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PREFACE '

Concern for the relevance and effectiveness of instruction is nothinyg

. new in education. In the-'past five years, however, the science education com -
mun;ty has become increasingly concerned with such matters. While the impact
of science and technology on our day-to-day lives can only be more obvious to-
day than ever before, the value attached to traditional school science pro-
grams seems to be on the decline. In April of 1979, a headline in The New
York Times summed up the situation, “"Halcyon Days fof Science are Over in the

Schools - Post-Sputnik Fervor Wanes as 3-R”s Gain.”

A few years ago, the National Science Foundation funded some extensive
studies -of the status of sciencé education. The interpretation of the wealth

of data from these and other sources was the task of Project Synthesis. The

purpose nf_tﬁié report is to describe the rationale, methodology, findings and

recommendations of . that project. -

S

In what proved to be‘monumental undertaking, five different groups of .
. educators participated, examining the data from varying perspectives. Chapter
1 of this report is an overall summary of the project. It consolidates much
of the work of thé five groups. Chapters 2 through 12 are the individual

group reports.

This volume begins with an Overview and Summary (Chapter 1) and then
presents the work of the five working teams. Chapters 2, 3 and 4 represent
the work of the Biology team. Chapter 4 includes a brief .summary of Chapters
2 and 3. Chapters 5, 6 and 7 represent the work of the Physical Science team,
with a sumdary of Chapter 5 and 6 appearing in Chapter 7. Chapters 8, 9 and
10 répresent the Inquiry team with Chapter 10 including a review of Chapters 8
and 9. Chapter 11 represents the work of the Eleméntar} team, and Chapter 12,
the Science-technology-society team. Each chapter carries its own table of

contents and page numbering system.

References for our rour major data sources have been abbreviated for
simplicity. The works of Helgeson .et al, National Assessment, Stake et al,
and Weiss are referenced ag "QSU", "NAEP", "CSSE", and "RTI". For OSU and
RTI, numbers in references refer" to page numbers. For CSSE, they represent
chapter and page numbers, and for NAEP they represent specific test item num-
bers. 1In addition, references in Chapter 1 which represent quotes from other
chapters Yn this book regereto the group, the chapter and the page; for exam-
ple, Bio 3:4 references Chapter 3, page 4, which was written by the Biology

group.

: 5 .
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PROJECT SYNTHESIS
EXECUTIVE SUMMARY

Project Synthesis was a joint effort of 23 people representing a wide
variety of roles anq perspectives within the science education community. The .
purpose of the project was to make policy—relevapt inter%%etations of a large
body of data which portrayed the state of science education in the late 1970's.
We approached the task with an objective and organized approach for digesting
and interpreting a large and diverse infprmation base. Many aspects of science
ecucation were assessed in light of impgrtant educationali goals, student capa-
bilities and limitations, and forces at work within educational systems. We
emerged from the process convinced' that there is a major mismatch between the
practice of gcience education and the needs of individual students and our
democratic society. The basic problem is that the educational goals reflected
by practice- 1n science education appeared to be extremely narrow, and based on
the erroneous assumptlon that most student§ will take considerable coursework
leading to careers in science. Goals which appear to be largely ignofed include
preparation for citizen participation in science/technology-related societal
issues, preparation to utilize science in everyday life, and preparation for
making career choices in science-related fields. Even where materials
reflecting broad goals exist, their implementation seldom results in practices
which reflect those broader goals. ’

This conclusion, if accepted by the education community. has massive
implications fo£ al} actfvities related to science education. One major purpose
of this report is to share the evidence we‘found, the ways we processed that
evidence, and the lines of reasohing which have led to this conclusion. A
second major purpose of this report is to suggest courses of action wh%ph can
serve to improve the situation. Those suggestions emerged from an analysis of
the problem and of certain contextual constraints illuminated.by the data base.

It seems particularly ironic that science instruction is becoming less
valued at a time when the urgency of science/technology-related issues is more

apparent than ever in our society. A closer examination of existing science

programs, however, makes this situation easier to understand.

\
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During the elementary years, a child's exposure to instruction in
science is minimal. During the remainder of ore's precollege academic career,
science programs are primarily_ dedicated to the presenéation of the "pure"
content of the various science disciplines largely free of personally or
societdlly relevant contexts or applications, and largely devoid of oppor-
tunities tu experience the senseqof inquiry which lies at the heart of
scientific endeavor. If one's concern is general education, the science
curriculus ir our schools is greatly deficient. -

-

. The usual science sequence in high school appears to be designed pri-
marily for that small proportion of students who are likely to pursue science
in college and thereafter. Even for those students, there is little science
instruction which makes the connection between scientific knowledge and real
world applications. The existing courses which do place greater emphasis on
personal and societal relevangg reach very few students, are often igéended
for the low abil;ty'sfudents and are most susceptible to being discontinued
due to a numberaaf factors. An examination of the science programs in the
middle scﬁool and junior high years reveals that those programs reflect the
same purposes and implicit rationale as do the high school programs.

The concerns described above shiould not be interprefed narrowly. They
do not refer only to curricular materials or just to course.offerings. Instead
they are representative of a systemic problem -~ one resulting from a myriad of
factors which tend to perpetuaée an orientation to science education which
neglects the needs of & large majority of the student population. Clearly,
the underlying rationale for existing precollege science programs needs to be
reexamined. : o

Recommendations for actions designed to reduce the mismatch between

/

needs and practice fall Yargely into the following three areas.

~

Area 1: A Major Reexaéination of Goals at All Levels and in all Disciplines

Goals vf science education need to be examined for their consistency
with each of the following factors:

(a) the needs of individuals to utilize science in their own lives
and to cope with an increasingly technological world;

. “ . . s
(b) the.needs of an informed citizenry as it deals responsibly with
science and technology related issues;
] -

(e¢) changes in emphasis within the various sciences;

11 .




(d) the needs of students to make informed choices concerning their
future careers and preparation for those carrers;

-

(e) psychological limitations stemming from students' developmental,
intellectual and personality characteristics;

(f) students' individual goals;

P

(g) community standards and values.

,The need for all groups concerned with science education to reexamine
goals is especially critical. ‘Current "de‘facto" goals, as discerned from
curriculum ‘materials, classroom practices, laboratory experiznces, student
achievement, and other indicators seemed largely out of step with the factors

ligfed above.

Area 2: Identification and/or Development of Programs Which Reflect Broader

Goals Consistent With the Factors Listed iii Area 1 Above A

>

[

In addition to a need for reevaluating goals and establishing viable
change mechaﬁﬁsms, there is also a need for the identification, revision and/or
development of curriculum materials, especially at the junior and senior high .
school levels. In some areas (e.g., elementary school), appropriate programs °
exist, but need to be identified andlimplemegted. Straéegies for meeting these

needs will vary.

Area 3: An Increased Emphasis on Professional Leadership and Support at the

Local Level

«

d The fact that effective change does not occur simply as a result of. .

development and one-way dissemination has been well substarntiated durigg the -
last twenty years. Thus, the reexamination of goals recommended above and

consequent program changes can occur only with the help of strong leader%hip -
and support services, in-service education and community involvement at the .
local lével. There is a need for considerable research and development which
can lead to effective mechanisms for change in science education at the local
level and a need for material and human resources which can put those mechanisms
into actidﬁ. Local adoption cr development of innovative ﬁaterials are unlikely
to result in significaqt fmbrovements unless they are accompanied by substantial

»

support of implementation activities.

©
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- Structure .of the Study

%imply stated, the purpose of Project Synthesis was to examine the
countendnce of science education as it exists at the precoilege level and to
make basic recommendations regar&ing future acriﬁities in gscience education.

'T6 insure that such recommendations be valid, it is necessary that they rest '~
on a surflciently broad data base and ‘that no 1mportant factors affecting the
state of science education be overlooked‘ It is also-necessary that the study
leading to the recommendations 1ncorporate a broad range of phiiosophic per- i
spectives regardlng enduring goals of €ducation and that persons of good
judgment representing a variety of substantive points of view interact in an
organized way with the information available to them. The various elements of
the opergtionaljétructure described below were designed to meet these conceptual

requirements. .

The Data Base

Recently, four comprehensive data bases have emerged wH&ch constitute .
an extremely rich resource’'for science education. These data bases include
three studies funded oy the National Science Foundation (NSF) and bvne funded by’
the Office of Education (OE). The three NSF studies include an entensive review

of science education related research, a component of "The Status of Pre-College

"Case Studies in ‘Science Education" {Stake and Easley, 1977), an intensive study
~ of what goes on in schools and science classrooms; and "The 1977 National

Survey of Science, Mathematics and Social Stidies Education" (Weiss, 1978)

which collected‘data7on matevrials, practices and leadership 1n scirnce education.
The OE funded project, the National Assessment of Educatlonal Progress (\AEP),
has cOmpleted its third and by far most comprehenslve assessment of science
knowledge, skills, attitudes, and educational experlences of precollege students,
based on a broad set of objectives recently developed by NAEP.

As a set, these four studies provided a more comprehensive picture of
science education>than has heretofore been available in such. an orgauized and
usable form. These four studies became the backbone of the data.base from
which Project Synthesis worked. That data base was later enlarged“to include a,
survey of journal articles which dealt specif&cally with goals and objectives’

-

in’science education. As the seudy progressed it became apparent that science

.
s 7

Science, Mathematics and Social Science Education: 1955-1975" (Helgeson et al, 1977);

3

4
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_ texts played /a dominant role in science education, and the study was expanded

to include an analysis of the most widely used science texts as identified by
the RTI survey (Weiss, 1978). Finally, the knowledge and experiences of those

working on the project also formed a resource for information which was

especially useful in those areas not explicitly covered by the published

resources.

.

The Focu$ Groups

Various areas of science education were represented by five working

groups which focused on the task from different perspectives. Those were the

perspectives of biological science, physical science (including the earth

sciences). inquiry, science/technology and society, and elementary-school science.

Although these tategories are not autually exclusive, they do serve to reflect

important areas of interest in science education.

, Project Synthesis was ‘rery much a human endeavor calling upon the

intellect, judgment and experience of a number of persons associated with

science education. It seems important to list those persons as each of them

certainly became a part of the !'structure" of the study.. The members of those

groups are listed below:

Focus Group Participant
Biological Science Paul DeH%rt Hurd
¢ (Chairperson)

Rodger W. Bybee

Jane Butler Kahle

Robert E. Yéger

Physical Science Ronald D. .Anderson
(Chairperson).

Audrey B. Champagne

. Position

Professor Emeritus of Educa-
. tion, Stanford University

Assistant Professor of Educa-
tion, Carleton College

Associate Professor of Educa-~
tion and Biological Sciences,
Purdue Pniversity

"~Professor of Education,

University of Iowa

Professor of Education,
University of Colorado .

Associate Professor of Educa=
tion & Research Associate,
Learning Research & Develop-
ment Center, University
of Pittsburgh '

14
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Focus Group

Physical Science
(continued)

“

Science/Technology
and Society ,

Inquiry

Elementary .-School
Science

Participant

Richard J. Merrill .

Eric D. Miller

Lester G. Paldy

Emil Joseph Piel
(Chairperson)

S

Thomas Broyn
David H. Ost

Douglas S. Reynolds

-

Wayne W. Welch
(Chairperson)

Glen S. Aikenhead

Leopold E. Klopfer

-

James T. Robinson

Harold ?ratt
(Chairperson)

David P. Butts

15
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Position

Curriculum Specialist, Mt.
Diablo Unified School
District, Concord,
California

Curriculum Assistant &
Instructor, Boulder Valley
Schools, Colorado )

University Dean for Con-
tinuing & Developing .
Education at State Uni-
versity of New York at
Stony Brook

Professor of Engineering,
State University of New
York at Stony Brook

Private Consultant, Ithaca,
New York

/
Professor of Biology, Cali-
fornia State College

Associate, Bureau of Science
Education, New York State
-Department of Education

Professor of Educational
Psychology, University of
Minnesota

Professor of Education, Uni-
versity of Saskatchewan

Associate Professor of Educa-
tion & Research Associate,
Learning Research & Develop-
ment Center, University of
Pittsburgh

Staff Associate, Biological
Sciences Curriculum Study

Coordinator of Science,
Jefferson County Schoois,
Colorado

Chairperson, Department of
Science Education, Univer-
sity cf Georgia
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Focus Group

Elementéry School
Science (con-
tinued)

3

Philosophic Perspectives

Participant - Position

Roger T. .Johnson Associate Professor in
Curriculum and Instruction
(Science & Elementary Edu-
cation), Universi:y of

Minnesota

Alice J. Moses Elementary Scéience Teacher,

University of Chicago
- Laboratory Schools

-~
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P ’ s
PhiTosophic pers?&ctives in the field of education are uﬁyally embodied

in statements regarding the broader aims. and purposes of education. One of the

first tasks of the project was to identify in very broad terms the most basic

goals of science education which could be stated in.such a way that one could

A

evaluate the effectiveness of the various elements of the science education

enterprise in addressing each of those goals. In order to perform this task, a

number of articles and publications discussing goals, rationale, or philégophic

.

perspectives in science education were identified. The goals were then

logically sorted into a limited number of goal "clusters" which embodied the

primary aims of science education as well as could be determined from existing

literature.

For the special purposes of this project, it was necessary for the

goal clusters to meet the following criteria:

1.

2.

As a set,
generally

they needed toxbe broad enough to capture the important,
accepted goals of science education.

In both terminology and. content, they needed to have meaning for
many audiences, including those unsophisticated in science and in

education.

As a set,
one ''goal

they needed to be "unbiased.'" There had to be at least
cluster' with which any particular person could identify.

They could not be "our goals", but rather an organization of "the
y g g

goals" of

science education.

They had to be limited in number.

Each cluster needed to have some conceptual coherence and be
distinc* from other clusters in some meaningful way. (This does

not impi

mutual exclusivity, which is probably impossible.)

16
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_ ) 6\ Goal clusters had to lend themselves to operational definitions

. in terms of student outcomes and elements of practice in science
education.
. 7. Goal clusters had to differ from one angther in ways which trans-

_ late into some differences with respect to the operaticnal
. definitions mentioned in "6" above.

- 8. At the end of the study, the goal clusters had to lend®themselves
. . to. policy-relevant statements.

The term goal cluster" was used throughout the process. This term
. reflects the reality that it is impossible to embody all. the major goals of
science education.in a few short statements, but that it is indeed possible
to characterlze broad goal areas by .relatively brief descrlptors, useful in
d1scuss1ng ‘major emphases®in science éducation., The goal clusters used in
. >ProJect Synthesis were determined jointly by the project staff and the leaders
of the five focus groups, with useful input from Dr. Bentley Glass and Dr.
David Hawkins who joined us in the second meeting of group leaders. The goal
clusters as_ described in this report and as operationali{ed by each focus group
serVed as perspectives for much of the project work.. The four goal clusters
finally used divided learning outcomes into cetegories of relev;nce for (1) the
, ' individual, (2) societal issues, (3) academic preparation, and (4) career

choice. They are, defined briefly here, and in more detail in later sections.
»

Goal Cluster I: Personal Needs. Science education should prepare

individuals to utilize science for lmproving their own lives and for coping

- with an incteasingly technological world.
Goals that fall into Category I focus on the needs of the individual.

