes, applications and informa-
tion that all Ftudents taking part in the science program
should have. From this statement many goals may be
derived. One such goal could be: "To use the processes
and knowledge of science and technology to develop
personal objectives." This goal then presents a number of
specific objectives. For example:

The student collects data about science ca-
reers to assist in choosing an occupation.
The student identifies sources of environ-
mental pollution and determines courses of
action to control them..

11
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In recent years the science curriculum ha6 been the focus
of much discussion. Many innovative courses have been
w ritten for different levels of instruction. In these courses,
the emphasis has been placed on the process of scientific
inquiry and the development of concepts rather than the
mere memorization of a body of facts. These innovative
science courses or programs were laboratory oriented.
Laboratory experiences can be undertaken either in the
laboratory or in the field.

In general, the courses or programs in science fall
into three broad categories:

Courses or programs developed on a national
level. These programs or courses are developed through
the auspices and funding of the Na tional Science Founda-
tion or similar organizations. They generally feature
authorship by teams at writing conferences. Activities
are pretested on a large scale and materials are designed
for use by the students. Typical examples of these courses
or programs are "Science A Process Approach" (SAPA),
the "Elementary Sdence Study" (ESS), the "Science Cur-
riculum Improvement Study" (SCIS), the "Biological
Sciences Curriculum Study" (BSCS) and "Chemistry in
the Community" (ChemCom). After extensive develop-
ment, pilot testing and evaluation, the materials pro-
duced may be placed in the hands of commercial pub-
lishers.

Courses or programs developed on a state and
local level. Some of these programs are designed by
individual district staffs to meet the nexls of specific
target populations or to fit the needs of the school system.
For example, one district developed an English-as-a-
second-language (ESL) biology course for Spanish-
speaking high school students. Another developed a
mathematics-for-science course for students who wanted
to take advanced-level science courses but did not pos-
sess the mathernaticsbackground for these offerings. Still
another developed a course on the geology of the local
area. Many districts develop courses particularly suited
to the needs of their students (see page 18 for a list of a
number of these courses). Some school staffs have devel-
oped programs which emphasize hands-on science at the
elementary level and the incorporation of the science,
technology and society theme into their courses. Several
cities and states, particularly those that have end-of-
course tests or statewide testing programs, are very spe-
cific about the content of their courses. They develop
syllabuses which they follow and then test.

Courses or programs developed by commercial
publishers. This category includes science texts and
other materials which are used with great frequency in
the schools. Many of these texts have taken their lead
from the nationally funded curriculums. Some feature a
student-centered activity approach and many include
materials designed for student use..

Importance of Up-To-Date Programs

Experience has shown that students need an education in
science which not only keeps them abreast of recent
developments in this field but which also allows them to
cope with the ever-changing requirements of a dynamic
society. Modern science courses have real meaning only
to the extent that they allow the students to function
better in their present and future environments.

Modem science courses attempt to use materials
which are appropriate to the child's developmental state
and which include both process- and content-oriented
materials. Because of the rapid changes in science and
technology, it is essential that instructional materials and
texts be recent and appropriate..

The Elementary School Program

Science should be a vital part of the elementary school
curriculum for every child. Skills that should be taught in
an elementary science program include observation,
measurement, classification, prediction, communication,
interpretation of data, experimenting, recognizing and
controlling variables, and formulation of hypotheses.

All elementary science programs should a id ress
the three major content areas: biological science, physical
science and earth science. Elementary school curricu-
lums may conveniently consist of separate short units
that can be completed in one period of time.

According to developmental psychologist Jean
Piaget, ementary school youngsters are at the stage in
their growth when they can benefit most from experi-
ences with concrete rather than abstract situations. Most
students will learn ideas and concepts much more easily
if they can begin with the concrete situations upon which
generali zations may be developed. Therefore, units should
include many hands-on discovery activities. A labora-
tory approach may stimulate a child to learn science
concepts in which the child initially may not have an
interest.

In the primary grades, science is an excellent tool
to help develop a child's vocabulary and reading inter-
ests. For example, when one is teaching a unit on prop-
erties of matter, the words used to describe an object can
be used as a vocabulary list. This list can be expanded
gradually as the sophistication of the description in-
creases Tht .. are many excellent science trade books
written !or elementary school children which may capture
their interest and which may help increase their desire to
read.

Mathematics should be integrated with science
whenever possible. Many opportunities to use math-

14
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ematics occur in the areas of measuring, using numbers,
experimenting, estimating and data collecting. For ex-
ample, when one is measuring the growth of plants over
a given time period, graphing should be introduced as a
tool to record the results. Where appropriate, :he math-
ematics and science lessons should be combined. Lan-
guage arts skills can reinforce communication of results
of experiments or other findings by writing reports or
publishing a class newspaper. Map reading, a topic for
study in the sciences, can be used to integrate study in the
earth sciences with study in the social sciences. Reading
skills can be used to conduct library research on a topic of
interest. By integrating as many science subjects as pos-
sible with other areas of the curriculum, additional time
will not be added to n already full school day, but more
time for the teaching of science will be available.

At the elementary school level, where many
teachers do not have a preparation in science, a profes-
sional development program is essential. Time must be
devoted for professional developmental activities. These
activities should be planned to assist teachers with both
the content and pedagogy of science instruction and
should be scheduled on a regular basis. The professional
development or in-service planning committee of the
school district should have representation from the sci-
ence curriculum committee.

The presence of a science resource person in or
available to the school on a regularly scheduled basis is
highly recommended to aid teachers in the selection and
implementation of icience units. The science person
serving as a teacher of teachers, a motivator and a consult-
ant can make a significant difference in the quality of the
science program..

The Middle School/
Junior High Program

The middle school and junior high school traditionally
have taken many different forms but usually include
some combination of Grades 5 through 9. While experi-
ence has shown that there is distinctive need for this age/
grade grouping, the middle school/junior high school
program often is thought of in terms of a transition from
the elementary school to the high school that incorporates
programs from both. To be truly effective, the middle
school/junior high school program must stand on its
own merit, fulfilling the needs of early adolescent young-
sters (10-15 years of age). The development of student
self-awareness and an understanding of her or his place
in our society should be part of the curriculum at this
level.

Middle school programs in science should not be
the upper end of an elementary science program fol-

lowed by an unrelated beginning of a secondary science
program. Care should be taken to assure that there is a
logical sequence of concepts and processes moving from
the lower to the higher middle school grades.

The middle school/junior high science program
should be balanced in the areas of life, physical and earth-
space science. Science members of the middle school/
junior high staff should coordinate the program offerings
with the assistance of representatives from the elemen-
tary and high school staffs..

The High School Program

The organization of science into independent subjects
such as earth science, biology, chemistry and physics has
been standard at the high school level for many years.
However, the content of science courses has undergone
many changes. Originally, this content was designed to
prepare students for college. Presently, the content of
science courses is designed for a broad spectrum of
students ranging from those going to college to those
entering the work force directly after graduation.

The goal of a scientifically literate society is even
more relevant today than it was in the past. Since every-
one needs an understanding of science, today's high
schools must undertake the fulfillment of a diversity of
goals. One is the development of science skills and a
knowledge of science for students not seriously interested
in science as a career. Another is the opportunity for
career development, both terminal and preparatory, in
scientific and technical areas. Other goals include
preparation for further academic pursuits and special
activities for students of high interest or ability.

It should be remembered that secondary schools
provide for the general education of students, and that in
science all students should, at the minimum, be offered
courses in earth-space science, biology, chemistry and
physics..

Suggested Time Allotments

The teaching of science is an essential component of the
school program. Instructionally, there should be a heavy
orientation toward student activity and laboratoryexpe-
rience. This type of instructional approach requires time
and, as a result, there should be a local policy regarding
time allocations for science instruction.

Based upon data from a National Science Foun-
dation survey, as well as from a survey of timed allotted
to secondary school science courses in Connecticut, the
Science Advisory Committee recommends the following
amount of time to be used for instruction in science:
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Time Recommendations

Grades

1-3
4-5
6-8
9-12

Minutes Fer Week

75 150+
135 200+
200 250+
280 315+

One of the most effective methods for strength-
ening the learning of science is the provision of adequate
time for instruction. The time recommendations listed
above should be considered carefully in organizing a
program in science.

In Grades 1-5, science instruction often is inte-
grated with instruction in other subjects such as math-
ematics, social studies and language arts.

In Grades 6-8, science most often is taught as a
separate subject. The time recommendation at this level
is based on a minimum of five 50-minute periods per
week or their equivalent to allow for laboratory experi-
ence.

For the high school, seven or eight periods per
week or a time equivalent to 280-315+ minutes per week
is recommended. These figures are based upon seven or
eight 40 to 45-minute periods per week to provide for
laboratory experiences. However, they may be met by
scheduling other periods of different lengths.

For the most part, school districts allocate labora-
tory time to high school physics and chemistry programs.
It is essential to emphasize that, since earth science and
biology are laboratory sciences, equal time for laboratory
work should be provided in these courses as well..

Patterns of Science Offerings

The elementary school science program (K-6), whether
reading oriented or activity oriented, typically includes
topics in the earth, biological and physical sciences.

Starting in Grade 7, two different pa tterns emerge.
One, the "block" program, consists of one full year each
of life science, earth science and physical science. This
pattern is used in approximately 80 percent of the schools
in Connecticut. The other pattern is the "spiral" or
general science program. This program consists of a
general science offering in Grades 7 and 8 and sometimes
in Grade 9 as well.

At this level, it is recommended that all students
in Grades 7, 8 and 9 be required to study science every
year. If students are required to study science each year,
programs must be planned that meet the needs of stu-
dents of high ability, students prepar ing for college and

students who will enter the world of work upon gradua-
tion from high school.

Two years of science are required by the state for
graduation from high school. It is recommended that all
students take, in addition to biology, at least one and
preferably two years of physical science in the Grades 9-
12 sequence..

Electives in the Science Program

Most Grades 9-12 programs in science go beyond the
basic offerings of biology, physics, chemistry and earth
science. In fact, there are more than 50 other etective
courses in science. A number of these are listed c.n page
18. Some of the more popular programs are the following
(others appear in Chapter 9):

Advanced placement programs. Advanced
courses go beyond the typical high school science course
and usually are offered to the superior student. There are
two major vehicles by which college cred i t may be earned
within the high schools. One involves the Advance Place-
ment (AP) programs in biology, chemistry and physics.
The AP program is administered by the College Entrance
Examination Board. Credit based upon successful
completion of a year-end exam is accepted by most col-
leges in the United States.

The University of Connecticut departments of
biology, chemistry and physics coordinate college-credit
courses through the UConn Cooperative (Coop) Program
for Superior High School Students at state high schools.
Students and faculty must be accepted into the program
by the respective departments. College credit awarded
through the UConn Coop Program may be transferred to
a number of other colleges.

College aedit. High school students in Con-
necticut are able to earn college credit by enrolling in
cOurses in area colleges. Several of the state's institutions
of higher education allow high school students, upon the
recommendation of the principal or counselor, to enroll
in courses on a space-available basis for no fee or for a
nominal charge. Some of the colleges charge full tuition.
Colleges within a reasonable geographic area should be
checked to see what arrangements can be made to accom-
modate interested students.

Independent study and work study. Students
who are interested in obtaining college credit for work
they have done in independent and/or work-study ar-
rangements should get information about the College
Level Examination Program or CLEP. This is another
program which was developed by Educational Testing
Services of Princeton, NJ, and is administered by institu-
tions of higher education. Most school counselors have
information about this program.
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Other elective programs. Other elective pro-
grams have been built around the following:

computer-assisted instruction;
team teaching,
teaching assistants (tutors with special skills or
knowledge);
use of community resources;
contract learning or individually prescribed in-
struction (IPD;
summer school enrichment;
released-time programs;
community or other educational programs after
school or on weekends;
work-study programs (students spend half the
day or other periods of time in career-oriented
placements or apprenticeships); and
self-teaching courses, including correspondence
courses which may or may not be paid for by the
school.

The electives and the methods of implementation of these
electives in the science curriculum are limited only by the
imagination of the person(s) planning the program..

Special Programs

A number of students who have difficulty with science
concepts or with mathematical skills can benefit from
instruction that will reinforce the operations or under-
standings underlying them.

This assistance should be directed toward the
particular needs of the student as determined by the
school's Planning and Placement Team (PPT). Some-
times the science instruction will be directed toward
concrete operations; at other times the student will need
assistance with mathematical concepts as they relate to

science, or the student may have to be assigned special
reading materials in order to understand the topic under
study. Only when these attempts are made can it be
assured that all students will be leaving their schools with
the science skills and backgrounds needed to function in
today's society..

Themes In Science Programs

As the field of science continues to grow, not only is new
knowledge being added at a dramatic rate, but the num-
ber of new careers in the field also is growing. By one
estimate, there are over 50,000 different occupations in
science and engineering. This rapid growth points out
the relationships among the different disciplines in sci-
ence and gives rise to what are called conceptual schemes

or more recently themes.

Many new careers show these relationships. No
longer are there just chemists, physicists and biologists.
Many careers now involve occupations in fields such as
biophysics, biochemistry, bioethics and environmental
science. The use of themes as organizers in the science
curriculum can help to show how knowledge, principles
and concepts in one science subject are related to another.
Some themes that have been suggested thus far are pat-
terns, similarities and differences; and evolution, energy
and the environment. It can be seen that these themes
have applications in the major subject fields of chemistry,
physics, earth science and biology. The themes can show
the interrelatedness of these subjects as well as point the
ways in which they are important in technology and even
societal questions.

While a number of themes have been proposed,
there is at this writing no general agreement as to what
they should be. Curriculum developers should be aware
of the work that is being done with themes and should
make use of themes as organizers to point up the struc-
ture of their science programs..
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Special Science Offerings* In Connecticut Schools

Advanced Biology (not AP)
Advanced Chemistry
Advanced Physics
Advanced Placement Biology
Advanced Placement Chemistry
Advanced Placement Physics
Aeronautics
Allied Health
Animal Behavior
Anthropology
Astronomy
Botany
Chem Com
Chemistry for Health Science
Comparative Anatomy
Computer Science
Consumer Chemistry
Contemporary Science
Cosmology
Drug Awareness
Ecology
Electricity
Electronics
Embryology
Environmental Science
English-as-a-Second-Language Biology
Field Ecology
Genetics
Geology
Holography
Horticulture
Human Biology
Independent Study
Introduction to Physics and Chemistry
Invertebrate Zoology

*Other than earth science, biology, chemistry and physics

Laboratory Safety
Laboratory Technology
Laser Studies
Mamma logy
Marine Science
Meteorology
Microbiology
Mineralogy
Nurse Assistant
Oceanography
Oceanography Field Work
Organic Chemistry
Ornithology
Patterns and Processes
Physical Chemistry
Physiology
Plant and Animal Care
Practical Science
Public Health
Photography
Science in the Home
Science of Cars
Science Seminar
Science Topics
Social Biology
Technology
Topics in Biology
Topics in Science
Unified Science
University of Connecticut Cooperative Program

Chemistry
Biology
Physics

Vertebrate Zoology
Vocational Science

18
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"The principle of science, the definition, ai most, is the
following: The test of all truth is aperiment.

Experiment is the sole fudge of scientific truth. But,
what is the source of truth of knowledge? Where do

the laws that are to be tested come from? Experiment, itself,
helps to produce these laws, in the sense that it gives

us hints. But also needed is imagination to create
from these hints the great generalizations to guess at the

wonderful, simple, but very stranze paiterns beneath them all,
and then to experiment to check again whether we have the right guess."

Richard P. Feynman

Connecticut's Common Core of Learning
The Pt ocesses of Science

OBJECTIVES OF THE SCIENCE PROGRAM
Objectives For Students Completing Grade 3
Objectives For Students Completing Grade 6
Objectives For Students Completing Grr.de 8

Objectives For Students Completing Grade 12
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The words of the late Dr. Richard P. Feynman, a Nobel
laureate in physics, should call to the attention of any
science curriculum developer the necessity for experi-
mentation and investigation as an integral part of the
program. As reinforced in this chapter, the student must
be given an opportunity to participate actively in investi-
gation and experimentation in order that he or she may
derive the fullest benefits of the science program.

The educational program set ves many purposes.
Two of the most important are (1) to prepare individuals
to become effective, contributing members of society and
(2) to instill in students the skills and attitudes to allow
them to realize their full potential in their professional
and personal lives. As a part of the total educational
offering, the science program should help all students -
regardless of the occupations they choose - to better
understand the natural world, to make thoughtful deci-
sions regarding the role of science and technology, and to
appreciate the promises these fields provide and the
problems they generate as they contribute to shaping the
woild of the present and of the future..

Connecticut's Common Core of Learning

The Connecticut State Board of Education adopted
Connecticut's Common Core of Learning in January 1987.
The philosophy underlying the development and adop-
tion of the Common Core was that there is a ".. .common
set of skills, knowledge and attitudes essential to the total
development of all Connecticut students. These learn-
ings have intrinsic value, independent of a student's
background, for the fulfillment of future aspirations."

Connecticut' Common Core of Learning is divided
into three major areas.

Attributes and Attitudes

self-concept
motivation and persistence
responsibility and self-reliance
intellectual curiosity
interpersonal relations
senoe of community
moral and ethical values

Skills and Competencies

reading
writing
speaking, listening and viewing
quantitative skills
reasoning and problem solving
learning skills

Understandings and Applications

the arts
careers and vocations
cultures and languages
history and social sciences
literature
mathematics
physical development and health
science and technology

Clearly, science and technology, as listed under
Understandings and Applications, have components that
fall into the categories of Attributes and Attitudes, and
Skills and Competencies. Students of science must be
able to read, write and communicate. They must be able
to reason and solve problems as well as to demonstrate
quantitative skills. And just as certainly, intellectual
curiosity, motivation, persistence and self-reliance, as
general elements of the Common Core, are inherent in the
structure of the school science program.

More specifically, but still as overriding goals,
the Common Core of Learning states that, as a result of
education in Grades K-12, each student should be able to:

understand and apply the basic principles,
conceptsand language of biology, chemistry,
physics, earth and space science;
understand the implications of limited natu-
ral resources, the study of ecology and the
need for conservation;
identify and design techniques for recogniz-
ing and solving problems in science, includ-
ing the development of hypotheses and the
design of experiments to test them - the
gathering of data, presenting them in appro-
priate formats, and drawing inferences based
upon the results;
use observation and analysis of similarities
and differences in the study of natural phe-
nomena;
demonstrate the ability to work with labora-
tory measuring, manipulating and sensing
devices;
understand the implications of existing and
emerging technologies on our society and
our quality of life, including personal, aca-
demic and work environments; and
recognize the potential and the limitations of
science and technology in solving societal
problems.

From these goals it can be seen that the structure
of the science program should contain the content and
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processes of the three major areas of science study - the
earth and space sciences, the 1 ife sciences and the physical
sciences. In addition, the program should include an
emphasis on the applications of science the technolo-
gies. Further, the effects of scientific and technological
knowledge upon society should be considered.

In its statement on the direction that science should
take in the 1980s and the years ahead, the National
Science Teachers AsAxiation uses the term Science-Tech-
nology-Society. Objectives for Science-Technology.Soci-
ety are suggested in this chapter and should be given
thoughtful consideration in the development of the sci-
ence program..

The Processes of Science

The use of science processes throughout a program in
science is a must. Often the use of these processes is
referred to as the hands-on approach to the teaching of
science. However, there are more specific terms and
definitions which can be used. Each of the terms has ' Ten
adapted from the American Association for the Advance-
ment of Science's program Science: A Process Approach
(1965) and implies active student participation.

Observing. Students use their senses to learn
about objects and ev ants in their environment.

Describing. Students communicate their per-
ceptions of what they observe.

Classifying. Students group objects according
to their properties.

Comparing. Students compare and contrast the
ways in which objects or events are similar or different.

Mesuring. Students determine the length, area,
volume, mass or other physical characteristics of an un-
known quantity by comparing its value with one that is
known. They also explain the causes of error and uncer-
tainty in their measurements.

Recognizing variables. Students identify inde-
pendent and dependent variables and understand the
control of variables in an investigation.

Interpreting data. Students explain the pattern,
trend, significance or meaning of the data derived from
objects or events.

Inferring. Students develop possible explana-
tions regarding the causes of events which may not have
been observed directly.

Predicting. Students suggest the outcome of an
event or process based upon their observations of the
event or process.

Communicating. Students transmit informa-
tion to others through the use of such devices as graphs,
tables, written descriptions and oral presentations.

Formulating questions. Students originate
questions based upon t' teir experience with an event.

Experimenting. Students design and carry out
procedures under controlled conditions in which vari-
ables are limited in order to obtain useful and reliable
information about the interactions between objects and
events.

Developing hypotheses. Students state, in test-
able terms, an explanation for an occurrence..

OBJECTIVES OF THE
SCIENCE PROGRAM

The objectives that follow include a number that were
developed by the Connecticut Science Teachers Associa-
tion (CSTA). These objectives were developed over a
four-year period with the assistance of teachers through-
out the state. The original set of objectives addressed the
areas of content, skills and attitudes. To these areas have
been added sets of objectives relating to technology and
societal issues. While the objectives are presented in
relatively specific terms, it should be remembered that
areas of content overlap not only with other subject areas,
but also with skills, attitudes, technologies and societal
issues.

An overview of the major concepts appears in Tables
1-5 on pages 32-35. The specific objectives listed are
arrived at gradually and may be achieved partially in
earlier grades. The developmental level of the student
always should be an important consideration in the pre-
sentation of these objectives and in the expectation of
their mastery.

The verbs used to describe the objectives which fol-
low - verbs such as define, describe, explain or list - may be
interpreted as passive in terms of hands-on activities.
Therefore, in addressing these objectives there should be
an ample number of activities that are action oriented.
Similarly, all experiences in science should make the
fullest use of critical thinking and problem-solving ap-
proaches. Thus, there should be a generous number of
investigations that involve the science processes of ex-
perimenting, measuring and observing..

Objectives For Students
Completing Grade 3

Life Science

Major Concept: Living things exhibit similari-
ties and differences. They respire, need nourish-
ment and water, and rept oduce their own kind.

Characteristics of Life

List similarities and differences among liv-
ing things, nonliving things and things no
longer living.
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Describe the variation in the appearance and
habits of living things caused by seasonal
changes.
Describe changes in the appearance and
habits of living things that occur during stages
of their life cycle.
List three factors that limit the number of
plants and animals surviving in each genera-
tion.
Describe several ways in which plants and
animals are dependent upon each other.

Plants

Group different seeds according to charac-
teristics such as shape, size and color.
List three requirements for the growth of all
green plants.
Describe the functions of roots, stems, leaves
and flowers.
Comparr -;enerations of plants and animals
and list tnilarities and differences.
Identify differences in various plants using
leaf shapt., size and texture as charlcteristics.
Identify the coat, the embryo and the stored
food in a seed and describe their functions.

Animals

Classify various types of animals, e.g., birds,
fish and mammals, according to their charac-
teristics.
Identify predators and prey and describe
their relationship.
Compare carnivores, herbivores and omni-
vores.
Classify common animals as invertebrates or
vertebrates.
Construct a food chain including producers
and consumers.

Humans

Describe how food moves through the diges-
tive system.
Trace the movement of air in and out of the
lungs and explain how this occurs.
Describe the function of the skeleton.

Environment

Describe how plants and animals depend
upon their environments.
Define shelter and describe differences in
shelters.
Define and give examples of habitats.

Physical Science

Major Concept: The physical world consists of
matter and energy interacting.

Matter

Identify substances that are solids, liquids
and gases.
Describe the changes in state of a solid, such
as ice into water and then steam.
Contrast physical and chemical changes.
After testing them, group objects according
to their ability to conduct thermal energy.
Group objects according to their ability to
sink or float.
Construct an object of metal such that it will
sink or float.
Devise a test to determine the relative strength
of magnets.
Test objects for their magnetic or nonmagnetic
properties and group them.

Energy

Group materials according to their ability to
conduct electricity.
Describe some methods for conducting en-
ergy.
Construct simple electrical circuits using
batteries, wires and light bulbs.
Describe how light energy can be obtained
from heat, chemical or electrical energy.
Demonstrate how different colors of light
can be formed by a prism.
Identify properties of sound such as pitch,
volume and quality.
Construct a device that will transmit sound.
Construct a simple inclined plane and com-
pare the force required to lift an object with
that required to move it up the plane.
Construct a simple balance and show how
the pe,ition of the masses on either side of
the fulcrum affects thebalance's equilibrium.

Earth and Space Science

Major Concept: The universe is constantly
changing.

Demonstrate an awareness of the progres-
sion of and differences in the seasons.
Locate the relative positions and motions
of the sun, Earth and moon.
Group minerals according to characteris-
tics such as color and hardness.
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Observe weather conditions during a par-
ticular period of time.
Describe how scientists use fossils to give us
an idea of various periods in the Earth's
history.
Demonstrate an awareness of local geology
and landforms.

Skill Objectives

Measure length to the nearest scale gradua-
tion.
Read a thermometer to the nearest gradua-
tion.
Identity and classify objects using odor, taste,
touch, sound and sight.
Make predictions and verify accuracy, e.g.,
do seeds germinate better in light or in the
dark?
Weigh oneself to the nearest graduation on
the scale.
Sort and group objects according to their
properties.
Make simple cuantitative estimates and
verify them, e.g., estimate the number of
beans in a jar and then count them.
Make sketches from observations.
Identify those factors which must be kept
constant during an investigation.
Develop models.

Attitudinal Objectives

Demonstrate individual curiosity and per-
sistence in the study of science.
Demonstrate an understanding of the value
of following the rules of safety.
Accept, but be critical of, the evidence gath-
ered through the methods of science.
Be open to new information and the effect it
may have on presently held beliefs.
Develop self-confidence through the study
of science by being involved in a variety of
science activities.
Demonstrate a respectful attitude toward all
forms of life and the environment.

Objectives in Science, Technology and Society

Demonstrate an awareness that advances in
science and technology have allowed us to
lead healthier and longer lives.
Demonstrate an awareness that advances in
science and technology have changed our
ways of feeding, clothing and providing
shelter.

