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Implicit in the wealth of new material being produced
for the junior high school is the need for some viable
decision-making process whereby an administrator can choose
which of the many options open to him best fits the needs
of his students. Organizations such as the ASCD, NASSP, and
NSTA have published lists of criteria for judging new science
programs. The NEA has challenged school systems to develop
a framework for decision-making.

One of the state departments which has responded to
this challenge is that of California, which has recently
completed a study of the junior high schools in the state.

In addition, a framework of science objectives in the
California schools is being developed.

The research hypothesis of this study was: It is

possible to develop an instrument for the pre-evaluation

of innovative programs through the matching of the stated
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objectives of a program against the framework of the criteria
decided upon by a school system.

In order to test this theory, Science Framework for
California Public Schools was examined and those objectives
which were analogous to those which the Task Force for the
Study of Junior High Schools of California had decided were
of paramount importance were extrapolated and became the
model for the instrument.

As an example of a new junior high school science
program, Introductory Physical Science was arbitrarily
selected and their general objectives were translated into
operational form to make them isomorphic with those of the
model.

This instrument was submitted to a jury of adminis-
trators who decided that the objectives of IPS met the
criteria of the model. In summarizing the data, the jurors'
decision leads to the conclusion that the instrument devel-
oped in the present study possesses judgmental validity and
the rather favorable acceptance on the part of the jurors
seems of proportions as to indicate that further experimental
study and field testing are warranted, especially in other
subject areas and with other models.

From the research and analysis of the data, a number

of recommendations have emerged from this study:
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It is recommended that the new science "packages"”
for junior high school science be adopted where needed, if
their objectives fit the criteria of the school system, as a
stop-gap measure until a developmental, spiral, K-12 science
program is available.

It is recommended that the writers of new curriculum
material in all subject areas recognize the mandate for
defining their objectives in specific behavioral terms in
order to provide both internal validity for their programs
and a means of pre-evaluating them. If this has not been
done, it should be done ex post facto.

It is recommended that state departments and school
districts define their objectives in operational terms in
all subject fields and set up criteria for evaluating
innovative programs. These goals should be defined by
groups of teachers, curriculum specialists, administrators,
and lay people and disseminated widely.

It is recommended that teachers play a more important
role in the decision-making process.

It is recommended that teacher education institutions
become more concerned with both pre-service and in-service
education of junior high school teachers to help them become

adapted to rapid change.
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It is recommended that more effective recruitment
of junior high school teachers is also a responsibility of
the teacher education institutions.

Finally, it is recommended that the National Science
Foundation fund more summer and academic year institutes
specifically planned to acquaint elementary and junior high

school teachers with new programs.
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CHAPTER I

THE PROBLEM

The National Science Teachers Association publishes
each year a bibliography of courses of study, textbooks,
and curriculum projects in science.l The information,
current as of November, 1967, shows approximately 142
different courses of study and curriculum projects for
junior high school science have been published since 1962.

The problem confronting administrators, science
curriculum coordinators, and science teachers in choosing
a course of study that best fits the needs of their students
is evident. Two contingent questions immediately come to
mind: (1) Who has the time and energy to sift through this
welter of material to make a decision? (2) What criteria
should be used in discriminating between the many choices
available? The "trial and error"” method is too costly both

in terms of money and staff and student energy. Faced with

lNational Science Teachers Association, Bibliography

of Science Courses of Study and Textbooks for Grades 7-12
(Washington: The Association, 1968).



such a dilemma, many schools understandably are staying with
the status quo or modifying existing programs.

For example, Conant found, in his 1966 survey,2 that
out of 2,023 medium-size comprehensive high schools report-
ing, 49.5 per cent were offering a program in "new"” physics;
64.9 per cent in "new" biology; and 47.6 per cent in "new"
chemistry. The remaining approximately one-half of the
total schools responding had presumably either tried the new
programs and discarded them or had not yet changed from the
traditional course of study.

Fewer junior high schools than senior high schools
had adopted the new science programs for seventh, eighth,
and ninth grades, according to Gruhn's 1965 survey of the
junior high schools.3 In the approximately 1,227 schools
responding, 289 schools offered general science in the
seventh grade and 49, other science (14.5 per cent); in the
eighth grade, 319 offered general science and 72, other
science (18 per cent); while in the ninth grade, 30 schools
had moved biology from the senior high school to the junior

high school, 23 offered earth and space science, 26 had

2James Bryant Conant, The Comprehensive High School:
A Second Report to Interested Citizens (New York: McGraw-
Hill, 1967), Appendix, Table III B, p. 89.

3William T. Gruhn and Harl R. Douglass, A Survey of
Practices in Junior High School Education, II. Science

(1965), p. 3. (Complete science survey is included in the
Appendix to this study, pp. 122-123.)




chosen another new science program, and 105 were still
offering the traditional general science (43 per cent).

One of the reasons senior high schools lead the
junior high schools in adopting new science programs could
be that the earliest efforts to upgrade the curriculum were
aimed at the senior high schools. A supporting factor is
that the physics, chemistry, and biology projects have
benefited from training programs for senior high school
teachers in the form of summer or academic year institutes
which are financed by the National Science Foundation. The
Physical Science Study Committee (PSSC) has had four thousand
teachers trained in its program in six years; one thousand
teachers have been trained in Biological Sciences Curricu-
lum Study (BSCS) in three years. Ralph Tyler, in 1964 the
Director of the Center for Advanced Study in the Behavioral
Sciences at Stanford, estimated that the federal government
had spent or committed up to that time $200 million to sup-
port summer institutes where science teachers could increase
their training in modern science.4 Projecting this figure
to the present time, it can be estimated that the cost to
the American taxpayers has been about $500 million. To this

should be added the $100 million which the National Science

4Ralp‘h W. Tyler, "Forces Redirecting Science Teach-
ing,” in Revolution in Teaching: New Theoxy, Technology,
and Curricula, ed. by Alfred de Grazia and David A. Sohn
(New York: Bantam Books, 1964), pp. 187-188.



Foundation has testified to having contributed to the
national curriculum projects in eleven years.5

Until recently, junior high school teachers who
attended such institutes were there to upgrade their knowl-
edge or to familiarize themselves with the "new" chemistry,
physics, or biology projects. Few institutes, other than
those in earth science, are designed specifically to aid
junior high school teachers in making a choice from among
the new programs available or to help them implement one
in their schools.
A cursory look at the 1968 list of summer institutes6
bears out this fact. Out of 242 summer institutes offered,
fifty-five are in earth science and only eleven offer either
a specific junior high school project, such as Introductory
Physical Science (IPS) or a potpourri.

Without the help of junior high school teachers,
many of whom have neither the knowledge nor the time to sift
through the literature of science projects, the decision has

fallen by default to the curriculum coordinator or adminis-

trator and the second question raised earlier assumes

5Joe L. Evens, Chairman, Hearings before a Sub-
committee on Appropriations, House of Representatives, 89th
Congress, Independent Offices--Appropriations for 1967,
National Science Foundation (Washington: U.S. Government
Printing Office, 1966), Doc. #6-473, pp. 234-235,

6National Science Foundation, Summer Institutes for

Secondary School Teachers of Science and Mathematics, 1968
Directory (Washington: The Foundation, December 1967).



greater importance: On what basis should a decision be

made?