For exaaple, there are facts and abilities one needs to be a successful consumer
. or to maintain a healthy body.~ Qng should;have some idea of the many ways
.- science and technology affect one 's life. qKnowlng that is still not enough,

Science education should foster attitudes’in 1nd1vlduals which are manifested
- in a propensity to use scienoe in making everyday decisions and solving every-
‘day problems.

v

Goal Cluster II: Societal Issues. Science education should produce

- informed citizens ﬁrepared to deal responsibly with science-vrelated societal

issues. . - -t

b

\ i
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Category II goals relate to the needs of society. They pertain, for
example, to the facts and skills a person needs to deal with the environmental -
and‘eneigy issues which affect society at large. 1In order to vote intelli-
gently on-science-related societal issues or participate in responsible
community action, not only are specific facts and skills important, but also I
an understanding of the role of science in society, a knowledge ‘of issues and
how science relates to them and a recognition that in providing the solution to ’ -
one problem science can create new ones. Of course, to develop informed, con-
cerned citizens and’wise boterg, science education must also be concefned with
attitudes. ~ It must instill in students a sense of responsibility, an apprecia-
tion of the potential of science to solve or alleviété\societal problems, and a
sense of custodianship to protect and preserve that natural world with which

{
sc1ence concerns itself. ;

Goal Cluster III: Academic Preparation. Science edutation should

*

~*3Qw students who are likely to pursue science‘academically as well as profes-
s;izzlly to acquire the academic knowledge:approptiate for their needs.

Goals in this category pertain to scientific ideas anq processes which
form a part.pg;ghe structure of scientific disciplines, which may not be easily
related to speé%fic decisions about one's own life or about societal issues
yet which are necessary £oféany further study of science. (This goal cluster
is referred to as "fundaméntal knowledge" in some of the focus greup reports.
Data interpretation after the original definition bf goal clusters lent itself

better to the descriptor "academic preparation’.)

Goal Cluster IV: Career Education/Awareness. Science education should

ive all students,an awareness of the nature and $cope of"a’wiHEWGarieE§ of
science and technology-related carpers open to students of varying aptitudes

and interests. Students should also gain an understandlng of the interests, .

experiences and educational preparation which are usually associated with those

careers. .-

The Domain of the Studyv

The data base used in Project Synthesis addressed many elements of the
educational process. S5ince much of the data was categorized according to these

elements, they also served as an organizer for the synthesis process., Some of

’

the elements of that domain included:
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Student Outcomes/Objectives
Program and Curriculum.Charactetistics
Program and Curriculum Dissemination/Adoption

. Program and Curriculum Implementation includiné:

' Exposure (course offerlngs, enrollments, requirements, time
. allotments)

&
. £ . Teacher characteristics (training, certification, personality
characteristics)

; Classroom practice (methodology, facllltles/equlpment, materials,
media) - .. - ]

Student characteristics

: . yEvaluation
: "

v ~ =

A\ ‘ Stages of the Study . N e

The original project plan divihed activities into three sequential
stages which were labeled Phase I: Désired State of Science Education;
Phase II: Actual State of Science Education; Phase III: Discrepancies and Recom-
mendatlons. Although it was not operationally possible to draw sharp dividing
liqes between these stages, the project activities generally carried out the
- original intent of those stages. The primary intent of the first stage,

;‘ "Dosioed States', was to define the information we would see& in the very large
d;ggfbase. Largely, that defimition consisted of statiog in operational terms
the conditions one might expect to find in science education as evidencé that

y it 'was succeeding, with regard to each of the four goal clusters ;nd to other

v

characteristics defined by the focus 'groups. Phase II activities consisted !

primarily of eXamining and dlgestlng the data base to determine the actual
state of science education, especially w1th respect to Ehe "desired states', as
defined in Phase I. "The pufpose of Phase III was to identify needs growing.out
of ?haée I/Phase II discrepancies and then to recommend courses of action for
meeting those needs. The nature of actions recommended was also influenced by
a number of historical and contextual factors which became evident in the data

“

base. ; ' ' /
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Phase' I: Setting the Perspective

-

" Desired States in Science Education

Following, the overall design of the study and the development of the
goal structure, the focus groups were convened to begin Phase I of the study.
They had at their disposal a set of work;ng papers reflecting early project
developments described above, a general deseription of the three NSF studies,
. and an extensive set of unpublished working papers developed by NAEP in 1974-
1975 during its objectives development;activities for the 1976 assessment.
The NQEP'paperé included specific learning objectives which were related to
broadly stated goals somewhat similar to the Synthesis' "goal dlusters'.
The task at Phase I wa= to‘develop operational definitions of effective
science education. This definition took the form of "desired states" of
various elements of the educational process. The 'desired states" resulted
partly from translation of the goal clusters into descriptions of the conditions
one would expect to find if those broad goals were in fact being achieved.
Primary attention was given to classes of student outcomes and to curriculum
charafteristics logically associated with those outcomes. For each focus group,
a first step was to define the focus area by listing the smaller content domains,
or themes, which would become a part of the focus, and then to list student
outcomes in each domain which were consistent with major goals. These domain
definitions can be found in each o% the focus group reports, and are suggested
read&ngmfor two reasons. First, they will provide the reader a clearer under=-
standing of the perspectives from which the data were addressed, and second,

they can serve as a useful point of departure for future reexamination of

science educatién goals. -
During Phase I an unanticipated source of ‘information regarding the
status quo in science education began to emerge. gur own fluency, or lack
thereof, in dealing with various questions reflected to some extent the '"state
of the art" of thinking in science education. It was easy to list traditionmal
student outcomes associated with academic perceptions of the various disci-
plines (Goal Cluster III). It was also easy ‘to 1ist the kinds of activities
(e.g., 'hands-on"f group discussion, student projects, lectures, etc.) which
apparently have.an effect on student achievement and attitude. However, some

difficulty was encountered in identifying specific learnings which were

20
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. with which we attacked the data.

consistent\with the personal'and societal goal clusters. It seemed as though
we were often bgeaking new ground in documenting the relevance of particular
topics and procesées for individuals and for society as a whole. We also
became painfully aware that..most o% us were much more fluent with questions
pertaining to how to teach sciencé than with questions regarding what to teach
and why. However, the task of associating particular classes of learning
objectives with each of the four goal clusters/was finally completed with some

sense” of accomplishment. This task had considerable effect on the mind-set

During Phase I, it -also became apparent that goal clusters were more
useful with respect to content areas at the junior and serior high school
tevels (i.e., biological science, physical and earth science, and technology),
than with respect to science'egdcation at the elementary level or to the
general domain of inquiry. gor that reason, the activities of the elementary
and inquiry groups tended to be girected'toward general areas which did not’
always reflect distinctiofs among specific goal clusters.

. As discussed earlier, the purpose of Phase I was to describe the condi-
tions one would expgct to find if the i%jo; goals of science education swere
being met. In the following sections, the desired conditions identified by

the five focus groups are discussed. They are zrganized into subsections of

“Learning Outcbmesh, YCurriculum Program Characteristics", '"Dissemisation and
Adoption', "Course Offégings and Enrollments', "Teacher Characteristics and
Classroom Practices" and "Testing and "Evaluation'.

brief summary of common ele. .ts from across the five focqus group reports.

More detailed descriptions and rﬁtionale are found in the individual group

reports, along with treatment of specific areas of special interest tc each
’ . - B .

focus group. N

Desirable Learning Outcomes

i - <

Learning Outcomes for Personal Needs Goals.

Biology and life science classes which emphasize the personal needs

.

goal would stress many areas that apply to all of us in everyday life. They
include concepts and topics such as:'basic concepts of human genetics, as

related to birth defects, genetic diseases, and genetic counseling and

—
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interrélationships betweuu bialogical and cultural evolution and the effects of

those factors on our individuaiJife styles and behavior; the elements o o~ i
nutrition as they apply to cur 1ndividual dietg, and the effects of inadequate ~ ’
diets on prevnatal nutrition, meural health and general health; the effects of
eavironment, experience, age, sex, hormones and drugs on human behavior; the
biology of reproduciion and the uniqueness of human sexuality; the influence of
nutrition, training, exercise,.and other factors on bodily growth and function;
ahd stages of human development from birth to death (Bio 2:6). ) '

In examining a.physical science program which did indeed pursue the

"personal needs" goal, one would expect to find attention to common applications *
of science principles, such as the use of thermostats, air conditioners,

evaporative coolers, heat pumps, common insulating materials; physics of

o < Lt

internal combustion engines; common hydraulic applications (e.g., power

steering and brake systems); energy requirements of commonly used devices;

effects of various kinds of radiation on people; principles fJ; shielding from ’
radiation; common dangerous chemicals; effect of geological and climatic

factors (floods, earthquakes, high winds, etc.zgon the location and design of

homes; effect of temperature on air pressure in tires; etc. (Phys 5:7).

Inquiry skills and behaviors which represent the personal needs goal

include: monitoring hea}tﬁ by measuring body indicators such as blood pre;sures,
heartbeat, temperature, etc.; recognizing the limits of scientific knowledge
and inquiry as applied to personal life; defining personal problems in solvable
terms and seeking information necessary for their solution or resclution;
identifying and seeking scientific information necessary for behavioral &écie
sions such as deciding whether to smoke cigarettes, use drugs, ride motorcycles
without a helmet, etc.; formulating and testing hypotheses which can lead to

the solution of a personal problem (Inq 8:9).,

Topics and led¥nings identified by Science/Technology/Society Groug as ..

being consistent with the personal needs goal include: personal décision making
regarding the use of energy and ngtural }esources; undérs;anding the effect of -
technological developments on family units, personal transportation and heélth

care; understanding of personal gffects of human engineering developments in
birth.control, organ transplantsvand b2havioral modification; undérstanding cf

ways in which personal béhaviors affect the environment, in both the short run

and long ;gg; an understanding of research in space exploration and national

22 "
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research; appllcatlon of genetlc principles in improvements of plants and

“apﬁ}ications of physical principles, .such as the laws of tnermodynamics which

1-17
defeqse, including positive spinoffs which benefit people in their everyday
liveg; ability to apply systems approaches to individual problem solving
(STS 12:’4).

Topics importaunt for elementary children include personal health,
knowledge of personal and physical self, skills for gathering information for
personal use, recognition and acceptance of individual uniqueness, recognition
that their lives Enfluence the environment, and awareness and knowledge of

constancies in themselves (Elem 11:10).

Learning Outcomes for Societal Goales.

Biology and life science classes which emphasize the societal goal

would stress concepts and téplcs such as: technologlcal gains through biological

animals; bloethlcal issues involved in genetic manipulation of human and other
life forms; the ‘possibility, advantages and disadvantages of controlllng human
evolution; worldwide problems of malnutrition and the effects of social
patterns, life styles, advertising, research, etc., on the problems;‘hidespread
effects of drugs, chemicals, territorialism, human and natural environments

and human values, etc., on group behézior; problems of population growth and
factors which affect it; the need to preserve living species and other natural
resources; the way achievements in biology affect the human life cycle; the
nature of possible environmental factors which could lead to death of the human
species (E}o 2:8).

Physical and earth science courses which pursue societal goals would

include topics and coricepts such as: limitations and potentials of various energy

sources; origins and limitations of water, mineral and other natural resources;

place limitations on the production of energy; potentials and comparative

advantages of fusion and fission technologies; effects of human activities on

7éIbbalwcligatic factors such as polar ice caps, sea level,{ozone layer, rainfall

patterns, acid rain, etc.; the chemistry of phosphates, nitrates and other .
chemical pollutants; the effects of physical interventions on all natural
systems (Phys 5:8). . |

Inquiry skills and behaviors consistent with the societal needs goals:

include: measuring the effects of personal actions which influence society (e.g., j
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measuring heat loss from a home); interpreting data about societal problems and
judging the implications for personal behavior, for exampie, the effects of

limiting speeds to 55 m.p.h. cn gas consumption; recognizing that scientific

, knowledge regarding societal issues change and therefore demand a different

/ point of view consistent with new knowledge; determining the main issues of . -
% science-related societal problems and distinguishing between scient}fic and

non-scientific evidence with respect to such problems; recognizing the need -

for consideri?g alternative viewpoints regarding societal issues and identifica- '
- » 4 3 . . 3 . . 3

//// tion of appropriate evidence for making decisions regarding such issues

(Inq 8:11). )

The Science/TechnolBgy/Society focus group identified eight areas with

,which students now in school would most likely be concerned during the remainder

of their lives. Those eigh$ areas and a few of the concepts and topics they

1

represent are: Energy - the import and implications of increasingly rapid

growth of energy use throughout the world; Population - the effects of techno-

s

logical development on populaztion growth, the nature and mathematics of

exponential population growth and its effect on all societies; Human Engineering -

»

the increasing implications of human-machine interactions on human behavior and

machine design; Environmental Quality - the effect of personal and societal

-~

decisions on all aspects of the environment, and the necessary skills to make

such decisions intelligentiy; Utilization of Natural Resources - the effects

<

. . . L
of personal and group decisions and behaviors on our supply of basic resources;

Space Research and National Defense - the potential, costs and spinoffs from

kg
huge spending programs; Sociology and Technolcgy ~ the effects of sociological

and psychological censtraints on technological developments; Effects of Techno-

logical Developments ~ the potential, limitations, dangers and side effects of

current and expected technological developments such as weather control, earth-
. k)
quake pradiction, test tube babies, genetic engineering, nuclear energy,. etc.
. -

©(STS 12:11).

-

Learning Outcomes .for the Academic Preparation Goal.

Biological and life science classes which emphasize the academic prepara-

tion goal would include topics and concepts such as: basic laws and facts of
genetics; evolution in structure and function; adaptation and environment;

clasdes of fg%ds and food supplemeh:s and their biolecgical functions;

24 : :
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similarities and differences of behavioral patterns across species; processes
of sexual and asexual reproduction and modification of genetic patterns through
reproduction; the relationships between principles of gen2tics in sexual
reproduction and the evoluc.ion of Species, structural-functional relationships
from the molecular level to_the world biome level; the mechanism of photo-
systhesis and ultimate dependence of all life on photosynthésis; interactions
among organisms; regulatory mechanisﬁs ﬁithin organisms; processes of respira-
tion, digestion, circulation; chemical cycles of nitrogen, oxygen, carbAn
dioxide (Bio 2:11). .