Demonstrate an understanding that technol-
ogy, while providing us with the means for
cleaner air and water, also contributes to
their pollution..

Objectives For Students
Completing Grade 6

Life Science

Major Concept: All living thingq are made of
cells and are continually interacting with their
environments.

Characteristics of Living Things

Recognize that all living things are made of
cells and that the r.ell is their basic structural
unit.
Compare animal and plant cells. Identify
their similarities and differences.
Investigate and identify common one-celled
organisms found in pond water.
Describe the function of microorganisms in
the food chain.
Describe the hierarchy of cells, tissues, organs,
systems of organs and organisms.

Plants

Explain how plants interact with their envi-
ronments.
Describe the factors and conditions neces-
sary for a green plant to carry out photosyn-
thesis.
Identify two main groups of seed plants (cone
bearing and flowering) and list their char-
acteristics.
Describe the characteristics of nonseed plants
and give examples.
Describe the meansby which floweringplants
reproduce.

Animals

Identify groups of animals without back-
bones (invertebrates) and list similarities and
differences among them.
List several examples of animals with back-
bones (vertebrates) and note their similari-
ties and differences.
Give examples of inherited and learned be-
haviors.
List characteristics of mammals and explain
why humans are classified as mammals.
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Compare characteristics of carnivores,
herbivores and omnivores.
List several behaviors necessary to the sur-
vival of some animals (e.g., camouflage, hi-
bernation, migration, protection) and de-
scribe how these factors are important to
their survival.

Humans

Describe the effects of drugs, tobacco and
alcohol upon the human body.
Design an experiment to demonstrate the
effect of exercise on heartbeat and the rate of
breathing.
Describe the major systems in the body, e.g.,
circulatory, digestive, respiratory.

Environment

List environmental factors that affect the
growth and development of plants and ani-
mals.
Describe various ways in which plants and
animals are interdependent with their envi-
ronments.
Construct a food chain and/or food web and
describe the flow of energy in it.
Describe the differences in climate and in
geography of various biomes.
List the characteristics of plants and animals
in pa rticular biomes, e.g., grasslands, deserts,
forests, aquatic habitats.
List several endangered species and describe
why they are endangered.

Physical Science

Major Concept: The interactions of tr Atter and
energy follow patterns of nature and (se repro-
ducible.

Matter

Compare properties of metals and nonmet-
als.
Differentiate among elements, compounds
and mixtures.
Use tests such as litmus or pH paper to
determine the acidity or alkalinity of water
solutions.
Describe how matter is conserved in chemi-
cal reactions.
Construct a model of an atom showing the

relative positions of the protons, neutrons
and electrons.
Describe how energy may be obtained from
the fission or fusion of atoms.

Energy

Describe what is meant by inertia.
Describe how the change in an object's mo-
tion is affected by its mass and the force
applied to it.
Demonstrate that an action force has an equal
and opposite reaction force.
Identify gravity as the force of attraction
among objects in the universe.
Define energy as the ability to do work.
Contrast kinetic and potential energy. Give
examples of each.
Construct a system in which energy is trans-
formed from one form to another.
Identify various forms of energy transforma-
tions (e.g., heat to light, chemical to mechani-
cal) and give applications for each.
Describe several means by which energy can
De conserved in our environment.
Construct an electromagnet and explain its
operation.
Demonstrate the effects of mirrors and lenses
on the path of light.
Differentiate between temperature and heat.
Explain how conduction, convection and ra-
diation differ in their means of heat transfer.
Describe how temperature measurements
depend upon the speed of the molecules of
the substance being measured.
Descri:,e how various substances can be used
to inhioit the flow of energy.

Earth and Space Science

Major Concept: Energy and matter in the uni-
verse are neither created nor destroyed, but can
be transformed from one form to another.

Meteorology

Identify the most common gases in the atmo-
sphere.
Describe the water cycle.
Give two examples of erosion and describe
them.
Construct a simple weather instrument.
Identify the major layers of the atmosphere.
Collect weather data and prepare a weather
forecast.
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Geology

Differentiate among igneous, metamorphic
and sedimentary rocks.
Describe the theory of plate tectonics.
Illustrate how landforms can change as a
result of volcanic action, the folding of rock
layers and earthquakes.
Identify and describe the layers of the Earth' s
crust.

Astronomy

Describe how various forms of electromag-
netic radiation (light, radar, lasers) are used
to measure the Lustances to objects in space.
Describe how a reflecting telescope works.
Draw a diagram of constellations such as the
Big and Little Dippers.
Describe how the spectroscope is used to
determine the composition of stars.
Describe the positions of the sun, Earth and
moon during the various phases of the moon.
Diagram the orbits of the planets around the
sun.

Oceanology

Descrioe the factors that influence the tides
of the ocean.
DescribeenvironmentsIky shores, sandy
shores, mud flats) in the tidal zone.

Skill Objectives

Record the results of qualitative observa-
tions.
Design an experiment.
Use a pan balance to mass objects to within
one gram.
Prepare a table of data.
Mount a slide on the stage of a microscope
and adjust the microscope for viewing.
Read volumetric flasks and cylinders to the
nearest graduation.
Perform numeric calculations involving area
and volume.
Explain relationships between two variables,
e.g., height and weight, drop and bounce,
growth and time.

Attitudinal Objectives

Recognize that scientific measuring devices
are extensicns of our senses.
Appreciate the importance of following the

rules of safety in the laboratory.
Develop a positive approach to problem
solving and the rigor of critical thought.
Maintain an open mind in the face If infor-
mation that may contradict currently held
conceptions.
Appreciate that science and technology do
not provide answers to all problems in our
environment.

Objectives in Science, Technology and Society

The values of society can affect the direction
of scientific research.
Changes in science and technology affect not
only the types of work we do, but the ways in
which we learn.
Advances in the technology of transporta-
tion and communication affect our relation-
ships with people in this and other countries..

Objectives For Students
Completing Grade 8

Life Science

Major Concept 1: Living organisms carry or life
functions.

Illustrate that living organisms have life
cycles, e.g., birth to death, seed to mature
plant.
Distinguish between living and nonliving
things by describing life functions.
Show that disease maybe prevented by good
health habits of eating, resting, exercising
and hygiene.
Describe the differences in the structure and
functions of tissues and organs.
List some of the benefits of bacterial action.
List some of the ways that bacteria are
harmful.
Describe how to take a bacterial count.
Describe how the body fights bacteria.
Distinguish between viruses and bacteria.
Describe the function of antibodies and
vaccines that help to prevent and combat
disease.
Describe how health laws safeguard us
against disease.
Find patterns in data, events and life itself.
Describe the process of photosynthesis and
its dependence upon such factors as light,
energy, chlorophyll, water and carbon diox-
ide.
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Describe basic concepts of inheritance.

Major Concept 2: Living organisms and their
environments are interdependent and are con-
stantly interacting.

Illustrate and describe the water cycle.
Describe the predator-prey relationship.
Give reasons for the need to conserve soil.
Compare, contrast and discuss food chains
and food webs.
Define symbiosis and give examples of this
relationshio.
Describe the carbon-hydrogen-oxygen cycle.
Describe the nitrogen cycle.
Describe what soils are and how they are
formed.

Major Concept 3: Living things evolve.

Describe ways in which the environment is
aiways changing and how organisms must
be able to adjust to these changes in order to
survive.
Describe how each plant and animal goes
through a series of changes as part of its
individual life cycle.
Describe how living things have changed
over the long period of the Earth's history.
Discuss the fact that many plants and animals
have been unable to adapt to changing en-
vironments and have become extinct.
Describe evidence provided by fossils that
indicates many forms of life (e.g., trilobites,
dinosaurs, and sabertooth tigers) have be-
come extinct and relate this to environmen-
tal changes.
Describe how organisms and their environ-
ments constantly are interacting and are in-
terdependent. (The activities of plants and
animals can change the environment and
changes in the environment can affect plants
and animals.)
Describe how changes in structure and be-
havior from one generation to the next are
usually the result of genetic changes.

Physical Science

Major Concept: There are patterns of similari-
ties and differences in the interactions of matter
and energy.

Give examples of different forms of energy.
Discuss similarities and differences.

1

Identify three basic parts of an atom (elec-
tron, proton and neutron), their charges and
relative locations.
Differentiate among sol ids, liquids and gases,
and describe their properties by using the
kinetic molecular theory.
Relate how an energy change is involved
whenever there is a change in state (phase) of
matter, e.g., water to steam, etc.
Describe how forms of energy may be
changed into other forms of energy.
Define a calorie and d ifferentiate between the
calorie and the Calorie (kilocalorie).
Identify sources of nuclear energy.
Compare fission and fusion.
Demonstrate an awareness that atomic en-
ergy results from the conversion of nuclear
mass into energy.
Differentiate among and give examples of
the following forces: adhesion, cohesion,
capillarity, surface tension, gravity and fric-
tion.
Describe some of the factors which affect the
flow of electrons through substances.
Describe the relationship of temperature to
the kinetic molecular theory.
Define and illu3trate the differences between
kinetic and potential energy.
Describe patterns in the Periodic Chart of the
Elements.
Identify density as a relationship between
mass and volume.
Define and distinguish between mass and
weight, and between mass and volume.
Describe how electrical energy can be used
to operate devices such as the radio, tele-
phone, computer, etc.
Demonstrate how sound is generated,
transmitted and received.
Design a simple experiment demonstrating
reflection and refraction.
Describe how white light is composed of am
may be divided into many colors.
Classify from a group of objects those which
are good or poor condwtors of electricity.
Conduct an experiment which show s changes
that take place as the result of a common
chemical reaction, e.g., -vinegar and baking
soda, lime water and carbon dioxide, the
rusting of iron.

Earth Science

Major Concept: The universe is constantly
changing.
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Describe the life and death of a star.
Distinguish between a solar and a lunar
eclipse.
Describe how the moon influences the tides.
Explain how the sun affects the Earth's cli-
mate and weather.
Describe the methods by which samen-
toy, igneous and metamorphic rock are
formed.
Contrast various kinds of weathering.

Skill objectives

Use measuring devices and record data
properly.
Collect data and use them to make graphs
and charts.
Interpret data, charts and graphs, and
make generalizations.
Follow directions, conduct simple tests and
interpret results.
Employ the mathematics necessary to con-
vert units within the metric system.
D2velop a hypothesis from basic data and
devise a method to test it.
Use, maintain and care for laboratory
equipment.
Distinguish between qualitative and quan-
titative observations.
Follow laboratory safety rules at all times.
Use scientific methods for setting up experi-
ments which have independent and depen-
dent variables.
Communicate information organized in
logical sequences verbally and graphically
using related vocabularies.
Recognize that certain teaching devices, such
asa "model," are only aids and are not reality.
Apply scientific theories and laws to a given
situation.

Attitudinal Objectives

Demonstrate the value of following the rules
of safety.
Exhibit self-confidence through the study of
science by being involved in a variety of
scientific activities.
Evaluate evidence gathered through scien-
tific methods.
Demonstrate individual curiosity and per-
sistence in the study of science.
Develop a longing to know and understand,
a questioning attitude, the desire to search
for data, the desire to demand verification, a
respect for logic, and a consideration of pre-
mises and consequences.

Objectives in Science Technology Society

Describe how pollutants affect our environ-
ment. List steps that may be taken to control
them and protect our surroundings.
Trace the growth of human population and
describe possible futures for such growth.
List several hazardous substances. Describe
their origins, use and effects on the commu-
nity. Propose means for disposing of them.
Describe causes for an energy shortage and
suggest ways in which these shortages can
be resolved..

Objectives For Students
Completing Grade 12

Life Science

Major Concept 1: All living things have basic
needs.

Discuss the fact that living things must have
water and nourishment in order to respire
and reproduce to continue the species.
Discuss the proper care of laboratory ani-
mals and treatment of domestic animals and
wildlife.
Discuss the proper care of plants in the labo-
ratory, greenhouse, at home and out-of-doors,
and the importance of preserving wildflow-
ers, plants, bushes and trees.

Major Concept 2: Knowledge of the dynamics of
ecology is essential for intelligent planning and
decision making.

Define an ecosystem and compare biotic and
abiotic factors.
Describe adaptations of organisms for sur-
vival in a particular ecosystem.
Identify and describe a predator-prey rela-
tionship.

Major Concept 3: Living things require energy
and there must be an interchange of energy in a
balanced environment if living things are to
survive.

Explain the relationship among producers,
consumers and decomposers.
Compare and contrast photosynthesis and
cell respiration.
Explain the relationship between a food chain
and. a food web.
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Major Concept 4: The cell is the basic structural
and functional unit of most living things.

Explain the relationship among cells, tissues,
organs and systems.
Identify the organelles of the cell and explain
their functions.
Compare and contrast mitosis and meiosis
and explain the purpose of these processes.

Major Concept 5: A pattern of inheritance can be
observed over a long period of time.

Explain the difference between asexual and
sexual reproduction.
Illustrate Mendel's laws of inheritance.
Describe the chemical nature of genes and
chromosomes and their roles in maintaining
genetic continuity.
Discuss benefits and concerns of genetic en-
gineering.

Major Concept 6: Correct information about the
human body will aid the individual in daily life
and make one a more efficient and responsible
human.

Illustrate the structure and function of human
body systems.
Discuss the following as they relate to health:
human growth, development and disease;
hygiene; drugs, alcohol and nicotine; nutri-
tion; food additives and imitation foods; and
Avironmental concerns.

Major Concept 7: Some microorganisms cause
disease and others are beneficial.

Discuss the role of bacteria in health and
disease.
Illustrate the methods by which pathogenic
organisms can be transmitted.
Explain active immunity and how it is ac-
quired.
Compare and contrast bacteria, viruses and
fungi.

Major Concept 8: There is an increasing order of
complexity in living organisms.

Select two animals from different phyla;
compare their structures and how the ani-
mals carry on life functions.
Select two plants ranging from mosses to
angiosperms and gymnosperms and com-
pare structure and how the plants carry on
life functiors.

Physical Science

Major Concept 1: Matter is composed of mol-
ecules, atoms or ions whose interactions, when
observed and measured, are found to follow
natural laws.

Distinguish between atoms and molecules.
Distinguish between elements, compounds
and mixtures.
Identify the physical state (phase) of a sub-
stance.
Locate protons, neutrons and electrons in the
present model of the atom and state the
charge on each.
Describe how molecules are composed of
atoms bonded together.
Substantiate that chemical reactions result in
new substances with new properties.
Discuss why and how in ordinary chemical
reactions, the total mass of reactants must
equal the total mass of products.
Describe general properties of acids, bases
(alkalis) and salts and describe the neutral-
ization process.
Compare and contrast a physical and a
chemical change.
Describe how an ion is a charged particle and
an atom is a neutral particle.
Identify the solute and solvent in a solution.
Describe the relationship between atomic
structure and the properties of the elements.
Identify the symbols of common elements.
Distinguish between simple organic and in-
organic compounds.

Major Concept 2: Energy exists in many forms
which are interconvertible through l'eactions with
ma tter.

Differentiate between situations illustrating
kinetic energy and potential energy.
Describe the effect of temperature on the
physical state (phase) of a substance.
Substantiate that chemical reactions are ac-
companied by energy changes.
Describe the difference between tempera-
ture and heat.
Predict the effect of temperature change and
of pressure change on the volume of a gas.
Discuss the relationship between molecular
motion and temperature.
Describe the relationship between molecular
motion and pressure.
Define what is meant by a gas, liquid and solid
in terms of size and shape.
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Define workand do simple problems involv-
ing work.
Compare velocity and speed.
Define and give examples of forces.

Describe the factors that influence the rate of
a chemical reaction.
Discuss the phase changes associated with
the melting point and with the boiling point
of a substance.
Define electricity.
Explain the ways in which static electricity,
alternating current (AC) and direct current
(DC) differ.
Cite evidence that, under ordinary circum-
stances, matter and energy can be converted
from one form to another with no loss or
gain.
Explain how different classes of simple ma-
chines operate.
Define Icceleration.
Describe the relationship between the
quantity of material and the heat content of a
substance.
Define friction and give examples of its ad-
vantages and disadvantages.
Cite evidence that matter and energy are
interconvertible but the sum total of these
remains constant.
Discuss electromagnetic radiation as a form
of energy.
Describe the reflection and refraction of light.
Describe sound and explain it as a form of
energy.

Earth Science

Major Concept: Geological, meteorological,
oceanological and astronomical processes follow
physical laws.

Define the study of astronomy as relating to
galaxies, star systems and space.
Illustrate that geology concerns itself with
historical geology, the story in the rocks,
earth chemistry and the restless earth.
Discuss the limits of the Earth's energy re-
sources.
Recognize the dynamic nature of the 'tiarth.
Discuss oceanography as concerned the
chemistry of oceans, marine biology, marine
topography, and motions of tides, waves,
currents and shorelines.
Discuss how meteorology is concerned with
weather, air and its movements; chemical
and physical properties of gases; air masses;
motion caused by the sun's energy; weather
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maps and forecasting.
Discuss the energy source for earthquakes,
thunderstorms, ocean currents and starlight.
Illustrate the rock cycle.

Skill Objectives

Interpret results.
Set up controls or standards.
Communicate acquired knowledge graphi-
cally, quantitatively and verbally.
Use the specific vocabulary related to each
topic under study.
Demonstrate skill in the use of appropriate
techniques, instruments, equipment and test
kits within each discipline, as required.
Select and assemble appropriate equipment
and conduct experiments.
Make necessary observations and report the
data in an appropriate and logical format.
Consider alternative solutions.
Identify a problem and state it clearly.
Examine the literature for ideas related to
problems under consideration.
Design, conduct, evaluate and communica te
the results of experiments with multiple
variables.

Attitudinal Objectives

Be aware of the importance of biology as a
study of living things in relationship to
oneself.
Develop appreciation for critical thinking as
used in the practice of science.
Demonstrate a willingness to cooperate in
class and laboratory.
Appreciate that one's genetic characteristics
and envirOnmental factors work together to
comprise the individual's total being.
Develop attitudes that are built upon fact
and logic.
Demonstrate a better understanding of the
advantages and problems in the everyday
world brought about by society's use and
misuse of scientific knowledge.
Appreciate the potential for careers in the
sciences and science-related fields.
Observe rules of safety in the laboratory and
field.
Recognize that the physical universe obeys
specific laws.
Appreciate that different points of view de-
velop when citizens must make decisions on
problems involving science.
Demonstrate the development of a personal
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value system regarding the environment by
willingness to adjust one's lifestyle to be in
harmony with ecological laws.

Objectives in Science Technology Society

Describe several problems involving the
management of nuclear waste.
Analyze the distribution of food resources
and suggest ways in which the food require-
ments of a growing world population can be
met.
Describe the growth and extinction of vari-

ous species of animals and plants. Analyze
the results of endangered species laws.
List several concerns regarding our water
resources, e.g., contamination by disposal,
leaching and runoff of chemicals. Suggest
the means for addressing these concerns.
List several concerns about recombinant
DNA research. Describe how these concerns
are being addressed.
Outline the effects of high technology in this
country on employment, the competitive-
ness of our economy and upon our system of
education.

Basic Science Concepts, Skills and Attitudes For Students
Completing Grades 3, 6, 8 and 12 In Connecticut Schools

LIFE SCIENCE

GRADE 3 Living things exhibit similarities and differences. They respire, need nourishment
and water, and reproduce their own kind.

GRADE 6 All living things are made of cells and continually are interacting with their
environments.

GRADE 8 Living organisms carry on life functions.
Living organisms and their environments are interdependent and constantly are
interacting.
Living things evolve.

GRADE 12 All living things have basic needs.
Knowledge of the dynamics of ecology is essential for intelligent planning and
decision making.
Living things require energy and there must be an interchange of energy in a
balanced environment if living things are to survive.
The cell is the basic structural and functional unit of most living things.
A pattern of inheritance can be observed over a long period of time.
Correct information about the human body will aid the individual in daily life and
make one a more efficient and responsible human.
Some microorganisms cause disease and others are beneficial.

4h There is an increasing order of complexity in living organisms.

Table 1
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PHYSICAL SCIENCES

GRADE 3 The physical world consists of matter and energy interacting.

GRADE 6 * The interactions of matter and energy follow patterns of nature and P.re reproducible.

GRADE 8 The physical world consists of interactions of matter and energy.

GRADE 12 Matter is composed of molecules, atoms or ions whose interactions, when observed
and measured, are found to follow natural laws.
Energy exists in many forms which are interconvertible through reactions with
matter.

Table 2

EARTH AND SPACE SCIENCE 1

GRADE 3 The universe is constantly changing.

GRADE 6 Energy and matter in the universe are neither created nor destroyed, but can be
transformed from one form to another.

GRADE 8 The Earth and solar system undergo changes involving different cycles.

GRADE 12 Geological, meteorological, oceanological and astronomical processes follow physi-
cal laws.

Table 3
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SKILLS

GRADE 3 Measure
Classify
Observe
Identify
Sort, Group
Estimate
Draw conclusions

GRADE 6 Grade 3 skills plus:

Record the results of qualitative observations.
Design an experiment.
Mass objects within one gram on a pan balance.
Perform numeric calculations involving area and volume.
Explain relationships between two variables, e.g., height and weight, drop and
bounce, growth and time.

GRADE 8 Grade 6 skills plus:

Prepare and interpret graphs and charts.
Develop a hypothesis and devise a method to test it.
Employ necessary math to convert units within the metric system.
Use, maintain and care for laboratory equipment.
Communicate
Use "scientific methods" for setting up experiments.

GRADE 12 Grade 8 skills plus:

Set up controls or standards.
Consider alternative solutions.
Select and assemble appropriate equipment for experiments.
Design, conduct, evaluate and communicate the results of experiments with mul-
tiple variables.

Table
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ATTITUDES

GRADE 3 Curiosity
Value of the rules of safety
Critical thought
Open-mindedness
Self-confidence

GRADE 6 Grade 3 attitudes plus:

Understand that science and technology do not provide answers to all environmen-
tal problems.
Realize the importance of measuring devices as extensions of our senses.

GRADE 8 Grade 6 attitudes plus:

Questioning attitude
Evaluate evidence
Demand verification
Consider the consequences of action
Respect for logic

GRADE 12 Grade 8 attitudes plus:

Appreciate different points of view on problems involving science and technology.
Develop personal values regarding harmony with .nvironment.
Understand advantages and problems brought about by use and misuse of scien-
tific knowledge.

Table 5
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"Every man who rises above the common
level has received two educations; the first from

his teachers; the second, more personal and
important, from himself."

Edward Gibbon

Connecticut Requirements
The Physically Disabled Child
The Learning-Disabled Child
The Mentally Disabled Child

The Deaf or Hearing-Impaired Child
The Blind or Visually Impaired Child

Science for the Gifted
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SCIENCE FOR STUDENTS WITH SPECIAL NEEDS

No child is born mildly retarded or learning disabled in
the same way that a child is born male or female or with
blood type 0 negative. The decision that an individual is
retarded is a judgment based on the way he or she
performs certain tasks. As Jane Mercer (1973) has stated,
"Persons have no names and belong to no class until we
put them in one. Whort we call mentally retarded, and
where we draw the line between the mentally retarded
and the normal, depend on our interest and the purpose
of chir classification."

In the past, labels were used to place students in
groups to determine if these students were eligible for
special services in the school or community. The focus of
special education was diagnosis and classification. Once
the student was classified, he or she started to receive
appropriate "treatment" in a special setting, usually a
room away from the rest of the students in the school.
This procedure was based upon models in medicine,
where the illnes:- is diagnosed and treatment is pre-
scribed.

Unfortunately, few specific "treatments" auto-
matically follow from the diagnosis of children with
special needs such as behavior disorders, emotional dis-
turbances, mental retardation and other physical or emo-
tional disabilities. There are many different teaching
strategies and materials which can be used with students
who are labeled retarded. A student who has been
classified as visually impaired may benefit from the same
techniques used to teach students who can see, but who
have trouble remembering what they see. One might
argue that labeling students has no educational relevance,
since the label does not tell the teacher(s) which methods
or materials should be used with individual students.

To help students with special needs, teachers
need to know which instructional strategies to use with
the individual student. Most science teachers are unac-
customed to working with special students and are some-
what apprehensive about having a disabled student in
their classrooms. Once reasonable modifications to the
course have been made, the programs usually are suc-
cessful and the integration of the disabled student pro-
vides a rewarding experience for both teachers and
students..

Connecticut Requirements

How are the modifications to the science course of study
arrived at? First, every Connecticut school district must
offer a free, appropriate public education for students
between the ages of 3 and 21 who have been identified as
disabled. A major feature of this state requirement is the
emphasis on the regular classroom as the preferred in-
structional base, whenever appropriate. This philosophy
or approach to educational programming for disabled

CHAPTER 5

children is termed the principle of the least restrictive
environment. Placement in the least restrictive environ-
ment ensures that disabled students are educated with
nondisabled students, i.e., mainstreamed to the maxi-
mum extent appropriate.

The least restrictive environment provision also
ensures that the placement of a disabled child outside the
regular classroom occurs only when the nature or sever-
ity of the disability is such that education in regular
classes with the use of supplementary aids and services
cannot be achieved satisfactorily. A school identifies the
least restrictive environment for a particular student by
holding a meeting of the Planning and Placement Team
(PPT), in which an Individual Education Program (IEP)
for the student is planned. The IEP is developed by the
student's teacher or teachers, one or both parents, a
qualified school official and the student (whenever pos-
sible). Other specialists may be involved if the parent(s)
or the public agency (school) so desire.

Each IEP must include the following:

the child's present level of educational per-
formance;
annual goals, including short-term instruc-
tional objectives;
specific special education and related ser-
vices to be provided to the child, and the
extent to which the child will be able to
participate in regular educational programs;
projected dates for initiation and anticipated
duration of spedal services; and
objective criteria, evaluation procedures and
schedules for determining on at least an an-
nual basis whether or not the short-term
instructional objectives are being met.

Every school district has a standard set of forms
for developing the IEP. Many school systems use word
processing and/or database management programs to
assist the PPT in developing the IEP.