Need

Evidence of a need for some instrument to assist in
decision-making can be read into the concern of professional
organizations such as the Association for Supervision and
Curriculum Development (ASCD),7 the National Association of
Secondary School Principals (NASSP),8 and the National Science

9

Teachers Association (NSTA),~ all of which have recently

published lists of criteria for judging new science curricu-
lar programs.

The National Education Association (NEA) has shown
its deep concern about the many innovations and the decision-
making process. In a recent article, the NEA raises the
question:

Is the innovation in line with the goals of the
school system? In all too many school systems this
question may receive little attention. But emphasis
on categorical goals, although not new, is gaining
recognition from educators. The reason for this is
simple: Until a task has been defined, one cannot
effectively develop procedures and practices to
accomplish it.

7Richard E. Haney, The Changing Curriculum; Science
(Washington: ASCD, 1966), p. 36.

8gordon F. Vars, ed., Guidelines for Junior High and

Middle School Education; A Summary of Positions (Washington:
NASSA, 1966), pp. 4-8.

9Summarg Report NSSA-NSTA Workshops on Behavioral
Objectives (Washington: The Associations, 1967), pp. 1-33.
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School systems should list goals and develop a
framework for innovative decision making. Within
this framework, teachers can measure each innovation
in terms of its prospective effectiveness as it
relates to the objectives and procedures defined by
the school system.

The teacher must know the goals as well as the
framework, and he must have a voice in their imple-
mentation, 10

The State of California, with which this study is

concerned, has sponsored a survey of California's junior
high school programs. The committee charged with this task
by the State Department of Education made specific recommen-
dations based on the needs of today's adolescents. These
recommendations,ll which are discussed in Chapter III of
this study, form the system within which the framework of
the model used in this study is constructed. A revision of
the Junior High School Handbook is now being prepared under
the direction of W. Earl Sams, Consultant in Secondary
Education, Bureau of Educational Programs and Subject
Specialists for the California State Department of Education.
The model for this study is a preliminary edition of

a framework for science in the California public schools

which is being prepared by the State Advisory Committee on

10National Education Association, "Framework for
Developing Criteria," Special Journal feature on educational
decision-making, NEA Journal, LVI (December, 1967), 26-28.

catifornia State Department of Education, How Can

Tax Dollar$ Make Good Adolesdents? A Report on a Study of

California's Junior High School Programs, ESEA Title V-826
(Sacramento: The Department, June 1966).



12 The Committee defines the objectives

Science Education.
of the ideal junior high school science program in opera-
tional terms and also suggésts criteria for the selection of
a new program.

A search of the literature also reveals the concern
of the United States Office of Education (USOE) in its
funding of university studies to find some viable means for
helping secondary school administrators choose the new program
which best fits the needs of their students. One project
which parallels this study is being conducted at Rutgers
University by Bruce W. Tuckerman.13 The USOE has also
published two checklists for pre-evaluation of science

programs.14

The Center for Urban Education, New York City, is

supporting a parallel study in evaluating programs for

12California State Department of Education, Science

Framework for California Public Schools, Preliminary

(Sacramento: The Department, 1968), pp. 42-46.

13Bruce W. Tuckerman, The Development and Testing
of an Evaluation Model for Vocational Pilot Programs,

Preliminary Report of Progress, Rutgers University, New
Brunswick, N.J., April, 1967, Grant OEG-1-7-008355-2039;
abstracted in ERIC (April, 1968), ED 014 567.

14Evidences of a Good Science Program, prepared by

Specialists for Science, Elementary and Secondary Education,
Bureau of Educational Research and Development (Washington:
U.S. Department of Health, Education, and Welfare, Office of

Education, September 1963); and A Suggested Checklist for

Assessing a Science Program, Report No. OE-29034-A
(Washington; USOE, January 1964).
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disadvantaged students. A concern for choosing a suitable

program for the gifted child motivated a similar study by
Joseph S. Renzulli of the University of Connecticut.16

Another study was done by Metfessel and Michael,
whose purpose was to develop an eight-step procedural outline
of the evaluation process in the form of a flow chart and to
furnish a detailed listing of multiple criterion measures
that may be used in the evaluation of specific behavioral
objectives. The first is a model which can be followed in
evaluation of school programs and the latter has potential
utility in the instrumentation phase of the evaluation
process.17

Finally, John W. Lombard and William B. Owen have
compiled a guide to the development of an assessment program
in science education which was prepared for the Exploratory

Committee on Assessing the Progress of Education, in which

they list the desired goals of science education in the form

15C‘harles M. Long, Project To Develop a Curriculum

for Disadvantaged Students in Intermediate (Middle) Schools
(New York: Center for Urban Education), abstracted in ERIC
(October, 1967), ED 0Ol1l 534.

16Joseph S. Renzulli, "The Evaluation of Programs of
Differential Education for the Gifted," abstract of a doctoral
dissertation completed in August 1966, Education Review, V
(1967), 45-48.

17Newton S. Metfessel and William B. Michael, "A
Paradigm Involving Multiple Criterion Measures for the
Evaluation of the Effectiveness of School Programs,”

EdAucational and Psychological Measurement, XXVII (Winter,
1967), Part 2, pp. 931-943.



of behavioral objectives.18

These examples which are reviewed in Chapter II of
this study point to a growing awareness on the part of
professional organizations, State Departments of Education,
the USOE, local school districts, colleges and universities,
and individuals that something must be done to develop an

instrument for curricular choice.

Purpose
The purpose of this study is to develop and test an

instrument for the selection of a junior high school science

program.

Implications of the Study
Through the development of the instrument, it is

hoped that this study might prove useful to administrators
in their selection of a pilot program at any level and in
any subject matter area; to State Departments of Education
(especially that of California) and local school districts
who are setting up criteria for judging innovations.

The method used in the instrument, matching the
behavioral goals of the innovative program against the
criteria of the school system, should indicate to those who

are responsible for determining these criteria the need for

18John W. Lombard and William B. Owen, The Objectives
of Science Education (Chicago: Science Research Associates,
Inc., December 1965), pp. 1-22 and bibliography.
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specificity if the goals are to be useful. The method should
also demonstrate to those committees who are now in the
process of developing new programs in any subject area the
need to first identify their goals in specific behavioral
terms before writing begins. In cases where this has not
been done, as with IPS, translation of general objectives
into behavioral terms should be done ex post facto.

Through the testing of the method, using IPS as an
example, it is hoped that this study might prove useful to
administrators of junior high school science who might be
considering this particular program for their schools; to
school districts (especially those in the Bay Area,
California) who may wish to consider the introduction and
implementation of IPS in their junior high schools; to the
Far West Regional Laboratory, Berkeley, California, which
is concerned with the dissemination of information about IPS;

as well as to teachers who might want to know more about the

project.