Physiciiﬁénd earth science courses which stress the academic prepara-

tion goal would treat topics and Concepts such as: the n_.:ure of fundamental
units of matter (molecules; atoms, subatomic particles, etc.); properties of
elements aq§ compounds and_their interactions; principles of kinetics, dvnamics,
mechanics, physical geology, weather and climate; heat conductivf%y, kinetic~
molecular theory, and gas laws; laws of thermodynamics, potential and kinetic
energy, wave phenomena such as sound, light and electromagnetic radiation, static
and current electricity and magnetism, solar radiation, and nuclear physics

(Phys 5:9).
- Inguiry skills and behav1ors reflecting the academic preparation goal

include: accurate observation and descrlptlon of objects and phenomena using

“«

appropriate language; valuing data presented in the form of functional relation-
ships in graphs, tables, equations, etc.; awareness of the changing nature of
scientific explanations and understanding that theories are dealt with in terms
of their utility rather than in terms of absolute truth; understanding of simple
scientific statements and identification of evidence supporting or negating
suﬁh statements; accurate and complete reporting of axperimental data and open-
ness to the criticisms of others concerning data and their interpretation

(Inq 8:15).

At the elementagi_level, there is no one set of basic topics appropriate

v

for science instruction. However, topics should Be chosen (1) because they
develop skills in generating, categorizing, quantifying, and inferpreting
information from the environment and (2) because they are interesting to students

of a particular age (Elem 11:115.
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Learning Qutcomes for Career Choice Goals. Science classes in all

discipiines and at all levels which prepare students to make informed career
decisions regarding jobs related to science and technology would logically place
enphasis on topics and learQings such as: awareness of the many possible roles and
jobs available in science ana technology including careers as scientists, engineers,
technicians, equipment designers, computer programmers, lab assistanfs, as well

as in jobs which apply scientific knowledge in agriculture, nutrition, medicine,
sanitation, conservétion, awareness that persons of both sexes, of all ethnic
backgrounds, of wide panginé educational and ability levels and with various handi-
caps can and do obtain such jobs; awareness of the contributions persons in. such
jo%s can and do make to society as a whole; knowledge of éhe specific abilities,
interests, attitudes and educational preparation usually associated with particular
jobs in which individual students are interested; a view of scientists as real
people; a clear understanding of how to plan educétional programs which open

doors to particular jobs; a recognition of the need for science, math and

language arts coursework as well as a broad base in the social sciences to

better understand the relationship between science and society; a knowledgelof
human and written sources for further information in all areas listed above

(Bio 2:13, Phys 5:9, Inq 8:19, Elem 11:11, STS 12:16).

Desirable Curriculum Program Characteristics

° The focus groups described a number of chdracteristics o% curricula
one would expect to find in educational programs which address the fqur major
goal categories described and exeﬁplified above. First and most obvious,
fdpics such as those listed above would be included in course materials.
Second, it was the consensus of all five groups that any viable science program,
regardless of its goal emphasis, would rest firmly on a foundation of basic
aspects of scienge--i.eﬁ, skills, facts, printiples and'éoncepts. There is,
however, a rather large’universéaof such aspects of science, and many ways in
which they can be selected and built into curricula. The rapid growth of
scientific knowledge experienced d;ring recent decades puts new demands on

"selection of curricular content. Each of the focus group reports describes
specific ways.in which toﬁics could be selected and integrated into curricular

programs. A summary of points common to all focus group reports appears here.

\ 26
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A common element of personal and societal goals is the importance of )

the applications of science to problems of personal and societal relevance.

In order for students to be able to apply. science to such problems, it is
SRR necessary to have an ﬁnderstanding of the problems, the aspects of science
. which apply to the pryblems, and of the relaticnshi{tbetween science and rele- |
vant problems. Studén%s should also have experience in the processes, of
. appiying s%ience to Ehe solutions of such problems. Science education programs
designed to produce student outcomes such as these could logically be designedf
in at least two general fofmags. First they could present science principles \
in the context of real world problems as suggested by our Biology Group. 1In

: this approach,ﬂgcience concepts are organized in terms of specific personal

K and societal issues. This is in contrast to biology courses organized to
- display the structure and logic of biology as a discipline (Bio 2:4).
"R}

?i Another approach would be to continue using the ‘structure of the
\discipline'as the course organizer, but to develop the content through applica-
tidrds to real world personal and societal problems likely to be encountered
by the students. Our ﬁhysical Science group suggested this second format as
bging appropriate for a major portion of the physical science curriculum. In

4 eicher case, considerable emphasis would be placed on presentations(ghigg\?ould

i ' show the utility of science knowledge in situations likely to be faced by many

N of the students in later life, and which would provide the students oppor-

' tunities to actively participate in such appiications. Such active
( participation would include the iaentific§tion and definition of problems to
‘ be attacked or decisions to be made; applicaﬁiéns of the processes of scientific
inquiry in acquiring, interpreting and utilizing information needed; identifi-
cation and application of principles related to the problem; and practicing
skil;s of decision making in prbblem resolution. A variety of ?roblemst
~ relevant to personal and societal issues would be included and #ivariety of
processes for' problem resolution and deéision making would be employed. The
stience-related issués, the science concepts and principles, the processes of
scientific inquiry, and systematic decisioﬁ-making models would te dealt with
in an integrated fachion which stressed the interrelationships among them.
Another common element of programs in all areas would be the inclusion
of fundamental aspects of science. Obviously, many basic learniqgs such as

those described above under the academic preparation goal are important for
rd

.
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students planning science courgework leading to careers in science and engi-
neering. It was alsq the conviction of our groups that such basic science
knowledge is also essential for full undersfanding of science-related personal
aﬁg§societal issues. Decision-making or values-clarification learning
activities which ignore scientific principles, research data or potential
. technological developments are'pointless exercises leading to a -pseudo-.
_ sophistication in scienge-related issues which is probably more dangerous for
a society than is acknowledged ignorahce. i _ :
One common criterion of educational programs designed ho’ﬁeet the
personal, societal or academic goals is emphasis on the full’spectrum of cogni-
tive levels. Personal and societal prgblem solving and decision making require
the application of’science princi?lqg, concepts and processes to spécific
situations. Such applications require the acquisition and utilization of ’
factual material, the interpretation .of data, the analysis of complex problems, '
and the evaluation of élterna}ive solutions _and resolutions. Likewise, future
coursework leading to academic careers in science will rely heavily on )
utilizing principles and concepts in new situations involving a number of
variableg. Thus, the simple acquisition of discrete facts and isolated
principles is not in itself adequate for the pursuit -of any of the important
goals:of science education.

- . Because virtually every topic in science is related to specific career
\ o

1
options in science and tech..ology, materials designed to achieve the career-

prgpagation goal would have career information included as an integral part
¥ qf basic textual materials. A chapter on genetics, for example, wouid discuss v
" careers in genetic counseling, animal’breeding, agronomy and basic DNA nesearcﬁ.
In addition, one would expect to find opportunities for individuals to explore
careerg\bf interest by talking with people in such careers{ by doing research
in school libraries, by on-the~job experiences as part-time workers or volun- .
teers, by doing simulations, etc. In generql, science topics would be dealt

e
with in such a way that the relationships between knowledge, the ways in which . -

it was developed and the way in which it is applied are placed in the conthé
of the human endeavor and the roles played by various individuials and groups

in acquiring and applying knowledge.
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Desirable Dissemination and Adopﬁiéﬂ Characteristics

The purpose of the previous secticn was to describe the general charac-
teristics considered necessary for programs consistent with the four goal
categories. The purpose of this section is to identify some characteristics

. 03 . Y - / - > [ .
of dissemination and adoption functiong which appear necessary for the adoption

‘of such goal—orieﬂted programs., !

R One very important requirement of curriculum selection processes is
serious consideration of various educational goals‘ and philosophies, and the
subsequent identification of classes and examples‘df learner outcomes and
curricular chatracteristics consisfegt with those goals and philosophiés.
Another important characteristic of curriculum decision making is the assess-

ment of needs of the various §Egments of the student population. These needs

-depend on student age, cognitive development, interests and probable adult

roles. Although educators may be best able to answer questioné of how to
achieve particular goals, the determination of broad educational goals and
philosophies is the responsibility of the éntire community. Thus, it is
important that community, parent and student voices be heard during the
curriculum selection process, because all educational programs carry implicit
goals and philosophies with them. '

-, Another important condition for' intelligent curriculum adoption is
knowledge on the part of curriculum decision makers of the various programs
available, and of the emphasig of those proérams with respect to broad goals
of the school system. If positive change is to occur, it is espec1ally impor-
tant that the decision makers be aware of new and innovative materials and of
th? philosophic rationale refleCQed by those materials.

A final requirement of decision processes in the adoption of curriculum
programs which reflecf shifts in goal emphasis is the existence of adequate

support for teachers. It is necessary that teachers receive oriéntation

_regarxding the philosophic rationale underlying adopted programs, learn the mnew

teaching methods required of new programs, receive support for materials and
supplies dictated by the new programs, and generally have some incentive for

the additional time and effort requlred in 1mplement1ng new programs. ,

Lol

~
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Course Offerings and Enrollments

©

, It is possible to degéribe the general néture of course offerings and
enrollments one would expect to find as indicators of eiphasis'gn each of the
?ajor purposes of science education. As the personal, societal and career
choice goals‘are relevant to students of all types (i.e., are important in
"general" education), course offerings reflecting those goals would logically

have the following characteristics:
' 1. They would attract enrollmeﬁts of all types of students, including ki
those bound for college and technical careers, college~bound
studgnts not entering technical areas and non-college-bound students.

_ 2. As suggested earlier, ‘basic science principles and concept§‘would
3 be presented in a context which stressed their applicability to
common situations in the immediate environment of most. students,
. to important science/technology-related societal issues and to the
careers associated with various topics.-~ g

3. Such courses would exist for _students at all grade levels. Cdurses
with societal, personal and career choice emphasis would have
especially large enrollments at grades 1l and 12. This is because
of the emerging social consciousness of students at that age, and
also because of the emerging sense of need to be prepared for
independent decision making as adults.

4. To the extent that such courses enrolled potential leaders in non-—
technical fields (e.g., those planning college majors in the social
sciences, business, and law) they would especially stress the
interaction between science, society and technology.

5. Courses atArQCting non-college-bound student groups would stress
the applicatign of science most likely to be encountered in daily
life.

ey

i

6. The course materials for.use by general student populétions,would
reflect the limitations of many students in reading ability and
mathematical background. Additionally, the development of reading
and mathematical skills would generally be secondary goals for
such courses, not the primary goals.

I v

7. Laboratory activities would utilize "real world" materials, and

situations related to personal, societal and career chrice decisions..
*

Courses which reflect the goal of academic~preyparation for furthar
courseﬁprk,leading to careers in the scéiences (the academic preparation goal)

mizht be eipected to have the following characteristics:

.

iR
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. . # 1, They would tend to stress science principles in a formal "structure .

- ¢ of the discipline" context. '
2. They Would expose students to technical terms and theory likely

» to be encountered in later academic courses:.

. ) 3. They would"enroll students of high academic ability.

4, Reading ability and mathematical sophistication required of students
Y. . would be "above average . : ©

5. Laboratory experiences would, tend to reflect the tools of gcien-
tists and questions of interest to scientists.

- . 2

One should keep in mind that the special group of students for which
such courses are aﬁpropriate have equally as much need for the type of course

described earlier as being appropriate for the general-populetions.

;o
Teacher Characteristics and Practices -

Ultimately, the degree to which any educational program achieves its
goals deﬁends upon classroom teachers. 1In all teaching discipiines we need

teachers who are dedicated to helping young people, knowledgeable in their

teaching field and skilged in\the techniques of teaching. Additionally,

h certain teacher‘charaEteristics specific to science 4nd to important goals of

.
3
. | science educatior®

ippear prerequisite to the achievement of those goals. Some
of those teacher ch\racteristics identified by the focme groups are identified
in this section. )
First, it is important that teachers base their curricular and instruc- v
. tional decisions om internalized rationale rooted in sound philosophies
regarding science and education. A teacher with such a rationale has aderessed
- questions about the’ broader goals of science educa{iod has reached some
resolution regarding the purposes science education should serve in society, "
o and actively.seeks materials, practices and tecﬁniques to achieve those purposes. '
. . For scienee education of any sort to prosper at the elementary level, |
teachers must value Science outcomes and ccnsider them worth pursuing. An
. * understanding of the contribution _science can make to general cognitive eevelop; ?
wtment is one possible aspect of such a valpe system. Another important attribute ;
for teachers at the elementary level is the percept&on that the study of .

science is much more than an exercise in reading comprehension. Rather, it is

a vehicle for learning about the matural world: —Teachers-who view-science_inrv
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this way will naturally use a variety of techniques including direct observa-
tion, experimentation, individual and group projects, qQuestioning, and reading.
They will\ do this not only to help“students learn about the natural wordd, but
also to develop those processes of inquiry tﬁey can continue to use to gather
and _process information. Although the elementary focus group considered it
unrealistic to expect teachers to have command of a large body of knowledge in
science, they were convinced that confidence in the teaching of science was a
necessary teacher characteristic. Foruconfidence to exist in théﬁahsence of a
broad command oﬁ-scientific knowledge it\is necessary for elementary teachers to
see science as a way, ‘of investigating simple and common phenomena, especially
those in the immediate _environmeat, Conversely, it is important that elementary
teachers not feel it is their responsibility" ‘to convey a large body of facts,
theories or "scientific" terms to their students. o .

Several teacher'characteristics’bere identified by the focus groups as

being logically associated with personal meeds'goals. Probably the most impor-

tant teacher charadteristic in this respect is the treatment of students as
individuals_and the consideration of their individual needs in determining what
and how to teach. If this conSideration is combined with a thorough knowledge
of the applications of science’ in people's everyday lives, and with a perception
of science as a way of knowing ‘as well a body of knowledge, one would expect

to- see certain practices. emerge.Q Whether or not the curriculum materials
include the topics and other characteristicslédentified earlier as being con-
sistent with thisrgoalf a classroom teacher can actively introduce such '\
learnings into the curriculum. The teacher would also seek out waysein which
the basic aspects of scienoe and technology are applicable\in the everyday

lives of students in the locale in which the students live, and develop learning
experiences to help students see those connections. Individual projects would
be encouraged and problems of interest to individual students would be investi-
gated. ) s\\ .
A number of teacher characteristics and oractices which one would
logically expect to find in classes oursuing societal goals were identified oy
the focus'groups. One. inportant teacher characteristic associated with this
goal is a thorough understanding of .the interrelationsnips amon%psc:entific
€ndeavor, scientific knowledge, technology and many important societal issués

and problems. This understanding coupled with a conviction that it is important

N
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7 for future citizens to be as well prepared as possible to make group decisions
. in the arena of science-related societal issues would logically result in
certain patterns of practice within science classrooms. In biology classes;
for example, one would expect at least some learning activities centered around
oL i. biosocial issues (such as the ethical implications of human genetic engineering).
Biological principles (such as the structure of DNA) would be presented in the
. context of the biosocial problems (Bio 4311, 12). Classes would utilize group ’
- investigative efforts in‘seeking out knowledge pertinent to the issues and
would employ s}stematic decision-maki;g models in s¢eeking resolution of the

. issues. 1In all classes, .the teacher woulq serve as a role model in delineating

issues, examining values, and in freely admitting error {(Inq 10:17). Student

questions, debates and philosophic ‘discussions would be encouraged. Students

would also be encouraged to seek out scientific knowledge from many sources

includlng direct investigation, texts, reference books, sc1ent1f1c journals

and the popular press. An important part of the learning proCess would be

judging the approprlateness of various kinds of information for specific purposes

and discriminating among fact, opinion and wishful thlnklng. In effect, this

entire process could be quite similar to the processes by which society in

general would ideally resolve issues. *

»

Teacher characteristics associated with academic preparation goals

overlap considerably with those desirable for the other three major goal areas.