Special education staff members and classroom
teachers should consult regularly to plan activities, dem-
onstrate special materials or suggest specific approaches
to be used when working with chiidren who have special
educational needs. References to publications and orga-
nizations dealing with disabled youngsters appear at the
end of this chapter.

Special needs children include those with:

mental disabilities;
physical and health disabilities (epilepsy,
cerebral palsy);
impaired vision or hearing;
communicaticn disorders (speech impair-
ment, articulation disorders voicing prob-
lems);
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behavior disorders, whether emotional dis-
turbance or social maladjustment;
learning disabilities;
multiple and severe handicaps; and
special abilities - the gifted and talented.

The school district's planning and placement
teams may decide to educate certain more severely dis-abled students in special classes or separate programs.
This recommendation would be made when the teamfeels that thestudent would be unable to participate in theregular programeven with possible modifications.One of the key ingredients in a successful
mainstreaming experience is the teacher's attitude to-ward both the individual child and the concept of
mainstreaming. The relationship among the disabledchild, the teacher and the class must be positive for
mainstreaming to be successful. Teachers who have
successful expenenceswith mainstreaming are thosewho
see all children as individuals, get to know their strengths
and weaknesses and attempt to meet their individual
needs.

Some basic, general principles that teachers
should follow when working with disabled children azethe following:

The individualpupil-teacher relationship isof paramount importance. The relationship
should be based on the nature of the disabil-
ity, mutual trust, praise for positive actionand a great deal of patience.
Learning should proceed slowly andgradu-ally, yet deliberately. Concepts may have to
be developed over long periods of time.
Science learning should begin with objects,
events and words that are most familiar to
the child.
In most disabling conditions, language
growth will be needed, since the child has
suffered from limited exposure.
Time should be allocated to get to know how
the individual child learns best - the child's
learning style, rate of learning and interest
(Jacobson and Bergman, 1987)..

The Physically Disabled Child

Science instruction should be an integral part of theeducation of disabledstudents fromkindergarten throughhigh school. Disabled children possess the same need,
curiosity and enthusiasm to explore and investigate their
environments as do all children. These students should

receive the samecomprehensive exposure to the fields of
science as do nondisabled students. The curriculum fordisabled students should include content, process andcareer education. Instructional strategies, techniquesand procedures found to be effective with nondisabled
students are those also found to be effective with physi-
cally disabled students.

Listed beloware some recommendations to takeinto account whena school system is preparing a curricu-lum for physicallydisabled students. The following weredeveloped during a National Science Teachers Associa-tion conference, during which science for the physically
disabled student was explored.

Career Concerns. Disabled students should haveequal opportunities to pursue science-related careers.
Teacher Education. Preservice education pro-grams should prepare prospective classroom personnelto teach science to disabled students. In-service pro-grams should provide school personnel with access tocurrent information on teaching science to disabled stu-dents.
Methods. Methods used in teaching science tophysically disabled students should provide opportuni-ties for them to learn how to be independent learners andhow to interact with nondisabled persons.
Materials/Programs. Special considerationshould be given to the identification and development ofinstructional materialsand programs thatwill help elimi-nate the barriers to the study of science for physicallydisabled students.
Dissemination. In order for classroom teachersand counselors to plan and implement desirable scienceprograms for physically disabled students, it is essentialthat they have ongoing access to current and relevantinformation about science programs and instructional

approaches for them.
Evaluation/Assessment. In the absence of abody of empirical knowledge on teaching science todisabled students, systematic efforts to gather, organize,synthesize and disseminate this knowledge should beconducted. Modifications in the evaluation programmay have to be made for the disabled student.
Education Organizations and Agencies. Eachprofessional education organization and agency shouldbe actively concerned with the rights and needs of physi-cally disabled students to be taught science in an appro-priate classroom setting. Must current science programscan be used by the physically disabled student. However,there is one project - Science Enrichment for Learnerswith Physical Handicaps (SELPH) whkh is an adapta-tion of the Science Activities for Visually Impaired (SAVI)project and which produces units of study and equip-ment for the orthopedically disabled child (seeResourcesat end of chapter)..
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The Learning-Disabled Child

There are a numberof diagnostic terms which fall under

the heading of learning disability. Elaboration upon

these numerous diagnostic terms is beyond the scope of

this guide.
A learning disability may be described as a con-

dition or set of conditions that severely interferes with an

individual's ability to benefit from educational experi-

ences. I karning-disabled studentsdo not appear to learn

in the ways that most other students do. These students

usually are identified when a wide discrepancy occurs

between a child's school achievement and his or her

intellectual potential. Emotional, physical, neuropsycho-

logical or sensory-perceptual factors may be the cause of

the learning disability. Included among the more com-

mon indicators are the following(Jacobson and Bergman,

1987):

a high degree of distractibility;
a low tolerance for frustration;
difficulty in working in a large-group set-

ting;
an inflexibility of thought generally associ-

ated with a younger child;

an awkward gait;
a poor self-image;
coordination problems in copying or tracing

or hitting a ball;
poor auditory or visual memory;
a ter lency to become easily confused or

muddled;
an inability to follow directions containing

more than two specific commands;

a marked dependency upon adults; and

spontaneous expression of feeling.

As one reviews these traits, it becomesclear why

many of these children are never identified and referred

for special services. Some broad guidelines for working

with these children can be given. For example, when

working with a learning-disabled student the teacher

must know the child well, know his or her strengths,

personality and learning styles. Parents, doctors, special

educators and administrators can assist in identifying the

problem areas with which the child needs help. Once

these are identified, special materials or approaches may

be developed.
At the present time, there are no published spe-

cial science programs for the learning-disabled child. As

a general practice, learning disabled Students receive

their science instruction in mainstream classes. This is

why it is important that the teacher know the child's

learning needs as identified by the PPT. With this kind of

information, the teacher can design alternate learning

exercises..

The Mentally Disabled Child

Children who are classified as being mentally disabled

exhibit development lags in general maturation, cogni-

tive ability and social adjustment. The vast majority of

children with mental retardation are mildly disabled and

can benefit from much of the regular science program.

Usually it takes these students more time to learn some

fact or concept, and they may be unable to retain as much

information as otherchildren. These students often have

difficulty recalling, transferring, conceptualizing and

generalizing. These handicaps have important implica-

tions for teachers who are planning science programs.

When modified programs are created for these

students, the teacher should make certain that concrete

and firsthand experiences abound. The program should

be flexible enough to follow the child's curiosity when-

ever possible and appropriate. Activities plannedshould

be such that they usually allow the student to complete

the activity and be successful.
The Biological Science Curriculum Study (BSCS)

Group has developed two science programs for mentally

disabled students: "Me Now" for students in the inter-

mediate grades and "Me and My Environment" for chil-

dren in the middleschool/junior high grades(see Hubbard

listing inResources).
Several projects funded by the National Science

Foundation, "Science - A Process Approach" (SAPA),

"Science Curriculum Improvement Study" (SCIS), "E-

ementary ScienceProgram" and the"Elementary Science

Study," have been adapted for use with these students

(see Delta listing in Resources)..

The Deaf or Hearing-Impaired Child

Most science programs in the marketplace can be used

with deaf children, al though some adaptations may have

to be made in some of the activities. This would be

especially true in certain units dealing with sound. The

teacher may have to do more writing on the chalkboard.

Instructions for certain activities may have tobe acted out

or illustratedby models, pictorial representation, printed

words or in rebus form. Task cards may be used for the

children who can read.
The "Science Curriculum Improvement Study"

(SCIS) program has materials that have been adapted for

deaf children. Additional information on this topic is

found in Science for Deaf Children (Leitmen, 1968)..
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The Blind or Visually Impaired Child
When working with blind or visually impaired children,
many procedures should be tried. Some of these proce-dures include the following:

Stress tactile and auditory conversations in
science work.
Children also can uncover information about
objects through t-znell or taste.
Whenever possible, blind or visually im-
paired children shouldparticipate in science
work along with sighted peers. Pairingchil-
dren often is a successful strategy.
Sufficient opportunities for free and indi-
vidual investigations should be provided.
Blind children oftenneed a greater amount
of time to explore objects than their sighted
peers. As children get to know a variety of
objects well, their confidence and indeper-
dence will grow.
Adapt exercises or activities so that blind
children can participate in them, e.g., instead
of sorting objects from a kit according to
purely visual characteristics, the blind child
can accomplish the goal ofsorting by group-
ing the objects byshape, sound, texture, odor,
etc.
Instructions for activities can be provided
using tape recorders, Braille labels (if avail-
able), or directions read to blind studentsby
the teacher or another student. When pro-
viding instructionseither orally or on tape, it
is best to use terms that already are familiar
to the child.
Language development can be encouraged
while the child is manipulating an object or
performing an operation, e.g., as a child feels
a block, he or she should be asked to describe
it fully.
If a new term is to be provided, it should be
done clearly and whilethe child is experienc-
ing the meaning, sensation or characteristic
associated with the word.
Successful experiences should be planned in
order to build independence. While praise
should not be given indiscriminately, it
should be provided often mough to sustain
and build growing confidence.
Materials to be used with blind children
should be selected with great care so as to
provide maximum sensation while taking
precautions not to introduce dangerous (e.g.,
sharp or pointeJ) objects.

The staff at the Lawrence Hall of Science, Univer-sity of California at Berkeley, has developed a science
program called "Science Activities for the Visually Itn-
paired" (SAVI). The materials designed forthis program
are intended to be used with students in Grades 4 through7. When field tested, these materials were found to be
effective with children who had .ther disabilities. This
discovery led to the "Science Enrichment for Learners
with Physical Handicaps" (SELPH) Project.

In the 1970s, the University of California at Ber-
keley instituted a program entitled "Adapting Science
Materials for the Blind" (ASMB). This project team has
adapted commercial science programs for use with blind
children. ASMB has produced a version of SCIS that is
fully adapted for the blind (see Resources at end of
chapter)..

Science for The Gifted

One of the major problems facing teachers today is how
to provide for the gifted child within the basic science
curriculum. Mostprograms for the gif ted tend to focus on
language arts activities, reading and art experiences. The
special needs of these students in the curricular areas ofscience and mathematics frequently are neglected. It hasbeen recormended that since the multitalent approach
to identification of the gifted (above average ability, task
commitment, creativity) now is widely advocated, itmakes some sense to provide special learning experi-ences for the gifted in relation to their areas of high
potential. Thismeans that the student with science abilityshould be steered toward a special science program andthe gifted art student to that area and so on. The dangerof this approach is the possibility of focusing instructiononly on a gifted student's high ability area. This mayprove to be counterproductive to the individual's general
intellectual development. Many gifted children havespecial abilities in a variety of areas and a program
designed too rigidly may limit the number ofopportuni-ties that could be made available.

A well-designed gifted program should provide
opportunities for both broad general development of the
individual and for areas of specialization, suchas science.
Thus, there is a need for program growth in two dimen-
sions: breadth and depth. A well-trained resource teacher
can fill the need for providing a creative enrichment
program involving thinking skills, aesthetics, problem-solving and project activities. Meanwhile, the focus ondepth may come from programs w hich allow the oppor-tunities for specialized study in a curriculum area (see
Resources at end of chapter).

41
t.)



SCIENCE FOR SWDENTS WITH SPECIAL NEEDS
CHAPTER 5

Specialized programs for the gifted may mean

three different things: acceleration, enrichment or a

method of grouping.
Acceleration. Acceleration or advancement re-

fers to the idea ofleap-frogging ahead orskipping grades.

This also can mean early admission to kindergarten or

first grade, or perhaps acompressed high school curricu-

lum that permits students to graduate a semester or full

year ahead of schedule. It also may mean an in-depth

study of more challenging topics, more thorough learn-

ing of regular topics, orextension of the subjec tmatter or

correlated areas.
There are other methods of acceleration that may

reduce the social and emotional problems that can occur

when a child is moved into classes with older children. A

third grader who is a whiz in arithmetic might go to the

sixth grade classroom for mathematics but spend the rest

of the day with his or her third grade peers. (This semi-

separation approach is practiced by many schools in

Connecticut.) Or a high school student may be released

from school part time to attend courses at a local college.

Enrichment. Instead of using the existingschool

structure to provide challenges for the gifted, enrichment

offers different types of learning opportunities. The

learning process can be enriched bydifferent curriculum

materials, individual instruction, emphasis on the higher

mental processes of divergent thinking and creativity,

independent study, problem-solving projects, and any

number of techniques that give gifted youngsters a wel-

come change from the routine of the regular classroom.

But a difference in curriculum is not sufficient for the

gifted science student; rather, a challenging difference is

what is required.
Individual instruction may come from the regu-

lar teacher in the classroom or be provided by specially

trained teachers in resource rooms where the gifted and

talented in a school (or a city) spend time with their

particular interests. In some school districts resource

rooms may be staffed by a teacher who travels from

school to school.
Another form of enrichment is a mentorship

program through which local citizens, such a scientists,

artists or business people, work closely with gifted chil-

dren, sharing expertise with them and fostering the stu-

dents' talents.
Grouping. This is considered by some to be a

controversial approach tomee:ing the needs of the gifted.

Some critics feel that separating bright children from the

others fosters a sense of elitism and prevents the "aver-

age" students from learning from their more-talented

classmates. Advocates say the gifted may learn more if

they are grouped with their intellectual peers and receive

the essential challengeprovided by other bright students.

As with acceleration, groupi 1g can be accom-

plished in a variety of modes. Some school districts

provide complete separation, with special schools or

special classes within aschool that the gifted and talented

attend full time, e.g., the Bronx High School of Science

and theNorth CarolinaSchool of Science andMathematics.

More commonly, arrangements are made to allow all

gifted students in a particular grade to be placed in the

same classbut not with the entire class population. This

method is the one most frequently used in Connecticut

schools. Students spend part of the day with their class-

mates but the rest of the day with other gifted students

who may be younger or older.
Grouping may be considered another form of

enrichment. It can involve such things as special Satur-

day classes, summer programs at universities, and field

trips or other special projects outside regular school

hours.
Whatever the approach or combination of ap-

proaches, a good-quality gifted program should offer

both creative enrichment and a specialization of study.

Both are essential for a full and maximum development

of the gifte child. Creative enrichment cuts across all

areas of special talent, while specialized study provides a

focus for a student's special abilities. A vital criterion for

any special program is that it truly gives the student a

significant challenge and is not simply busywork. The

work should not only be more advanced, exciting and

permit delving into subjects in depth, but it also should

encourage independent learning..
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Organizations Which Help Disabled
Learners and Their Teachers

Adapting Science Materials for the Blind (ASMB) and

Science Activities for the Visually Impaired (SAVO.

Lawrence Hall ofScience. University ofCalifornia at

Berkeley, Berkeley, CA 94720.

American Printing House for the Blind, P.O. Box 6085,

Louisville, KY 40206.

Alexander Graham Bell Association for the Deaf, 3417

Volta Place, NW, Washington, DC 20007.

Biological Sciences Curriculum Study, P.O. Box 930,

Boulder, CO 80302.

Chemistry Department, American University,Washing-

ton, DC 20009.

Council for Exceptional Children,1920 Association Drive,

Reston, VA 22091.

Delta Education Inc. (SCIS and ESS materials), P.O. Box

M, Nashua, NH 03060.

Hubbard Scientific Company (biology materials for the

mentally disabled), P.O. BoA 104, 1946 Raymond

Drive, North Brook, IL 60062.

Institute for Research on Exceptional Children, Univer-

sity of Illinois, Urbana, IL 61801.

National Center on Education Media and Materials for

the Handicapped, Ohio State University, Columbia,

OH 43210.

Society for Crippled Children, 2800 Thirteenth Street,

NW, Washington, DC 20009.

U.S. Department of Education, Bureau of Education for

the Handicapped, 400 Maryland Avenue, SW, Wash-

ington, DC 20202.
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"I am among those who think that science has great beauty.
A scientist in his laboratory is not only a technician:

he is also a child placed before natural phenomena which
impress him like a fairy tale."

Marie Sklodowska Curie I

ELEMENTARY SCHOOL FACILITIES
Self-Contained Classrooms

Science Classrooms or Centers
A Look to the Future

SECONDARY SCHOOL FACILITIES
Laboratories

Planning for the Future
PLANETARIUMS IN CONNECTICUT
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The facilities required for the science program are as
I imitless a s a teacher's imagination and budget. Obviously,
it is impossible to anticipate the diversity that occurs.
However, there are several common elements needed to
conduct an efficient activity-centered program in any
school. Regardless of the science program implemented,
it is desirable to make the facilities as flexible as possible.
They should accommodate large- and small-group in-
struction, independent study activities and, to the extent
possible, anticipate the changes necessitated by a curricu-
lum of science evolving toward the future..

ELEMENTARY SCHOOL FACILITIES

Realizing the financial stress that new curriculums and
associated facilities put on the budget of a school system,
maay of the newer curriculums for the sciences are de-
signed to function within existing education environ-
ments. In the public schools of Connecticut, the K-5, K-6

or K-8 sequence is used in approximately two-thirds of
the elementary schools, with the majority following a K-

6 structure. Since the K-6 program predominates at the
national level, elementary sciencecurriculums often have
been organized around this K-6 core.

Most of the programs assume that elementary
school teachers are not science specialists and that they
teach in self-contained classrooms. Science usually is
taught in an Jementary classroom and is structured
around intraclass activities performed by individuals or
small groups. The science units and individual lessons
are developed around common materials which do not
require unusual or elaborate equipment. Therefore, a

teacher or assistant can assemble the necessary learning
materials from local sources in the community or the
surrounding area. It also is possible to purchase kits or
prepared lessons from the varas educational supply
houses. The advantage in the commercially packaged
units is that less time is required to gather materials. Most
units come in their own containers which are suitable for
classroom storage.

Science should be an integral part of the elemen-
tary school program. The materials and activities should
not be isolated from normal class activities. However, the
classroom should provide the following: a section for
storage of nonperishable substances; an area exposed to
sunlight; facilities for animals required for extended ob-
servations; a work area for students to do individual or
personalized science activities; an area allocated for the
retention of experiments that extend over several days;
and means for obtaining and discarding water. Any
experiments requiring electricity, such as in the Elemen-
tary Science Study (ESS) unit, "Batteries and Bulbs," can
use common batteries or dry cells. In units needing heat,
candles or flat-top hot plates can be used. Once these
preliminary materials are obtained, the room will be
equipped to provide a continuing program regardless of
the curriculum..

Self-Contained Classrooms

In schools where the ..assrooms are self-contained, Fig-
ure 1, Possible Classroom Arrangement For Science,
suggests one arrangement of the facilities for carrying on
the elementary science program.

Windows

1. Counter for plants, aquaria, etc.

Reference area

Shelves

HF
Movable chair desks for 24

1=11... =4/1
Countertop work areastorage below s/

Figure 1
Possible Classroom Arrangement For Science
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When school systems allocate specific segments
of the day for science, the entire classroom quickly can be
restructured to meet the needs of the particular lesson,
but when the curriculum is structured around the open-
class concept, space requirements are substantially in-
creased. Facilities must continuously provide a diversity
of readily accessible lessons; work areas that range from
desktops to sinks; several disposal areas appropriate for
waste materials; and the organization to meet the de-
mands of fluctuating numbers of students engaged in a
variety of science investigations, all at different stages of
completion..

Science Classrooms Or Centers

One disadvantage in using the typical elementary class-
room is the difficulty in conducting individualized or
personalized experiments. To provide greater attention
to the science program and for individualization, a grow-
ing number of schools have adopted a science program
under the guidance of a science coordinator, consultant
or resource perso.l. This individual can direct a science
center with the assistance of other members of the staff.

An alternative is to have the science resource
person use the teacher's room for the various lessons and
the center for special activities. The center itself may be an
area used primarily for consolidation of materials and

equipment and the dissemination of packaged units for
daily or weekly use. It also may be a work area containing
electrical, gas and water outlets.

Along with these facilities, there usually is suffi-
cient table space and room for 3everal diverse activities to
be conducted simultaneously. The science center has
other advantages in that it can provide an opportunity for
students to conduct experiments witho ut disturbing other
stu Jents. The center could be open on a continual basis,
enabling students to do experiments during the day as
their schedules permit. Figure 2 (Possible Floor Plan For
A Science Center) provides orie means of organization.

A science center enables a school system to pur-
chaoe materials for a particular curriculum without du-
plicafing units for every classroom. Some centers contain
room for activities from the newer curriculums to further
stimulate personalized science investigations.

In an attempt to use many forms of learning
experiences, some school districts have established learn-
ing centers with a nucleus consisting of a library and
reference area as shown in Figure 3 on page 48 (Learning
Center With Library As Nucleus). The science facilities
contain all the advantages of a science center, and au-
diovisual and other materials are easily accessible with-
out taking up valuable laboratory space. The learning
center also enables students to conduct investigations in
one area and quickly go to another room or center for
supplementary information or materials..

Windowssouthern exposure preferable

Perimeter area with gas, water, electricity

Movable tables for flexibility

Reference reading area

Figure 2
Possible Floor Plan For A Science Center
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Learning Center
Figure 3

With Library As Nucleus

A Look To The Future

The use of new forms of technology is having an effect on
ute design of classrooms. One design for an elementary
science center arrangement appears in Figure 4 (New
Designs For Elementary School Science And Health).
This design, developed by and used with the pemission
of the Biological Sciences Curriculum Study Group and
IBM, provides space for science investigations as well as
workstations for computer and laser disk use. There
undoubtedly will be other arrangements proposed in the
next few years.

In light of the many new science curriculum!, it
is important that facilities in elementary schools be ma de
available to accommodate them. These facilities will
depend upon the philosophy of the school and its ap-
proach to instruction..

Teacher Work Station

Overhead projector
Network server
Large monitor

[Group A

Group D

[:roup B

Group E

Croup G

L24.13L Station

[ Group C]

Group F

Courseware Station

Manipulative
Materials
Station

Word Processing1
Station

Figure 4
New Designs For Elementary School Science And Health
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SECONDARY SCHOOL FACILITIES

There are certain considerations to keep in mind when
planning high school science facilities.

Flexibility. Science facilities should be planned
for the c-Aiz.iting curriculum but with sufficient flexibility
to meet the neols of the future. Multipurpose labs and
flexible, movable lab tables and benches are preferable to
massive, stationary lab furniture. For recomniendations
on buying furniture and laboratory tables and benches,
persons should contact their school district's purchasing
agent.

Room size. Room size should be variable and
planned for a wide range of activities from seminar-type
rooms accommodating 5 to 10 students to large lecture or
activity rooms seating 100 to 150 students. Availability of
space ler individual work or long-term projects is desir-
able.

Storage facilities. Centralized storage facilities
are quite common in newer buildings. Laboratory assis-
tants or technicians may work in this area to supply the
needs to all labs and individual student projects. In
designing the science area, decentralized storage facilities
may provide advantages by lessening the movement of
apparatus and equipment. An adequately ventilated
central storage area also is desirable. Because of the
convenience factor, storage spaces between science rooms
should be considered. Open shelving, rolling carts and
racks are handier and less expensive than enclosed cup-
boards and cabinets.

Specialized rooms. Plant, rooms, animal rooms,
self-study carrels and independent study areas are desir-
able features to be incorporated in new science rooms. In-
room library areas with magazines and reference materi-
als can be designed to make these materials readily
available..

Laboratories

The possible arrangemen's for laboratory layouts are
practically endless. However, most laboratory arrange-
ments follow three general patterns. These al e the perim-
eter, the island, or the long, straight-table type. Each style
has certain advantages and should be studied carefully
before making a final selection. However, in accordance
with National Science Teachers Association (NSTA)
guidelines, it is recommended that therebe a minimum of
45 square feet (5.5 scluare meters) per student in a class-
room laboratory.

The perimeter layout locates the laboratory work
space around the walls of the room. This may be a
straight-table type or there may be tables placed perpen-
dicular to the walls to give additional space. Water, gas
and other desired services are available to all stations.

Balance
Room

24

Tablet
Ann

Student

Chairs

LET

_
Figure 5

Typical 24-Student Chemistry Laboratory

With movable tables or tablet arm chairs in the center of
the room, this setup has much flexibility for varied ac-
tivities (see Figure 5, Typical 24-Student Chemistry Labo-
ratory).

The island type of laboratory space may have
rectangular, square or octagonal-shaped tables. These
may be serviced from an island which is permanently (or
in some new laboratories, temporarily) located in the
room, but the tables are movable so that different ar-
rangements are possible. A separate area is available for
tables or chairs for nonlaboratory activities.

The long, sfraight-table type laboratory bench
with service pipes and trough sinks running the length of
the table to service students on both sides of the bench is
the style most common for many years. There is little
flexibility to this setup and it is not often seen in newer
buildings.

Biology laboratories are commonly of two differ-
ent types. One type utilizes long tables with sinks and
facilities in the middle. The students sit on stools running
along the sides of the table (see Figure 6 on page 50,
Typical 24-Student Biology Laboratory). A modified
perimeter arrangement also is used (see Figure 4 on page
48). Either 30-inch (.76m) desktops using standard-height
chairs or 36-inch (.91m) tabletops with stools are used.

Types of lab activities. Some laboratory activi-
ties are best accomplished with the student seated at a
standard table with a height of 30 inches (.76m). Many
biology experiments use this table height. Most chemis-
try experiments are performed with the students stand-
ing at a bench with a height of 36 inches (.91m). Stool ? or
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chairs and tables or i sland s of the proper height give great
flexibility for sit-down activities.

Lecture labs vs. separate labs. It is well estab-
lished that science courses should be laboratory oriented.
Many chemistry, physics and biology courses meet for
four or five lecture periora and one double period for
laboratory each week. In the newer programs, labora tory
activities may be conducted three or four times a week, a
schedule requiring that they be possible on any day the
class meets. In situations where a laboratory is shared by
teachers, Olis flexibility is not available..

Planning for The Future

A typical junior high school with Grades 7-9 will offer
three years of science to all students. The courses prob-
ably will be a life science course, a physical science course
and a course in earth science. The high school with
Grades 10-12 probably will offer biology, chemistry and
physics with various high and low sections, and possibly
advanced placement courses. There is a trend to offer
courses in ecology, oceanography, me teorology and some
other specialitx1 areas.