Methodology

This study will develop an instrument for the pre-
evaluation of innovations prior to their adoption in the
schools. The method used will be the matching of the stated
objectives of the new project against the framework of the

criteria decided upon by a school system.

The method used for testing this evaluative instrument

is the system-theory model which was used by Eichorn in his
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construction of a theoretical model of a middle school to
meet the changing needs of adolescents.19 The model used
in testing this instrument is built from the stated opera-
tional objectives for the science programs of the junior high
schools in the Bay Area, California, as they relate to the
broader objectives of the California junior high schools.
The new science project used in this test is the IPS program.

The source of the data is a jury, composed of school
administrators from a random variety of school districts,
who are judging the two sets of objectives. Members of the
jury number seventy-two.

The procedure for collecting the data is to send
the materials to the directors of seminars for science
supervisors and conferences of school principals. The
materials (samples of which are found in the Appendix)
consist of:

Cover letter sent with the instrument, p. 124.

Professional Data Sheet (to test demographic
hypotheses), p. 126.

A Ballot on which the juror indicates whether
the objectives of Y SCIENCE PROGRAM meet each
of the four criteria of X DISTRICT, p. 127.

The criteria for selection of a science program
for the junior high schools of X DISTRICT (The
Model - Bay Area, California), p. 128.

The objectives of Y SCIENCE PROGRAM (IPS), p. 131.

19Donald H. Eichorn, The Middle School (New York:
The Center for Applied Research in Education, Inc., 1966).
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The data are interpreted in this manner: (1) the

main hypotheses are tested by an analysis of jury ballots;

(2) the demographic hypotheses are analyzed by inspection.

Recommendations are made on the basis of both research and

analysis of the data.

Main Hypotheses

Hy

Given the stated objectives of Y SCIENCE PROGRAM,
the majority of the jury will decide that they
meet the criteria included under Goal I of the
model (SCHOOL DISTRICT X).

Given the stated objectives of Y SCIENCE PROGRAM,
the majority of the jury will decide that they
meet the criteria included under Goal II of the
model (SCHOOL DISTRICT X).

Given the stated objectives of Y SCIENCE PROGRAM,
the majority of the jury will decide that they
meet the criteria included under Goal III of the
model (SCHOOL DISTRICT X).

Given the stated objectives of Y SCIENCE PROGRAM,
the majority of the jury will decide that they
meet the criteria included under Goal IV of the
model (SCHOOL DISTRICT X).

Demographic Hypotheses

Hy

o o

The age of the juror is related to his decision.
The sex of the juror is related to his decision.

The degree held by the juror is related to his
decision.

The title of the juror is related to his decision.

The number of years a juror has held his present
position is related to his decision.

The number of graduate courses he has taken in
administration, curriculum, or physical science
is related to the juror's decision.
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H_ His past experience in education is related to
9 a juror's decision.

Hh His school's enrollment is related to a juror's
decision.

H., The percentage of his student body who elect
chemistry and physics is related to the juror's
decision.

H. His satisfaction with the present science program
J  in his district is related to the juror's decision.

H The willingness of his science teachers to try
new programs is related to a juror's decision.

1 The attitude of his student body toward innova-
tions is related to the juror's decision.

B The attitude of his community toward innovations
is related to the juror's decision.

H_ The willingness of his school board or diocese to

fund experimental programs is related to the
juror's decision.

Theory
The theory underlying this study is that school

districts or state departments should define their objec-
tives in operational form as the NEA has urged and that
committees who are writing new programs should translate
their broad objectives into specific behavioral terms so
that an administrator could compare these two sets of
objectives and arrive at a decision about whether he should
recommend a particular program for a pilot study or further

investigation by his faculty.
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Scope of the Study
This study is limited to the junior high school.

This refers to the seventh, eighth, and ninth grades in any
organizational pattern. This study is not concerned with the
problem of grade organization, nor with the present contro-
versy over the merits of the middle school.

This study is limited to the science curriculum for
these grades and the science program as it relates to the
broad objectives of the total school program. It is beyond
the scope of this study to be concerned with innovations
within the school such as core or block-of-time studies,
flexible or modular scheduling, non-gradedness, or the new
programs in other subject matter areas. This study, however,
is concerned with all the pupils in the science programs of
the seventh, eighth, and ninth grades and in that context is
interested in the choice of a program that will meet the
needs of pupils who will elect more science courses in the
senior high school, the provision of a science experience
within the general education program of the average pupil,
and the provision of a meaningful terminal science course
for those of low ability.

This study is limited to the junior high schools of
the Bay Area, California, mindful of the fact that the
objectives of the schools in this area are typical of those
throughout the state, and probably that there is high corre-

lation between what the State of California wants for its
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pupils and the aims of the state departments of the other
states.

This study is limited to Introductory Physical
Science, an arbitrary choice. No attempt is made to extol
the virtues of this program over any of the other new programs
which have been developed or are in the process of being
written for junior high school science, nor is any attempt
made to compare the various programs.

This study is further limited by the selection of
items chosen for the instrument as well as by the administra-
tion of the instrument. A further limiting factor is the
sample, though it is not felt that the drawing of the sample
from conferences sponsored by the National Science Founda-
tion biased the study. (Identification of groups from which

the sample was drawn may be found in the Appendix, p. 121.)

Overview

In Chapter II of this study, selected related litera-
ture is reviewed, a rationale is set up for the internal
evaluation of the new science programs through the writing
of behavioral objectives, and the method proposed by this
study of using these objectives for pre-evaluation of
innovations is explained.

The subject of Chapter III is the model. 1In this
chapter the background of the model is given and the criteria
for the selection of an innovation are listed together with

examples of each criterion.
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In Chapter IV a brief history of IPS is followed by
a summary of the content. The operational objectives of
the IPS program are listed together with illustrations of
each goal. The method used in testing the instrument and
a description of the trial run are included.

The main subject of Chapter V is the description
of the sample and the correlation of the data. The main
hypotheses and demographic hypotheses are analyzed and con-
clusions are drawn and discussed. A summary of the entire
study is included, and the implications for future research
and recommendations conclude the study.

One of the premises on which this study is based is
that there is a need for a change in the junior high school
science curriculum. A review of selected literature express-

ing such a need comprises the first section of Chapter II.
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DEFINITION OF TERMS

AAAS - American Association for the Advancement of Science.

Administrator - Superintendent, Principal, Supervisor, or
Curriculum Coordinator.

Affective - having to do with attitudes, feelings, or
appreciations.

ASCD - Association for Supervision and Curriculum Development.

Bay Area - See map in Appendix, p. 134.

BSCS - Biological Sciences Curriculum Study.

Cognitive - having to do with recall or the recognition of
knowledge; the development of intellectual abilities
and skills.

Conceptual Theme - a related set of major generalizations.