Because a major component of the academic preparation goal is to help students |,

L4
develop fundamental knowledge, it is important that the teachers have under-

standing which enables a determination of what is Fundamental. A thorough

grasp of the ways in which practitioners in sclence and technology apply various

aspects of science is helpful in determining which kAowledge may be most useful t

later. It is also important that science teachers have a conceptual framework

which ties together knowledge from various areas within their discipline, and

among the science disciplines. In this way, they can select and elaborate on -

those more powerful unifying themes of séience. Finally, an understandlng of

the skills and concepts peededt(and not needed) in }ater coursework is important.

Classroom practices logically related to the academic preparation goal

would include use of a wvariety of media for the presentation of concepts,

laboratory experiences which reflect the many ways in which scientists carry

out investigations, and discussions of the special responsibilitiés scientists

and technologists bear in a free society.
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! The primary teacher characteristics associated with the career-choice

goal are awareness of the importance of educational and career planning for
students' futuses, and a sense of responsibility for input into career-related
decisions. A teacher with these attitudes will natirally keep abreast of the
siéehce-related 30§,market, be aware ‘of sources of career information and N
community resources, and pass this information on to studénts as a natural and
normal part of science classes. The aware teacher will find many opportuﬁities
to discuss specific careers associated with specific topics in science and
science-related societal issues. In addition, the identification of local
practitiqpers of science and technology who can speak directly with igterested
sStudents would be\extremely useful-in this respect.

Regardless of a teacher's philosophic rationale or the aegree of
emphasis placed on géneral goals, it is hnrealistic to expect that science
teachers can pass on to students all or even most of the science information
they will need in the future. Thus, it is extremely important that students
be provided with a foundation of skills and attitudes which will prepare them
for acquiring and pré&eséing knowledge in their future lives. One important
attitude is the valuing of’ empiricism as an important and necess;ry information-
generating mechanism. A teacher who can answer a student's quesaion by saying,

" can serve as a role model in

"I don't know, but let's see if we can find out,
inquiry. In order to succeed ;n this role, the teacher needs experience in
conducting investigations, knowledge of various inquiry skills and awareness \
of many sources,of information. In addition to éerving as a role model in
collecting information, the teacher should also encourage logical and ref%gctive
thinking in the utilization of the information gathered. This requires ability
and experience in interpreting, analyzing, and evaluating information, and in
deLisfoq making for utilization of the information. It is unrealistic to

expect students to interpret, apgly, evaluite and analyze information if their

only learning experiences are in acquiring and regurgitating information.
— .

Testing and Evaluation

3

There are severé% ways in which testing -and evaluation activities can
contribute to educational programs which are designed to achieve goals such as
those described earlier in this section. Tests developed to guide policy
deéisions at the district, state or national level can be most useful if they

broadly repregent all the major goals of science education.. They also should

. . s
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répresent all‘aquéts of science, reflecting not only recall of information,
,bqt also the skills of acquiring information via inquiry, and the skills of
process;ng and utilizing information via analysis, interpretations and decision
making. §uch broad based tests ca; then be appliéd diagnostically to science
programs as a whole in determining aregs of greatest need, as reflected by
student performance. At the classroom level, tests can be.employed~to diagnose
student needs and to prescribe speciﬁic instruction to meet those needs. It ’
seems reasonable to expect science.teachers to use tests empirically and:
rationally; i.e., to collect the information needed to make.day-to-day instruc-
tional decisions and to utilize that information in making large curriculum

decisions.

Phase II: Determining the Status of Science Education

) M N

¢ - ‘ v
The task at Phase II was to '"digest'" the data base as completelz.as
possible. Each focus group spent from seven.to ten days of meeting time and
at least that much,time in homework systematically studying and discussing the
informatibn sources identified above. Each group agreed upon a mode ofg!Etack,
3551gned individual tasks and discussed group interpretations. 4 . '
Most of the homework time was spent in seeklng information whlch was
relevant to the particular perspectives of the various focus groups. Spec1al
efforts were made to determinF those aspects of the status which hégjlmpllqa-
tions for the questions posed in Phase I, but attention was not liﬁited to only
those concerns identified in the eagli%; stage. Group members studied all
chapters of each of the three NSF-funded reports and Nag&onal Assessmeht data
relevant to the particulagsfocus ?f that group. In addition, the Biology, )
Physical Science, ?ec@nology and Elementary groups analyzed widely used texts ‘
(as identified by the RTI survey) with respect to those questions raised in 7 ‘
Phase I. ' . ) . ¥

‘Much of the group meeting time was spent.merging the information and
inte.pretations of the individuals 1nto‘group-approved statements

regarding status. Merging raw information about many eleuments of/the Educa-
tional system into relatively concise interpretive statemente (rather than into
data summaries) acceptable to allléroup members, proved to be a difficult task.
The group process served several purposes. It resulted in the filtering out

of individual interpretations which could not be well supported by. the data.

-
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The group process also resulQed in statements which were broad enough to repre-
sent the perspectives of the diverse sets of persons serving in each group.
These focus group statements reflected the specific information cited in each
group report as well as the gestalt developed in studying and disc&ssing the -
very large data base.gwThus, the specific quotes found in the focus group
reports often represent only a small sample of the many bits of .evidence dis-

cussed in the development of particular interpretationms.

Overview of Phase II Findings ° *

There was a large degree of consensus within and among the focus groups
as to the general statds of science education.‘\Sevé}arféeneralizations emerged
which reflect the conclusions of all focus groups, which are supported in
various ways by all components of the data base, and which appear to cut across
curriculum materials, course offerings, enrollments, teacher characteristics,

classroom practice and student outcomes. Thev are:

1. At all levels, science education in general is given a relatively

low priority when compared with the language arts, mathematics and )

. social studies, and with the exception of Biology, the status of
science courses is declining. . This low prior..ty results in a
lack of support for science instruction at the local level.

2. Of the four goal clusters discussed earller, only the goals
related to development of basic knowledge for academiq preparation
receive significant emphasis. Goals related to personal use of
science in everyday life, to scientific literacy for societal
decision making, and to career planning and decision making are
largely 1gnored

3.. The entire domain of inquiry receives very little attention, and
appears to be in a state of decline. .

4. The domain of Science, Technolegy, and Society (STS) as defined by
the STS .focus group is systematiéally excluded from precollege
‘ science education at all levels and in all disciplines. Although
technology~related curriculum materials have been developed, they
. have not been successfully implemented on an appreciable’ scale.

5. The typical science experience of most elementary students is very
limited. It usually consists of reading and memorizing facts
related to concepts too abstract to be well understood by students.
Excellent materials are available nationally, and marny good
materlals have been developed by local districts. However,

o impleméntation efforts have generally failedesto get good programs
established in classrooms.

-

-
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Data and 1nterpretat10ns which support the abbve conclusions, as well

L3

el
as other conclusions of spec1f1c interest to each focus group, are presented
in each of the focus group reports. A summary of those arguments is g§esented

here.
k ‘ - M

!
|
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Priority Status of Science Education in Schools

As stated by the Inqulry Group, "It was clear from the various data i

©

sources that not only the quantity, but also the nature of science education
which occurs in the classroom is heavily dependent on the larger context in
which educatlon takes place. One 1mportant factor 1s the general esteem which
w5, " the school and community’ hold for science generally. The evidence available
in the studies reflects a gosltlve view of science in schools and among those
influencing schools. Nearly all teachers and counselors recognize the need
for minimal competency in science. School superintendents (CSSE 18:85) and
parents think.any trend away from science education‘should be revefsed“
‘(CSSE 17 20, 18 35) There was considerable support from all groups for a
federal role 1n 1mprovement of science education (CSSE 18:100) and there is
some evidencesthat younger students at least (57%), 'wish they had more science
in school’ (NAEP, CO1-E05-B). Most states require at least one year of
science (RTI 25). .

"Although there seem to be general positive att1tudes about the value
of science educatlon, there do not appear to be strong forces working to
promote science education (CSSE 19:10). School superintendents do not appear
to give science high.priority (CSSE 17:20); state science requirements are
‘declining (OSU 121), and theggyis some evidence that science instruction is,

~ being deemphaslzed as a result of the back-to-basics movement (CSSE 5:28, s
17:19, 18:55) and vocat10nal education. Unfortunately, it appears many people
regard the basics as being the 3R's and not science. Although teachers
generally express positive attitudes about the value of science, 'a substantial

: number of teachers do not enjoy teaching science, do not enjoy science them-
selves, do not take science-related coursework after they graduate, and do not
study Science on their own' (0SU 122). In what ma; (or may not) have been an
extreme case, one elementary principal sa1d 'T! vejhad to almost force someone

to put the science kit in their classes. No one wanted to have anything to do

with it' (CSSE 10:19)" (Ing 9:5). .
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The lack of contextual support often results in bydget limitations
wﬁich négatively affect the practice of science education. "In many locations,
real money available for non-salary expenditures is dropping and the 'share
of the pie' avai%ablé for science has been declining®as more budget pressure -
is §eing exerted by other needs, such as career education and specials educa-
tion (OSU 122; CSSE B:4, 19:25-26, 18:41, 6:23). About half of the
superintendents and science supervisors felt budget cuts had sexiously affected
the science curricula, but fewer than 20 percent felt that. such cuts had
»resulce? in 'more teaching from textbook, less with project and lab work' ®

#(CSSE 18:41)" (Ing 9:6). The affects of budget limitations on teacher in-
service, facilities, materials and-organizacional suppoft are Fiscussed in

later sections.

Status with Respect to. Four Major Goals

°

! Centrality of Textbooks. The focus groups were generally convinced-by

the data sources that textbooks exert an overwhelming dominance over the science
learning experience (Bio 3:19-21, 35, 36; Elem 11l:14; Phys 7:19, 20;
STS 12:20), Eyi@ence to support this conclusion were apparent in all the data
sources. The CSSE case studies found”ceachers to rely on texts (CSSE 19:6),
repérted data that 90 to 95 percent of 12,000 teachers surveyed indicated they
used texts 90 percent of the time (CSSE 13:66), and .ummarized a number of
points by saying, "B;hind every ceacher-learner'cransaction : .+ . lay an
inscructioﬁél product waiting to play a dual role as med%um and message. They
commanded teachers' and learners' attention. In a way, they largely dictated )
the curriculum. Curriculum did not venCurelbeyond the boundaries set by the
instructional materials' (CSSE 13:66). .
Because of the deminant position textbooks hold in determining learning
eiberiences, an analysis of wiéely used texts became an important step in
deCermiﬁing the status of science education. The Biology, Physical Science,
Elementary and Science-Technology-Society focus groups each reviewed a number
of the textbooks found by the RTI sur@éy to be used most widely (RTI B44-
B&S): Generally, they were inspected to determine if they reflected the
desirable program characteristics identified in Phase I (Elem 11:14-17;

Puys 7:21, 22; Bio 3:13-21; STS 12:20).

!
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Goal Emphasds in Textbooks. Generally, the most widely used texts in alle-

disciplines and at all levels were largely devoid of the characteristics represen~

tative ,of goals related to personal utility, soc1etal issues and career choice,

described in an earlier section.
of such goals in the preface of *some of the texbooks, there was notably little
treatment of topics such as those identified by the focus groups as being

representative of those thrée major goal areas.
no treatment of the relationship between traditional science concepts and the

personal, societal or cageer choice decision facing students.

The Physical Science Group found,. "The net result of the sample analysls

is that little attention is given to ooal Clusters I, II and IV (persdnal,
societal and career choice) in the materials currently employed The number

of books which give significant attention to such matters are few, and in' thdse
few;cases, the attention given is not nearly as great as that given to funda--

mental knowledge" (Phys 7: 21) * One notable exceptiocn to this rule was the

NSF-sponsored Project Physics course, which "attewpts to portray physics in a
historical and humanistic context:"' The Phyilcal Science Group goes oh to
" report, "Other examples of even a mndest,attentlon to personal needs, societal
issues and career preparation are hard to find. The vast majority of physical
science textbooks used in schools give no significant attention to these
matters." ’ '

The Biology Group summarized its analysis of exfsting junior and senior
high texts in this way: ". . . discreet knowledge, in and of itself, continues
to be the emphasis of all programs. Inquiry is primarily used (if it is used
at all) as a means to relay information to the students. Qareers in biology-
related fields are mentioned but not treated substantially. This is especially
true for the miudle-junior high school programs for students, many of whom are
thinking about their life work. There is little aéten?ion given to personal
needs and social issues related to biology" (Bio 3:21),

The Elementary Group summarized its analysis of:the four most widelx

used elementary series by saying, "Content related to student needs was pri-

marily limited to portions of chapters on n health-related information-about—the— -

~“human—bedy . . . given explicit emphasis at the primary level but missing or
only implied at thes intermediate level. The relationship of science to society

as

Although there was some rhetoric on the inportance

Additionally, there was virtually

“
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Aruitoxt provided by Eic:
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is illustrated only océasionally in (widely used) texts. C&ntent which clearly
addresses the human side of scientists . . . was limited to a few short
biographi'es in some texts, but Ehej were either abhSent or easily avoided in
@bst programs; the obvious conclusign was that this goal cluster was generally
neglected in all texts examined. The content is largely structured and pre-
sented with:po intent to encourage students to generate either observations or
interpretations of‘fheir observations' (Elem 11:14-16). =

The $cience-Technology—Society Group summarized the treatment of théir
entire domain in two simple sentences: "Teachers rely on texts for their course
content. There is little 'or nothing of STS in presently available texts.' By
"STS the group was referring to those areas of concern outlined earlier in
this paper (STS 12:20). e

To better illustrate the nature of the most widely used textbooks, an
example‘of the kinds of things we were lobking for, and the kinds of things
we found may be helpful. Consider, for example, the topic of insects. The
typical high school biology course aQEilable_to the majority of students includes
a unit on insects., .Some examples of learnings about insects which might seem
particularly useful in people's everyday lives include: the value of insects 9
in our yar&s and gardens, e.g., bees pollinating fruit trees, earthwornms
aerating the soil, various insects eating other harmful insects; the damage
done by insects in homes and gardens, ways of detecting this damage, and ways
of controlling fhe harmful insects without endangering useful insects, oar
pets or ourselves: Learnings which reflect the goal of societal relevance
+include: the economic impact of insects on food supplies; the healt.. threat
posed by Ficks, malaria-carrying mosquitoes and other insects; the apparent
necessity for the use of insecticides in intensive agriculture, the harmful
environmental si&é effects of insecticides, and consideration of tradeoffs
betwéen these two factors in making decisions about banning or eﬁdorsing'thq
use of ihsecticides. Also important in understanding the interface betweeﬁ ~~
science, society an& technology would be knowledge of the developm;nt of new -
technologies (such as releasing sterile males).which control insects, etc.