Microcomputer-based science laboratories.
With the increase in use of microcomputers in the labo-
ratory, and other forms and uses of technology such as
laser disk, CD-ROM or networking, it is important to
keep in mind that approaches to instruction in science are
undergoing changes. At present, six microcomputers per
laboratory (one per four students) is a useful guideline.
However, optimum figures remain to be determined as
more experience is gained.

Window

Planetariums. A number of schools now have
planetariums. These facilities also can be provided on a
regional or a local basis through the use of state and
federal assistance. Unlike some of the school facilities
mentioned previously, the planetariu m has the advantage
of being applicable through the entire science program,
K-12. At the primary level, the planetarium serves to
simulate astronomical phenomena without the reliance
on hours of observations. Actual measurement and
recording of data can promote simultaneous growth in
mathematics. Since most planetariums serve an entire
system or region, they are rarely unoccupied. A list of
some of Connecticut's planetariums is provided at the
end of this chapter.

Computer centers. Computer science at the K-12
level is in its infancy, bu t there are new computer programs
being developed in all branches of science. Besides
responding to the obvious need for anyone interested in
a career in science to understand computers, the facilities
provide a nucleus for interdisciplinary studies with
mathematics, business and other subjects.

New facilities. In planning new science facili-
ties, a 5- or 10-year projection is desirable. It is useful to
visit as many schools as possible that are known to have
exemplary science facilities. The State Department of
Education can furnish information on specific examples.
Laboratory furniture companies also have designs for
various kinds of science facilities. District officials F.hould
discuss the science program needs with teachers in .va riou s
schools and with architects known for designing and
building good facilities. The time involved will be well
spent and will result in better-designed science facilities
that will be functional for many years to come..
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PLANETARIUMS IN CONNECTICUT

Bridgeport Henry B. DuPont III Planetarium
Museum of Art, Science and Industry
4450 Park Ave., Bridgeport, CT 06604
(203) 372-3521
Est. 1962; 10 M. Dome, 125 seats
projector type, Spitz-512

University of Bridgeport Planetarium
285 Park Ave., Bridgeport, CT 06602
(203) 576-4271
Est. 1971; projector type, V Apollo

Danbury Western Connecticut State University
Planetarium

181 White St., Danbury, CT 06810
(203) 797-4218
Est. 1960; 8 M. Dome, 48 seats
projector type, S 373 + AZ

East Lyme East Lyme High School Planetarium
Chesterfield Road, East Lyme, CT 06333
(203) 739-6946
Est. 1972; 7 M. Dome, 49 seats
projector type, S 3 AP

Enfield Enrico Fermi High School Planetarium
North Maple Street, Enfield, CT 06082
(203) 741-3551, Ext. 275
projector type, S A4

Glenville GlenvilleElementarySchoolPlanetarium
33 Riversville Road, Glenville, CT 06830
(203) 531-9287
Est. 1974; 5 M. Dome, 25 seats
projector type, S 373

Hartford Hartford Public High School Planetarium
55 Forest St., Hartford, CT 06105
(203) 278-5920
Est. 1963; 7 M. Dome, 60 seats
projector type, S A3PR

Meriden Meriden Science Trailer Planetarium
John Barry School, Meriden, CT 06450
(203) 237-8831
3 M. Dome, 20 seats
projector type, Nova

Milford Joseph A. Foran High School Planetarium
Foran Drive, Milford, CT 06460
(203) 783-3501
Est. 1973; 9 M. Dome, 70 seats
projector type: Goto GX10
Observatory: 15 cm. Refractor
8 cm. Prominence Viewer

Mystic Seaport Planetarium, Mystic Seaport, Inc.
Mystic, CT 06355
(203) 536-2631
Est. 1960; 9 M. Dome, 100 seats
projector type, S A2

New Britain Copernicus Hall Planetarium
1615 Stanley St., New Britain, CT 06050
(203) 827-7419
Est. 1974, 11 M. Dome, 115 seats
projector type S 512

New Cam= New Canaan High School Planetarium
Farm Road, New Canaan, CT r6840
(203) 966-9538
Est. 1971; 9 M. Dome, 60 seats
projector type, S A4

New Haven Southern Connecticut State University
Planetarium

501 Crescent St., New Haven, CT 06515
(203) 397-4293
Est. 1958; 7 M. Dome, 80 seats
projector type, S Al

New Milford New Milford High School Planetarium
Sunny Valley Road
New Milford, CT 06776
(203) 354-3936
Est. 1970, 5 M. Dome, 25 seats
projector type. V EROS

Norwich R. B. Oliver Planetarium
Roton Middle School
Highland Avenue, Norwalk, CT 06854
(203) 852-9874
Est. 1967; 7 M. Dome, 60 seats
projector type, A3PR

(continued)
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Stamford Edgerton Memorial Planetarium
39 ScofieldtownRd.,Stamford, CT06903
(203) 322-1645
Est. 1957; 8 M. Dome, 50 seats
projector type, S Al
Also: research observatory

Storrs University of Connecticut Planetarium
Physics Department, Storrs, CT 06268
(203) 486-4915
Est. 1956; 5 M. Dome, 25 seats
projector type, S A2

Trumbull Hil !crest Planetarium
Hillcrest Middle School
530 Daniels Farm Road
Trumbull, CT 06111
(203) 452-5163
Est. 1967; 10 M. Dome, 80 seats
projector type, S A3P

Wallingford Mahan Planetarium
Sheehan High School
Hope Hill Road, Wallingford, CT 06492
(203) 294-5900
Est. 1971 9 M. Dome, 63 seats
projecte: type S A4

Washington Shepaug Valley Middle and High Schools
South Street, Washington, CT 06793
(203) 868-7326
Est. 1972-76; 6 M. Dome, 30 seats
projector type, Nova III

West Hartford Gengras Planetarium
950 Troutbrook Drive
West Hartford, CT 06119
(203) 236-2691
Est. 1968; 12 M. Dome, 149 seats
projector type, S SIP

Willimantic Robert K. Wickware Planetarium
Eastern Connecticut State University
Willimantic, CT 06226
(203) 456-2231
Est. 1972; 9 M. Dome, 60 seats
projector type, S A4

Windsor Chapin Planetarium, Loomis Chaffee
School

Batchelder Road, Windsor, CT 06095
(203) 688-4934
Est. 1959; 6 M. Dome, 50 seats
projector type, S A3P
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"Although this may seem a
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Bertrand Russell
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CHAPTER 7

To provide a safeand appropriateenvironment forlearn-

ing is the task of every teacher, but this responsillility

holds particular concern for the science teacher. Se.ience

is best learned by doing, and doing involves a risk of

injury..

Responsibilities of th e Teacher

The science teachees responsibilities be; with a duty to

offer proper ire.;iruction for stud(w.s. In a laboratory

situation thi5 requir:s careful attention to the ur,c, of safe

methods arszt materials. PYoper procedures for yit.e han-

dling or supplie$ Nuipment should be taught in a

plamed, forma?. ;:!.,,son and reinford as lzboratory c-

tivijes are corducted. Most co:Nit:in-:WC r vailable

laboratory n.nuals ai n.'1«. ic may be a

part of the safety picgra
Directions tw i4boraty acth.e chould be

written, with theinstructor reviewing the dismttons with

students before the experiment is herr,. In cl*so.'ssing

the activity, the teache!.. ,thould call st : attention to

procedures to be followed and to :hc aterials that, if

misused, could prove hazardous. Particular attention

should be paid to class-related activities of students ou tside

the classroom. Teachers must provide appropriate in-

struction for students working on projects for science

fairs or other related activities. It is important to remember

that teachers must serve as mod elswho follow appropriate

safety rules and procedures, since students will look to

them to determinehow to behavecorrectly in a laboratory

situation.
A second responsibility of the teacher is ad-

equate supervision. A laboratory is a potentially dan-

gerous environment, requiring particular attention on

the part of the instructor. Lessons in laboratory safety

should emphasize appropriate student behavior in

laboratory situations. Students should never be permit-

ted to work unsupervised in the laboratory. If an emer-

gency requires that the teacher leave the class, competent

coverage must be provided.
It is recommended that short-term substitute

teachers not be permitted to conduct laboratory activities.

If an extended teacher absence requires that laboratory

work be continued, the substitute teacher should have

appropriate certification and experience in laboratory

situations.
Since maintenance of a safe laboratory environ-

ment is an important responsibilityof the science teacher,

it is strongly recommended that the teacher not be required

to supervise more than 24 students in a lahora tory activity.

If this occurs, the teacher should call the supervisor's

attention to class size problems.
The physical designand condition of the labora-

tory are additional concerns. Adequate ventilation, pro-

vision for secure storage of materials, and the proper

functioning of laboratory equipment are particularly

important.
At the elementary school level, science often is

taught in classrooms not designed for science laboratory

activides. It is particularly import- nt that the design of

the classroom and the facilities within it be taken into

consideration when conducting science investigations.

Elementary school teachers of science should be fully

aware of the safety aspects of the use and storage of the

chemicals they areusing. They also should be wellversed

in the safety and humane aspects of animal handling as

well as the safety issues relating to the materials they are

using in the life, physical and earth sciences..

Safety Equipment

The use of appropriate eye protection is mandated by

Section 10-214a of the Connecticut General Statutes. State

agency regulations specify that the wearing of splash-

proof goggles is required whenevercaustic or explosive

chemicals, hot liquids, solids or gases are used. Safety

shields should be available for use in teacher demon-

strations. The Occupational Safety and Health Admin-

istration (OSHA) requires the presence of eyewash

fountains or safety showers. Eye protection mandates

authoriz-A underSection 10 214a of the Regulations of

Connecticut State Agencies follow:

Section 10 - 214a - 1. By whom, when

and where eye protective devices shall

be worn: definitions. Any person who

is working, teaching, observing, :Alper-
vising, assisting in or engaging in any

work, activity or study in a public or
private elementary or secondary school

laboratory or workshop where the pro-

cess used tends to damage the eyes or

where protective devices can reduce the

risk of injury to the eyes concomitant
with such activity shall wear an eye
protective device of industrial quality in

the manner in which such device was
intended to be worn. For the purposes of

Sections 10 - 214a - 1 to 10 - 214a - 3,

inclusive, "workshop" and "laboratory"
shall include any room or area used to

teach or practice industrial arts, voca-

tional and technical education; science,

arts and crafts, oranysimilar skill, activity

or subject. The following list of sources

of danger to the eyes and type of pro-
tection required tobe worn in each case is

exemplary, not exclusive:
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Source of Danger to the Eyes

(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)

(j)

(k)

(1)

(m)
(n)

Caustic or explosive chemicals
Explosives, solids or gases
Dust-producing operations
Electric arc welding
Oxy-acetylene welding
Hot liquids and gases
Hot solids
Molten metals
Heat treatment or tempering
of metals
Glare operations

Shaping of solid materials;
chipping, cutting, grinding,
milling, sawing, stamping
Repairing or servicing of
vehicles when hazard is
foreseeable
Spraying and dusting
Other similar activity being
conducted in the instructional
program which risks damage
to the eyes

Type of Protection Required

Clear goggles, splash proof
Clear goggles
Clear goggles, splash proof
Welding helmet
Colored goggles or welding helmet
Clear goggles, splash proof
Clear or colored goggles or spectacles
Clear or colored goggles
Clear or colored goggles

Colored spectacles or goggles or
welding helmet
Clear goggles or spectacles

Clear goggles or spectacles

Clear goggles, splash proof
Proper eye :-"otective device

Section 10 -- 214a - 2. Minimum stan-
dards for the design, construction and
quality of eye protective devices used
in schools. Any eye-protective device
used in such school workshops or labo-
ratories shall be designed and constructed
to resist impact, provide protection
against the particular hazard for which it
is intended, fit snugly without interfer-
ing with the movements of the user and
be durable, cleanable, and capable of
frequent disinfection by the method pre-
scribed for such device by the school
medical adviser. All materials used in
such eye protective devices shall be me-
chanically strong and lightweight, non-
irritating to perspiring skin and capable
of withstanding washing in detergents
and warm water, rinsing to remove all
traces of detergent and disinfection by
methods prescribed by the school medical
adviser without visible deterioration or
discoloration. Metals used in such de-
vices shall be inherently corrosion resis-
tant. Plastics so used shall be non-flam-
mable and shall not absorb more than
five per cent of their weight in water.

Section 10- 214a- 3. Responsibilities of
public and private elementary and sec-
ondary school governing bodies. The
governing board or body of each public
and private elementary and secondary
school in the state shall require the use of
appropria te eye protec tive devices in each
laboratory and workshop byany person
in such areas d uri ng any ac tivity engaged
in, and shall post warnings and instruc-
tions in laboratories and workshops
which include the list of hazards and
protection required set forth in section 10
- 214a - 1. Such boards shall make and
enforce rules for the maintenance of all
eye protective devices in clean, safe con-
dition and shall replace any such protec-
tor which becomes irritating to the skin.

Fire extinguishers and fire blankets should be a
part of the basic equipment ofevery laboratory. The local
fire marshal can be a source of information as to the
appropriate type and placement of extinguishers. State
and local codes will dictate the presence and location of
shut-off valves forgas, elec tricity and water in the labora-
tory.
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Materials for the containment and clean-up of
chemical spills should be readily available. Commercial
spill kits may be purchased from most school laboratory
supply companies. Each school distrith. purchasing
agent will be able to provide the names of companies
specializing in safety equipment and supplies. Also, the
National Science Teachers Association publishes a
document containing the names of suppliers of safety
equipment and materials (see Resources at end of chap-

ter).
Laboratory aprons or coats should be worn rou-

tinely in the laboratory. Specialized situations may require

the use of gloves; however, it should be noted that gloves

are designed for use with specific chemical reagents and

their intended use should be determined before their

purchase.
A first-aid kit of basic supplies is recommended.

Teachers or staff members who administer emergency
treatment ale protected from civil damages for ordinary
negligence if they have satisfactorily completed a course

in first aid with a local health department or with one of
fieveral organizations, such as the American Red Cross..

Chemical Purchase, Storage and Disposal

While some element of risk is inherent in most laboratory
activities, the responsibility of assessing the hazards and
usefulness of chemical reagents isof pa ~ticular concern to

the teacher. The Council of State Science Supervisors, in
School Science Laboratories: A Guide to Some Hazardous
Substances (1984), has identified chemicals requiring par-
ticular care in handling, storage and/or disposal. The
Manual of Safety and Health Hazards in the School Science

Laboratory of the National Institute forOccupational Safety

and Health (1984), iists "Substances with Greater Haz-
ardous Nature than Potential Usefulness." This same
manual discusses safety concerns associated with ex-
periments commonly found in chemistry, physics, earth
science and biology courses. However, the teacher is
advised to consult professional literature on a regular
basis in order to ensure that information is both current

and correct. Chemicals which have been used routinely
in school laboratories have been later determined to
present health hazards.

The Material Safety Data Sheets which chemical
suppliers are required to provide with each chemical
purchased are an additional source of information. These
data sheets contain physical property data, toxicological
information, hazard alerts, reactivity data, spill and dis-

posal procedures, and storage and handling precau tions.
The storage of chemical reagents is closely related

to the safe and appropriate ut,e of chemicals. Security is

a vital element of storage. Storage rooms and cabinets

should be kept locked. The storage of chemicals in

classrooms is inappropriate.

While the alphabetical arrangement of chemicals is

convenient, it may result in incompatible chemicals being

placed in close proximity to one another. Recommended
storage patterns may be found in the Council of State

Science Supervisors' manual. The Connecticut State
Department of Education's Fire Safety and Prevention
Manual (1976), provides extensi veinformation on reagent

hazards.
The U.S. Environmental Protection Agency has

identified reagents which present specific risks to the
environment. It has specified procedures for the disposal

of these reagents. Chemicals identified as hazardous
must be disposed of in licensed landfills, and must be
transported to these land fills by licensed disposal services.

The Connecticut State Department of Environmental
Protection maintains lists of licensed waste handlers.

Since the cost of disposing unwanted chemicals

can be considerably greater than theirpurchase price, the

teacher is advised to become familiar with disposal re-
quirements before chemicals are purchased. For reasons

of health, safety and ecommy, the maintenance of a

current chemical inventory should be an integral part of
laboratory practice. A copy of the inventory should be
available to school authorities, and the location of haz-

ardous and flammable chemicals should be noted. A list

of state-licensed disposal companies is available from the

Connr cticut State Department of Environmental Protec-

tion.
All utilities, such as gas, electricity and water,

should be kept up to code. Students should be instructed

in the use of the outlets for these utilities, with particular
emphasis on the dangers of misusing them..

School Safety Programs

Science safety should be the concernof everyone teach-

ers, administrators, staff members, supervisors and stu-

dents. The development of a formal program of safety

practices and procedures should include training for
teachers and administrators in programs such as "Safety

in the School Laboratory," developed by the Council of

State Science Supervisors and the National Institute for
Occupational Safety and Health. The training of all
teachers of science in appropriate safety procedures and

the use of laboratory equipment should be a high priority

for any school.
While training in safety can be the beginning of a

personal commitment to safe practices, the formation of

a school safety committee should be the beginning of a

schoolwide focus on safety needs. Composed of repre-

sentatives of administration, students, and the teaching

and support staffs, the committee should be responsible

for regular examinations of laboratory and storage facili-

ties to assure that these facilities meet establ;shed safety
guidelines. The committee should develop a plan for
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teaching safety, for evaluating procedures followed in
laboratory activities, and for communicating to appro-
priate authorities the need for new or improved facilities,
equipment and procedures..

Sources of Information

The guidelines offered in this chapter serve as an intro-
duction to the topic of school science safety. References
and resources at the end of the chapter include ,ome
science safety guides that will help both the administrator
and the teacher to develop, implement and evaluate
plans for science safety. Personnel from the Connecticut
State Department of Education, the U.S. Consumer
Product Safety Commission, the National Institute for
Occupational Safety and Health, the Connecticut State
Department of Environmental Protection, and local health
and fire officials can serve as resources for the develo,-
ment of a total program of laboratory safety..
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INSTRUCTIONAL MATERIALS AND TECHNOLOGY

CHAPTER 8

There is a tremendous wealth of science instructional

materials and technologies available to teachers today. In

addition to the more traditional textbooksand laboratory

equipment, many current technological devices such as

interactive television, calculators, computers and laser

disks are adaptable asaids to learning and experimenta-

tion in the sciences. A major challenge for teachers of

science is the selection and effective use of the available

materials and techniques for the programs or courses

being taught.
In the past decade, inflationary increases in the

costs of textbooks, science supplies and equipment have

accompanied the declining enrollment in Connecticut

schools, making it more and more difficult to maintain

laboratory programs. At the same time, a serious com-

mitment to a high level of excellencein science instruction

is necessary if we are to preparestudents for li fe and work

in our increasingly high-technology society. A well-

functioning, well-planned, laboratory-oriented science

program has the best chance of receiving the necessary

financial support to keep abreast of inflation..

Laboratory Equipment

In the elementary school science program, simple appa-

ratus is to be expected. Often this equipment comes

packaged in classroom quantities for a particular experi-

ment. In the middle school, junior high school and high

school, as theexperiments become morequantitative, the

laboratory experiences require more sophisticated

equipment. Graduated cylinders, centigram balances,

pipettes, burettes, electrical measuring instruments,

meters and gauges become more prominent. Much of

this equipment isfairly expensive and some has a limited

life. Long-range planning in consultation with adminis-

trators is necessary so that budgets retain the flexibility to

replace broken or obsolete equipment..

INSTRUCTIONAL HARDWARE

AND SOFTWARE

In addition to the specialized equipment for individual

science courses, the hardware and software available

today as supplementary teaching aids are extensive..

Viewing and Listening Devices

Hardware includes overhead projectors, videotape re-

corders, CD-ROM players, videodisc players, audiotape

recorders, microprojectors, microviewers and micro-

scopes. Many of the items are well developed, but all

should be studied or previewed before purchase. Most

companies offer preview opportunities. Models, slides,

overhead transparencies, film loops, filmstrips and au-

diocassettes are available in most science subject areas.

Also, the teacher may consider making his or her own

audiovisual materials. Often these teacher-made re-

sources are better adapted to the course and the expense

is less than for the commercially produced materials..

Calculators and Computers

There is little doubt that technology will continue to play

a very significant role in oursociety in the future. Science

teachers have a major role in preparing students for this.

The microcomputer of today is a powerful device that

has important implications for science instruction. Fur-

ther technological advances and reduced prices un-

doubtedly will make the microcomputer even more

available to many students outside the classroom.

Teachers must be ready to capitalize on access to calcu-

lators, computersand other developments in technology

as these advances take place.
The low cost of calculators has made them avail-

able to the vast majority of students. In developing the

local curriculum guide, there should be an indication of

how and where the calculator can be used. For example,

in working with general gas law in chemistry, the con-

cept often is obscured by tedious computations. The

calculator can reduce the arithmetic work so that the

relationship may be better seen. Similarly, in physics,

calculators with trigonometric functionscan assist in the

solution of problems. Programmable calculators, no

longer rare, allow students to organize the problem by

indicating the steps tobe followed and setting the calcu-

lator to perform the calculations.
As the cost of microcomputers has dropped,

they have become commonplace in the schools. The

microcomputer should be looked at as a tool to assist in

instructing students. It can be used in just about all

subjects, but has a particularly important role in the

teaching of science in the laboratory. Here the microcom-

puter becomes an important tool in gathering and orga-

nizing information provided by laboratory investiga-

tions. The wide number of uses to which the computer

can be put makes it not only a vital but a relatively. -

inexpensive tool for the science laboratory. St udentswho

have access to microcomputers at home can be very

helpful in assistingothers in the computer's use..

Other Interactive Devices

Computers and other technological devices, when used

to facilitate learning, sometimes are categorized as in-

structional technology. For example, computers are

being integrated with other systems that have audio and
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video capal-lities. In some instances, the computer is
used to program optical laser disk devices that carry large
amounts of audio and video information. The computer
can be used to overlay the pictures from a laser disk with
drawings and textual information.

At the forefront of thisapproach to instruction is
the incorporatim of microcomputer science laboratories
with laser disk devices such as the interactive laser disk
and CD-ROM. In this way the student can be guided
through an investigation,using the computer to store and
organize data and the laser disk to provide visual infor-
mation about her or his progress. Undoubtedly, new
developments in this field will continue to appear, so it is
important for all teachers and administrators to keep
abreast of this rapidly growing and changing field.

Science teachers need to become familiar with
the microcomputer and with the associated technologies.This requires a commitment to spend time with these
devices and by actual use to learn their capabilities in the
classroom and in the laboratory. In-service training
programs which allow credit shouldbe considered. Also,local universities that have the necessary microcomput-
ers and associated devices to allow for a practical courseoften are willing to tailor a course to the specific needs ofa group.

Time and again it hasbeen said that an important
purpose of a general education is to prepare students forjths, many of which do not now exist. Whatever thefuiure, it appears quite certain that computers and otherforms of instructional technology will be important toolsfor learning, as well as for use in many occupations..

Textbooks

While many schools have written curriculum guides in
most subject areas, the textbook, to a large extent, deter-
mines the curriculumand the instructional pa tterns used.

Since the late 1950s and 1960s, science curricu-
lum projects sponsored 13) the National Science Founda-
tion in elementary and middle school scienceand in earth
science, biology, chemistry and physics have greatly
influenced the textbooks written by other authors and
groups. These national projects have updated textbook
material, reinforced theimportance of the inquiry method
of teaching, and emphasized both process and content.
The subject matter has become less descriptive and more
concept oriented. In addition, many supplementary
materials, such as films, laboratory programs, additional
readings and other materials have been made available.Most of the textbooks available in the major science
subject-matter areas have been revised or new editions
published over the last few years. This also is true for
elementary and junior high school texts.
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Textbook selection is crucial. Teachers, science
supervisors and administrators usually are involved in
this activity. Teachers, however, should have a major
role in textbook selection, since they will be using them..

Textbook Selection Suggestions
Since a textbook is used for approvinlately five years, its
selectiOn should be made with gre care.

At the secondary level, an objective analysis of
the text or texts should be made by a committee com-
posed of science department members and other con-
cerned persons such as administrators and curriculum
experts. At the elementary level, as many teachers as
possible, from all grades in the case of a textbook series,
should be involved in textbook selection.

An evaluatior, checklist is helpful to focus on
important aspects ofa textbook. The textbook evaluation
form in Appendix F contains some of the important
criteria. This checklistshould be used as a guide only and
should be modified to serve the specific needs of the
program. If, for example, laboratory activities have ahigh priority in the school, the rating form should be
modified to give greater weight to the lab program and
perhaps less emphasis on appearance, illustrations or
organization.

ProbaNy no single textbook can meet all the
requirements of a school system. Therefore, the selection
of supplementary texts, laboratory materials and corre-
lated hardware and software should be coordinatedwith
the textbook selection. The order of topics, the depth or
breadth of the material covered, the extent of laboratorywork and the availabilityof supplementary materials aresome of the variables involved. Students' needs andinterests and teacher expertise also are factors in the
choice of the instructional materials to be acquired..
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"To a person uninstructed in natural
history, his country or seaside stroll is

a walk through a gallery filled with
wondetful work.. of art, nine-tenths of

which have their faces turned to the wall."
Thomas Henry Huxley
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CHAPTER 9

Many vivid learning experiences may result from going

out into the community. The field trip is one of the most

common ways to extend the classroom into the commu-

nity, but there are a number of others, as well. Consult-
ants and speakers may be invited to the school to share

their expertise with the students. Another excellent

method to use is student observation of scientkts or
engineers at work. Still another is actually assisting in

some of the research or developmentactivities of practic-

ing scientists. To the extent possible, students should be

encouraged to get involved in out-of-school activities
that relate to the studies they are undertaking in school.

This chapter will describe a number of these activitiesand

provide sources to contact to make use of community-

based resources..