Data (scientific) - raw material, such as observations,
that has been processed in some way.

Domain - sphere of action (here used to classify concepts,
attitudes, and skills).

Experiment - the rational use of observable operations
employed to verify a hypothesis.

Hypothesis - hunch, belief, assumption, or notion.

Inguiry - inductive learning, discovery learning, critical
thinking, or problem solving.

IPS - Introductory Physical Science, a project of Educational
Services, Inc., 55 Chapel Street, Newton, Mass. 02160,
supported by the National Science Foundation and
directed by Dr. Uri Haber-Schaim.

Isomorphic - similar elements, having a similar relationship
to the system or model.

Junior High School - grades seven, eight, and nine, regard-
less of the organizational pattern.
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Jury - a group of randomly selected administrators who will
decide whether the objectives of IPS meet the
criteria of the model.

Model - a theoretical prototype of an ideal junior high
school science program for the Bay Area of Cali-
fornia, based on the stated criteria decided upon
by the State Advisory Committee on Science Education
at the direction of the California State Board of
Education.

NASA - National Association of School Administrators.

NASSP - National Association of Secondary School Principals.
NEA - National Education Association.

NSTA - National Science Teachers Association.

Objective - something toward which an effort is directed;
an aim; a goal.

Behavioral - aims of instruction stated as specific

behavior of students anticipated as a result of
learning opportunities.

Operational - (in education) descriptions of behavior
that students may achieve as a result of structured
learning opportunities.

PSSC - Physical Science Study Committee.
Psychomotor - having to do with the acquisition of skills.

Taxonomy - system of classification; here used to establish
a hierarchy of cognitive and affective behavior.

USOE - United States Office of Education.



CHAPTER II

REVIEW OF LITERATURE

The basic premise of this study is the need for
change in the junior high school science curriculum and how
this need can be met. A review of the literature indicates
that critics have now focused on this problem. Selected
comments have been included in this chapter to indicate the
general feeling about the present junior high school science
curriculum and what should be done to remedy it.

Another premise undergirding this study is that in
order to make a desired change in the junior high school
science program, criteria must be established for choosing
among the many options open to administrators. Several
writers have called attention to the dilemma of the adminis-
trator in attempting to make such a choice and passages have
been included to document the need for an evaluative instru-

ment to assist him.

The Need for a Change in the Junior
High School Science Curriculum

Science, as it is now being taught in the junior

high schools, has been the subject of expressions ranging

19
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from concern to scathing criticism from science educators.
Frank B. Lindsay, retired Chief, Bureau of Secondary
Education of the California State Department, when he was a
member of a panel who appeared before the American Associa-
tion for the Advancement of Science (AAAS) at the December,
1965, convocation in Berkeley, said, "The ill effects of
failure to recognize that the fabric of learning is a closely
interwoven pattern is nowhere more evident than in the junior
high schools. Efforts to introduce and maintain appropriate
science instruction in grades seven through nine have been
faltering, fumbling, and feeble."l Lindsay felt that the
new textbook adoptions for elementary science in 1967 in
California would provide elementary pupils with a better
science "base.” He continued, "This may help within a few
years to resolve the dilemma of junior high school science.
It is time to end capricious vacillation."2
Robert Carleton, Executive Secretary of the NSTA,
vehemently attacked the junior high school science curricu-
lum. Leafing through several general science textbooks, he
noted such chapter headings as "Science and Our Water Supply,"
"The Air Around Us," "Our Insect Friends and Foes, "
"Transportation - Land, Sea, and Air," and "Foods, Medicines

and Your Health." He deplored the fact that general science

1Frank B. Lindsay, "Junior High School Science in
California: Emerging Directions of Development," Journal
of Secondary Education, XLVI (March, 1966), 124.

21pid., p. 127.
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textbooks "haven't changed for the last two or three

decades."

For eighty to ninety percent of all United States
pupils, almost the total emphasis has been on
description, utilitarian uses, technology, and
memorization - with little or no laboratory work.
Teachers have been poorly prepared and there has been
a high turnover of junior high school teachers.

Traditional general science has killed off inter-
est and has done little or nothing to advance scien-
tific literacy; it has failed to present science as
one of man's humanistic endeavors; and it has fajiled
to differentiate between science and tec‘hnology.3

Carleton warned also:

Much of the science that was formerly taught in
the junior high school will now be taught in the
elementary school. This fact constitutes a force
pushing with increasing pressure upon the science
program of the junior high school. To ignore this
by failing to take immediate steps to plan a develop-
mental sequence in science beyond the sixth grade
will seriously limit the effectiveness of the
secondary school science program.

Another force acting upon the junior high school
curriculum is that of the senior high school programs.
Modern courses in biology, chemistry, and physics have been
introduced into the senior high schools and teachers expect
greater sophistication in concepts, attitudes, and skills of

the students entering these programs.

3Robert H. Carleton, "Science Education in the Middle
or Junior High School Grades," Science Teacher, XXXIV
(December, 1967), 25.

4Robert H. Carleton and others, "Improving Secondary

School Science,” in Rethinking Science Education, Fifty-ninth
Yearbook of the National Society for the Study of Education,

Part I (Chicago: University of Chicago Press, 1960), p. 155.
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Jerome S. Bruner, in his book The Process of

5 stated that there is a need for research on

Education,
general science and that certain approaches to science
should be taught as an introduction to a full course of
scientific study.

Francis Keppel, former United States Commissioner
of Education (1962-66), in his book The Necessary Revolution
in American Educa;ion,6 said that the stage education is in
at present is marked by a concern about educational oppor-
tunities for all pupils. New research in educational
psychology has helped educators understand better how
children learn so that a more individualized curriculum
can be constructed. In the past ten years schools have
moved from a concern for the "gifted child" to the ”creative
child" to the "disadvantaged child."” Now, perhaps it is time
to fix concern on all children.

J. Stanley Marshall, editor of the chapter "The
Improvement of Science Education and the Administrator" in
a 1962 report of the AAAS, said:

It has been pointed out on a good many occasions

that the new courses are oriented primarily toward
the more academically able students: those who typi-

cally elect science courses in high school. This is
perhaps more true for the physics and chemistry courses

5Jerome S. Bruner, The Process of Education (New
York: Vintage Books, 1960), p. 27.

6Francis Keppel, The Necessary Revolution in American
Education (New York: Harper & Row, 1966), p. 1.
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than it is for biology. There is no doubt that an
organized effort to develop a series of science
courses designed for the less academically able is
urgently needed. It is to be hoped that some dis-
tinguished group will address itself to this problem
in the near future.?

Paul Brandwein said that since junior high school
students represent a wide range of abilities and experiences,
the science curriculum must be both corrective of impover-
ished experience and adaptive to a wide range of abilities.8

Carleton said that there are twelve or so major
junior high school science projects now in progress. "The
sad thing,” he said, "is that right now ninety-five percent
or more kids in grades seven to nine in the United States
are still studying general science and it will be five to
ten years before as many as fifty percent of the kids are
affected by the innovations."9

The need has been shown for a change in the junior
high school science curriculum. The curriculum committees
have turned their attention now to the elementary and junior

high schools. 1In their haste, many committees have not been

specific enough about their objectives and have based the

7Ibe New School Science: A Report to School Adminis-

trators on Regional Orientation Conferences in Science
(Washington: AAAS, 1962), p. 9.