Career awareness activities related to the topic could reflect a wide variety
L4

of-jobs from insect exterminatons to entymologists who specialize in forest

. management. However, when we look at the most widely used biology textbook,

we find these topicd virtually ignored. What we do find is a chapter which

)
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‘social 1nsects-rounds out the chapter. There is v1rtually no attempt to

2
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places 1nsects taxonomically as arthropods. It goes on to devote the major
part of the chapter to naming kinds of inSects and describing in great detail
the body parts of insects, espec1ally the grasshopper The scientific names

of many parts of “insects are presented. A short section on the behavior of

o

associate 1nsects wlth the experlence of the students.
This example was as representative of mdst of the, Junlor high texts we
reviewed as it was of the senior high texts, in the Phy51cal and Earth Sc1ences

3
as well 2s in Blology It was a common experience in reviewing these texts to

note places in the texts where-it would be logical and easy to integrate

information or act1v1t1es relevant to the personal, societal or career—cho;Lce1
goals, but this was v1rtuallv never done. Such an integration could, for .
example, take the form of real world examples, and references relating basic
conoepts'io socidtal issues. Often, one séntence or a short paragraph strate-
gically inserted would achieve much in this direction. We considered the
failuretto make such insertions as evidence that the ignored goals were given
virtually no priority.by those who_prepa%ed these popular texts.

Some texts, do p%esent fundamental knowledge in a more useful form.
This was generally a characterlstlc of the materials developed with NSF funds.
For €Xample, the BSCS "Green" textbook discusses insects$s in terms of their
env1ronment)and ecological functions. . However, it still ignores the kinds of
topice identified above. Widely used physical science texts developed by NSF
for uée’at the junior high level have made great strides in attention to con-
cept ‘development and inquiry skills, but they place no more stress on personal,
societal and career-choice goals than do commercially available texts. For

example, two widely used texts in this category, Introductory Physical Science

and ISCS Probing the Natural World/2, are dedicated almost.eiclusively to

-

dévelopment of concepts of force, motion, energy, a particle model of matter,
znd chemical reactions, all of which appear primarily of academic interest when
not applied to common problems and phenomena.

. It is important to flote here that wa are’ speaklng of w1dely used texts,
as determined by the RTI survey. , It is possible that a thorough review of alli
mdterials avallable .would 1dent1fy texts with much broader goals. The Ele-
mentary Group surveyed three categories of texts. The first category, "widely
used texts'", fits the general description stated above. A seoond category,

"NSF funded curriculum", and a’third category of "new generation” texts are

-
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reviewed in their report (Elem 1l:14). These ogper two categories of texts,
although ‘not widely used, were gonsidered by the Elementary Group to meet their

» criteria considerably better than these widely used in'l976. The Biology Group
also idenﬁified a number of texts (Bio 2:18) written for . meral use at the
college level which provided much better treatment in the personal and societal
areas, and some of which appear to be no more difficult than commonly used
high school texts. The Scgence-Technology-Society Group also identified
materials dealing with technology cohcepts, but found that they were virtually

unknown to science teachers (STS 12: 21),

. . . % .
Status of Dissemination and Adoption

~ The processes by which information about curriculum gets to local deci-

. sion makers, the decision processes which !esult in adoption, and the activities
directed towards the implementation of'ne;’eurricula; all are extremely impor-
tant factors rn the practice of science education. Although the data base did
not directly address these phenomena in detail, there is indirect evidence
which sheds much light in this direction. Some of the major recommendations in
the final section of this paper are related to studving this whole area in
greater detail:l . .

Teachers:appear to be the primary decision makers in the selection and
use of curricular materials (RTI 99); teachers' involvement in this process,
2 either as individuals or in committees, is far heavier than that of district
supervisors, principals or superintendents. Schcol boards, parents and students
are virtually never heavily involved in selection of materials (RTI, B48-B53).

'As noted by the Inquiry Group, "Not only do teachers make the ultimate
decisions about the nature of the science they teach, they rely heavily on
other teachers as sources cf information about new developments. When asked
what sources of information about new dewvelopments were most useful, teachers
at the primary, elementary and junior high levels ranked other teachers above
all other sdurces listed. At the senior high level, however, journals and
college courses were ranked above teachers -d@s sources*of information (RTI 152,
Table 73)" (Inq 9:7). .

The Physical Science Group explained, "Informazion . out new materials
and programs reaches teachers through a wide variety of means. The popular

sources include professional meetjngs, journals, publishers' representatives,

»
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teachqrs, principals, courses and NS? institutes. Other teachers and college
courses are the most frequently used sources and local inservice programs are
reported to be useful sources by elementary teachers but not by secondary
teachers. About half of grades 10-12 teachers, one-third of grades 7-9 science
teachers, and 80 percent of state science supervisors indicated-they had
participated in an NSF institute. Teachers who had participated in NSF insti-
tutes recalled them with much pleasure and believed them to be of considerable .
value (RTI'71-76).

T "In spite of the wide variety of means of dissemination, teachers'
perceptions are that 'their needs are not completely met in this regard. At
all gradeé levels the list of their needs\ls headed by 'learning new teaching
.methods' and 'obtaining information about instructional materials' (RTI -
. B=106~115). Forty-three percent of teachers indicated they do not receive
adequate assistance in ogtaining information about instructionil magerials
“(RTI 148)" (Phys 7:22).

One indicator of the information base from which teachers make decisions
about curriculum is their knowledge of various NSF-funded curriculum, as
reported in the RTI survey (Table B-20). The percentage of teachers who
reported they had seen or qsed c?rtain NSF curricular materials was surprisingly

small in many cases. For example, only 27 to 33 percent of elementary teachers

reported having seen Science - A Process Approach (S-APA), 32 to 41 percent had

seen Science Curriculum Improvement Study (SCIS) materials, 6 to 1l percent had

seen Unified Science and Mathematics for Elementary Schocls (USMES), and 32 to

42 percent had SBen Elementary Science Study (£SS) materials. Thes: numbers

are probably somewhat exaggerated, as 9 to 14 percent of the same teachers

reported having seen or used Science Explorations for the Future, a fictiticus

curriculum material. Tempering the self-report data with this evidence of
slight exaggeration: it appears safe to estimate that from two—-thirds to three-
fourths of all elemeﬁ;ary teachers haye not heard of each of these specific
NSF-funded materials. y '

At the secondafy level, similar data have somewhat less meaning, because
the curricular materials are available within specific science disciplines and
one would not logicaIly expect large numbers of physical science teachers, for
eiamﬁle, to be aware of a wide variety of biology materials. Thus, the fact
that 78 percent of grades 10-12 teachers r%Ported they had seen Biological

Science: An Ecological Approach (BSCS Green) appears to indicate a rather
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widespread awareness of that popular NSF series. The 57 percent of 10-12
teachers who had seen CHEM Study materials, the 69 percent who had seen IPS,
the 53 percent who had seen PSSC Physics”and the 49 percent who had seen

|
Harvard PrQJect Physics are also indicative that these madterials are widely

known. By contrast, the data on two. technology-related curricula were extremely
dlsapp01nting Only 14 percent of grades 10-12 teachers reported having seen

the Technology-Energy-Env1ronment materials developed by the Engineering

Concepts Curriculum Project (ECCP) and only 18 percent reported having seen

The Yan-ﬁade World (ECCP) materials. Knowing that 13 percent of grades 10-12
teaehers reported having seen or used a fictitious curricuiui used as a validity
check, we come to the conclusion that probably 5 percent or fewer of all grades
10-12 teachers know of twdlleading NSF cureicula specifically designed to
present topics relatiug science, technology and society.

At ‘the junior high level, eyareness of NSF-developed materials was
somewbat better than at the elemehtary level, but not as good as at the high
school level. Percentages of grades 7-9 teachers who reported havieg seen

specific materials included: Introductory Physical Science (IPS), 62 percent;

Investigating the Earth (ESCP), 52 percent; and Probing’the Natural World

(ISCS), 46 percent. Once again, these numbers should be tempered by the fact
that 5 percent of grades 7-9 teachers reported having seen fictitious materials.
In summary; it appear§ that about one-fourth to one-third of elementary
teachers 'had seen more popular NSF-funded innovative science materials, about
one half of junior high teachers had secen them, and probably most high school
teachers had seen such materials in their particular discipline. However, )
apparently only about 5 percent of the high school science teachers had eeen
major technology-related materlale.
Although much remains to be done to inform elementary teachers of innova-
\tive materiels and to inform secondary teachers 35 materials developed around
scienee-technoiogy-society related topics, the fact that millions of teachers
~ have seen the more popular NSF-funded curricula indicates that a conéerted,

nationwide program-awareness effort can have a major impact on teachers'

‘knowledge of innovative materials.

Leadership and Coordination Functions.

L
Although the data base primarily reflected status indicators rather

than change indicators, the impression conveyed is that the general nature of
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scienéé'éaucati6n has éhaﬁgéd'ﬁefi 1itEIe'in the last few decades. In fact,
the materials and classroom practices reported often appeared quite similar to
thosg eXperienced by Synthesis consultants during their own years as students
twenty to forty years ago. The 0SU literature review (16, 93) found evidence
of remarkably stable- teaching practiceslover the past twenty-five years.

In light of this apparent lack of”ﬁhauge,nquestions about leadership
functions naturally arise. 1Is there a sufficient leadership function in science
education? Has this function worked in the direction of change, hast;t been
a restraining factor, or‘has it simply thad little impact?

At the local level, there are few designated leaders with sufficient
time to affect major changes in teacher decisions_and behavior. The Elementary
Group concluded that "chances are two out of three that no one is available in
the school or district to provide the (elementary) teacher with any snggestions
on Bew techniques or materials (in science)." Also, elementary principals
feel less competent to provide leadership in science than in social studies,
langgagé arts or mathematics (RTI 48).‘ This situation is compounded hy the
fact that at the local level, only 20 percent of the disfricts have as many as
, one person spending 75 percent time in science coordination (RTI 39).

The PHysical Science Group found it notable that '"persons in the
district oggice would put cut bulletins from time to time on curricular. matters,
that important planning would be done by committees of teacher and administrators
" and other resource personnel, and that the teacher seldom was personally in
touch with a curriculum coordinator per'se. + « « There are few people outside
the classroom to provide quality control for the curriculum and assist teachers
with pedaéogical problems" (CSSE 16:43). This conclusion is supported by
teachers at.all levels who report the areas of "learning new teaching methods"
and "obtaining information about instructional materials" as being those in
which they receive the least adequate assistance (RTI B-106-115).

At the.state level, the leadership picture is also bleak. Only 55
percent of the states have as many as one person spending seventy-five percent,
of his time in statewide coordination of science (RTI 34). 1In this respect,
science ranks slightly behind social studies and mathematics (RTI 34) and
probably far behind other areas such as reading, vocational education and
special education. Across the nation, expenditures for statewide coordination
activities in science average $41,500.00 per state, which also ranks behind

mathematics and social studies-(RTI 35). Thus, less than 10 cents is spent for

45




., g 1-40

each student enrolled in a science class on state level activities in science

~

coordination. .

At the national?level, the Natignal Science Foundation has been
the prime mover~and recognized leader in curriculum, development, curriculum
dissamination and teacher training through NSF-sponsored institutes. One good

indicator of the NSF impact is id the number of classrooms using NSF-supported
curricular materials. | .

Ihe RTI survey collected information on the "Most “Commonly Used Science ’ -
Textbooks/Programs By Grade Range" (RTI 3;44 B-45)' Table I below categorizes -
those data into NSF-sponsored and non-NSF-sponsored curricula. As can be seen, o

NSF-sponsored ;materials are the primary text in.at least 8 percent 11 percent,
16 percent and 14 percent of classrooms at grades K-3, 4~6, 7-9 and 10-12,

respéctively. ; - L7 ’ / /
L3 u A
’ Table 1 &
< . . Percentage of Classrooms Using N

NSF arid Non-NSF Mateérials, by Grade Range
. .

‘-

Grade Range

- . o

Widely Used Texts® K-3 46 7=9 10-12

NSF 8% . 16%  11% 14%

Non-NSF 34% _51% - _37% 37%

" Total percentage .
of classrooms )
using widely )
used |texts" 427, 67% 48% . 51% ;
" ! . 2

‘ ‘*"Widely used texts'" include those used in 2 percent

or more of science classrooms at a given level. -
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. Informatlon derived from course offerlng data (RTI 53) indicates that

« at the time of the survey, there were approximately eleven million students
enrolled in science classes in grades 7-9 and six million in grades 10-12,
The number of students enrolled in ‘courses which use NSF materials is apparently
at 1east 1.2 milllonl at grades 7-9, and .84 million at grades 10-12. Thus,
a verﬁhconservatlve estimate is that over two million secondary students were
u51ng "wldelv used" NSF materials <as their primary text at thé. time of the
Sutvey._,Addlng gross (but conservative estimates of one-half million at

J .
grades 1-3, one million at grades 4-6 and one-half million for Students at all

levels using VSF materlals which did not make the "widely used" list, we arrive
at a rough, probably conservatlve estimate that over four million students
were using NSF-sponsored materials at the time of the,survey.

There was considerable doubt in the minds of all focus“groups regarding
the {idelity,oi.practice (especially regarding inquiry) to NSF intentions, and
the_numbers repofted above represent a fairly small ftactlon of all U.S.
students. Nevertheless, the NSF efforts had the result that over four million

" students per year used.as their primary texc'&hose curricular programs judged

. by our groups to be richer conceptually than were the texts they replaced.
Furthermore, it was a ‘general’ consensus of the groups that many recent é%xts
developed by private publishers have been strongly influenced by the NSF texts
developed in the sixties. k . '

Several factors make these results seem significant." The national
.curriculum development effort of the sixties was the largest ever mounted.

The changes occurred despite the apparently strong factors in school systems
which serve as obstacles to change. eginally, the new curricula were chosen by
teachers and others-who traditionally have had close contact with sales
representatlves selling more '"traditional" texts.