Planning Activities

Successful school-community activities do not happen;

they are planned. Detailed planning is necessary to

ensure their success as a learning activity. Poorpreparation

may result in a slip-up that could cause the activity to fail

in meeting its aims. Planning may consume almost as

much time as the activity itself, but it is well worth the

effort.
Any activity off school grounds must be justifi-

able in terms of distance, time, costand effort. Educational

efficiency is, therefore, an important consideration in the

planning. One example of disregard for this criterion is

the transportation of one class for a 40-minute visit to a
dairy-bottling plant one and one-half hours each way.

For each out-of-school activity, the written ap-

proval of parents should be obtained. These statements
should be kept on file for an appropriate period of time

after the activity is undertaken. A counter-signature of

the principal in addition to theteacher's signa ture assures

the parents of administrative approval. (See page 68 for

a sample field trip approval form used by the Westport,

CT, schools.).

Field Trips

Field trips often are remembered by students long after
the purposes of the trips are forgotten. The field trip can

bring to life what the students have only read about but

never experienced. All teachers should remember that

experience is the best teacher. Field trips can provide that

experience.
One must remember that the fundamental objec-

tive of the field trip is to clarify or extend major concepts
being studied. This is true if the trip is to the school's
playing fields, the school'smaintenance room or a site 150

miles away. A visit outside the classroom planned by the

teacher, or by the teacher and students, allows the stu-
dents to use the community as a learning laboratory. The

students can explore and make observations; they can
look, listen, smell and touch and, if appropriate, taste;
they are able to collect information by taking notes,
gathering live samples, taking snapshots and interview-

ing different people. Upon returning to the classroom,

they can re-examine their findings. Based on the data
collected, they can draw c tifiusions and possibly extend
their experiences into new activities. A list of some 40
Connecticut field trip sites appears in Appendix H.

Caution is needed in choosing trips. Teachers

should only plan excursions for their students if the visits

cal, clarify a concept or lesson more adequately than can
other learning experiences. Before taking a trip, teachers

should compare its values with those of alternative ex-
periences in order to decide which type of experience is

superior. Filmstrips, films,videotape recordings, lectures,

books, tape-recorded interviews and group telephone
calls can be highly effective when used alone, in various
combinations or as supplements to field trips.

If possible, the teacher or persons planning the

trip should previsit the site for the following reasons:

to be able to justify tem trip and its potential
as a learning experience;
to become familiar with the route and the
place to be visited; and
to make sure that the trip is a safe one, e.g., in
planning a visit to a factory, consider the
hazards of which the students should be
aware.

All precautions must be taken to ensure that the

field trip is accident free. Medical histories of students

must be known, e.g., possible allergies to a medical drug

or bee stings. This information usually is available in the

office of the school nurse. A first-aid kit is standard
equipment for any field trip. If there is a student who is

allergic to bee stings, the teacher should make certain that

a bee sting kit is available and that someone knows how

to use it.
Other information, such as the location of eating

sites and comfort stations, opening and closing hours of

the site, fees, tour guides and the length of travel time, can

be collected during this preliminary visit.
All field trips require administrative approval (a

sample authorization form is printed on page 68). Early
approval will allow time for arranging necessary details.

After the trip, the experience should be rv-examined by

the entire class. What learnings, discoveries or conclusions

did the students have as a result of the trip? What other

learnings or experiences should the class now pursue as

a result of the field trip?.
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Consultants and Speakeis

Eve7 community has individuals with expertise in the
subjects or topics taught in the school system. Many of
these individuals are more tht.n willing to share their
knowledge with students. A les son or topic may be more
meaningful when an expert pre ients a firsthand account
of experiences, a working document, a piece of equipment,
slides or a technique that is und al the expert's profession
or field of interest.

Speakers would be used more often if teachers
knew of their availability. A c.entral catalog or file of
experts who are willing to be called upon occasionally to
speak to a class or group of students about a topic of
interest should be established and made available to
interested teachers.

A catalog of consultants may be established by
having the principal, a group of principals or a committee
of the parent-teacher organization send out letters and
consultant forms to adult resi dents in the district ex-
plainin,z; the objectives of a consultant program. If a
recipien: is interested in the project, he or she would
complete the form, indicating the area of expertise and
the age group that would benefit from a presentation.

If the school does not have a central clearing-
house system, a check may be made with colleagues
amut resource people who a'.ready have participated.
Professional associations also have contacts with con-
sultants and speakers throughout the state who are willing
to visit schools. College and university speakers' bureaus
list faculty members who are willing to share their special
knowledge with members of the community. Often, a
business or industry can provide a list of personnel who
have expertise in specific fields.

An excellent resource which may be found in
most school libraries or local public libraries is the current
edi tion of the Stateof Connecticut Register and Manual. This
reference book lists most of the state's professional soci-
eties that are concerned with specific topics such as
arthritis, diabetes, cancer, heart disease, conservation,
entomology a Id photography. Names and addresses of
each society's officers are provided. These associations
and clubs may be excellent resources for both teachers
and students.

Once a "Guide to Speakers and Consultants" is
compiled in the school, it is prudent to have someone
designated to serve as curator of the guide to see tnat it is
up-to-date. The school liLrarian, career coordinator,
counselor or an interested parent can serve in thiscapacity.
The publication or file may be arranged alphabetically by
occupation (author, engineer, nurse, town official, etc.) or
by subject (native Americans, biology of birds, ecology,
space travel, etc.).

Before any speaker visits the school, the teacher
should contact this person and discuss such matters as

the time allotted for the presentation, the specific topics
about which the class seeks information and the back-
ground of the class. The level of the presentation is of
particular importance and should be appropriate for the
students. The format of the presentation also should be
discussed as well as the equipment the speaker may need.
After the presentation, the speaker should be thanked
properly. A letter from the class always is appreciated..

Personal Interviews

There are times when a desired speaker is unable to visit
the school, or feels it would be more meaningful if one or
two students were to visit her or his place of work. This
technique provides students with the personal responsi-
bility for arranging and conducting the interview as well
as reporting to the rest of the class.

Listed below are some guidelines for conducting
a personal interview.

Before the interview, build up a background
in the content.
Focus on the specific topic to be investigated.
Write down specific, open-ended questions
that will treat the topic thoroughly.
Select a resource person and set up an inter-
view time (with an alternate date "just in
case") at the person's convenience.
Send the person being interviewed a copy of
the questions to be asked at least one week
before the interview so he or she will be
prepared.
Plan a way to open and close the interview.
Learn how to listen. (This is very important,
even if permission is granted to tape-record
the session.) If a reply is not clear, ask for
clarification. Be aware of cues for drawing
the interview to a close.
Remember to thank the person interviewed,
and fo low up with a thank-you lettr r.
Notes should be organized (the tapc edited)
for the report to the class. The report should
be illustrated with pictures, graphs, models,
charts, maps or other audiovisual aids.

A good interview requires an understanding and
application of the techniques mentioned above..

Museums and Planetariums

Today many museums are following the lead of the
Science Museum of Connecticut and the Museum of Art,
Science and Industry by developing hands-on activities
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for their visitors. Museums such as the Connecticut State
Museum of Natural History have kit-lending programs
to allow students to learn about important collections.

Teachers at all levels of instruction should ex-
plore the museums within a reasonable radius of their
schools in search of exhibits and other types of programs
that may focus on some of the topics the class will be
studying during the year. Counselors or career coordi-
nators may be of assistance in this process.

Most communities have museums which offer
visits and research opportunities to schools. The yellow
pages of the telephone directory, as well as other resources
mentioned previously, can furnish the names and ad-
dresses of nearby and other museums. Curators are
pleased to have class groups visit their institutions.

During recent years, the field of astronomy has
generated much student interest. Many students are now
studying this subject. The National Aeronautics and
Space Administration (NASA) has exhibitions or pre-
sentations which are offered at museums and planetari-
ums. There are a number of planetariums in Connecticut
offering programs in astronomy and relateu fields (see
list at the end of Chapter 6)..

Libraries

The library is one place where students can always get
assistance in their studies, projects and reports. A trip to
the school or public library early in the school year will
help to familiarize students with the services the library
offers.

Many students may not know that films, video-
tapes, filmstrips, recordings, mounted pictures, slides,
newspapers, pamphlets and other reference materials are
available from the library. After the students have mas-
tered the use of the school or public library, they may
want to visit and use a local college or university library.

Teachers should encourage their students to ap-
ply fin library cards and to use these cards frequently.
Students should acquire the habit of using 'lie library..

Internships in Business and Industry

Many industries, town governments and places of busi-
ness are willing to work with teachers and students to
enrich science classes. Some are willing :o offer internships
to interested and able students. However, before t: Is can
take place, the school must make the initial contact with
these agencies to discover what opportunities exist. Also,
there are many different types of scientists who are willing
and able to work with high school students.

Remember that "internship" or "shadowing"
programs are different from work-study programs. In-

ternships do not involve funds. The selected student is
provided with an opportunity to work with a profes-
sional in the student's field of interest. The school makes
the initial contact and provides, if necessary, the released
time for the student to work in the selected facility. The
student assumes the responsibility for getting to and
from the plant, office or laboratory as well as all other
necessary details. Recently, science centers also have
helped to make these kinds of arrangements. The scien-
tist, engineer or professor who provides this assistance
often is known as a mentor.

Many benefits accrue from an internship pro-
gram. One of these is the contact the school has with the
local community. Another is the information the student
gains about careers he or she would never obtain were it
not for the experience..

Cooperative Work-Study Programs

Cooperative work-study programs are based upon indi-
vidual needs. A cooperative arrangement between school
and employer to provide on-the-job experiences is de-
veloped to meet these needs. Based upon each student's
abilities, there are various levels of programs. The success
of these programs depends on the certified guidance
person's abilities, the cooperating business or industry's
attitude toward the program and the student' s motivation.

These programs lead many students into as di-
verse a range of activities as the community can offer.
Such programs help students to develop a value system
and examine their own attitudes in light of society's
demands in the world of work. All students, even the
brightest youngsters, may benefit from internships and
work-study programs at colleges, hospitals, industries
and scientific laboratories.

The potential for cooperative work-study pro-
grams is enormous. Much literature, such as that avail-
able from the Bureau of Vocational Services of the Con-
necticut State Department of Education, should be stud-
ied before embarking upon such an effort..

Nature and Science Centers

The Connecticut Association for Environmental Educa-
tion is a network of nature centers dedicated both to the
preservation and improvement of our environment and
to the education of our students. Teachers, students and
the general pnlic are welcome to enjoy and utilize nature
center facilities. The yellow pages of the phone book
provide the names of local nature centers. A listilg of
some of these appears in Appendix H, Some Field Trip
Sites in Connecticut.
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One of the nation's outstanding science centers,
the Talcott Mountain Science Center for Student Involve-
ment, Inc., is located in Avon. This center must be visited
and experienced to be fully appreciated. The Science
Museum of Connecticut in West Hartford also is an ex-
cellent facility, featuring many programs for student5
and teachers.

Project Oceanology, a marine educationprogram
located at Avery Point in Groton, offers many programs
for students and teachers from the elementary to the
graduate level. The staff of this project has published an
excellent series of marine education guides for use in
science programs. This organization serves students and
teachers in Connecticut, Massachusetts, Rhode Island
and New York..

Science Clubs

An effective means of involving students in science expe-
riences is 'ilrough science clubs. Clubs that deal with
specific activities, such as radio, astronomy, computers,
tropical fish and other topics, appear to bemore attractive
than more general science clubs.

Teachers who serve as advisors to these clubs
should not assume any of the offices or responsibilities of
running the club. Students should take over the club's
acdvities as quickly as possible.

Successful science club activities often include
the parent or guardian. These activities, held during

nonschool hours, serve to enhance the relationship be-
tween adult and child..

Assistance and Ideas

Within the Connecticut State Department of Education, a
consultant for each discipline is available to assist teachers
with problems, to answer questions and to provide infor-
mation. The Connecticut Education Directory, published
annually, contains the names and telephone numbers of
the consultants and a complete listing for each school
district. The science consultant may be a good source of
information about learning activities outside the class-
room.

The State of Connecticut Register and Manual,
published each year, lists the various state agencies, a
number of which such as the State Department of
Environmental Protection and the State Department of
Health Services may be of assistance to science teachers
in planning activie

There at, many programs, both state and na-
tional, of interest to students of science. Students may
enjoy science fairs, olympiads and otherevents that allow
them to pursue their interests beyond the classroom and
the laboratory. The Connecticut Science Teachers Asso-
ciation, through its newsletter, routinely publishes an-
nouncements of these events, some of which are listed in
AppenC . I, State and National Events..
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Sample Field Trip Authorization Form
Westport (CT) Schools

Instructions: Teacher to complete this form and send the entire three-part unit to principal for approval. If review

by assistant superintendent or approval of superintendent is required,principal sends entire three-part

unit for these approvals. Superintendent or assistant superintendent should keep last copy and return

others to principal who will have teacher complete Part C.

Teacher Grade/Subject Date(s)
Number of Number of

School Students* Adult s*______

*Legal capacity of bus is 65 occupants.

Destination Type of trip (check one) II III

Date and Date and Date and

Departure Time Departure Time Arrival Time

from (town) from Destination In (town)

Transportation Costs Sources

(check one)

Bus Transportation $ Cost paid by each child $

Train Admission Fees $__. Cost paid by other
sources (specify) $

Car Other $ _ Total pupil cost of trip $

Purpose of the trip:

I have reviewed the field trip policy and the procedures. I will brief students and chaperones in ,...7cordaice with

that policy.

(Teacher's Signature)

APPROVALS
1. I hereby authorize the above Field Trip.

Comments:

(Signature of Principal) (Date)

2. I hereby authorize the above Field Trip.

(Superintendent or Ass't. Sup't. whichever is applicable) (Date)

COMPLETION/FINAL ARRANGEMENTS
1. . Prior to departure teacher should complete data below,

keep second copy and return remainder to principal.

FINAL ARRANGEMENTS
1. Permissicn slips for all students received?
2. Names of students going on trip submitted to office?

3. Provisions made for students not going on trip?

4. Lunchroom notified?
5. Transportation arrangements confirmed?
6. Detailed itinerary sent to parents and principals for Type II and III trips?

7. Names and telephone numbers of parents to be notified in case of accident,

emergency or change of plans obtained and filed with principal?

YES NO
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"Every tool carries with it the spirit by which it has
been created. . . Since the measuring device has
been constructed by the observer. . . we have to

remember that what we observe is not nature in
itself but nature exposed to our method ofquestioning."

Werner Heiseaberg

Assessment and Objectives
Test Instruments

Connecticut Assessment of Educational Progress
Self-Assessment

Assessing Student Progress Systemwide
Performance Assessment
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The assessment of science instruction and science pro-

grams involves the selection, collection and interpreta-
tion of information about student performance and pro-

gram adequacy. Evaluation involves the use of this infor-

mation to aid in making decisions about each student's
understanding of the process of science and the subject
matter, and about the student's competence, scientific
attitudes and laboratory skills as well as his or her ability
and willingness to work awl learn. The total process is
directed toward the improvement of the instructional
process, the learning outcomes and the science program.
While this chapter concerns itself primarily with the
assessment and evaluation of student learning outcomes,
there is reference to program assessment and evaluation

as well. Among other references, the National Science

Teachers Association's (NSTA) publication Guidelines for

the Self-Assessment of Secondary School Science Programs

(1978), addresses the evaluation of facilities, staff and

progra ms..

Assessment and Objectives

Assessment of learning outcomes begins with the estab-
lishment of broad goals which the state, district and
school indicate should be achieved. Implementation of
these goals means developing programibje'dives which
state what the learne should know and do as a result of

participation in the program. As indicated in Chapter 2,
objectives can be stated in terms which specify what is to

be achieved, by whom and under what conditions. They
also can include a minimum acceptable level of learner
performance. Stating objectives clearly makes it easier to

devise or select ways to measure their attainment. To the
extent possible, care should be taken to ensure that objec-
tives from all levels of the cognitive, affective and psy-
chomotor domains are included in the assessment pro-
cedures.

Science teachers need to employ both qualitative
and quantitative procedures for describing and measur-
ing learning outcomes. Some qualitative data collection
techniques are behavioral and anecdotal records. These
techniques are labeled "subjective" because they rely
heavily on the interpretation of theindividual. Sometimes
they are the only feasible way of collecting certain kinds

of data. However, their ultimate value may be that they
give an in-depth view of the performance of the student..

Test Instruments

Most assessments will utilize some forms of quantitative
measurements. The most commonly used testing instru-
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mencs are teacher-developed tests, which may be either

the laboratory "practical" or paper and pencil tests.
Criterion-referenced tests. The first rule of test

construction is to use student objectives as a guide in
making the test. Often, the test is arranged in ascending
order of difficulty with similar types of test questions
grouped together. There should be questions addressing
the various leveis of cognitivedevelopment. If the stated
objectives also indicate a performance standard such as
"students will achieve a grade of80 percent," then the test

can be used for criterion-referenced purposes. Because
they a re designed to measurespecific program objectives,
criterion-referenced tests also can be very useful to the

assessor in determining the successof a program. School
districts may want to make use of the science objectives
presented in Chapter 4 as a guide in developing their own

criterion-referenced tests.
Standardized tests. There ar many standard-

ized tests which have well-developed statistics for validity
and reliabili ty and which test for everything from general
academic achievement to aptitude for a subject area and

specific subject knowledge. Standardized tests are de-
signed to have the scores spread out over a wide range so
that the examinees can be compared against each other.
Usually standardized achievement tests are not used to
show success for a program because the tests are not as
useful in me' uring the achievement of program objec-
tives as are criterion-refc .enced instruments.

Textbook tests. Many of the program and text-

book pub'i...hers supply test bookswhich are coordinated

with the) taterials. However, there may be a discrep-

ancy between local program objectives and the test items.

More recently, publishers have turned t a "resource
book" containing many questionswhich meet the criteria
for the various levels of the cognitive domain and which

cover many student objectives. Teacners may then pick
and choose those items that best fit the local objectives
and thereby construct their own tests.

National tests. A number of tests are available
from national sources. For example, the American
Chemical Society and the National Science Teachers As-
sociation have for years co operated to offer the ACSINSTA

Cooperative Chemistry Test. This is an end-of-course test

offered at two levels high school and advanced. This is

a normed test which provides a percentile rating based

upon a national sample of students. Similarly, end-of-

co urse tests are available or under development inphysics,

biology and earth science. There are a number of com-
mercially available tests for the elementary and middle
and junior high schools which have norms developed
nationally. In reviewing any tests, it is important for the
teacher to make sure that the questions reflect what is
being taught in the classroom..
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Connecticut Assessment
of Educational Progress

The State of Connecticut has a science assessment pro-
gram though its Connecticut Assessment of Educational
Progress (CAEP). This test is an adaptation of the Na-
tional Assessment of Educational Progress (NAEP) science
section which periodically is administered in selected
schools across the nation. The first Connecticut science
assessment was conducted in 1974-75, the second in 1979-
80 and the third in 1984-85. The Connecticut and national
assessments have two major goals: to make available
comprehensive data on the science education attainments
of students at ages 9, 13 and 17, and to measure any
growth or decline which takes place in these attainments.

Test items are designed to gather data about the
knowledge, skills and attitudes of students at the speci-
fied ages. Data are reported on both the state and national
tests by specified test items. Local communities using the
Connecticut Science Assessment will have available data
comparing their students with students in Connecticut,
the Northeast and the nation..

Self-Assessment

Another form of assessment, which probably i ; not used
to the extent that it might be, is the self-assessment
instrument. Such an instrument enables students to rate
their progress toward achievement of the objectives in a
course, a unit or a daily lesson. The instrument consists
of a listing of the performance objectives and a choice of
rated responses from low to high achievement. This form
of evaluation also can be used to show growth as a result
of studying the unit by having students complete the
form before and after the study.

Evaluation. The evaluation of student perfor-
mance or of the science program represents the judgment
made relative to the accomplishments of the student or
the success of the program. Student assessment and the
evaluation that follows are thought of as a means of
arriving at a grade for the lesson, unit or course. Testing
is an important part of the assessment process. However,
one should not lose sight of the other interpretations
which can be given to test results. If there is a significant
difference between a student's score and the teacher's
perception of her or his ability, time should be spent to
diagnose the cause. If many students miss items which
seem to have been well covered, then time should be
spent to examine the science course or program, inclu l-
ing such elements as teaching methodology, the suitability
of the teaching inaterials, and the adequacy of facilities
and school support. Assessment and evaluation should
be an ongoing process that is one segment of the total
learning experience. A listing of assessment and evalua-
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tion sources appears in the resource section at the end of
this chapter..

Assessing Student Progress Systemwide

Most school districts do not assess student progress in
science toward their curricular objectives on a systemwide
basis. At the elementary school level, a number of districts
use commercially developed standardized tests a por-
tion of each test is devoted to science. Sometimes the
objectives of the tests are well correlated with the objec-
tives of the science program in a particular district; often
they are not. Some school districts and states now are
identifying a core of science objectives for the elementary
grades (K - 6) and devising a systemwide or statewide test
to assess progress toward them. This procedure gives
some assurance that appropriate topics are taught in all
classes and in a sequential manner. To assess student
performance and to evaluate program effectiveness, this
approach is well worth the consideration of the science
curriculum committee and the school district..

Performance Assessment

The Connecticut State Department of Education, under a
grant from the National Science Foundation, is developing
assessment instruments that lean heavily upon the per-
formance of students. The instruments, latich differ
from traditional multiple choice test formats, include the
use of open-ended responses, the analysis of data and the
synthesis of conclusions based upon these analyses, and
the assessment of student performance in hands-on
laboratory situations. The assessments are directed to-
ward Connecticut's Common Core of Learning (1987). The
purpose of this approach to assessment is to provide a
better look at what the student is capable of doing and to
move instruction away from plain rote methods and
toward activity-oriented learning..
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Science is a dynamic, self-correcting and constantly ex-

panding enterprise. This means, of course, that teachers

of science need to keep abreast of new developments,and

science curriculum materials need to be continually up-

dated. The knowledge explosion and the tremendous

rate of change in many scientific fields means that teach-

ers can fall behind and science curriculum materials can

b2 seriously outmoded in a relatively short time uniess

there is a planned and ongoing program for staff devel-

opment and curriculum revision,.

Connecticut Mandate

Recognition of this need to constantly update and expand

the teacher's area(s) of expertise has resulted in new

regulations (P.A. 88 - 273, signed into law May 6, 1988)

which mandate that every teacher seeking renewal of the

Professional Educator Certificate must successfully
complete at least nine continuing education units (CEI.Js)

during each successive five-year period of teaching. In

addition, Connecticut General Statute 10-220a requires

that every local and regional school district in Connecti-

cut have a five-year plan for professional development.

Thus, a carefully planned program of staff development

is a high priority for every school system. In terms of the

special needs of science teachers, there are three basic

areas in which they may require assistance in remaining

up-to-date:

new developments in the natural sciences,
particularly in the area(s) they teach;

new science curriculum projects and teach-

ing materials; and
new and /oralternative methods of teaching..

Professional Development Guidelines

The following guidelines for professional development

represent a summary of "best practices" derived from a

review of published studies dealing with effective in-

service programs and projects:

In-service education is most likely to be ef-

fective when teachers have participated in
planning the program and when the pro-
gram is responsive to their particular needs

and interests.
Single-session workshops can be verv effec-
tive when the aim is to create awareness or to

)i.ovide updating in a specific area. How-
ever, for most other developmental goals, al,
extended in-service program with oppor-

tunitit cor teachers to practice and imple-

ment new knowledge, skills and attitudes

their own classrooms between in-service

sessions usually produces better results
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than "one-shot" or "quick-fix" efforts.
Effective in-service programs include Con-

crete learning experiences that place teach-

ers in active roles such as developing cur-
riculum materials, simulating new tech-
niques and problem solving, rather than
simply placing teachers in passive listening
roles and expecting them to "store-up"
knowledge.
Well-coordinated peograms "follow the
teacher" back into the classroom by provid-
ing such support services as model lessons,
supervised practice and peer coaching.

When principals workside-by-side with their

teachers during in-service sessions they not
only demonstrate in a very unambiguous
way the great importance placed on improv-

ing science education, bu t they also are better

able to provide their teachers with informed
and empathetic support.
It is important not tounderestimate the length

of time that may be needed for significant
change. Indeed, it may take one to several
years for teachers to implement and become
comfortable and skillful with new concepts

and techniques they have acquired in in-

service programs..

Federal Support

Local school districts can obtain considerable supportfor

professional development activities from entitlement
grants funded by the federal government. In Connecti-

cut, Title II of the Dwight D. Eisenhower Mathematics

and Science Education Act funds are administered by the

State Department of Education and the Department of

Higher Education. CurrentTitle II programs have fostered

professional development for teachers of science from

kindergarten through Grad', 12 in areas ranging from
elemeniary school science aL ties in physical science to

microcomputer-based laboratories.
The following activities are representative of those

allowed under Title II:

in-service workshops sponsored by one or

more schoc,1 districts, by consortia or by re-
gional ec acational service centers;
academic year or summer in-service pro-

grams sponsored by colleges and universi-
ties;
half-day or full-day workshops taught by
local district staff, outside consultants or
university faculty;
the purchase of mate; ials, supplies or a lim-

ited amount of equipment to be used in
training, retra Ming or in-service training; and
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the meeting of transportation, tuition or other
participant support costs related to in-service
training or professional development
activities,.

National Science Foundation

The National Science Foundation again has become qui te
active in supporting activities involving professional
development for teachers and the creation of new cur-
riculums. Connecticut has been fortunate in receiving a
number of these grants. Topics such as robotics, energy,
elementary school science and coastal biology have re-
ceived greater attention in the schools as a result of this
support.

Since technology now plays a greater role in the
schools, the National Science Foundation has initiated a
new category for grants to address the issues brought
about by this development. Other categories involve
cooperative efforts between business, industry and edu-
cational institi itions in the development of new programs;
an emphasis on urban programs; and the networking of
information gathered by students and teachers to allow
for greater communication and participation..