8Paul F. Brandwein, Building Curricular Structures

for Science: With Special Reference to the Junior High
School (Washington: NSTA, 1967), p. 10.

9Carleton, "Science Education in the Middle or Junior
High School Grades," p. 26.
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evaluation of their programs on packaged achievement tests
and subjective judgments of pupils and teachers. It has been
suggested that behavioral objectives be written ex post facto
as reported in the May, 1968, newsletter of the Intermediate
Science Curriculum Study Project at Florida State University:
"Because of their lack of confidence in the achievement tests
available, many psychologists now recommend that instruc-
tional research workers establish 'behavioral objectives’

for their projects on which to base their evaluation."lo A
committee, headed by Dr. Robert Gagné, met this spring (1968)

to set in motion the writing of behavioral objectives for

the ISCS project.

The Need for Internal Evaluation
Through Behavioral Objectives

Fletcher Watson and William W. Cooley stated, "The
evidences of effective learning must appear in changed

11 This pupil behavior is

behaviors of the learners."”
observable and measureable both quantitatively and quali-
tatively. These authors continued, "Unfortunately, the

objectives of teaching science are often grandiose terms;

lo;nte;media;e Science Curriculum Study, Newsletter
No. 4 (Tallahassee: Florida State University, May 1968),

p. 8.

llFletcher G. Watson and William W. Cooley, "Needed
Research in Science Education,” in Rethinking Science Educa-
tion, Fifty-ninth Yearbook of the National Society for the
Study of Education, Part I (Chicago: University of Chicago
Press, 1960), p. 304.
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rarely are they in terms of specific observable learned
behavior."12
Examination of many lists of objectives for science
programs revealed broad, sweeping statements such as "The
student will learn the processes of science involved in

problem solving."13

General objectives such as this, though
worthy goals for planning science programs, are not measure-
able and therefore are useless in making a judgment about the
effectiveness of the program. If objectives are listed for
individual units within the program, they are usually not
quite as general, but are equally meaningless as far as

being an evaluative tool for the teacher is concerned.

Watson and Cooley had this to say: "Without
specificity, we lack criteria by which we can determine
whether our instruction made the most of the possibilities
afforded by the material."14

A unit objective analogous to the program objective
cited above might be: "The student will understand the
scientific method of problem solving so well that he can
use this method in solving his personal problems.” No
observable behavioral change will take place when he under-

stands, and there is no way of measuring either his under-

standing of the method or his use of it.

121y54.

13gar1 J. Montague and David P. Butts, "Behavioral
Objectives, " Science Teacher, XXXV (March, 1968), 33.

14Watson and Cooley, op, cit., p. 304.
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Mager suggested that a behavioral objective should
have three components: (1) observable pupil behavior; (2)
conditions under which the behavior will be observed; and

15 The

(3) criteria for measuring the change in behavior.
original general objective, translated into behavioral terms,
could be stated: "Suppose you have saved $25 and you wish to
start an aquarium. List the quantity, kind, and price of the
plants and animals you would buy and the size of the aquarium.
You may use the catalogues in the back of the room and you
may 'buy' other equipment for your aquarium if you wish, as
long as you stay within the amount you have saved. Explain
how you arrived at your decisions. The class will decide
whether your aquarium will be balanced or not.” If this were
the objective, terminal behavior would be observable and
measureable because conditions have been defined and criteria
have been set up for determining whether the student can
apply the problem-solving method to a specific_problem.

Bloom divided behaviors into three categories or
domains: (1) the cognitive, (2) the affective, and (3) the
psychomotor. The first taxonomy,16 published in 1956,

presented a classification system for conceptual behaviors

15Robert F. Mager, Preparing Instructional Objectives

(Ssan Francisco: Fearon Publishers, 1962), p. 52.

16maxonomg of Educational Objectives, Handbook I:
Cognitive Domain, ed. by Benjamin S. Bloom (New York: David

McKay Co., 1956), pp. 201-207 (appendix).
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ranging from the lowest, simple recall, up through under-
standing which implies making relationships, interpreting,
applying, evaluating, and generalizing, to the highest,
critical thinking.

17 published in 1964, suggested

A second taxonomy,
a classification of the affective domain, the lowest being
awareness of conditions; next, acceptance of values; then,
preference for values; and finally, the formulation of a
value system. There is no taxonomy of the psychomotor
domain.
The rationale for developing the taxonomies is
described in the second handbook:
The Taxonomy has been used by teachers, curriculum
builders, and educational research workers as one
device to attack the problem of specifying in detail
the expected outcomes of the learning process. When
educational objectives are stated in operational and
detailed form, it is possible to make appropriate
evaluation instruments and to determine, with some
precision, which learning experiences are likely to
be of value in promoting the development of the

objective_and which are likely to be of little or
no value.

Montague and Butts defined a behavioral objective
as "A goal for, or a desired outcome of, learning which is
expressed in terms of observable behavior (or performance,

if you prefer) of the learner. If each of us plans

17Taxonomy of Educational Objectives, Handbook II:

Affective Domain, by David R. Krathwohl and others (New York:
David McKay Co., 1964), pp. 176-185 (appendix).

181pid., p. 76.
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instruction in terms of expected student outcomes, our
planning will be more specific and more student-centered."19
Ralph Tyler, Chairman of the Exploratory Committee
for Assessing the Progress of Education, described the
process used to determine science objectives. It could be
summarized as follows: Educational Testing Service was
responsible for bringing together science teachers, curricu-
lum specialists, and scientists to formulate statements of
objectives. To clarify the meaning of each objective, the
contractor (testing) was required to include prototype
exercises which, in the opinion of the science teachers
and scientists, would give the student the opportunity to
demonstrate the behavior implied by the objective.20
Goodlad emphasized the need for precise objectives
and the need to check the "Relationship of these objectives
to more remote aims of education. Needed is thorough
appraisal of functions thought to be appropriate for each
successive phase of schooling, translation of these functions
into specific educational objectives, and allocation of human
and material resources specifically pertinent to attainment

of these objectives."21

19Montague and Butts, op, cit., pp. 33-34.

20R.alph Tyler, "Assessing the Progress of Education
in Science,” Science Teacher, XXXIII, No. 6 (September, 1966),

12,
21Jo'hn I. Goodlad, "Direction and Redirection for

Curriculum Change,” in Curriculum Change: Direction and
Process (Washington: ASCD, 1966), pp. 5 and 8.
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Like most of the new programs, the writers of IPS
have stated the goals in general terms. Behavioral objec-
tives for the program were not identified before the
committee started writing; therefore, the achievement tests
included in the program are not a valid tool for internal
evaluation of the program.