It is 1mportant to remember that the NSF developments occurred largely
as a response to fears that our production of scientists and engineers was
falling short of nati?nal needs. Russia's launching of Sputnik increased the

alarm and focused much attention on the shortage. PRrecollege programs, along

k4

lThe term "at least" is used, because other NSF materials which did
not appear on the wldely used" 1list were also in use. Note that the "wldely
used" ngts above account ‘for only about half of total text usa.
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' probable that there is spme positive bias in these self reports, and that the

. the junior and senior high Jlevel.is to consider the number of students enrolled
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with.other NSF educatidgal programs, were designed to alleviate that shortage.:
Partially d%e to these efforts, and partially due to natural labor-market

forces, that shortage was alleviated,
%

Iﬁﬁéummary, it can be said that although the NSE efforts did no:

“ Al .;‘3" -
-radically improve science educaiion throughout the country, those efforts have o
/
resulted in*the use of improved materials by over four million students per %
<

year, and they have demonstrated that concerted, national-level efforts can

have a major’impact on the materials used by significant numbers of classroom

teachers. N -
S B

Course Offerings and Enrollments ' -

. .Wnen considering the status of science education with respect to the
B P . .
£

Saor §pal clusters, inguiry, and the special problems of the elementary -schocl, .
1t is useful to consider a general quantitative overview of the exposure of :
students t> science instruction K-12. From such an overview, it is possible

to form genmeralizations ahout the success of science education in achieving

some oi the characteristics identif.ed in Phase I.

At grades K-3, tea-hers Teport spending an average of 19 minutes -per -
day in science ins:tructios. At gvades 4-6, teachers report spending an average
02 35 ninutes per €ay in science insiruction. 'In both cases, science ranks

behind mathemacics aad social studies .in reported instructional time. It is ’

/ . -
/

actual instructional time is less than that reported. Altgough more classroom
tize for science would be desirable, quality factors (discussed later) appear . >
to be the greater problem at the elementary level.

One useful way of exazining student exposure to science instruction at

in_varigﬁs types ?f science classes. It is possible to translate RTI secondary .l

data into student enrollment terms with sufficient accuracy for our discussion
here,

Exhibit A (adapted from information in the RTI report, Table 27) depicts :
student enrollment in the secondary schools (grades 7-12) both In terms of ~ :
millions of students and in terms of percentages of the.total secondary student
enroilzent. As can be seen by the exﬁibi:, about 11.26 million students, or
nearly two-thirds of the total secondary science enrollments in 1977 occurred ?

in grades 7-9° About two-thirds of that grade \7-9 exposure was in General

o 48 |
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Exhibit A

"

Distribution of Total Secondary Science Student
Enroliment Expressed in/ﬁﬁillions of Students",
and in Tetms of (Percentages) - 1977. A Total

_ Enrollment of 17.6 Million Students is Represented

/

' .t /
Earth, life and physical ' /

at grades 10-12 ' //&3.2%)

Specialties - Astronomy,

physiology, zoology (0.9%)

/

Ecology, Envirommental Ed, ' ('1 0%)

General science, senior //
ghigh /

Advanced: Bio, Chem, B (2.8%) N

Phsy /

te

b}

Physics (3‘1%)

Chemistry ~ . - (6.93)

(Earth Science, Physical
Science and Life Science
oughly équivalent shares)

; Biology (grades 10-12 only) _(15 24)-
Jr. High ot K

Millions of Students
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. Science classes, and the remaining one-third was divided about equally among classes

labeled Earth Science, Life Science and Physical Scier.e. Although there are no

data regarding the spiit Q;thin general science courses, our experience and our

review of popular texts indicate thﬁt‘these courses are divided about equally -
among the earth, life and physical sciences.

Courses labeled "Biology", offered predominantly in the tenth grade, -

"‘52"1}"' Eay
,
.

account for an additional 3.1 million Students enrolled annually in secondary
science. Thus,’in‘grades 7-10, approximately 14.4 million (81 perce&t) of all
secondary student exposure to science occurs. About ha, of that exposure is in‘ :
the life science and biology categories, with the other half being devoted to ~§
the physical and earth sciences. Of the remaining 19‘gercent of secondary science
exposure, wost of which takes place in grades 11 and 12, 6.9 percent occurs in )
‘ chemistry, 3.1 pgr;;géﬂén‘physics, 2.8 percent in advanced biology, chemistry or
- physics courses, and about 1 percent in eagh of the remaining categories of general S
~cience, physical science, ecology-enviroﬁgintal scienée, and academic specialities
(astronomy, physiology and zoology).

Several clear generalizations emerge from secondary enrollment data. )
First, at grades {1 and 12, enrollments and course offerings appear to largely
‘preclude exposure of most students to science courses of any kind, and the 30
percent or so who do enroll ii science classes are restricted to courses stressing
the academic preparation goal. Secon%v enrollments at grades 7-10 indicate that
the bulk (about 80 percent) .of secondary science exposure occurs with general
populations of students. Thus, with current enrollment patterns, the potential
exists for pursuing any or all of the goals of science education for most students
in grades 7-10. The study of textual materials and teacher practices, however,
made it apparent that the academic preparation goal also dominates at grades 7-10, )
and that very little attention is given to course offerings_ designed to .help general
student p;pulations to utilize the concepts or processes of science in their
everyday lives, to deal intelligently with science and technology related societal .
issues, or to begin to make’ intelligent choices regarding careers in science or
technology. Third, courses which stress interactions betweeh science, technology
and society (e.g., envirommental/ecology courses which were the only ones registering
in the survey) enroll extremely small percentages of students, and it is unlikely

e .

that many of our future leaders receive significant exposure in science classes.to

0

<

Q ‘ .
- ERIC *
H

ot ctinn - - .o - —




|

problems related to tﬂe interface of science, technélogy and society.

3
-

Status of Teacher Characteristics and Practices

‘ Centrality of ‘Teachers. Evidence cited in the previous section establishes

teachers as the primary decision-makers in the selection of curricular materials.
This does not mean that all teachers have the opportunity to-ogke unilateral decisions
‘about the materials they use, as such degisions are often made by representati;;
! comnittees at the school or districo level. However,»there was considerable l
evidence that most teachers have autonomy in the way they utilize those materials
to teach soience (Bio 3:29; CSSE 13: 3) "Almost every science teacher had stron"' ;
ideas as to how the "basiCS" in science would be defined. . . and these ideas)
were continuing to be the prime determinant of what went on in the teacher's |
‘ classroom” (CSSE 12:5; Inq 9:7). This autonomy apparently encompasses teachiné
: y ;tyle: modes of presentation, selection of supplementary materiéls, determinat%on
of student activities,‘selection of tests, assigmment of grades, and within limi-.
set by the administration, the determination of out-of-school field trips, work\

experiences, etc. |
N . j 3
Goals of Teachers. Teacher-made decisions in the areas suggested .above \

operationalize the curriculum in ways which reflect the philosophies and goals

teachers consider to be important, achievable, and within their domain of -

responsibility. Some extremely important, questions thus emergé. What are the

goals, philosophies and other factors which govern.these decisions? How broadly,:
- based are they? How do they compare with the goals espoused by other scxeq | .

L educators? What are the implications for the four goal ;lﬁsters and for 1nquirv

science? The data base at our disposal provided some interesting insight on thes

in which more research could be quite helpful to those intendiag to improve

|
e
questions, and a summary of conclusions is presented here. This is also an area i
|
science education. I
One striking observation is that the factors which affect teacher f
. decisions about day to day practice do not appear closely related to the !
. issues discussediso far in this report. That is, the ultimate utility (or ;
lack thereof) of science knowledge and skills did not appear to be central
guides in determining teocﬁing practices. Rather, a number of important ) i
factors deternining practice were seen by the CSSE observers as fitting within |
the general class of "socialization'", (CSSE 16:3-26). Socialization goals |
include inculcating students with the work ethic; teaching students tec learn ;

o f
[:R\}: ‘rom a text; paying attention to directions or presentations, carrying out 5;1 . ,g

i; . ‘assignments; préparation for tests; preparing for next year; observing the | .
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. These socialization goals apparently "take precedence over general .

T

: e
§ study skills, general study skills over specific operations, and specific opera. _:cns
over subject matter" (CSSE 16325). "Putting it in a nutshell, most teachers seemed

to treat subject matter knowledge as evidence of, and subject matter as a means

to the socialization of the individual in school" (CSSE 16:24). Of course, -

teachers were also concermed with goals :elhte& to science. dTeachers must juggle
the expectations of the invisible, distant and mostly impersonal profession of .
science education and tr2 local, powerful and relentless demand of teaéhing.
The two roles do not necessarily .conilict; but the latter ueually overpowers and ..
pre-empts the former" (CSSE 16:26).

'The pre~eminence of "socialization" goals appearsgto'explain nuch currer:
; practice in science education. For example, one finding of CSSE was that one //

""constant, across classrooms which varied in many other respects, was that

[

instructional materials provided the conceptual structure for the instruction :

-

than the teachers' or students' organization of thought about. the subject matt.
The principal reason for this now seems to us to be that the teachers socializat:...
goals: -~ especially preparing students for success in later schooling —-

required that pupils learn-to learn from materials" (CSSE 16:21)., Our Inquiry
Group concluded that "the socialization goal is manifested in activities stress
authority and discipline; and for many teachers inquiry teaching is not conduci
to these emphases. Classrpoom activities which appear to many teachers to enhanc-
socialization #hclude written homework assigmments, EIassrocm recitation and
preparation'ﬁcr tests. Unstructured, open-ended activities without a 'single
correct answer' appeared eordetract from teacher pursuit of the socialization
goals" (Inq 9:9). '

Turning our attention from the socialization goal to goals representative

Ge

. . . Y
of the four goal clusters and inquiry teaching, we come to the firm conclusion -

that teachers generally have a narrow perception of their responsibilities within

these goals. The appireﬁt primary goal of most science teachers appears to be -

that of learning "fundamental knowledge" which is necessary to prepare for later
cour sewprk. Goals related to preparatlon for using science in the personal, societal
and career-ch01ce arenas, and goals related to inquiry appear to receive vervy
little attention from teachers.
The strongest evidence for the above conclusions is the almost total
rellance on texts, and the nature of the texts themseives, as discussed in detail

Y —

*earlier, and in the focus group reports. The centrality of THE TEXTBOOK appears

_ERIC 02
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to be an extremely important and powerful chanacteristic of classroom practice.

For that reason, we quote at some length the conclusions drawn in Chapter 13

of the CSSE report, pages 59, 60, 65, 66. Those interested in reading more

on the topic are urged to read all of Chapter 13 of fhat report.,

The teacher was "arbiter much more than authority when it came
to the curriculum. The source of knowledge authorilLy was not so much the
teacher--it was the textbook. Teac’;rs~ugre prepared to intercede, to
explain, but the direct confrontation with knowledge for most students w:s
with priated information statements. Teachers did it differently from
classroom to classrocm, but regularly there &as deference to the textboo..
or lab manual, or encyclopedia, map or chart| Knowing was not so much
a matter of experiencing, even vicariously (‘elf-knowledg° was not to be
trusted), but of being familiar with certain informatiQn or "knowing how
tofproduce the answers to questions that would be‘asked." -

That instructional materials could be so important while so little atterv”''n

-

: . o8 P
is given to text selections seems contradictory. The CSSE report continued by . ol

-

"We did little to probe the procedures for changing and
selecting course materials. y(Superintendents responding to the nationmal
survey reported that in 702 of the districts Ehe school boards did not ge:
more than minimally involved in the review and selection of science
curricular materials.) It seemed to teachers and administrators not an
important topic. Some saw no leeway for changing,.no money or no*power-
most felt that materials were not among the "big'" problems.

After all, instructional materials were budgetarily trivial. Fa.
less than 27 of the average school district's budget was so spent. They
were seen as dull stuff by most observers of education: who could create
a poem, novel, or screenplay about the blossoming .of a textbook?

But the recent EPIE survey revealed these monetarily trivial,
topically dull things were crucial to science instructors in the U.S.
Over 90% of the science teachers in a sample of about 12,000 teachers
said their instructional materials were|the heart of their teaching
curriculum 90-35% of the time. Behind %early every teacher-learner
transaction reported in the CSSE study ]lay an instructional product
waiting to play its dual role as medium and message. They commanded
teacher's and learner's attention. 1Inla way, they virtually dictated

‘the curriculum. The curriculum did not venture beyond the boundaries
set by the instructional materials." (CSSE 13: 65, 66).

-
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If we accept these CSSE statements (and our groups found more evidence
'sdpporting than rebutting those conclusions), we come to a frightening comn-
clusion. That is, that although texts virtuqlly dictate the curriculum\ﬁn&

_therefore determine the emphasis of educational érograms, major decision-
makers (school boards) are éhly minimally involved ih choosing them, and teachcrs

and principals do not see text selection as an important task.

The Inquiry Group found "considerable evidence 'that many teachers-and

parents consider the p%imary goal to be preparation for the next' level of

schooling. There seemed to be general agreement that 'the next level', be it
junior high, senior high or cellege would require preparation in knowlgdge rath
than in inquiry skills" (Ing 9:93 CSSE 13:10).

The Biology Group found evidence of broad, genérai goals in rationales
for science imstruction and to some extent in textbook introductionms. However.
‘ they found "in the classroom, narrow course objectiggs . . . were used as s

opposed to general goals. . . there is little evidence that the general, statec
goals of science gducatibn are ever translated into curriculum or classroom
. practice. . ." (Bio 3:11)1 That gfoup did, however, find evidence of small, bus |

interesting enrollments in courses with goals oriented towards societal concernc -
for example, ecology, marine science and oceanography. The group went on to s¢
"It is apparent, then, that the biology objectives are those of the biology
téxtbook(s). Only 17 percent of the teachers feel a neéd for further a§§f§tance
in establishing instructional objectives' (RTI B-115).

The Physical Science Group’fonnd "It is aprarent that Goal Cluster III,
fundamental knowledge, receives much more atte. ion .than the other three. . .
with respect to personal neeas. , . the emphasis is ﬂot great. The interiace
between science, technology and society is not given a very big sriority.
The academic preparation function. . . seems to restrict atrention to societal *
needs. . . To some extenc, the failure of school science to deal with societal Zssues
aust surely stem from the schools insularity;'SChools which make little attempt
to involve members of the community in curriculum.-. . or the development of
educational goals are not likely to assign a high priority to the iaclusion of
societal issues in cthe science syllabus" (Phys 7: 16, 17}.

~




Teaching Practices. Teaching practices were generally quite consistent

?

with the apparent goals and perspectives described in the pre:eding section.

There was evidence that most teachers 'view science as a body of information

to be learned as dogma and accepted on faith" (Bio 3:7). This view, combined

with socialization goals discussed earlier appears to explain the normal sequencc

in science classes of "assign, read, recite, and test". Theré is very little

) utilizgtion of out-of-school resources which would be espeéially helpgpl in pui -
suing societal and career-choice goals. Guest speakers and field trips, fer .

> example, are rarely used (RTI 103). Individualized instruction, a technique

logically associated with individual needs, is not widely practiced {(Phys 7:21;
Bio 3:36). Laboratory exeféises, when employgd,’iﬁbeared to be used to help
convey the body of knowledge reflected in théAtexgbdok, and, were not '"exploraticas

of genuine phenomena in settings in which outcomes are not known in advance'
(Phys 7:20).