State Support Through ITL

The Connecticut State Department of Education's Insti-
tute for Teaching and Learning (au is another important
avenue for local school districts seeking support for
professional development activities. The stated purpos
of the ITL is: "To offer professional development expe-
riences to Connecticut teachers and educa tonal leaders
by providing training sessions which offer practical
classroom application of current research about teaching."
This program encourages successful, experienced teachers
to shar their knowledge and skills with other teachers,
usually within the format of intensive, week-long summer
institutes. In this way, the lead teachers (iTL director)
experience new challenges and satisfactions related to
being a teacher of teachers, and the participating teachers
engagc in activities that update and extend their profes-
sional competencies.

The ITL program makes it possible I'm teachers to
participate in a broad spectrum of insti tutes which are
responsive to a variety of special needs and interests.
Appropriate science programs may include, but are not
limited to. such topics as science process skills, inquiry
techniques, laboratory procedures, new curriculum
projects, science-technology-smiety interactions, proh
lem solving and scientific literacy. The majority of insti-
tuie programs are week-long SCSSiOT1S (20-40 hours) held
during the summer, often with one or more follow-up
meetings during the next school year.

The State Department of Education issue.; d call

for proposals in the early fall of each year and thedue date
for applications usually is in mid-December. Local and
regional school districts, the regional vocational technical
school system, colleges and universities, regional edu-
cational service centers, teacher centers, other stite
agencies and other nonprofit agencies may submit pro
posals. However, individuals may submit proposal ,
only through one o f the above organizations. All proposals
selected for funding are administered by on e of the regional
educational se) vice centers..

Higher Education

Connecticut is dotted with many institutions of ,igher
learning, a number of which have long traditions of
helping preservice and in-service teachers, State-sup-
ported institutions include the University of Cora ,.-ctieu

and its tri.anch campuses, The Connecticut State Univer-
sity (formerly the tour state collegeQ), the 12 community
colleges and the five technical colleges. The private
colleges and Iniversities in Con nectic, It provide another
major resource. All of these institutions can help teachers
in various ways, including formal courses, dissennatk 1
sessions and independent study opportunities. n addi-
tion, some of these insti tut ions pro s; de special programs
for teachers. Current offerings include the following:

Central Connecticut State Univ,A In-

stitute for Science Education. Th in .otute
offers advanced courses in biology, chemis-
try, earth science and physics.
Eastern Connecticut State University In-
stitute fel Marine lin vironn iental Education.
This institute is offered in cooperation
'roject Oceanology (Avery n inf,Grotoi

includes a summer on-the-water program
for K-12 teachers a well as a series of special
field courses (marine expeditions).
Quinnipiac College. Computers in Si elice
and Mathematics. Mid,Ile school and s,cc
ondary teachers an provided with a --.eries ,f

mputer workshops in science zinc; math-
ematics.
Sacred Heart University. A variCv o;
workshops for elerilen iars.; a, ,c1 secondar,
school teachers. Sacred Heal t University als:
maintains a !ibrary of Pro)ect Seraphim con
puter software, a project of Illy Al,ierican
Chemicid SocL'ty. SMARTNET,

rict project 01-.)crated iTi COorPral
with Scared I leart oovides
aad spef.arwn '-dOOLO acOvi-

tleS.
Northweste-n (7,0' oltiTgc. tin
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college hosts conferences for the norti ,t-
c n region of the state. Its activities concen-
trate on elementary school science, math-
ematics and aspects of comj,liter usage.
Wesleyan University. Project to Increase
Mastery in Mathematics md Science
(PIM MS). PI MMS includesa ,.,,,riety of special
institutes with funds and support from many
ources in education, business, government
and industry. Elementaryand middle school
teachers of science and mathematics study
together in courses and seminars in prepa-
ration for service is (1) roiource teachers in
their owri hoots, (2) consultants on cu
ricular 'natters to any school district re-
questing sucL sc: ,,ic(t. and (3) leader.
workshops and oti ter proiesional develop-
ment Ilro;.;rams for teachers..

Region al Educatiulial service L.:enters

Connecticut's regi i tied ucatio tal servieecenters(RE.r.$)
are r,snonsive, flexible and available to local seaoc,'
distric, Thiiso centers are capable of bringing Hgcthei
a wide variety ot human, natural and technologit A re-

to meet specific needs at specific times in spc.'ai
(often Inc. situations. Teache, stan turn to 3 'se ceni,
for print and nonprint materials, literature -arches,

; culum material, and a va riety of in- r vice woi k,hop
:.es:., (gee Appendix K to. addresses the six .21 rti
in Connecticut.).

Professional Associations

n st ways of outaming inrormilion
development experiences about recent
cieneeeducation is thu nic scienc teaci ut s a ,o( anons.

The '.Conal Science Tenchc2rs i.1

(NA'A) pnblishes a number of jour
.ortos,,ra9hs and position staiemenLi Nhi(! Ina:, be

The C'i-linecticui Science Tea( -rs Ac.,!:ec cat
publiiines a nesysieft 1.\

y.ia; 'Oa journal wh i is onlin aL
i ee !inn' .)er yyar. .11S0 T :it it

r meeting and se. region 1 mei...0,,
Thei,n evcw im

,

()nun,- iii cnce
teli,3 ol t , t,1,(4, ct,
1,1t0q prOtti .1.11115, fhC!!1: MeC 117:,

" Hi:Al:lye way lot Icac',on,
1'iI. .0A

,-,chn01 St"i0,1(.0. t.f !

with the Council for Elementary Science International
(CEM) to allow teachers to obtain dual memberships
and thc publications of both associations.

The Connecticut Science Supervisors Associa-
tion (CSSA) is an active organization that addresses the
concerns of science department heds. Attendance at its
meetings, however, is open to all interested parties. The
association III Ids nit -4ings about four times a year.

Each subject matter discipline has an associa-
tion (e.g., National Association of Biology Teachers,
New Fng)and Association of Chemistry Teachers,
A n, Tica . , Association of Pkysics Teachers) dealing with
concerns spet.ifil! tC hat discipline. Teachers should be
encouraged to join and become involved with these and
the other more general science associations such as the
National Science Teacher. kssociation. In this way
teachers will ' better able to remain abreast of the many
changes taking piace in the

Learnin6

,-)nnecticut 1. a numbet of learning aters iffering
Aissional dt olopment opporttini t s in speciall
ets of science. Among the most upular Are the tol

l'ruject Oceanology, Avery Point, Cr ,ton.
Iceanology., ro",anuntbc.r tx

&Ands i,i Connecticut it\.' activi
ties tor U acher ijtd snider 1, iii top, eorn .

erned with the aquatic eny.mment. 1 he
pruject has grown dr, -; iaticallyovor theyears
and now provides pro},raws for areas or
Ntissachusetts a I New York a,, well. Stu-
. ,ent, teachers cal receive instruction in
both Inv hie and physical sciences dS they
, tar. to ti,e marinP world.
Talcutl Mountain S-;ence (enter, Avoi,

nis woe, ,)ffers a vai iety of serv
P.erialstoteat r thcir -;twienk,

if its int, t re(_cnt at;ve pr.,rarns are:
(1 ) tl ' bo.,:klers of Gia4n." a y

't 05 10 whieli ,ti. Aientists
ttt' ter aod inter& !' with teadwrs a .

-Thde16- , 'Scistat" an interacte,t-
-)itfed by sat II;(' which

linsvivicc ny H teachers
Al; ,.+.at 'state at ! acro,,s 'the col Ity.

iem e T.enter, ''ew ndui A
-twit r yativc ,larrently

LiMl! tnt In t'each4.1!-., !Ion tf.'
it, "Proitvi 1!otACW

,, ;ring t.t.,/ich teacher build
3 h'i h V. 11 anI

1-1.011.1k that TO then be
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integrated into their physical science cur-
riculums; (2) "Project Science SKILLS" - a
series of workshops fer elementary and sec-
ondary teachers with hands-on activities,
materials and research-oriented projects
designed to increase student Interest in the
natural and technological resources of east-
ern Connecticut; and "Project Porifera" a
summer nstitute that integrates aquatic bi-
ology and computer science. Through a
combinat on of field and laboratory activities,
teachers learn to guide tneir students in an
ongoing survey of chemical, biologic o! and
physical c haracteristicsot ,tr uns, rivers -n,i
estuaries of Eastern Connecticut..

Business and Industry

Over the years, many businesses and industries h .

supported projects and activities und,Itaken by siudents
and teachers. Recently, perhaps due to the growing
interest in the importance of science education as related
to the needs of an increasingly technical society, more
formal relationships have ileveloped between business
and industry and the schools.

SNET, in cooperation with the State Department
of Education, administos a yearly program called the
Celebration of Excellence to recognize excellent teachers.
Among iltose who have received recognitiol , area number
of teachers of science. In order to participate, teachers
must apply and prepare a report of an activity that they
believe to be worthy of recognition.

The Connecticut Business and Industry Associa-
tion administers a Fellowship Program for Distinguished
Teachers. This program places teachers in industrial or
business positions for thesummer months. Eve! y effort is
made to arrange f, 1r a position that will allow tie teacher
to use the skills and knowledge gained in the industrial
setting back in the classroom. The program, ill operation

-e l9P,4, has placed teachers in a number of well-
wn industries in the state.

Some businesses provide professional develop-
' activities oil topics that are related to areas of theit

\in expertise. For example, some chemical and phar-
,.ceutical con ilia nies have arranged for workshoi.

, it* with sifety in the laboratory. Utilities have
.vided prolessicinal devehlyinent activitie4 in the area
liergy, while some .ligh-tecimology" in& sti ies ha ce
)vided experiences 'awl ci i the development and
.! of the iiewer technologie!..

Tlw willingness of buy.inessi..s tcd industi ic-; to
issist in the improvek lit of scierceeducation should not

i;t1ored. l the nu, A 1. ri tht.y aro willing to assist
M general, ii .0 (.(1'11i CO; ice in p, oviding

activitie, of a witiy to Anticnts and icanter; III

Local Stdff Development

There are a number of other important programs that can
be operated at the local level to encourage and support
personal and professional growth. Most of these initia-
tives are relatively inexpensive, and some may seem
disarmingly simple, but they have considerable potential
value for professional development, especially in terms
of encou raging greater cooperation and teamwork among
fellow teachers and better articulation and sharing be-
tween schools and school systems.

Self-study and self-improvement, for example,
can be encou raged by providing teachers wi th easy access
io audio and video recording equipment. This will enable
teachers to record ai id preserve sample lessons for later
study and analysis. In a similar way, teachers can be
encouraged to team up with one or more tilleagues and
take turns visiting one another's classrooms. Teachers
who cooperate in this way then are aAe to exchange
valuable information and informal feedback about
clasoom interactions. In addition, such classt in visits
by fellow staff members can be an imp flaw way for each
teacher to observeand study other )(ample:, or u i4 Idyls oi
teaching. Many teachers work r Ione and seldom, ti Vvksr,
see colleagues in action in classroom settings. It is an-
fortunate that such an inexpensive and simple approach
to staff development -informal classroom visits by fell( w
teachers is not used by more school systems.

Many teachers never have received any formal
training in h. iw to study their own teaching behaviors.
Most teachers spei.J years to acquire mastery of th
subject matter but often have devoted little or no formal
study to their actual performance verbal and lit 'overbill
behavior - in the classroom. Thus, here may be gt ,

potential gain for local districts to eneoura}r hchers to
engage in effori to learn mon bout the ail of n
In recent years, a null iiher of methods v. been devised
that can be used by teacher% lo qudy and ai ov.z.e theii
own teaching behaviors.

rhe Design for Effrctive Instrutio,, material by
Madeline Hunte-, Hander's hi. raction Analysis and
Teacher Expo tatirms and Student Achievement (TESA)
and programs on lea! tyles are helpful systems Om;
can be used by individual i. 1'. rs or sinall teams to
study and ii r their teaching. By pr(cdillg tii and
the appropriate sti1(.. 'i Os, local school syste:Iis
be very helpful and influeihial ii this area o: staff (level-
opnit

In-so 4.4.,.,',ic>11,. In be another ave, to stilti
develop nent. Thesk, ky
or de-tonic workshops dealirtg with bevi
illerth, in i (L. -Ind science cu rictillint and are taught
by a local supei is(a i1 .lecial resom cc teacher, e.g.,

iNii; fellow, Operation Physic; insiruc
from ,; 1,, Each sch,,id s tern should t,0(,
( are not to (Art ic, potentially . incal re
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sources for staff development and curriculum enrich-

ment such as amateur and hobby organizations (e.g.,
astronomy club), health organizations (e.g., American
Red Cross), local industries (e.g., American Cyanamid),
government agencies (e.g., the United States Submarine
Base in New London) and local historical societies.

Another fairly simple and direct way of encour-

aging and supporting staff development is to provide
easy access to resource materials. Professional and sci-
entific books and journals can be of assistance to teachers

interested in acquiring innovative and up-to-date mate-
rials and techniques. There are many helpful resource
materials and new ones are published every year. Each
school system should allocate funds on an annual basis
for the acquisition of new books and for journal and
magazine subscriptions. A listing of a sampling of the
books and journals that can be hou.sed in a deprtmental

or school library is found at the end of this chapter..

Regional Staff Development

Regional resources for staff development usually are
more varied and extei Ave than those available locally,

but also require more cooperation, coordination and

planning.
A basic first step may be to encourage teachers to

visit their counterparts in nearby towns. Released time
granted for such visits two or three times a year should
improve interschool communication and sharing and
make it unnecessary for each school to "reinvent the
wheel." There are many educational resources within
driving distance of virtually all school systems. Person-
nel from school systems should look into these resources

when considering possibilities for credit and noncredit
courses to train, retrain or update their teachers. The staff

at a zoo, for example, might agree to offer a mini-course
designed to give teachers information about the natural
history of vertebra tes, the beha viorof animals in captivity,

and the care and treatment of small native animals.
Likely resources that might assist school systems by
offering workshops for teachers include the following:

Aquariums

setting up aquarium tanks
underwater photography
inarine science

78

Agricultural Experiment Station

plant pollination
incubating baby chicks
hydroponic procedures

4-H Extension Centers

tree identification
raising small farm animals
nutrition, food preparation and
preservation

Historical Societies

Connecticut inventors
great moments in Connecticut science and
technology

Nature Centers

ecology and natural history
sidewalk (urban) ecology

Science Museums

evolution of dinosaurs
endangered species
fossil man

Planetariums

celestial navigation
new knowledge of the solar system
stellar evolution

Zoos

humane treatment of small native animals
and pets
animal communication
learning and conditioning techniques

A number of state agencies also might be able to

help with science staff development by supplying mate-
rials, workshops or opportunities for summer internships.
School systems should not overlook potential assistance
from such state agencies as the Connecticut Geological
and Nat,. .al History Survey, Department of Environ-
mental Protection, fish hatcheries and tree farms:.
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Abruscato, J. Teaching Children Science. 2nd Edition.
Englewood Cliffs, NJ: Prentice-Hall, Inc., 1988.

Abruscato, J., and Hassard, J. The Whole Cosmos Catalog of
Science Activities. Santa Monica, CA: Goodyear Pub-
lishing Company, 1977.

Abruscato, J., and Hassard, J. The Earthpeople Activihy Book:
People, Places, Pleasures, and Other Deng/as. Santa
Monica, CA: Goodyear Publishing Company, 1978.

Alyea, H.N. Armchair Chemistry: Programmed Laboratory
Manual, Princeton, NJ: TOPS-ALYEA, 1985.

Anderson, R.O., et al. Developing Children's Thinking
Through Science. EnglewoodCliffs, NJ: Prentice-Hall,
Inc., 1970.

Beck, W.S. Modern Science and the Nature of Life. Garden
City, NY: Natural History Press, 1961.

Beveridge, W. I. B. The Art of Scientific Investigation. New
York: Vintage Books, 1957.

l3randwein, P.; Watson, F.; and Blackwood, P. Teaching
High School Science: A Book of Methods. New York:
Harcourt, Brace and World, 1958.

Bronowski, J. Science and Human Values. New York:
Harper Torchbooks, 1960.

Butterfield, H. The Origins of Modern Science. New York:
Collier Books, 1957.

Bybee, R.; Peterson, R.; Bowyer, J.; and Butts, D. Teaching
About Science and Society: Activities for Elementary and
Junior High School Teachers. Columbus, OH: Charles
E. Merrill Publishing Company, 1984.

Coble, C.; Hounshell, P.; and Adams, A. Adainstrcaming
Science and Mathematics: Special Ideas and Activities for
the Whole Class. Santa Monica, CA: Goodyear Pub-
lishing Co., 1977.

Devito, A., and Krockover, G. Creative Sciencing: A Prac-
tical Approach. Boston, MA: Little, Brown & Com-
pany, 1980.

DeVito, A., and Krockover, C. Creative Sciencing: Ideas
and Activities for Teachers and Children. Boston, MA:
Little Brown & Company, 1980.

Farmer, W., and Farrell, M. Systematic Instmction in Sci-
ence for the Middle and High School Years. Reading, MA:
Addison-Wesley Publishing Company, Inc., 1930.

Freier, G.D., and Anderson, F.J. A Demonstration Hand-
book for Physics. Washington, DC: American Asso-
ciation of Physics Teachers, 1981.

Gega, P.C. Sciencein ElementaryEd ucation. 5th Edition. New
York: John Wiley and Sons, Inc., 1986.

George, A., and Anderson, R.A. Chemistry for Children.
Mansfield, PA: Mansfield University, 1985.

Harlan, J. Science Experiences for the Early Childhood Years,
4th Edition. Columbus, OH: Charles Merrill Publish-
ing Company, 1988.

Heller, R., ed. Geology and Earth Science Sourcebook for
Elementary and Secondary Schools, 2nd Edition. New
York: Holt, Rinehart & Winston, 1970.

Hone, E.; Joseph, A.; and Victor, E. Teaching Elementany
Science: A Sourcebook for ElementaryScience. NewYork:
Harcourt, Brace, Jovanovich, Inc., 1971.

Hounshell, P., and Trollinger, I. Games for the Science
Classroom: An Annotated Bibliography. Washington
DC:National Science Teachers Association, 1977.

Ivany, J. Today's Science: A Professional Approach to
Teaching Elementary School Science, Chicago IL: Sci-
ence Research Associates, 1975.

Jacobson, J.J., and Bergman, A.B. Science for Children: A
Book for Teachem. 2nd Edition. Englewood Cliffs, NJ:
Prentice-Hall, Inc., 1987.

Jenkins, E. American Black Scientists and Inventors.
Washington, DC: National Science Teachers Asso-
ciation, 1975.

Joseph, A., et al. Teaching High School Science: A Sourcebook
for the Physical Sciences. New York: Harcourt, Brace
and World, 1961

Kahle, J. Teaching Science in the Secondary School. New York:
Harcourt, 13rac,,-! and World, 1961.

Kuslan, L., and Stone, A. Teaching Children Science: An
Inquiry Approach. 2nd Edition. Belmont, CA:
Wadsworth Publishing Company, 1972.
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Laun, H The Natural History Guide. Alton, IL: Alsace

Books and Films, 1967.

Mandell, A. The Language of Science. Washington, DC:

National Science Teachers Association, 1974,

Mayer,W., ed. BiologyTeacher'sHandbook. 3rd Edition. New

York: John Wiley & Sons, Inc., 1978.

McGavack L, and LaSalle, D. Cnystals, Insects, and Un-

known Objects: A Creative Approach to the Teaching of

Science to IntermediateSchool Children. New York: John

Day Co., Inc., 1971.
Morholt, E.,et al. TeachingHigh School Science: A Sourcebook

for the Biological Sciences. 3rd Edition. New York:
Harcourt, Brace and World, 1986.

National Science Teachers Association. How to. . .Series.

Washington, DC. (A set of pamphlets on many topics

of interest to science teachers. New pamphlets are
added from time to time.)

National Science Teachers Association. Ideas for Teaching

Science in the Junior High School. Washington , DC:

1963.

National Science Teachers Association. Science Scope.

Washington, DC.

Orlans, B. Animal Care From Protozoa to Small Mammals.

Reading, MA: Addison-Wesley Publishing Com-

pany, Inc. 1977.

Palmer, L. (revised by Fowler, H.S.). Fieldbook of Natural

History, 2nd Edition. New York: McGraw-Hill Book

Co.,1975.

Peterson, R.; Bowycr, J.; Butts, D.; and Bybee, R. SciPiice

and Society: A Sourcebook for Elementary and Junior

High School Teachers. Columbus, OH: Charles E.
Merrill Publishing Co., 1984.

Reichenback, H. The Rise of Scientific Philosophy. Berkeley

CA: University of California Press, 1962.
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Romey, W. Inquiry Techniques for Teaching Science,

Englewood Cliffs, NJ: Prentice-Hall, Inc., 1968.

Rowe, M.B. Teaching Science as Continuous Inquiny, 2nd

Edition. New York: McGraw-Hill Book Company,

1978.

Schmidt, V., and Rockcastle, V. Teaching Science with Ev-

eryday Things. New York: McGraw-Hill Book Com-

pany, 1982.

Schwab, J., and Brandwein, P The Teaching of Science.

Cambridge, MA: Harvard Un iersity Press, 1962.

Science Teaching Center. Guidebook to Constructing Inex-

pensive Science Teaching Equipment. (Volume 1: Biol-

ogy; Volume 2: Chemistry; and Volume 3: Physics)

College Park, MD: Science Teaching Center, 1972.

Shakashari, B. Chemical Demonstrations. VolumeI (1983),

Volume II (1986), Volume III (1988). Madison, WI:
University of Wisconsin Press.

Simpson, R.D., and Anderson, N.D. Science Students and

Schools: A Guide for Middle and Secondary School
Teachers. New York: John Wiley & Sons, Inc., 1989.

Summerlin, L.R., and Ealy, J.L., Jr. Chemical Demonstra-

tions: A Sourcebook for Teachers. Washington, DC:

American Chemical Society, 1; ;5.

Summerlin, L.R.; Borgford, C.L.; and Ealy, J.B. Chemical
Demonstrations: Volume 2. Washington, DC: The
American Chemical Society, 1987.

Trowbridge, LW., and Bybee, R.W. Becoming a Secondary

School Science Teacher. 4th Edition. Columbus, OH:
Merrill Publishing Company, 1986.

Trojcak, D. Science with Children. New York: McGraw-

Hill Book Company, 1979.

United Nations Educational, Scientific and Cultural Or-
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APPENDIX A

STATEWIDE EDUCATIONAL GOALS

FOR STUDENTS 1991-1995
Goal One: Motivation to Learn

Students must be motivated to learn and to respond to the
high expectations of their parents, teachers and school
administrators and to their own inherent need to grow
and develop. Connecticut public school students will:

develop F elf-understanding and apositiveself-
concept;
understand and strive to fulfill their own
personal aspirations;
develop positive feelings of self-worth which
contribute to self-reliance, responsibl t. be-
havior, personal growth, health and safety;
demonstrate strong motivation and persis-
tence to learn; and
exhibit an inquisitive attitude, open-
mindedness and curiosity.

Goal Two: Mastery of the Basic Skills

Proficiency in the basic skills is essential for acquiring
knowledge and for success in our society. Connecticut
public school students will:

learn to communicate effectively in speech
and writing;
listen, view and read with understanding;
a-quire knowledge of and ability in math-
ematics;
demonstrate skills necessary to locate and
effectively use a variety of sources of infor-
mation, including print materials, media,
computers and othei technology;
demonstrate decision-making, reasoning and
problem-solving skills alone and in groups;
and
demonstrate good study skills and skills
necessary for lifelong learning.

Goal Three: Acquisition of Knowledge

Acquiring knowledge leads to fuller realization of indi-
vidual potential and contributes to responsible citizenship.
Connecticut public school students will:
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acquire the knowledge of science and technol-
ogy, mathematics, history, social sciences, the
creative and performing arts, literature and
languages;
acquire the knowledge necessary to use com-
puters and other technologies for learning
and problem solving;
acquire an understanding and appreciation of
the values and the intellectual and artistic
achievements of their culture and other cul-
tures; and
take full advantage of opportunities to ex-
plore, develop and express their own
uniquenef:s and creativity.

Goal Four: Competence in Life Skills

As adults, students will be challenged to function suc-
cessfully in multiple roles as a citizen, family member,
parent, worker and consumer. Connecticut public school
students will:

demonstrate an ability to make informed ca-
reer choices;
understand the responsibilities of family
membership and parenthood;
demonstrate the ability to undertake the re-
sponsibilities of citizenship in their commu-
nities, in the state, in the nation and the world;
understand human growth and development,
the functions of the body, human sexuality
and the lifelong value of physical fitness;
understand and apply the basic elements of
proper nutrition, avoidance of subsiance
abuse, prevention and treatment of illness
and management of stress;
understand and develop personal goals and
aspirations; and
upon completion of a secondary-level pro-
gram, demonstrate the skills, knowledge and
competence required for succes , in meaningful
employment, and be qualified to enter
postsecondary education.
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Goal Five: Understanding Society's Values

As responsible citizens, students will enrich their family,
community and culture and create equal opportunity for
all persons to participate in and derive the benefits of their
society. Connecticut public school student5 will;

respect and appreciate diversity;
understand the inherent strengths in a plural-
istic society;
recognize the necessity for moral and ethical
conduct in society;
understand and respond to the vital need for
order under law;
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acquire the knowledge to live in harmony
with the environment, and actively practice
conservation of natural resources;
respect the humanity they share with other
people and live and work in harmony with
others;
acquire and apply an understanding and ap-
predation of the values and achievements of
their own culture and other cultures; and
show understanding of international issues
which affect life on our planet and demonstrate
skills needed to participate in a global society.

From Challenge For Excellence: Connecticut's Comprehensive
Plan for Elementary, Secondary, Vocational, Career and Adult

Education, Connecticut State Board of Education, April 1990.
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LEGISLATION
.--coMMINa.

This Guide To Curriculum Development in Science is con-
sistent with the provisions of Section 10-4 and 10-16b ofthe Connecticut General Statutes.

Section 10-4. Duties of Board. (a). . . shall pre-
pare such courses of study and publish such
curriculum guides . .. as it determines are neces-
sary to assist school districts to carry out the
duties prescribed by law. ..