Watson and Cooley said: "Test items need to be
developed which sample more of the behaviors generally
believed to be desirable outcomes of science instruction.
We shall not be able to determine whether or not science

courses are achieving such goals . . . unless reliable and

valid evaluation instruments are available."22

Pelham, in an article based on a Ph.D. study done
at Columbia in 1955, wrote:

The analytical method is based on a fundamental
observation . . . it must be possible to look at the
plans for conduct of the course and find what, of
general education value, they are supposed to accom-
plish.

All this says is that a course designer tries to
do what he sets out to do. . . . Intended outcomes
are those things . . . a course designer intends will
happen to or for a student as a result of his going
through specific planned educational experiences--
this is different from objectives.

Course objectives can be stated before the course
is designed. Intended outcomes must, however, have
a source--an intended outcome cannot be gbtained unless
there are plans for student experiences. 3

22Watson and Cooley, op, cit., p. 305.

23W. F. Pelham, "Analysis of Science Courses Designed
for General Education,” Science Education, L (October, 1966),

337-38.
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Henry H. Walbesser was in charge of an evaluation
study of the new curriculum materials for elementary school
science being developed by the Commission on Science Educa-
tion of the AAAS. 1In an article,24 he reported on the design
and rationale for the study. The first step was to specify the
curriculum objectives as behaviors. Next, the Commission
developed a checklist against which they immediately measured
each of these specified behaviors. Three different pupils
were selected at random by AAAS each month to be "checked."
The Commission also established a hierarchy of learning set
from which they could obtain a profile of an individual--
not one compared to a mythical national norm, but one which
related to behaviors requisite for the final task that the
individual has performed. The method, sometimes called the
"systems approach,"” of specifying goals, designing content
to induce the desired behaviors, setting up criteria, and
finally measuring terminal pupil behavior against the
criteria provides a valid means of determining the internal
evaluation of a program.

As was mentioned earlier, haste in writing new junior
high school programs may have caused some writing teams to
fail to follow the "systems approach.” Walbesser suggested

another reason:

24Henry H. Walbesser, "Curriculum Evaluation by
Means of Behavioral Objectives,” Journal of Research in
Science Teaching, I (1963), 296, 298.
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However, if measurement is to be possible, the
instructional objectives must be specified in terms
of behaviors which are observable. If the desired
capability of the learner cannot be specified in
such terms, it should be painfully obvious that
such a capability cannot be measured.

There exists a class of curriculum designers who
do not wish to be (as they contend) 'pinned down' to
specific behavioral changes. As a direct consequence
of the lack of commitment to a behavioral description
they frequently do not specify the performance they
expect the learner to accomplish.

It has been contended that placing such severe
constraints upon the system of experimental curricu-
lum construction may tend to inhibit the 'creativity'
of those involved in writing the materials. However,
since the proponents of this thesis have, as yet,
presented no experimental evidence to support their
claim, it has not affected this strategy for curricu-
lum evaluation.25

If specific objectives were not identified before a
new program is written, it should be done afterwards, as the
review of the literature indicated, to establish criteria
for internal evaluation of the program. The stated objec-
tives of IPS had to be translated into behavioral terms and
divided into the three domains suggested by Bloom: cognitive,
affective, and psychomotor. A hierarchy of behaviors has
also been established.26

Another reason for the identification of behavioral
objectives is the use of them for external evaluation of

new programs. A review of the literature pertinent to this

point has been included in the section which follows.

251pid., pp. 297, 299.

26The hierarchy may be found in the Appendix,
pp. 139-146.
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The Need for an Instrument for External
Evaluation of New Programs

The junior high school administrator is confronted
with a difficult dilemma. Faced with the large number of
science programs which have been developed or are now being
written for junior high schools, he must have some criteria
for evaluating them and making a choice. The obvious method
is to study evaluations of the appropriate projects. It has
been pointed out in the previous section that internal
evaluations of the new programs are based on subjective
judgment and standard achievement tests. It is understand-
able that administrators have been swayed by other consider-
ations.

Noojin Walker, Chairman of the Division of Special
Education at Pensacola (Florida) Junior College, said,
"Although it does seem that some properties of an innovation
are likely to affect its adoption and continued use, educa-
tional innovations are almost never installed on their own

27

merits.” He listed some of the factors which may have

influenced an administrator in making a curricular choice:
1. The prestige of the innovating group (people
like Zacharius, Seaborg, Campbell and Brandwein
lend considerable weight).

2. Because the focus of change is usually on content,
the "bandwagon effect” is operative.

27Noojin Walker, "Innovations in Science: Do We
Dance to the Piper's Tune?"” Clearing House, XLI (May, 1967),
529-532, passim.
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3. As mentioned before, some of the projects have
built in their own success by providing for the
pre-training of teachers.

4, Low cost to the school and little disruption to
the total school program as a result of its
adoption.

5. Publicity. Some of the projects have built-in
publicity in the form of newsletters, progress
reports and reports of pilot studies which
emphasize the positive and conceal the negative.

These are certainly not valid reasons for choosing a new
program.

John Goodlad was asked by the Fund for the Advance-
ment of Education to analyze the curriculum materials which
have been prepared by a fast growing number of projects in
all subject areas. In the Overview, Goodlad said:

It would be reassuring to believe that school
districts use the products of one curriculum study
group in preference to another because they have
carefully examined them and found them better
suited to those aims of education to which the
districts are committed. But this is rarely the
case. Few state departments, even fewer school
districts have seriously tried to determine the
precise purpose of th%%r schools and the objec-
tives to be achieved.

In a section titled "Problems and Issues” in the same pamphlet,
Goodlad continued:

What is needed are evaluative criteria in the form
of educational objectives that have been agreed
upon, quite apart from the specific claims to virtue
made by this or that approach to curriculum organi-
zation. Curriculum planners, in general, have been
delinquent in stating their educational objectives
with precision.

28John I. Goodlad, The Changing School Curriculum
(New York: The Fund for the Advancement of Education, 1966),
p. 17.

291pid., p. 94.
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The ASCD has been mentioned in Chapter I as having
made some constructive moves recently in helping the admin-
istrator solve the problem of choosing an innovation. At
the 1966 Convention in San Francisco, Broudy said, when he
addressed the ASCD members:

Consider, for example, what happens when a school
system is confronted with a proposal to adopt a new
mathematics or physics curriculum. Let us assume that
the proposal already has had a great deal of publicity
behind it, and that some influential parents have
already urged the school privately or not so privately
to try it. On what grounds does one divert--and often
it does mean diversion--funds from other allocations
to make the proposed change? The proponents of the new
course are content to rest their claims on the superior-
ity of the content, viz. that it is 'good' mathematics
or physics, and 'better' mathematics or physics than
that now being taught. As to other values which the
proposed innovation would facilitate or jeopardize, the
proponents say little and apparently care less.