.Bmudent Qutcomes . )

Student outcomes across the four goal clusters reflected the apparent
rricular emphasis they receive. For example, our, Physical Science Group

( summarized student outcomes across the four goal clusters by sawing:
. -

"It appears that the .apparent lack of-attention to Goal Clusters I, II
a I¥- is reflected in che student outcomes as measured by the NAEP Science
Assessment. For instance: (a) only about 20% of 'students know that world

population is increasing exponentiallv, (b) only about one-third know that olastic

in synthetic fibers is made from 9il and (c) almost two-thirds erroneously
believe that the major cause of.air pollution in most large cities is factories
:A- rather than motor vehicles'™ (Phys 7:18)., .

The Biolo%y G;oup found mixed; but'similar results (Bio 3:47-3&). )
The S/T/S Group found "a very low level of knowledge regarding S/T/S areazs.
For example, only 12% of 17-year-olds knew that plastics ccme from

petroleum, only 3% were aware that the U.S. infant mortality rate is worse

than that of most westerh European countries' (STS 12:21 ).




Q

1-50

Testing andé Evaluation

One of the more.difficult decisions at Phase II was the decision that time
did not permit close inspéction of classroqgs and standardized tests. Thus, the
information available was limited to consultants' familiarity with such tests,
to rather brief treatments of testing in the data sources, to questions at the
ends of chapters in te;tbooks, and to the in-depth study of all.'items used by
NAEP in 1976. However, certain broad conclusions can be made with a reasonable

degree of confidence. It is fairly clear that the primary purpose for testing in

ears that tests influence teacher behavior in that teachers tend to teach those
things which can be easily tested, i.e., facts and knowledge. As a result, the

rocess outcomes, being difficult to test, receive little attention (Ing 9:14).
P "

‘h
It also appears that most tests are no broader in coverage of the major

goals and inquiry than is the curriculum itself. Thus, they are not amenable
to use in broad decisions; and in fact, the case studies found the use of tesﬂ/
results For instructiodél decision-making to be rare (CSSE 15:21-22).

The cycle III-NAEP tests, used in 1976, "represent a marked improvement
over previous tests (with respect to process), and may be an important catalyst
for improving evaluation efforts in the ingquiry domain'' (inq 9:15). For thirte-
and seventeen-year-old students, the NAEP test also included at least sixty
cognitive items tapping the interface between science, technologx and society in
areas inciuding energy, enviromment, technological development, natural resources,
and decision making, and a number of afifective outcomes also peftinent to this
area. Hoﬁever, YAE? coverage of the ''societal" domain is still not nearly as good
as its coverage of the traditional "academic' areas, and coverage of the personal

~

and career choice areas is quite sparse.

Inguirv
™ «0UT Inquiry Group considered the status- of inquiry from a slightly
different perspective thaﬁ that used by the other focus groups. They considered
the educational "ccntexts", "transactions" and "cutcomes" associated with inguirv.
Exerpts from the inquify.répoft exemplifying their findings are presented here.

o6
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"The widespread, espoused support of inquiry is more simulated ,than

real in practice. Perhaps this discrepancy may be understood by analyzing
the context, including a prospective teacher's education and professional
training, where inquiry goals are articulated but the practice of inquiry
receives negligible attention. The greatest set of barriers to the teacher
support of inquiry seems to be its perceived difficultv. There is legitimate
confusion over the meaning of inquiry in the classroom. There is concern over
: discipline. There is a worry about adequately preparing children for the next
. level of education. There are problems associated with a teacher llegiance o

teaching facts and to following tke role models of the college professors.

The web of barrﬁers to teaching scientific inquiry becomes even nore
complex with a ‘myriad of 'vicious cycles', nonlogical rationalizations,
and social justifications. While these complications are identifiable, the
important point is that a desirable context for inquiry instruction is lacking.

The transactions which inaugurate and sustain the teaching of scientifi
inquiry are conspicuously absent in most schools. A desired degree of inguirv
instruction is rare. One finds encouraging evidence in the presence of: 1lab
facilities and materials, some hands-on activities, teachers graduating ‘rom
NSF workshops, and NSF-sponsored curricula. However, it is difficult to observ-
the assumed effect they have on classroom practice. The following statements
summarize the state of affairs related to the transaction of teaching scientific

inquiry:
1. Not much time is spent on inquiry.
2. Little science is taught at the elementary level.
: 3. There are many pressures on teachers which compete Zor

the time it takes to learn inquiry.

4. Even when hands-on.experiences are provided to children,
they are not characterized by problem solving.

N 5. Student disruption and classroom control work against

inquiry development.

6. Teachers have not had many inquiry-type experiences them-
selves and appear to misunderstand it. ] .

7. Inquiry learning is a difficult and high-cost operation.

8. Evaluation of inquiry outcomes is perceived as prohibitive
compared to the more easily measured traditional outcomes.

In all cases of student 'outcomes, achievement increased with the

age of the child, from 9-vear-olds to l7-year-olds. The status of inquiry
teaching in schools (Phase II Report, Section "Transacrtion') does not
encourage one to conclude that science instruction causes the observed increase
in student achievement. On the contrary, there are several credible explanations
independent of classroom instruction. These include: intellectual maturation,
an increase in "test-wiseness', a sample bias due to drop-outs, an increase in

[: [CIreadlng ability and the experiences which children gain at home and in thei

connnUnity MS 19). . 57 ,
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Elementary Science

The Elementary Group reported a "not so encouraging picture" of science
education in the elementary-ischool. They Zound '"the typical elementary science
expeiience of most students is at best very limited. Most often science is taug.. -
at the end of the day, if there is time, by a teacher who has little interest, -
experience or training to teach science. Although some limitéd equipment is T
available, it ﬁgually remains unused. The lesson will probably come from a ;

textbook selected by a committee of teachers at the school or from teacher-

prepared worksheets. It will consist of reading and memorizing some science ,
facts related to a concept too abstract to be well understood by the student
but selected because it is 'in the book'" (Elem 11:4).

Despite the existence of g;od curricular materials, only 10-30 percent .
0§ teachers have heard of NSF developed curricula, and only one in three teacher
haQe a district-designated person to 'support new techniques and materials.

There is pressure which mediates against effective science instruc-
tior at ‘the elementary level. "The effect of ‘the 'back-to~basiqs' emphasis is
but one example of' ways in which it exists. The teaching of elementary science
is not so well established that it can exist iﬁdependent of the influences of =
school patrons, the administration, changing enrollments, budget decisions. or
teacher interests and professional preparation. None of g%ese elements directly
prevents- the teaching of elementary science. But, in the days of more demanding
priorities, each of these qpntextual factors often results in a reduction in the .
quality of the science being taught. It might be sa;d that 'nothing works directl-

against the teaching of science in the elementary schools-~-but, unfortunately -

Summarv of the Status of Science Education ) -

Essentially, We found science education to be pursuing rather narrow_g:als.“

The primary explicit goal was that of academic preparation for later coursewors.

Tuplicitly, students are prepared torBZ—féEbéﬁsibié, attentive and obedient
workers. Little attention was given to goals related to personal use of science,
preparing to make societal decisions regarding science,and technology, learaing
about science-related careers, or the use of processes of scientific inquiry. Yot

only is this true fdr*;gf college~-prep courses of physics and chemistry but it is
‘ 1)

R i
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also true for the students envolled in "general" courses at grades seven throug
ten where 80 percent of all secondary science instruction occurs. At the

elementary level, science appears to have a very low priority.

These problems appear to permeate many elements of science education,

?ncludiné the development, dissemination and adoption of materjals, teacher
‘preparation, teacher practice in the’classroom, and student enrollments in vario. -
courses. The narrowness of goals pursued is reflected by student achievement

on national assessment items which tends to be very low on items tapping knowle <~
of the science/technology/society interface.

The problems are difficult to overcome for ; nunber of reasons. They
include ; géneral.low priority for science education and with consequently, small
expenditur2s for leadership at the local and state levels. The lack of leadership
personnel results in little impetus for change, and little information flow abou~

| C s
curriculum materials and teaching techniques.

) Phase III: Project Synthesis Recommendations

At the beginning of the project, we had certain plans for the Phase T ..
report. It had been intended that during Phase II, a "profile of success”
across major goals would be developed, and that at Phase III we would make inter-
pretations and recommenéations relevant to needs as related to each of these.
The reader of recommendations would then be able to select ‘those recommendations
consistent with her or his philosophies regarding the broader purposes of science
education. ﬁoweyen rre had not anticipated the overwhelming preporderance of
evidence that th; whole system is driven by an apparent academic~preparation ethic,
pays virtually no attention to learning outcomes associated with personal,
§ocietal or career-choice goals, largely neglects science education in the
elementary schools and gives little attention to the processes of inquiry
which lie at the heart of scientific endeavor. As a consequence of this unantici-~
pated but unanimous conclusion we were no longer able to maintain a purely
objective stance. Therefore, the bulk of :ge recommendations we have éhosen to

present deal with ways of increasing emphasis on achieving bdroader zoals in pre-

college science education. This choice is not @ade lightly. The changes recommended

here are clearly at least as ‘great in magnitude as those intended by the NSF-backed

curriculum reforms of the 1960's. However, the danger that we may produce a

generation of citizens unable to cope, either individually or collectively,

Elﬂl(;with the increasingly powerful and complex influences of science and technology

IToxt Provided by ERI
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resulting in osr'Sputnik fear" mentality of two decades ago.

During Phase III, discrepancies between the "expected" or "desired" N ;

states fined in Phase I and the actual states found in Phase II wvere 1dent1I‘Af o\

and studied. A number of problems in science education had become. evident dur;:‘ '
Phase II, apd there was a general agreement within and across focus groups on f*=
nature of mo§f of those problems. Thus, by the end of Phase II, there was an
emerging consensus regarding Qspects of practice which needed improvement, .
but mechanisms for effecting those improvement were far from obvious.

A major part of the task ai Phase III was to ascertain causal factors
which appear to perpetuate problems in science education, and to consider
alternative moées of attack on those problemé. Various alternatives were
coqfédered in light of the contextual factors operating in sciénce education,

especially at the district level, sand in light of successes and failures in

improving science educationin the last twenty years.

Rethinking “Goals

One over-arching recommendation applies to'%very_person associated

with science education, from the local to the national level. The recommendacic .

N

is to rethink the goals of science education in light of basic.educational
e

philosophy and the unique role science plays in all of our lives and to
redirect the science education system toward those redefined goals. We ’
are, convinced that other’ thoughtful persons will come to conclusions similar -
to ours; that the goals of preparing the majority of students to use science
in their everyday lives, to participate intelligently in. group decisions

!
regarding critical science-related societal issues and to make informed

/decisions about potential careers in science and technology are equally as “

important as the goal of preparing a minority of students for more advanced‘
coursework in science. We are also confident that other persons who make an
in-depth study of the status of science education will find’grecollege
science ‘education almost completely dedicated to the academic prepafation

goal, and will agree that majer changes are critically needed.

Jeeded Changes it The Local Level : -

» Because curriculum decisions are made primarily at the local level

] 60
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Wery loosely to include building, district,

multidistrict and state levels), the success of any course of action designed

(here we use the term "local"
to produce maJor change ultimatel . rests on its effectiveness in

impacting local practice by influencing'eocal decisions, Because the chanées
recommended here may be antithetical to apparent basic assumptions and goal
perceptions of most science teachers and,because fey new teachers are'entering
the system, a first requirement of any successful plan is the development of
activities which result in rethinking processes at ‘the local level. To.the
extent that goal orientations at the local level reflect a shift in emphasis

toward personal and societal needs, there will be locally felt needs for .

new methods and materials. Th~refore, a second requirement of any successful

_attack on the problem is that methods and materials be available as new needs

are-recognized locally. With these thoughts in mind, let us first consider
what an "improved" situation would lock like and the1 consider some strategies
for moving in that direction.Qduch more detailed descriptions of "ideal"
programs can be found in the individual focus group»reports,)

» At the elementary level, teachers, principals and parents would )
consider science a "basic". Local support systems would provide the training,
materials' and rganization necessary to enable the schools to provide good
programs with as little special effort as possible. Currently available
curriculum programs would be implemented to produce the desired states
described earlier in this report and in the elementary report.

At the middle school and junior high schoal level, the assumption
that the primary goal of science education is to prepare for future course-
work®in academic science would shift to an assumption that the primar§
responsiblity at this level is for general education. Materials used would
address issues and topics related to personal, societal and career choice
needs. Laboratory emphasis would, shift, at least in part, from the "re-
discovery" of scientific principles to investigations into the implications
of scientific principles and technological developments for problems faced
by indiGIEEEIE_Eﬁd*by“society7—~Deeision:making_gnd_prob}egiso}yingcskills
would receive increased emphasis. Important science facts, principles and.
1nquiry processes would still be essential elements of the curriculum.
However, the context in which they are presented would be changed.” Those
principles, facts and processes which could be defended only because of

their utility in advanced courses or in Specialized fields would be de-

emphasized. 81




-, 1-56

\

-

At the high school level the picture would be more varied, The high
school introducfory biology course (offered at grade 9 or 10) would still
caé;ure very large enrollments., Because nearly everyone takes biology, a
shift to a géneral education emphasis with topi:f presented in a personsl
and societal context would occur: The effect of ‘human activities (including
bio-engineering) on the living world, as well as cdr dependence'onrthat
world and our responsiblility for preserving it, would be emphasized. Much
more emphasis would be pléced on the human~specie§ than is currently the
case. Beyond grade ten, academic college-prep courses in chemistry; physics
and advanced biology w&uld still be offered. However, to facilitate the
preparation of responsible‘scientists and engineers, those courses would
point out the relationship of developments in science and technology to life
and problems of the late(twentieth century. In addition to these revised
existing courses, new courses would be offered to help students cope indivi-
dually with an increasingly technological world and to participate intelligently
in decisions requiring knowledge of science and technology. Those courses

would attract sone students who now are enrolled in the academic courses as well

as many students who now take no science after biolozy. Although less guantitative

than existing courses, they would not necessarily be "watered down' science
courses but rather science and technology courses with a new emphasis. The
physical sciences would no longer be considered the domain of only "academic"
students; rather, courses stressing the many applications of physical and earth

sciences to everyday life would be made available to students.

o

Strategies For Change

At all grade levels, change; can occur only as a result of local re-
evaluation of priorities, evaluation of current program offerings and implemen-
taticn of plans for change. This will probably require certain stimuli and
resources which are now generally not available for making local curriculum
decisions. Those needed stimuli and resources and consequent policy recommenda-

tion for national 7unding agencies are discussed below. ¢

?