Section 10 -16b. Prescribedcourses of study. (a)
In the public schools the program of instruction
offered shall include at least the following sub-
ject matter, as taught by legally qualified teach-
ers: the arts; career education; consumer edu-
cation; health and safety, including, but not
limited to, human growth and development,
nutrition, first aid, disease prevention, commu-
nity and consumer health, physical, mental and
emotional health, including youth suicide pre-
vention, substance abuse prevention and safety
and accident prevention; language arts, includ-
ing reading, writing, grammar, speaking and
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spelling; mathematics; physical education; sci-
ence; social studies, including,but not limited to,
citizenship, economics, geograçhy, government
and history; and in addition, on at least the
secondary level, one or more foreign languages
and vocational education.

(b) Each local and regional board of education
shall on September 1, 1982, and annually there-
after at such time and in such manner as the
commissioner of education shall request, attest
to the state board of education that such local or
regional board of eck,ation offers at least the
program of instruction required pursuant to this
section, and that such program of instruction is
planned, ongoing and systematic.

,c) The state board of education shall make
available curriculum materials and such other
materials as may assist local and regional boards
of education in developing instructional pro-
grams pursuant to this section.



APPENDIX C

THREE-COLUMN FORMAT
EXAMPLE FROM "BIOLOGY"

The following is used with the permission of The State Education Department, Albany, NY.

Unit 2 - Maintenance of Animals

The following statements provide a frame of reference for Unit 2:
The animal examples used are treated horizon ta ,ly with each life functionbeing treated once for eachrepresentative organism.
Evolutionary trends evident in comparing each representative are stressed.Emphasis is placed on the relationship between structure and function.
Chemical concepts are treated descriptively and are introduced at points appropriate to theunderstanding of biological principles.

Topics

I. Nutrition

A. Process

Understandings and Fundamental Concepts

1 ne maintenance of animal life if dependent on
universal requirements:

obtaining and distributing essential organic
and inorganic compounds
removal of metabolic waste products
n ;ulation of process

Nutrition includes those activities of animals by
which they obtain and utilize various substances
(known as nutrients or foods) for metabolic
activity.

Foods or nutrients are substances that serve as:
energy sources for various life activities of cells
constituents in the building or repair of cell
structures
regulators of illetabolic processes

Animals lack the ability to synthesize nutrients
from inorganic raw materials and must consume
preformed organic compounds. This mode of nu-
trition is known as heterotrophic nutrition.

Usually, other organisms (plants and/or animals)
are consumed by anima's and serve (P.: a source
of preformed nutrients. Food organisms may con-
tain Unnecessary or unavailable compounds as
well as those with nutritional value.
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Supplementary
Information

While nutrition may be
extended to include all
activities and destinies
of consumed materials,
only intake and
processing of nutrients
are treated in this
section. The distribu-
tion and specific roles
of physiological com-
pounds are described in
later sections.
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Topics

1. Ingestion

2. Digestion

Understandings and Fundamental Concepts

a. Mechancial
aspects

b. Chemical
aspects

Ingestion describes those activities of animals by

which they take in materials (compounds and/or
organisms) which serve as a basis for nutrition.

Digestion involves the reduction of large or in-

soluble food materials to small, soluble molecules

which may be distributed throughout an animal

and used for various physiological activities.

Digestion may occur within cells (intracellular)

or outside of cells (extracellular).

Many animals exhibit adaptations which permit

the breakdown of food materials to small particles

through purely physical means such as grinding,

cutting, and tearing.

Mechanical digestion reduces food materials to

particles which, by molecular standards, are still

exceedingly large. Further reduction to soluble

form is accomplished through the action of enzymes.

(1) Enzyme Enzymes are proteins which act as catalysts and affect

action many physiological reactions, including digestion.

Digestive enzymes are hydrolytic. They promote

the breakdown of large molecules to small unit

molecules with the addition of water.

The name of an enzyme is usually formed by adding the

ending -ase to a stern which is taken from the substrate

(compound, or class of compound) upon which the

enzyme acts. Some examples of digestive enzymes and

thier substrates include:

Enzyme
maltase
lipase
protease

Substrate
malbse
lipids
protein

Enzymes are specific in their action. They will usually

only catalyze reactions involving a single substrate

compound or a group of closely-related compounds.

Temperature and hydrogen-ion concentration (pH) are

two of the factors which determine the rate of enzyme

action.
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Supplementary
Information

Teachers who do not
select the BC extension
of Unit I may wish to
examine section C of the
BC extension for addi-
tional treatment of
enzymes.
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Topics

(2) Outcome

B. Adaptations

1. Protozoa

Understandings and Fundamental Concepts

As a result of the action of enzymes in chemical
digestion, complex organic molecules are hydrolyzed
to smaller, soluble molecules.

carbohydrates (sugars, starches, etc.) are
converted to simple sugars such as glucose
proteins are converted to amino acids
lipids (fats, oils, etc.) are converted to
fatty acids and glycerol

Nutritional patterns among animals vary in ac-
cordance with the adaptations which have evolved
to permit the ingestion and digestion of food
materials.

Protozoa ingest food organisms by taking them in
through fixed openings (as in paramecium) or
engulfing them (as in amoeba).

Protozoa have no digestive tract. Ingested food
materials accumulate in food vacuoles where
digestion occurs. Digestion is intracellular.
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Supplementary
Information

Although protozoa are
classified by many
biologists as protists
(see Unit VI, Section
C: A Modern Classifi-
cation System), they
are compared with
animals in this section
because they exhibit
animal-like character-
istics and are thought to
be decendants of evolu-
tionary precursors to
rnulticellular animals.

From General Biology Syllabus
The State Education Department, Albany, NY

Us Ld with permission



APPENDIX D

FOUR-COLUMN FORMAT EXAMPLE

FROM "GENERAL CHEMISTRY"
The following is used with the permission of The State Education Department, Albany, NY.

Area 6 - Environmental Pollution

Topical Outline

1. Introduction

Understandings
and Concepts

A pollutant is a sub-
stance found in the
environment which
normally is lacking,
or, if naturally occur-
ring, is found in
greater than normal
concentrations.

Pollutants may be
natural or man-made.

Contamination of our
environment has in-
creased to a point that
it is a serious threat to
the health and economic
welfare of society.

In the past, man has
depended on dilution
and natural purification
processes to control
pollution.
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Laboratory
Experiences

Supplementary
Information

Natural pollutants
include pollen, dust,
silt, and microbes
Man-made pollutants
include sewage, pes-
tiUdes, industrial
wastes, and automotive
emissions.

The rate at which man
adds pollutants to the
environment is so great
that some authorities
estimate that the total
amount of pollution in
the world doubles every
10 years.

Man can no longer
depend upon natural
processes for pollution
control.
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Topical Outline

II. Water

A. Water supply

Understandings
and Concepts

Factors which contrib-
ute to the increasing
contamination of the
environment are the
population explosion,
the growth of large
urban centers close
to each other, and
the desire for an
ever higher standard
of living.

The first important
requirement of a
pollution control
program is an aroused
community of informed
citizens and officials.

Pollutants may be
found in water, in air,
and/or on land. A par-
ticular activity of man
may cause pollution in
all three areas.

Man obtains most of
his water from surface
water and ground water.

Laboratory
Experiences

Supplementary
Information

Discuss the role of the
individual and of local,
state, and federal
governments in control-
ling pollution.

Legislators, lawyers,
public health officials,
and sanitary engineers
are good resource
people cor class visita-
tions, either in person
or via tape.

People in their daily
living activities add
pollutants to the en-
vironment when they
drive automobiles,
heat their homes, dis-
charge sewage,
dispose of refuse, etc.

Surface water includes
lakes, rivers, streams,
and reservoirs. Ground
water is water natural-
ly found beneath the
surface of the earth.
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Topical Outline

B. Naturally occur-
ring substances in
the water supply

1. Rainwater

Understandings
and Concepts

The total amo,!nt of
water on earth re-
mains relatively constant.
Water is continually
circulating through
a cycle of precipitation,
runoff, infiltration, storage,
evaporation, and re-
precipitation called
the water cycle.

The water from a ma-
jor river can be used
many times as it flows
from the source of the
river to its mouth. The
only practical solution
to a shortage of fresh
water is more reuse of
the same water.

When water from pre-
cipitation and "returned"
ground water are not
added to the water table
at the same rate that
they are removed, the
depth of water in the
table decreases and a
water shortage may
occur.

Naturally occurring
substances found in
rainwater include fine
particles of salt, dust,
and smoke which served
as condensation nuclei.
The principal gases from
the air dissolved in rain-
water are oxygen, ni-
trogen, and carbon
dioxide.

Laboratory
Experiences

A terrarium can
be used to illus-
trate the natural
water rycle. If a
terrarium is un-
available, a sealed
plastic bag con-
taining a little
water can be
used to show the
processes of
evaporation and
condensation.

Supplementary
Information

The demand for fresh
water has been in-
creasing. Some sur-
veys indicate a shortage
of fresh water in the fu-
ture. The population of
the United States in-
creased two and one-
half times crom 1900
to 1960, but the use of
water per day increased
four times for the gene-
ral population, seven
times for agriculture,
and 11 times for
industry.

The lowering of the
water table in some
parts of the country is
a matter of great con-
cern.

Traces of ozone, nitro-
gen oxides, argon, sul-
fur dioxide, ammonia,
and other gases may be
present in rainwater.
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Topical Outline

2. Ground
water

Understandings
and Concepts

Most rainwater is
weakly acidic be-
cause of the carbon
dioxide dissolved in
it,

When weakiy acidic
rainwater falls upon
the earth, more car-
bon dioxide is taken
up as the water infil-
trates the soil, flows in
streams, and/or is
stored. Substances
that dissolve in weak
acids are leached by
the ground water, This
reduces the acidity
and increases the con-
centration of minerals
in the water.

Water containing ions
of calcium, mag-
nesium, and/or iron
is called hard water.

Hard water renders
soap ineffective as a
cleaning agent.

Lab ora, ory
Experiences

Test the pH of
rainwater.

Test the pH of
ground water.

Compare the num-
ber of drops of
"standard" soap
solution needed to
produce suds in
samples of water
from different
sources.

Soap solutions can
be "standardized"
by comparing the
number of drops
needed to produce
suds in distilled
water.

Evaporate water
from different
sources and com-
pare the amount
of residue. Ignite
the residues.
Inorganic residues
will not char.
Organic residues
will char.
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1 I)

Supplementary
Information

The pH value of rain-
water ranges from 5,5
to 6,0,

Ground water contain-
ing weak alkaline
materials may have a
pH range of 8.0 to 8.5.

The number of drops
of standard soap solu-
tion necessary to pro-
duce suds is a rough
measure of the degree
of hardness in water.

Students may
encounter the unit parts
per million (p.p.m.). The
unit is used to express
small concentrations of
substances in water
without using fractions.

1.0 p.p.m. = 1 mg./liter
1 liter water =

1,000,000 mg.
water

1 p.p.m. = 1 mg/
1,000,000 mg.

water
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Topical Outline

C. Water
pollutants

1. Sewage

Understandings
and Concepts

Sewage is water carry-
ing human, animal, or
organic wastes from
homes, industrial es-
tablishments, or
other places.

Sewage contains hu-
man and animal
body discharges,
household wastes,
street washings,
ground water, infil-
tration, and industrial
wastes.

Bacterial action
causes the decom-
position of organic
matter.

Laboratory
Experiences

Demonstrate that
the ability to con-
duct electricity is
a way of measuring
the concentration
of dissolved minerals.

Activity 6.01 may be
used to detect oil
in street washings.

Supplementary
Information

Fresh sewage is a tur-
bid liquid containing
organic and inorganic
"solids" which may be
dissolved, suspended,
or floating.

Organic solids include
animal and plant waste
products, dead animal
matter, plant tissue,
and synthetic organic
materials such as
soaps, detergents,
frothing agents, and
grease.

Inorganic matter in
sewage includes sand,
grit, gravel, silt, and
mineral salts.

The bacteria may use
organic matter for food
and decompose it into
simpler substances.

From General Chemistry Syllabus

The State Education Department, Albany, NY

Used with permission.
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APPENDIX E

DOMAINS, SKILLS AND CONCEPTS

FOR CONNECTICUT SECONDARY SCHOOL

SCIENCE SUBJECTS

Biology

DOMAINS

A. GENERAL SKILLS AND CONCEPTS
B. CHEMISTRY OF LIFE
C. CELL BIOLOGY
D. ENERGETICS
E. DIVERSITY AND RELATIONSHIPS AMONG CELLS AND ORGANISMS
F. ECOLOGY
G. GENETICS AND BIOETH1CAL ISSUES
H. HUMAN BIOLOGY

A. GENERAL SKILLS AND CONCEPTS

B.

1. Computation, scient4fic

2. Data tabulation, graphs

3. Scientific technology

4. Terminology

5. Laboratory skills and processes

6. Laboratory and field safety

7. Methods of science

8. History of biology

CHEMISTRY OF LIFE

9. Basic chemistry

Demonstrate knowledge of measurement and of computational
skills, such as significant figures, scientific notation and scientific
measurement

Tabulate data, construct and interpret graphs and charts

Describe the role of technology and relate content on technologi-
cal advances

Identify appropriate laboratory and field terminology

Demonstrate proper use and care of laboratory equipment

Use basic laboratory and field safety techniques

Demonstrate and use basic scientific methods, including experi-
mental design, reasoning, analysis and reporting techniques

Identify events and persons instrumental in the historical
development of biology (e.g., Pasteur, Darwin, Mendel, Crick)

Understand the role and action of inorganic compounds found
in living cells (e.g., bonding, ions)

10. Biochemistry Understand the basic principles of biochemistry (e.g., proteins
and macromolecules, hydrolysis, synthesis)
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C. CELL BIOLOGY

11. Cell theory Understand the historical evidence and developments that
support the cell theory

12. Structure and function of cells Describe the organdies present in typical plant and animal cells
and their functions

13. Intra- and extracellular Understand the mechanisms of intra- and extracellular transpor-
tation (es, diffusion, osmosis, active transport)

14. Cellular reproduction Understand processes of cellular reproduction and differentia-
tion, including mitosis and meiosis, asexual and sexual repro-
duction, and gastrula formation

D. ENERGETICS

15. Respiration

16. Photosynthesis

17. Chemosynthesis

Understand the basic concepts of aerobic and anaerobic respira-
tion (e.g., fermentation, ATP formation)

Understand the basic concepts of photosynthesis (e.g., light
phase, dark phase)

Understand the basic concepts of chemosynthesis

E DIVERSITY AND RELATIONSHIPS AMONG CELLS AND ORGANISMS

18. Theories of evolution Understand the basic concepts and supporting evidence of the
evolutionary theories

19. Taxonomy: the five kingdoms Understand the distinguishing characteristics and use of the
five-kingdom system of classification

20. Morphology and physiology of Understand the structure and function of the leaf, root, stem and
vascular plants flower of vascular plants, including plant growth and responses

21. Morphology and physiology of
animals

F. ECOLOGY

22. Ecological principles

23. Conimunities, biomes,
nutritional relationships

Identify characteristics of groups of organisms in the animal
kingdom and understand the structure, function, behavior and
economic importance of specific animals

Understand the carbon, oxygen and nitrogen cycles, their effects
on living organisms, and the interrelationships between abiotic
and biotic factors in the environment

Identify the characteristics of communities and biomes, and the
nutritional relationships that exist in them (e.g., producers, con-
sumers, decomposers)
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24. Population dynamics

25. Ecological Concerhis

G. GENETIC AND BIOETHICAL ISSUES

26. Patterns of heredity

27. Cytogenetics

Understand the role of population dynamics in ecology, includ-
ing the interrelationships of living organisms, and the transfer
and flow of food and energy (e.g., food web)

Understand the role of human beings as interactive agents in
conservation, utilization of energy, and pollution

Understand the principles of Mendelian genetics, including
major concepts of chromosome theory

Understand the chemical basis of genetics, including DNA/RNA
structure and its relation to genes, DNA replication and protein
synthesis

28. Human genetics Apply knowledge of principles of human genetics, including the
inheritance of human traits and genetic abnormalities in contem-
porary life

29. Contemporary, societal, techno- Analyze ethical issues arising from the impact of technological
logical and ethical issues in advances in biology on contemporary society (e.g., genetic
biology testing and genetic engineering, in vitro fertilization)

H. HUMAN BIOLOGY

30. Anatomy and physiology of the
human body

31. Dysfunction and disease

32. Health issues

Understand the structure and function of human body systems,
including support, digestive, circulatory, respiratory, excretory,
nervous, endocrine and reproductive

Demonstrate knowledge of dysfunctions, diseases and types of
immunity of the human body, including viruses and bacteria as
disease-producing agents

Demonstrate knowledge of the personal and societal issues
related to good emotional and phrical health (e.g., nutrition,
substance use and misuse)
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Chemistry

DOMAINS

A. GENERAL SKILLS AND CONCEPTS
B. FUNDAMENTAL CHEMICAL CONCEPTS
C. PHYSICAL CONCEPTS
D. ATOMIC AND MOLECULAR CONCEPTS
E. SOLUTION CONCEPTS

A. GENERAL SKILLS AND CONCEPTS

1. Observation

2. Scientific computation

3. Scientific measurement and
instrumentation

4. Data tabulation, graphs
and charts

5. Instructional technology

6. Terminology and techniques

7. Laboratory safety

8. Methods of science

9. History of chemistry

10. Application of concepts to
societal issues

Demonstrate observational skills and distinguish between
observation and interpretation

Demonstrate knowledge of computational skills, such as use
of significant figures and scientific notation, and unit
analysis

Demonstrate knowledge of the function of scientific instru-
ments (e.g., balances, pH meters, spectrophotometers)

Tabulate data and construct and interpret graphs and charts

Understand the use of technologies (e.g., microcomputers,
videocassettes, videodisks) in chemistry instruction

Identify appropriate laboratory terminology as well as
qualitative and quantitative techniques

Understand basic laboratory safety procedures, including
proper storage and disposal of chemicals

Apply basic scientific procedures, such as experimentation,
formulation of hypotheses, data interpretation and
communication of results

Identify events and persons instrumental in the historical
development of chemistry (e.g., development of periodic
table, atomic theory, Niels Bohr)

Apply chemistry concepts to issues in contemporary society
(e.g., acid rain, nuclear power)

B. FUNDAMENTAL CHEMICAL CONCEPTS

11. Relationship between matter
and energy

Apply the laws of conservation of matter and energy and
transformation of matter and energy
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12. Classification of matter

13. Chemical notation:
nomenclature, symbols,
formulas and equations

14. Stoichiometry: the mole concept

15. Periodic table: organization
and trends

C. PHYSICAL CONCEPTS

16. Kinetic molecular theory

17. Gas laws

18. Solids, liquids and gases

19. Mixtures

20. Thermochemistry

21. Reaction rates

22. Oxidation and reduction

Understand the classification of matter and the physical and
chemical properties of matter

Use and interpret proper nomenclature, symbols and
formulas for elements and compounds, including notation
used in the periodic table to write balanced chemical
equations

Apply knowledge of the mole concept to solve problems
involving the number of atoms, molecules, ions or moles, the
empirical and molecular formulas, and the quantities of
reactants and products in balanced chemical equations

Predict the physical and chemical properties of elements and the
relationship among elements based on their locations in the
periodic table

Apply the kinetic molecular theory to all states of matter

Understand the gaseous state of matter, including quantitative
use of the gas laws to determine volume, temperature, pressure,
mass, moles and density

Identify the p. operties, structures and relationships of solids,
liquids and gases, including vapor pressure and phase change

Identify the special characteristics of solutions, suspensions and
colloids

Apply the principles of thermodynamics, including the concepts
of enthalpy, entropy and free energy to the study of chemistry

Understand the law of mass action and the effects of concentra-
tion, surface area, temperature, pressure and catalysts on reac-
tion rates and reaction-energy diagrams

Understand oxidation and reduction, including oxidation
number, electron transfer, methods of balancing equations and
practical applications of oxidation-reduction reactions

D. ATOMIC AND MOLECULAR CONCEPT

23. Atomic structure

24. Electron configuration
and behavior

25. Bonding

Analyze the structure of atoms according to the quantum theory

Identify the electron configurations of various elements and the
characteristics of electron behavior in atoms

Understand the formation of chemical bonds and identify the
characteristics of various types of bonds
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26. Structure and properties
of compounds

27. Organic chemistry

28. Nuclear chemistry

29. Polymers

E. SOLUTIONS

30. Solution concentration

Relate bonding to observed properties of compounds

Understand the bonding, structure, properties, uses and typical
reactions of common organic compounds

Apply the principles of radioactivity and nuclear reactions to the
generation of energy and nuclear medicin2

Understand the formation, structure, properties and uses of
common, natural and commercial macromolecular substances

Understand the various quantitative methods of determining
and applying concentrations of solutions (e.g., molarity, molal-
ity, normality, percent solutions), including colligative prop-
erties

31. Arrhenius' Theory of Understand the chemistry of electrolytes and the theory of
Ionization ionization

32. Acids, bases and salts

33. Equilibrium

34. Electrcchemistry

Understand the theories, properties and characteristics of acids,
bases and salts, including pH, K., Kb, Kip

Understand the quantitative and qualitative concepts of chemi-
cal equilibrium, including Icq and LeChatelier's Principle

Analyze the structure, chemical reaction, charge movement,
current flow and theoretical voltage of electrochemical and
electrolytic cells and complete quantitative calculations
involving the cells

35. Qualitative analysis Demonstrate knowledge of wet chemical schemes for identifying
anions and cation
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Earth Science

DOMAINS

A. GENERAL SKILLS AND CONCEPTS
B. ASTRONOMY
C. GEOLOGY
D. METEOROLOGY
E. OCEANOLOGY

A. GENERAL SKILLS AND CONCEPTS

1. Nature of science

2. Computation, exponential
notation and scientific
measurement

Apply the self-correcting characteristics of science, including
experimental design, data collection, reasoning, analysis, pre-
dictability, verification and reporting techniques

Demonstrate knowledge of computational skills, exponential
notation and scientific measurement

3. Data tabulation, graphs Tabulate data and construct and interpret graphs and charts
and charts

4. Data and map interpretation Interpret data presented in the form of celestrial, topographic,
weather/meteorological and geological maps

5. Laboratory and field safety

6. Scientific technology

B. ASTRONOMY

Understand basic laboratory and field safety procedures

Understand the use of technology in earth science instruction
and relate content to technological and practical application

7. The origin of the universe Understand the theory of the origin of the universe, including
analysis of the evidence supporting the "Big Bang Theory"

8. Stars Understand the types, composition and life cycles of stars

9. Solar system (star systems)

10. The Earth-moon system

11. Historical astronomy

12. Space exploration

Identify the components and features of the solar system (e.g.,
planets, moons, asteroids), their characteristic patterns and the
theory of the formation of the system

Analyze characteristics of the Earth-moon system, including
orbital characteristics, tides, eclipses, time and rotation

Identify individuals instrumental in the historical development
of astronomy (e.g., Aristotle, Ptolemy, Copernicus, Galileo,
Kepler, Newton, Hubble) and their contributions

Understand key projects of space exploration, Earth resource
technology, coal mine scanning via satellite and their importance
to life on Earth
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13. Instrumentation and technology Identify instruments and technology used in astronomy (e.g.,
telescopes, spectroscopes, remote sensing, rockets, satellites)

C. GEOLOGY

14. Minerals

15. Rocks

16. Plate tectunics

17. Earth dynamics

18. Weathering and erosion

19. Historical geology

20. Environmental concerns

D. METEOROLOGY

21. Distribution of energy

22. Composition and dimensions

23. Weather parameters

24. Instrumentation

25. Weather sys:ems

26. Storms and precipitation

27. Map analysis and forecasting

Identify the composition/groups of minerals, their physical
characteristics (e.g., hardness, cleavage) and their use

Identify types and characteristics of rocks and interpret their
origins

Understand the evidence in support of the paradigm of plate
tectonics and the mechanism by which it is accomplished

Identify components of Earth's crustal dynamics, including
mountain building, volcanic activity, folding and faulting
of rocks, and components of Earth's interior dynamics, including
structure, conduction and convection, and evidence of seismic
activity

Analyze chemical and mechanical weathering and the erosional
processes involving water, wind and glaciers

Identify events instrumental in the historical development of
geology (e.g., principles of uniformitarianism, catastrophism),
the concepts of relative and absolute time and radioactive
dating, and interpretive geology

Identify environmental concerns in geology (e.g., pollution,
conservation, resource exploratior and management)

Analyze the flow of energy using conduction, convection,
radiation and ewporation

Understand the composition and dimensions of the atmosphere,
including structure, composition and temperature profile

Analyze weather parameters (e.g., temperature, pressure,
humidity, cloud cover, winds)

Interpret data from the instruments used to monitor weather
parameters and changes and identify the use of these instru-
ments

Understand the formation of weather systems (e.g., fronts, highs,
lows)

Understand the formation of storms and precipitation (e.g.,
thunderstorms, hurricanes, tornadoes)

Understand the location of systvls on a weather map and
forecast their passage across the United States
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28. Climate and climate modification Identify characteristics of climate and the effect of various factors
(e.g., pollution, volcanism or climate modification)

29. Weather and modification

E. OCEANOLOGY

Understand scientific attempts at weather control
(e.g., cloud seediro)

30. Physical Understand physical aspects of oceanology, including waves,
tides, currents and physi-al properties of the sea

31. Chemical Understand chemical aspects of oceanology, including chemical
properties of water (e.g., composition, solubility, salinity)

32. Geologic Understand geological aspects of oceanology, including sea floor
spreading, topography and sedimentation

33. Biologic Understand biological aspects of oceanology, including flora and
fauna, nutrient cycles and ecosystems

34. Engineering and technology Identify instruments used for oceanographic research and envi-
ronmental concerns
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DOMAINS

A. GENERAL SKILLS AND CONCEPTS
B. MECHANICS
C. KINETIC-MOLECULAR THEORY
D. WAVES AND OPTICS
E. ELECTRICITY AND MAGNETISM
F. 20TH CENTURY PHYSICS