One would feel better about it all, if one could be
reasonably confident that the school's administrators
had better knowledge of these consequences, but there
is little ground for such confidence because the total
curriculum is a hodgepodge. . . . The administrator's
resistance, therefore, if it exists, arises from
considerations of expediency, comfort, or even survival,
rather than from reasoned judgments about the merits of
the innovation.

The administrator and staff have no simple way of
judging how good the proposal is--even on its own
claims. There is no impartial Consumer's Guide to tell
them, nor do many school systems have a testing labora-
tory of their own. Under analogous circumstances, no
hospital would adopt a new drug for general use, whereas
schools often do jump on whatever bandwagon happens to
be playing the loudest tune.30

To aid the administrator in making decisions, ASCD has

established a Commission on Current Curriculum Developments

30Harry S. Broudy, "Needed: A Unifying Theory of
Education,” in Curriculum Change; Direction and Process
(Washington: ASCD, 1966), p. 19.
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and the first in a series of booklets, The Changing Curricu-

lum; Science, by Richard E. Haney, included this charge in
the Foreword which was written by Arthur W. Combs, President
of ASCD:

Being a curriculum worker these days is no easy
task. As American education goes through the grow-
ing pains of revitalization and adaptation to new
social goals, curriculum workers are confronted with
a bewildering array of innovations, each with its
champions and critics, all loudly proclaiming their
points of view. In addition, providing school
materials has become a most lucrative business and
schools everywhere are finding themselves the target
of hard and soft sell by American industry as never
before. As a consequence, curriculum decisions have
been made much more difficult than ever and it is
hard for a conscientious worker to know who and what
to believe. More than ever there is a need for
careful, objective, professional review and discussion
of current developments.

To meet this need, the Association for Supervision
and Curriculum Development established its Commission
on Current Curriculum Developments and charged it with
the responsibility for maintaining liaison with
curriculum studies and defining standards for and
evaluating curriculum innovations.

Haney has listed six objectives to provide a basis
for evaluating curriculum projects. All objectives, accord-
ing to Haney, indicate the desirability of cognitive,
affective, and psychomotor learnings in the science program:

1. The pupil should acquire knowledge which he can

use to explain, predict, and control natural
phenomena.

2. The pupil should grow in his ability to engage in
the processes of science and to apply these
processes in appropriate situations as he confronts
them in his daily life.

31Richard E. Haney, The Changing Curriculum; Science
(Washington: ASCD, 1966), p. V.
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3. The pupil should acquire the attitudes of scientists
and learn to apply these attitudes appropriately in
his daily experiences.

4. The pupil should come to understand the various
interrelationships between science and society.

5. The pupil should learn numerous useful manipulative
skills through the study of science.

6. The pupil should acquire a variety of interests_that
may lead to hobbies and possibly to a vocation. 32

Haney continued:

One of the most difficult tasks, from the standpoint
of curriculum development, is that of evaluating a new
instructional program to determine the feasibility of
incorporating it into the existing curriculum. The
following is a list of criteria which may be used for
that purpose. Several of the items could be termed
external criteria because they are used to evaluate
the relationships of the proposed course to the total
program., Others are internal criteria because they are
used to judge the internal consistency of the new course
itself. These are concerned with how well the new
program liveg up to the publicity it has received from
its authors.33

One of the external criteria listed by Haney was the one
chosen for the rationale of this study:
Objectives:

a. Are the objectives adequately defined in terms of
all the learning outcomes desired?

b. Are the aims consistent with the general objectives
of the total science program of the school district?

c. Are the objectives consistent with the general aims
of education as they apply to the grade levels in
question?34

32 33

Ibid., p. 24. Ibid., p. 35.

341pig., p. 36.
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Two other professional groups mentioned in Chapter 1
as being concerned about establishing criteria for selection
of new innovations were NSTA and NSSA. In June of 1967, a
joint planning conference was held in Washington for the
purpose of exploring the feasibility of developing a list
of terminal behaviors which might be expected of high school
seniors or what the goals of science education for the
general student should be, stated in behavioral terms.
Because the group was aware that other groups had developed
objectives in the cognitive domain, they concentrated on the
affective domain, formulating behavioral statements concern-
ing such things as attitudes, interests, and appreciations.

At this meeting, plans were made to hold five regional
meetings in Philadelphia, Berkeley, Chicago, Wichita, and
Atlanta and about fifteen science supervisors were invited
to each meeting. Each supervisor was provided with Mager's

Preparing Instructional Objectives and an NSTA paper

entitled "Developing Categories for Behavioral Objectives."35

At each regional meeting, the groups divided into
subgroups and worked on writing behavioral objectives in
the affective domain. The product of the groups differed
and some of the groups attempted to establish criterion

levels and to write evaluation items. The objectives of

35"Developing Categories for Behavioral Objectives,
a six-page leaflet distributed by NSTA (Washington: NSTA,
September 1967).
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the five groups are incorporated into a summary report36

which has provided a valuable set of criteria for the
evaluation of innovations.

The NEA was concerned enough about the problem con-
fronting administrators that they devoted a special issue
of the NEA Journal to educational decision-making. In the

37 quoted in

article, "Framework for Developing Criteria, "
Chapter I, they call upon state departments of education

to establish a framework of categorical goals within which
innovations can be measured.

The framework which the California State Department
of Education has established has been used as the model for
this study and is described fully in Chapter III.

In July, 1965, Science Research Associates was
appointed by the Carnegie Corporation, the original sponsors
of the Exploratory Committee on Assessing the Progress of
Education, to delineate the objectives of science education
in the United States. These objectives were to reflect what
the schools currently consider the important goals of science
education with the expectation that they might serve as a
guide for assessing the attainments of representative
nine-year-olds, thirteen-year-olds, seventeen-year-olds,

and adult high school graduates.

36

S a e NSSA-NSTA Workshops on Behavioral
Objectives, pp. 1-33, passim.
37

NEA Journal, LVI (December, 1967), 26-28.
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John W. Lombard and William B. Owen have compiled
these objectives into a guide, and in the introduction they
described the method of derivation:

(1) a study of the literature,
(2) statements of members of the Committee of
Consultants, and
(3) comments by reviewers of the preliminary draft
of objectives.
The method used was to study the published literature:
and solicit opinions, write material, have it reviewed
by qualified people, rewrite it, and have it further
reviewed. The Committee of Consultants provided
overall guidance and reviewed two preliminary versions
of the objectives, interjecting their own ideas at
each stage. 1In addition, more than 150 other people
actively concerned with improving science education
were given the opportunity to review the preliminary
draft of objectives. These included scientists;
professors of science education; officers of national,
state, and local science teachers associations; science
curriculum specialists; directors of NSF-sponsored
curriculum projects; state, county, and city school
superintendents; and experienced science teachers at
all grade levels.

The result is a comprehensive list of behavioral objectives
categorized according to the four age levels to undergo
assessment and classified according to the Taxonomy of
Educational Objectives, Handbook I: Cognitive Domain, and
Handbook II: Affective Domain.

A search of the literature has revealed four studies
similar to this one. The first study was sponsored by the
USOE at Rutgers University. Bruce W. Tuckerman has recently
published a progress report of this study which revealed

that he has developed a "Curriculum Hierarchy for the

38 ombard and Owen, op, cit., p. 3.
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Evaluation of Course Knowledge" along with a "“check" tech-
nique. This technique is based upon a model which initially
necessitates translating the learning processes and objec-
tives into easily identifiable behavioral responses. This
process is described in the progress report.39
The second parallel study is one by Metfessel and

Michael,40

whose purpose was to develop an eight-step
procedural outline of the evaluation process in the form
of a flow chart and to furnish a detailed listing of multiple
criterion measures that may be used in the evaluation of
specific behavioral objectives. The first is a model which
can be followed in evaluation of school programs, and the
latter has potential utility in the instrumentation phase
of the evaluation process.

The third study was one reported by Charles M.
Long,41 which was supported by the Center for Urban Educa-
tion, New York City. The Board of Education of New York
City appointed a task force in the spring of 1966 to develop
a program for the disadvantaged student within the framework

of the objectives for the middle school which had already

been determined. One of the subjects was science.

39Tuckerman, op, cit.

40Metfessel and Michael, op, cit.

41Long, op, cit., ERIC microfiche, ED 011 534.
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A Center for Urban Education Research Team,
composed of professors from Brooklyn College, evaluated
the materials produced by the task force within the frame-
work of specially prepared guidelines and the previously
stated objectives established for the middle schools, as
well as the broad objectives of the Board of Education of
New York City.

The Renzulli study, "The Evaluation of Programs of
Differential Education for the Gifted, " considered this
problem:

The difficulty of validly appraising the

effectiveness of educational programs poses a
serious and long-standing problem for those persons
who have undertaken the responsibility of educating
the nation's youth. In the area of education for
the gifted, the problem of formal program evaluation
is compounded by the absence of appropriate means
which are explicitly designed to evaluate the
particularized objectives that guide and direct

the learning experiences of fortunately endowed
individuals.

The literature on the gifted reveals a striking
contrast between a nearly universal plea for program
evaluation and a near dearth of analytical and proce-
dural studies attemptinz to bring this problem into
manageable proportions. 2

The design of the study was to identify key features
of a program for the gifted, to submit these to a panel of
judges who rank-ordered the features which they considered
to be most necessary and sufficient to a worthy program.

An experimental evaluative instrument was constructed using

42R.enzulli, op, cit., pp. 45-46.
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each of the five key features identified by the panel of
judges, followed by objectives descriptive of each feature.
Finally, a scale value was assigned to each and the instru-
ment was submitted to the panel of judges to determine
whether each of the program requirements and scale standards
was sufficiently well conceived and structured to allow
differentiation in use by qualified observers in the process
of evaluating programs for the gifted.

These four studies, though similar in their use of
an evaluative instrument or a model or a panel of judges,
or behavioral objectives, differ from this study which
combines all of these features in the development and test-
ing of an instrument for pre-evaluation of innovative

programs in junior high school science.

Discussion of Previous Research

Senior high school science was first to feel the
impact of the curriculum reform movement. Next, in response
to critics such as Lindsay, Carleton, Bruner, Marshall, and
Brandwein, the project writers have turned their attention
to the junior high and elementary science curricula.

In their haste, or because of what Walbesser calls
their fear of losing their creativity, the project writers
neglected to provide viable criteria for internal and
external evaluation in the form of specific operational
objectives, leaving administrators who must choose from a

large amount of innovative material in a dilemma.
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Statements by Watson and Cooley, Blough, Tyler, and
Goodlad supported the need for such criteria for internal
validity while Goodlad, Broudy, Combs, and Haney together
with the USOE and professional organizations such as NEA,

43 have called for criteria

ASCD, NSTA, NASA, NASSP, and AAAS
for external evaluation of the new programs. Some of the
above organizations have sponsored workshops, studies,
position papers, and monographs in which models have been
developed incorporating specific aims of the science
curriculum and calling for a method of choosing a program
to meet these goals. Four studies were reviewed which
proposed to help administrators choose programs for the
vocational and general students, the disadvantaged students
of New York City, and the gifted student.

The City of New York and the California State
Department of Education were cited as examples of urban
and state educational systems which have established criteria
for‘science programs in the middle and junior high schools.

The California State Department of ‘Education’'s
Science Framework for California Public Schools (1968) has
been used as the model for this study and is described in
Chapter III. The operational objectives of this model have
been used to construct an instrument for the evaluation of

innovations. The rationale for the use of the model is

explained in the next chapter.

43Acronyms are defined on pp. 17 and 18.



CHAPTER III

THE MODEL

The use of a model in an experimental study has been
employed often to provide a base against which to test the
researcher's hypotheses. Eichornl used a model to show that
a middle school could meet the needs of adolescents better
than a seventh-eighth-ninth grade organization. A replica-

tion of his system-theory model has been used in this study.

Rationale for the System-Theory Model

This study used the model to conceptualize a func-
tional junior high school science program for all students
in grades seven, eight, and nine in the Bay Area of Cali-
fornia.

For purposes of clarification, Griffiths described
system-theory: "A 'system' is simply defined as a complex
of elements in mutual interaction. System is a construct

which has been used for a long period of ti‘me."2

lEichorn,gg. cit.

2Daniel E. Griffiths, "Some Assumptions Underlying
the Use of Models in Research, " in Educational Research:
New Perspectives, ed. by Jack A. Culbertson and Stephen P.

Hencley (Danville, Ill.: The Interstate Printers and
Publishers, Inc., 1963), p. 129.
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The elements which composed the system in this study
were the objectives agreed upon by a group of science
educators which, if attained, could theoretically contribute
substantially toward meeting the needs of adolescents.

Now that the system-theory has been defined, the
elements identified, and the geographical location of the
model established, a further word is in order to clarify the
process.

Allport extended the definition of the system—-theory
by defining it as "Any recognizably delimited aggregate of
dynamic elements that are in some way interconnected and
interdependent and that continue to operate together accord-
ing to certain laws and in such a way as to produce some
characteristic total effect."3

The aggregate dynamic elements in this case are the
objectives of the junior high school science program. These
elements are interconnected and interdependent, and although
they are a part of the general objectives of the total junior
high school, they are distinguishable in operation.

Tyler supported the validity of using a model against
which to test an untried program when he defined it thus:
"This development of a formal model provides a way of view-

ing the complex phenomena in a fashion which permits

3Floyd H. Allport, Theories of Perception and the
Concept of Structure (New York: John Wiley and Sons, Inc.,

1955), p. 469.
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scientific study. Models serve to simplify a process which

appears on the surface to be too varied or complex or hap-

4

hazard to be understood.” The area about which little was

known in this study was the IPS program and the jury tested
this program against the laws (objectives) of the model.

A condition for using a model in this fashion is
isomorphism of the elements. Griffiths described the

relationship in this way:

If X is a model of Y, it is so because X 