A. GENERAL SKILLS AND CONCEPTS

1. Computation, scientific
measurement, units

2. Data tabulation, graphs
and charts

3. Graph analysis

4. Scientific technology

5. Terminology

6. Laboratory and field safety

7. Methods of sci2nce

8. History of physics

B. MECHANICS

9. Kinematics

10. Vector addition and subtraction

11. Newton's Laws of Motion

12. Momentum and conservation

Physics

Demonstrate knowledge of metric system and trigonometric
relationships, scientific notation, exponentiation and consistent
use of units in calculations

Prepare tables, charts and graphs and read and interpret data
presented in these forms

Analyze and deduce relationships among data presented in
graphs

Understand various types of instruments used in the physics
laboratory (e.g., meters, computers, scopes, oscilloscopes,
diffraction devices)

Define the terminology specific to a course in high school
physics

Understand safety procedures related to the teaching of physics

Understand the methods and processes of scientific investigation

Identify major events and persons instrumental in the historical
development of physics (e.g., Kepler, Copernicus, Newton,
Galileo, Einstein)

Understand the concepts of distance, displacement, speed,
velocity and acceleration and solve problems involving these
concepts

Understand and apply vector addition and subtraction to solve
problems

Understand Newton's three Laws of Motion and their uses in
solving pi oblems with and without friction

Understand momentum, impulse and elastic and inelastic
collisions and solve problems involving these concepts
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13. Circular and simple harmonic
motion

14. Newton's Law of Universal
Gravitation

15. Energy, work and power

16. Conservation of energy

C. KINETIC-MOLECULAR THEORY

17. Kinetic theory

18. Laws of thermodynamics

19. Temperature and heat

20. Heat transfer

21. Change of state

22. Heat of fusion, vaporization
and specific heat

D. WAVES AND OPTICS

23. Characteristics of longitudinal
and transverse wave motion

24. Characteristics of waves

25. Electromagnetic spectrum

Understand and apply the concepts of circular motion
(e.g., centripetal force, angular velocity, angular acceleration,
angular momentum) and recognize characteristics of simple
harmonic motion (e.g., frequency, period, amplitude)

Understand Newton's Law of Universal Gravitation and solve
problems involving changes in mass and distance

Understand the interplay among work, potential energy, kinetic
energy and total energy, and differentiate between power and
energy

Understand the concept of energy conservation and solve
problems for mechanical systems

Understand the kinetic theory of motion, including its uses and
limitations (e.g., contraction, expansion, gas laws, surface
tension)

Understand the basic principles of energy conservation and
entropy

Understand the difference between temperature and heat

Understand the mechanisms involved in conduction, convection
and radiation

Analyze change of state using kinetic-molecular theory, includ-
ing the interpretation of graphs of the changes of state for
various substances

Solve problems involving heat of fusion, vaporization and the
calculation of specific heats of various substances

Understand how waves transfer energy and explain the
difference between longitudinal and transverse wave motion

Demonstrate knowledge of wave length, frequency and ampli-
tude and solve problems involving these concepts

Identify different types of electromagnetic radiation (e.g., light,
radio, microwave, X-rays) and analyze their similarities and
differences

26. Wave and particle properties Explain the wave and particle theories of light and the types of
of light experiments for which they are best suited
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27. 11,.flection and refraction

28. Diffra.:3on and interference

E. ELECTRICITY AND MAGNETISM

29. Static electricity

Understand reflection and refraction and use these concepts to
solve problems (e.g., Snell's Law, geometric optics involving
mirrors and lenses, total internal reflection)

Understand constructive and destructive interference and use
these concepts to explain diffraction

Understand the two kinds oi electrostatic charge, and how they
are produced, detected and moved

30. Electric fields Understand properties of an electric field (e.g., field intensity,
field direction)

31. Coulomb's Law Understand Coulomb's Law and solve problems involving
forces between charges

32. Current electricity Understand direct current, and sources of potential and current
resistance

33. Ohm's Law Understand Ohm's Law and solve problems involving resis-
tance, current, potential and power

34. Series and parallel circuits Apply Ohm's Law to series and parallel circuits, and solve
problems involving resistance, current, voltage and power for
series, parallel and combined circuits

35. Magnetism Understand the domain theory of magnetism, magnetic poles
and magnetic force

36. Magnetic fields and forces Understand magnetic fields, flux, flux density and permeability

37. Electromagnetism

F. 20Th CENTURY PHYSICS

38. Principles of quantum theory

39. Photoelectric effect

40. Atomic structure

41. Radioactivity

Understand magnetic fields associated with charges in motion,
including left- and right-hand rules, electromagnetic devices
(e.g., meters, motors, transformers, alternating current,
circuits and electronic devices)

Understand the theories that describe wave-particle duality, the
energy of photons and the uncertainty principle

Explain the photoelectric effect, work function and energy of
ejected electrons, and the relationship of the photoelectric effect
to quantum theory

Understand various models of the structure of the atom, includ-
ing Rutherford, Bohr and more modern models, and explain
how each was developed

Identify types of radioactive emissions (i.e., alpha, beta, gamma)
and describe the processes of radioactive decay, fission and
fusion

t.)
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42. High-energy physics

43. Theory of relativity

Describe various particle accelerators (e.g., cyclotron, synchro-
tron, linear accelerator, colliding beams) and understand general
categories of subnuclear particles (i.e., leptons, mesons, baryons,
quarks)

Understand basic principles of the special theory of relativity,
and the relations of mass and velocity, time and velocity, length
and velocity, and mass and energy

44. Modern astrophysics and Recognize the connections linking the "Big Bang Theory," stellar
cosmology evolution and high-energy physics
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General Science

DOMAINS

A. GENERAL SKILLS AND CONCEPTS
B. PHYSICAL SCIENCE
C. EARTH SCIENCE
D. LIFE SCIENCE

A. GENERAL SKILLS AND CONCEPTS

TI
U e

1. Mathematical calculation

2. Measurement units

3. Measurement equipment.

4. Tables, graphs and maps

5. Lab safety

6. Methods of science

PHYSICAL SCIENCE

7. Properties of matter

8. Phases of matter

9. Atomic structure

10. Chemical and physical changes

11. Mechanics

12. Forms of energy

Demonstrate knowledge of appropriate calculation skills (e.g.,
percent, average, decimals)

Demonstrate knowledge of measurement units (e.g., metric,
linear, mass, volume)

Select and use appropriate measurement equipment (e.g.,
microscope, triple balance beam, meter stick, graduated cylinder,
thermometer)

Record and display data correctly in tables, graphs and maps,
and interpret data presented in these forms

Understand basic lab safety procedures

Design and conduct an experiment to answer an appropriate
question

Understand properties of matter, including the classification of
matter, and the difference between physical and chemical
properties

Identify types, characteristics and examples of phases of matter,
and understand kinetic theory as it applies to phase change

Understand atomic theory and the structure of the atom, includ-
ing the electron, the proton and the neutron

Analyze chemical and physical changes of matter and under-
stand the differences between them, and analyze chemical
reactions, chemical equations, factors that affect reaction rates,
types and characteristics of chemical bonds, electron dot dia-
grams, and acids, bases and salts

Understand basic principles of mechanics, including laws of
motion, universal gravitation and the concept of work

Understand types and cnaracteristics of various types of energy,
such as kinetic and potential energy, light, electricity and
magnetism
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13. Transfer and distribution of Understand how energy is transferred by conduction, convec-
tion and radiationenergy

C. EARTH SCIENCE

14. The universe, galaxies, stars Understand the theory of the origin of the universe and identify
and star systems the components and features of the galaxies, stars and star

systems (particularly the solar system)

15. Space technology and exploration Identify instruments and technology used in astronomy and
understand their relevance to key projects of space exploration

Identify types/groups of rocks and minerals, their physical
characteristics (e.g., hardness, cleavage, origin) and their use

16. Minerals and rocks

17. Weathering and erosion

18. Earth dynamics

Understand chemical and mechanical weathering and the
erosional processes involving water, wind and glaciers

Understand components of Earth's crustal dynamics, including
plate tectonics, mountain building, volcanic activity, folding and
faulting of rocks, and components of Earth's interior dynamics,
including structure, conduction and convection, and evidence of
seismic activity

19. Historical geology Identify events instrumental in the historical development of
geology (e.g., principles of uniformitarianism, catastrophism),
the concepts of relative and absolute time and radioactive
dating and interpretive geology

20. Elements of weather and climate Understand weather parameters (e.g., temperature, pressure,
winds, humidity) and the characteristics Of climate and climate
modification

21. Oceanology

D. LIFE SCIENCE

22. Life processes

Understand physical, chemical, geological and biological aspects
of oceanology

Understand the basic characteristics and processes that distin-
guish the living from the nonliving world (e.g., respiration,
photosynthesis, digestion)

23. Cell biology Demonstrate knowledge of cell theory and recognize major cell
structures and their functions

24. Cell reproduction Demonstrate knowledge of the mechanisms and significance of
cell division

25. Genetics Demonstrate knowledge of genes and chromosomes and how
these are involved in the inheritance of human traits

26. Classification of living things Show an understanding of the five-kingdom classification
system and its importance in naming organisms throughout the
world
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27. Ecological relationships Understand the basic ecological principles and the impact of
humans on the principles (e.g., nutrient cycles, food webs,
communities, pollution)

28. Hui -tan biology Describe the anatomy of the major human body systems and
explain how each operates

29. Health, nutrition and disease Demonstrate an understanding of disease and health-related
topics involving substance misuse
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APPENDIX F

SUGGESTED CRITERIA FOR THE

SELECTION OF SCIENCE TEXTS
I. Content

1. Content and instructional approach are
consistent with local philosophy, goals
and objectives.

2. Content is appropriate and well balanced,
i.e., for elementary schools, earth science,
life science, physical science; for earth science,
astronomy, geology, meteorology, oceanology.

3. Content is up-to-date and accurate.
(Select some facts at random and check.)

4. Safety is stressed.

5. The SI metric system is used or included.

6. Environmental and social implications are
i .cluded.

7. Career information is available.

8. Pictures, diagrams, tables and charts are
appropriate for level of students.

Authors, Support Staff and In-service

1. Authors are authorities in their fields.

2. Authors have experience teaching the
subject(s).

3. Editorial consultants (if used) are knowl-
edgeable of the specific areas included.

4. Cooperating teachers (if used) have piloted
materials.

5. Publisher provides in-service by authors or
other consultant staff.

Organization

1. Topics are presented in a logical sequence.

2. Lengths of chapters, lessons or work assignments
are appropriate.

Good Acceptable Poor
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Good

3. Provision is made for various levels of
difficulty in an appropriate order.

4. References, class tests and summaries are
clearly represented and appropriate.

IV. Readability

1. Vocabulary is suitable for those who will
use the text.

2. Print is clean and well spaced.

3. Writing style is direct and clear.

V. Ethnic and Sex Representation

1. Ethnic groups and the sexes are fairly
represented in text, pictures and refer-
ences.

VI. Physical Teatures

1. Size of book is appropriate for age of
student.

2. Books are durable - cover, binding,
pages.

3. Book is well laid out and attractive.

4. Table of contents, index cross referencing,
bibliography and resource materials are adequate.

5. Photographs, tables and illustrations are
clear, understandable and recent.

VII. Teacher Aids

1. Teacher's edition gives useful information
about teaching techniques.

2. Appropriate films, filmstrips and videos are listed.

3. Test questions, problem solutions and
text summaries are available and clear.

VIII. Vendors

1. Vendors are available to answer questions
regarding in-service, initial and continuing
costs.

Acceptable Poor
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IX. Summary Good

Acceptable

Poor

X. Recommendation Purchase

Hold for further discussion

Reject
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APPENDIX G

LABORATORY SAFETY RULES FORM
1. Sandals are not to be worn in thf, laboratory.

2. Safety glasses are to be worn at all times.

3. Long hair is a hazard and extreme care must be exercised to keep hair from contact with flame or
chemicals. (Use rubber bands when necessary!)

4. It is advisable to wear clothing other than your best garb to lab. Long sleeve sweaters, blouses and shirts
are not advised. Aprons will be worn when necessary.

5. Use the proper amount of chemical at all times.

6. Do not point the open mouth of a test tube at yourself or at any other person .. . In attempting to detect
the odor of any substance, waft the odor toward your nose.

7. Only the lab manual, your notebook and the experiment materials are to be on the lab bench. Books and
all other materials are to be left at your desk or in the bench shelf.

8. All work with chemicals is to be done over the bench top to prevent spills on the floor.

9. Keep all chemicals and reactions at a reasonable distance from your face.

10. Read all labels carefully and do not return any unused portion to the reagent container.

11. The lab tables are not for sitting or lounging. Keep off! Do not move chairs to the lab bench area or sit
on the arms of the chairs.

12. Report any accident to the lab instructor immediately in order that proper first aid maybe administered.

Name(s) of Laboratory Instructor(s)

I have read the Chemistry Laboratory Safety Rules and agree to comply with them. I understand that I will be asked
to ieave the laboratory should I disregard them.

Student Signature Date

Chemistry Laboratory Safety Rules
provided by New Canaan High School
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APPENDIX H

SOME FIELD TRIP SITES

IN CONNECTICUT
The field trip sites listed were extracted from the three
documents cited below. For additional sites, consult
these documents.

Connecticut State Department of Education, Energy Re-
sources Inventory for Connecticut Educators. Hartford,
CT, 1978.

Connecticut Department of Environmental Protection,
Connecticut Directory of Environmental Organizations,
Hartford, CT, 1980.

Tobin, Michael F., editor. Field Trip Guidebook, Second
Edition. Elementary and Middle School Principals
Association of Connecticut. Wethersfield, CT, 1986.

(Note: For a list of planetariums in Connecticut, see
Chapter 6.)

Air Quality Monitoring Stations, Air Compliance Unit,
Department of Environmental Protection, Hartford,
CT 06115, 566-3318

Ansonia Nature and Recreation Center, 10 Deerfield Lane,
Ansonia, CT 06401, 736-9360

Audubon Center in Greenwich, 613 Riversville Road,
Greenwich, CT 06830, 869-5272

Barnum Museum, 820 Main St., Bridgeport, CT 06604,
576-7320

Bartlett Arboretum, 151 Brookdale Road, Stamford, CT
06906, 322-6971

Beardsley Zoological Gardens, Noble Avenue, Bridge-
port, CT 06110, 576-8082

Bradley Air Museum, Bradley International Airport,
Windsor Locks, CT 06096, 623-3505

Bristol Regional Environmental Center, Wolcott Road,
Bristol, CT 06010, 589-6082

Bruce Museum, Museum Drive, Greenwich, CT 06830,
869-0376

Burndy Research Library, 51 Richards Avt ., Norwalk, CT
06854, 838-4444

Connecticut Audubon Society, 2325 Burr St., Fairfield, CT
06430, 259-6305 (for centers, check locally)

Connecticut 4H Farm Resource Center, Route 185,
Bloomfield, CT 06002, 242-7144

Connecticut Trout Hatcheries, Burlington, CT 06013,
673-2340; Central Village, CT 06332, 564-7947; and
Kensington, CT 06037, 838-5442

Connecticut Humane Society, 701 Russell Road,
Newington, CT 06111, 666-3337

Connecticut Yankee Energy Information Center, Haddam
Neck, CT 06438, 267-9279

Connecticut State Museum of Natural History, Storrs, CT
06268, 486-4460

Denison Homestead, Pequotsepos Nature Center, Mys-
tic, CT 06355, 536-9248

Devil's Den, Box 1162, Weston, CT 06883, 226-4991

Dinosaur State Park, West Street, Rocky Hill, CT 06067,
529-8423

James L. Goodwin Forest Conservation Center, Potter
Road and Route 6, Hampton, CT 06247, 455-9534

Hungerford Outdoor Education Center, 191 Farmington
Ave., Kensington, CT 06037, 827-0964

Lutz Children's Museum, 247 South Main St., Manches-
ter CT 06040, 643-0949

The Maritime Center at Norwalk, 10 North Water St.,
South Norwalk, CT 06854

Mattatuck Museum, West Main Street, Waterbury, CT
06702, 753-0381

Millstone Energy Center, 278 Main St., Niantic, CT 06357,
447-1791

Museum of Art, Science and Industry and Planetarium,
4450 Park Ave., Bridgeport, CT 06604, 372-3521

Mystic Marinelife Aquarium, 55 Coogan Blvd., Mystic,
CT 06355, 536-4208
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Mystic Seaport, Mystic, CT 06355, 572-0711

The Nature Center for Environmental Acthrities, Inc., 10
Woodside Lane, Westport, CT 06880, 227-7253

U.S. Naval Submarine Base, Groton, CT 06340, 449-3011

New Britain Youth Museum and Outdoor Center, 30
High St., New Britain, CT 06050, 225-3020

New Canaan Nature Center, 444 Oenoke Ridge, New
Canaan, CT 06840, 966-9577

New Pond Farm Education Center, Umpawong Road,
West Redding, CT 06896, 938-2117

Norma Terris Humane Education and Nature Center, 67
Salem Road, East Haddam, CT 06423, 434-8666

Peabody Museum, Yale University, 170 Whitney Ave.,
New Haven, CT 06520, 436-1710

Eliot Pratt Edwation Center, Inc., 163 Papermill Road,
New Milft,. ', CT 06776, 355-3137

Project Oceanology, Avery Point, Groton, CT 06340, 445-
9007

Roaring Brook Nature Center, 70 Gracy Road, Canton, CT
06019, 693-0263

Science Museum of Connecticut, 950 Troutbrook Drive,
West Hartford, CT 06119, 236-2961

Shepaug Eagle Observation Area (open mid-December
through mid-March). Tours also available at the
Shepaug Hydroelectric Station, Southbury; Noi th-
east Utilities, P.O. Box 1337, Stamford, CT 06094, 325-
4381

Sloane-Stanley Museum, Route 7, Kent, CT 06757, 927-
3849

Solar Heating, Wind Generator, Computer-Controlled
Heating, SNET, New Haven, CT 06506, 771-5200

The Stamford Museum and Nature Center, 39
Scofieldtown Road, Stamford, CT 06903, 322-1646

Stevenson Hydroelectric Station in Monroe, Northeast
Utilities, P.O. Box 1337, Stamford, CT 06094, 325-4381

Talcott Mountain Science Center, Montevideo Road,
Avon, cr 06001, 677-8571

The Thames Science Center, Gallows Lane, New London,
CT 06320, 442-0391

University of Connecticut Museum of Natural History,
233 Glenbrook Road, Storrs, CT 06268, 486-4460

Westmoor Park, 119 Flagg Road., West Hartford, CT
06117, 232-1134

West Rock Nature Recreation Center, Box 2969, New
Haven, CT 06515, 787-8010

White Memorial Conservation Center, Box 368, Litchfield,
CT 06759, 576-0015
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STATE AND NATIONAL EVENTS

FOR SCIENCE STUDENTS
Connecticut Science Fair, Connecticut Science

Fair Association, Inc., P.O. Box 31238, Hartford, CT
06114. A statewide science and engineering fair, the
Connecticut Science Fair is offered free and brings to-
gether 700 students in Grades 7-12 with strong interest in
science and engineering for a week-long fair Over 300
awards are given. The four top winners receive an alk
expense-paid opportunity to compete in the Interna-
tional Science and Engineering Fair.

Junior Science and Humanities Symposium,
Chemistry Department, University of Connecticut,
Storrs, CT 06268. The symposium is intended to recog-
nize students in Grades 11 and 12 who have demon-
strated intellectual achievement and promise. It is open to
about 150 students and 50 teachers. Lectures, demonstra-
tions and discussions with prominent scientists are fea-
tured. Visits are made to significant sites of scientific and
technological activity. An important aspect of the pro-
gram is the individual research papers presented by
students.

National Youth Science Camp, State Depart-
ment of Education, P.O. Box 2219, Hartford, CT 06145.
Application forms are sent to all public and private high
schools in Connecticut. Two high-achieving Grade 12
students are selected by a committee of the Connecticut
Science Teachers Association. The winners represent
Connecticut at a four-week summer science camp near
Green Bank, West Virginia. They, along with student
representatives from the other states, meet with scien-
tists, U.S. senators and representatives and other govern-
ment officials; visit science facilities; and engage in other
camp activities. All travel, lodging and meal expenses are
covered by the camp.

Westinghouse Science Talent Search, Science
Service, 1719 N Street, NW, Washington, DC 20036.
Applications are sent to high schools. High school seniors

with strong research ability in science and engineering
are encouraged to apply. Three hundred students from
across the nation are selected for the honors group. All
members are recommended for admission and scholar-
ship awards to colleges and universifies in the nation.
Forty members from the honors group are designated top
winners. This group of students is invited to Washington,
DC, for a five-day institute usually held in late February.
During this period they are judged for scholarships and
awards in various dollar amounts.

United States Department of Energy Honors
Program, Connecticut State Department of Education,
P.O. Box 2219, Hartford, CT 06145. All-expenses-paid
trips to various laboratories run by the U.S. Department
of Energy. One student from Connecticut is selected for
each program. Presently there are seven. Each student
spends time at a laboratory working with a scientist on a
particular project. The selections of the students attend-
ing the program are made by a committee of representa-
tives from the Connecticut Science Teachers Association.

JETS-TEAM Connecticut Competition, Uni-
versity of New Haven, 300 Orange Ave., West Haven,
CT 06576. Each interested school enters a team of six
students. The teams are tested it the areas of biology,
chemistry, computer fundamentals, English, mathemat-
ics and physics. Each student on a team takes two exams
and each school must have two students take each test.
Awards are presented and winners move on to a national
event.

Science Horizons, Downtown Campus, West-
ern Connecticut State University, Danbury, CT 06810.
This series of events includes a science symposium for
students in Grades 9-12, a science fair for students in
Grades 7-12, and a community forum in which leaders in
the field of science make presentations and lead discus-
sions on p.... ticular topics.



APPENDIX

CONNECTICUT POLICY ON ACADEMIC

FREEDOM AND PUBLIC EDUCATION
Academic freedom is the freedom to teach a nd to learn. In
defending the freedom to teach and to learn, we affirm the
democratic process itself. American public education is
the source of much that is essential to our democratic
heritage. No other single institution has so significantly
sustained our national diversity, nor helped voice our
shared hopes for an open and tolerant society. Academic
freedom is among the strengths of American public edu-
cation. Attempts to deny the freedom to teach and to
learn are, therefore, incompatible with the goals of excel-
lence and equity in the life of our public schools.

With freedom comes responsibility. With rights
come obligations. Accordingly, academic freedom in our
public schools is subject to certain limitations. Therefore,
the STATE BOARD OF EDUCATION affirms that:

Academic freedom in our public schools is prop-
erly defined within the context of law and the constraints
of mutual respect among individuals. Public schools
represent a public trust. They exist to prepare our children
to become partners in a society of self-governing citizens.
Therefore, access to ideas and opportunities to consider
the broad range of questions and experiences which
constitute the proper preparation for a life of responsible
citizenship must not be defined by the interests of any
single viewpoint. Teachers, school administrators, li-
brarians, and school media specialists must be free to
select instructional and research materials appropriate to
the maturity level of their students. This freedom is itself
subject to the reasonable restrictions mandated by law to
school officials and administrators. At the same time,
local school officials must demonstrate substantial or
legitimate public interest in order to justify censorship or
other proposed restrictions upon teaching and learning.
Similarly, local boards of education cannot establish cri-
teria for the selection of library books based solely on the
personal, social or political beliefs of school board mem-
bers. While students must be free to voice their opinions
in the context of a free inquiry after truth and respect for
their fellow students and school personnel, student ex-
pression which threatens to interfere substantially with
the school's function is not warranted by academic free-
dom. Students must Le mindful that their rights are
neither absolute nor unlimited. Part of responsible citi-
zenship is coming to accept the consequences of the
freedoms to which one is entitled by law and tradition.

Similarly, parents have the right to affect their own
children's education, but this right must be balanced
against the right other parents' children have to a suitable
range of educational experiences. Throughout, the tenets
of academic freedom seek to encourage a spirit of rea-
soned community participation in the life and practices of
our public schools.

Since teaching and learning are among the mis-
sions of our public schools, the STATE BOARD OF EDU-
CATION affirms the distinction between teaching and
indoctrination. Schools should teach students how to
think, not what to think. To study an idea is not necessarily
to endorse an idea. Public school classrooms are forums
for inquiry, not arenas for the promulgation of particular
viewpoints. While communities have the right to exer-
cise supervision over their own public school practices
and programs, their participation in the educational life
of their schools should respect the constitutional and
intellectual rights guaranteed school personnel and stu-
dents by American law and tradition.

Accordingly, the STATE BOARD OF EDUCA-
TION, in order to encourage improved educational
pracfices, recommends that local school boards adopt
policies and procedures to receive, review, and take
action upon requests that question public school practices
and programs. Community members should be en-
couraged, and made aware of their rights to voice their
opinions about school practices and programs in an ap-
propriate administrative forum. The STATE BOARD OF
EDUCATION further recommends that local school
boards take steps to encourage informed community
participation in the shared work of sustaining and im-
proving our public schools.

Finally, the STATE BOARD OF EDUCATION
affirms that community members and school personnel
should acknowledge together that the purpose of public
education is the pursuit of knowledge and the prepara-
tion of our children for responsible citizenship in a society
that respects differences and shared freedom.

Adopted by the Connecticut State Board of Education
September 9, 1981



APPENDIX K

REGIONAL EDUCATIONAL

SERVICE CENTERS
ACES

CES

CREC

Area Cooperative Educational Services
205 Skiff Street
Hamden, CT 06517
248-9119

Cooperative Educational Services
785 Unquowa Road
Fairfield, CT 06430
255-7585

Capitol Region Education Council
L.P. Wilson Community Center
599 Matianuck Avenue
Windsor, CT 06095
688-7333

EASTCONN Eastern Connecticut Regional Educational Service Center
376 Hartford Turnpike
North Windham, CT 06256
455-0707

PROJECT LEARN Project Long Range Educational Assistance for Regional Needs
P.O. Box 220
East Lyme, CT 06333
739-6971

RESCUE Regional Educational Services Concepts Through Unified Effort
355 Goshen Road
Litchfield, CT 06759
567-0863

and
301 Main Street
Danbury, CT 06810
791-1904
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