A Strong Leadership Function At The Local Level. Because the changes

needéd-a;bend heévily or. changes in basic assumptions implicitly embedded
#

62
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- in the entire science education system, persistent long-range efforts will be
. . .
required. ~ Such efforts are impossible without appropriate leadership at the

local level. Characteristics required of effective local leadership inélude:

(a) dedication to meet the needs of individuals and society,
without sacrificing academic opportunities for that

. minority of students who plan to go on into scientific

careers; . .

(b) skill in implementing change processes at the local level;

(e) a thorough knowledge of resources available for improving
personal and societal aspects of science education.

’

’ Resources Needed For Local Change. There are a number of resources

which are beyond the means of most districts to develop, but which are apparently

needed in local change processes. They include:

(a) Goal-setting models, specific to science education, which
could guide locals through the important process of combining
inputs from students, teachers, parents, administrators, ~
researchers and others in determining the broad, long term -
goals for science education to be pursued by the local
schools.

*(b) Methods by which broad goals could be translated into criteria
for the evaluation of course offerings, curricular materials and
classroom practices. This appears to be an extremely important
component of any effective change process, as a close inspection
of existing offerings, materials and practices reveals that they
are largely inconsistent with typical broad goal statements.
The 'desired student outcomes"”, .and other materials developed by
our five focus groups during Phase I could be useful in this process.

- (c¢) Accurate information about the many curriéulum materials
“ currently availdble. Infoymation would include source,
—_— cost, reading and mathematical difficulty, ‘supplementary
' ; and laboratory materials needed, and emphasis on broad goals
* . ‘ of science education, such as the four Synthesis Goal Clusters.

N (d) Step by step curriculum planning and development strategies
resulting in long term plans leading to the fulfillment of
goals set in (a) above. Strategies and techniques are
needed for the following activities:
Evaluation and revision of course offerfrgs according to
criteria developed in (b) above. J

Evaluating currently used textual material and practices,

also using criteria developed in (b) above.
)
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. Identification and selection of materials and practices -
which better meet district criteria. .

. De%elopment of supplementary materials to fill in where
commercially produced materials are not available.

. Development of materials and activities which utilize locally
available resources--e.3,.local examples of science phenomena;
career opportunities exemplified by community scientists,
engineers and technicians; local problems related to science
and technology; and use of museums, factories, water treatment
plants, factories and other facilities which show real-life
applications of ®*science and technology.,

. Implementation of new course offerings utilizing: public
information campaigns; involvement of teachers in all phases
of the change process; inservicing which stresses goal setting,

. new content, new techniques; revision of district testing and

‘ . i )

evaluation programs to reflect basic district goals; and .

use of school board and administration mandates to insure

effective change.

s . Identification and effective utilization of persons outside
the school who are willing to help improve science education
l through volunteer activities, coumunity influence, etc.
\ . Development of a case for science education in the, school

system and in the community at large by showing the value
of science education in achieving goals valued by the
community--e.g., cognitive development through ''process
science'" in the elementary school, learning "how to think"
by problem~solving and decision-making activities at the
secondary level, etc.

Leadership and Coordination Efforts At A National Level To Meet

Local NeedS. There are a number of possible activities at the national
level which could greatly facilitate the development of the locally needed '
resources listed above. Obviously, it is a long and expensive list for even a
national funding agency to fill. Howevrr, the alternative of expecting individual
districts to independently develop the resources listed above appears ewen
— - more expensive and quite unrealistic. Therefore, some strategies for developing

such resources at the national level are imperative if change is likely to

occur.

\

-~

The development of such resources would require somewhat of :a shift
in priorities at the national level. Historically, NSF has provided
resources for reasearch, curriculum dgvglopment, laboratory materials and. ’

teacher training through colleges and universities. NIE has been interested
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in dissemination and school change activities. H#wever, neither agency has
attempted to develop a comprehensive system for facilitating change in
science education &t the local level. What we are suggesting is that

one of these 2gencies, or both acting in concert, broaaen their sense of
mission to provide such a comprehensive system. If NSF, for example, chose
such a missiqg, its activities would no longer be limited to research,
development and dissemination. Rather, it would shift to needs assessment .
(already begun) and‘subsequent coordination and facilitation of many efforts;
both inside and outside of NSF, to meet identified needs. 1Its research,
development and dissemination efforts would then be utilized to support

that coordination and facilitation.

Some specific %éamples of activities and functions to be carried

out in such an expanded mission include:

Development of Model Systems For Change At The Local Level.

In the previous section, a number of resources w@ich would
facilitate change at the local level were idengi@ied. We
recommend éhat model systems for change be ~developed at the
national level. The systems should be detaxled enough that

a local agency could follow them with very llttle outside hum31
assistance. The systems would be based on: emerging researqh
in the fields of educational dissemigation and educational ;
change, examples of successful currlculum changes in sc1ence’
education and reports on the status of science education. ;
Although the field of educational change is not sufficiently
advanced to iﬁgure the development of viable systems, it is
certainly advisable at this time to develop the best systemé
possibié and to fund pilot attempts at }hpir implementatioﬁ in
a variety of sites. Some research activities which would help

.

refine such models are suggested later in the research section.

Development of Information about Curriculum Materials. It was

suggested earlier Ehat one important resource needed by local
agencies interested in specific changes in science education is
information about availiable materials. Literally thousands of
texts, laboratory guides, modules, tests, sourcebooks, etc. exist

and are either available or reproducible for local use. For
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any district interested in cha&ging the t_:h_rus\t of its science
curriculum, it is probable that somewhere there are materials
they could use. Although vérious private and bublic agencies are
active in evaluating and cateloging subsets of this domain there
is no nationally coordinated effort to systematically search out,
analyze andggvaluate these materials with respect to their utility
for achieving particular broad goals in specific situations. For
example, if a suburban district decided to revise its junior high
curriculum to deal more directly with societal issues, there is ns
place that district could find a goodvanswer to the question "What
are the available options in terms of texts to meet our purpose?",
We recggmend that such informatiPn resources be developed at the
national level for two reasons: first, to provide sorely reeded
curriculum information to locals interested in change; second,

to determing the most critical areas in which curriculum development
is needed. '

Development Of An Information-Flow System For Science Education.

Evidence of little change in science education combined with

lack of .knowledge about innov;five materials on[the part of
teachers, as well as emerging developments in the field of
educational dissemination lead to the conclusion that there

is an inadequate flow of information from research and development
to practitioners. We recommend the development oflinformation-
flow systems which could serve as intermediaries between resources
and potential users of those resources. Resources appropriately
accessible through such a system would include the curriculum and
educational change information suggested in a and b above, pertinent
research informatiagi the i;cation of local systems working on
similar problems, sites at which specific change processes or

curricula are in operat{on, the names and credentials of consultants

with specific skills needed in the change process, resource agencies

at multi-district, state, regional and national level and the

resources they provide, etc. Such @i information-flow system would

probably require opzaration at some intermediate level between

.f
nationals and locals. It might be developed cooperatively with
existing agencies at the multidistrict, state or regional level.

In any event, it should be readily accessible by phone to persons

L}
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working at the district or school level. Examples. of agencies
which now provide such services for education in general include
the state dissemination capacity building projects which operate

through state educational agencies.

Development of ﬁiearnéfv%bjectives Bank" And Test Items
Referenced to Major Educational Goals. As documented in an

earlier section, there appears to be little direct relationshiﬁ

between broadly stated goals and specific learner outcomes. /Thus, :
stated goals may change substantially with no apparént change in

curriculum or learner ovtcomes. In ou; Phase I activities we were

able to list personally and societally relevant learner objectives

which served the purpose cf "definition by example" for those

general classes of learner outcomes, We recommend that similar

efforts be undérfﬁken on a much more -comprehensive scale. The

result would be a list of learner .objectives (things worth

knowing) referenced by ra:ionale%gto broadly stated goals as well

as to disciplinary topic areas. Imquiry skills appropriate to each

broad gozl as well as examples of activities appropriate to the

development of such skills would aiso be included. Such objectives :§
could serve two general purposes: as an evaluation tool, they could

be used as a point of reference for evaluating curriculum materials

either at the local or national level; as a deveiopment tool,

they would provide a resource for selection of topics and learner R o
objectives. Such a resource could be far morée comprehensive than
any which ébuld be developed by an individual development project.

It could be used by school districts, state agencies, federally

funded developers and commercial text publishers. \One reason

such a development is so important is that most off us involved %n
science education are saturated with an academie='"%tructure of dis-
cipline" perspective- of-science: The suggested ‘development would
provide us with points of reference and perspectives with which

we are generally not fluent but which need to be reflected in the

educational experience of most students.
With minor revision and editing, the working papers from
Synthesis Phase I working papers could serve as a 'stopgap' set

of learner objectives for some purposes. .lthough inadequate

67
2 .



in scope to be used as the primary resource for new course
development, it should provide adequate examples for the-
review of curricula and for local policy discussions regarding
directions change should take.

Closely associated to the need for a comprehensive set of
objectives which tap all four geal clusters and the vari&us
aspects'of inquiry is the need for tests which reflect these
areas. Because teachers tend t6 teach thcose things measured
by tests, and because pe;sonal, sdcietal, career choice and
inquiry goals are largely not represented by existing tests,
there is a need for such test items. We regommend that one
of the resources to be made available include such test items
in an easily identifiabW¥and accessible form. Either NSF,
NAEP or both working together should be able to collect and
make available such items in some type of item bank, such as
those beiﬁg developed in other disciplines by the Northwest
Regional E@ucational Laboratbry in Portland, Oregon. We
3136 strongly recommend that ﬁAEP expand its coverage of
the;e areas in any new future developments. The coverage
of the academic areas-of science §lready appears quite
adequate, . c

I
Facilitation.And Coordination Of Curriculum Development

Efforts. If the above recommendations are successfully

carried out, a 'significant shift in demand for educational
materials should occur. It is essential that some means be

found for meeting that demand. Any tajor efforts in develop-

ment need to take several factors into account. They include:

1. Shifts in emphasis toward personally and societally
oriented goals are likely to occur only gradually in
practice, -

2. Textbooks are likely to continue as the backbone of N
the school curriculum. '

3. Various publishers appear to have a rather firm grip
on the textbook market.

4. The magnitude of redevelopment need>d may be extremely great.

5. Few districts have the resources to do & good job of
developing their own materials.




Unless we assume major increases in the amount of federal

money availablé for developmént, the factors listed above
preclude reliance/oﬂ federally supported curriculum development
to meet all needs for new‘curric;la. A more efficient use of
limited resources would place federally funded agencies in a
role‘whioh stresses'Ieadership, facilitation and coordination
of many forces and resources involved in curriculum development
As one considers various alternatives in that direction, it o
is useful to keep in mind.the alternatives available to a

local éystem which desires to broaden its goals to include

more .topics of personal and societal relevance. Alternatives

include: C -

1. §Develop its own materlals;

2. Develop supplementary activities and materials
to complement existiflg materials.

s

AN 3. " Seek existing materials which meet the new criteria.

\

The "'objectives bank'* idea, suggested earlier, would serve as an
invaluable resource for a distrlct'in.developing its own materials
or in supplementing existing materials. "It could also enable
textbook publishers to react more quickly to perceived changes
in the marketplace.\ Likewise, a comptehensive change model and
persons trained to facilitate educational change, both suggested
earlier, could facilltate local development activities.

All recommendations made thusfar could resolt in
considerable duplication in the field of curriculum development
unless they are accomoanied by a large scale information flow - ‘

system. We therefore recommend that an "effort coordination

contained in this funetioo would include:

1. Identification and evaluation of existing
materials with reference to major goals as

|
function" be developed at the national level. Some activities
discussed “in detail earlier. 1

»

2. Maintainance of current information about local
curriculum development projects in action. 5

3. Coordination of the many "Iimited focus" projects .
the goals of which are consistent with those of
personal atd societal needs. A feu,examples of

!agendaééyhich fall into this category are:

’ ~ .

envirormental education, career education,
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energy education, marine. education, conservation
education, safety education, etc. >

!\

4. Coordination with professional organizations in the
development of,special publications, newsletters, etc.

5. Develnpment of the capacity to package and deliver
resourcg information appropriate to the needs of local
systems as detailed -above.

6. Facilitating of communication and cooperation between
local systems with common goals and needs.

The activities destribed'above should permit a federal agency to

aid local systems regardless qf the change 2lternatives they choose.
Thus, it could facilitate change without being vulnerable to the
charge that the ageécy was promoting specific materials which are
philosophiczlly unacéeptable to certain special interest groups.

So far, we have suggested malnly market forces (i.e., change in

demand) as influences on text authors and publishers. However, more

direct influences should be explored. At the very least, attempts
should be made to open lines of communication with publishers and
established authors, to%discuss-the issues identified in this report
and other similar reports, and to seek ways of achieving some of the
changes recommended her%;
One possibility for sti@ulating incremental change in existing

texts would be a nationai aemonstration project in which the vevision
and marketing of a populurly uééd text would be supported by a nationgl
funding agency. The purpose of the revision would be to ads,petsonal,
societal and career emphasis as quickly as possible to an existing text.
The result would be a "t{agsitional text". Although such texts would
not meet all the triteria.su%gested in Phase I, they would have the
advantage of quick entry inta the text market. Such a demonsn;atioq
project could serve‘a number of purposes. First, it would answer
questions regarding:

1. The feasibility of such revision

2. The cost of such revision

3. Market acceptance of texts revised to address new goals

4, Feasibility of federal agencies and private publishers
working coooeratively in this respect :

70
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: ¢ f. Direct Curriculum Development. - If increased funds are made

available by legislative action (and we strongly support major
- increases), large scale curriculum development activities should
be funded at the national level. We recommend that the place to

start such development is at the middle school and junior high

. . school levels for the following reasons:
LI . 1. Science education at this level is not so strongly
; ‘ based on assumptions regarding academic preparation.

Therefore, changes at this level may come more easily
than at the high school level.

2. Most of ogr students' exposure to science occurs at
this level, especially for the general student population;

_ therefore, a limited number of programs could conceivably
reach many students.

3. The development of "transitional texts" as described in-
the previous section appears less promising at this
' level than at the senicr high level.
Obviously such developments should be based on research and
development efforts regarding the most useful knowledge and
skills for personal, societal and career decisions. Although
reading difficulty was outside:tﬁe'scopg of our study, we were
often struck by the reading difficulty and abstract nature of
currently used junior high cqrricula. We urge that any new
development activities utilize the expanding knowledge vase
- ' regarding cognitive development to a much greater extent than

/ have previous efforts,

- g- Needed Research. There are a number of areas in which research
. / information would be very useful in facilitating improvement in
* e “curriculum and instruction. Some which seem especially important

are discussed here.

1. More research in the curriculum decision-making processes
. which occur at the local level is needed. From the data
- base we inspected, some generalizations about these
processes could be formed. However, much more needs
to be known before comprehensive systems for facilitation
of this critical-activity can be developed. Information
is needed on the roles typically played by principals,
_ teachers, text salesmen, etc. Also, more information
is required about the criteria for appointment of
teachers to curriculum committees, and the criteria

b they use in the selection of texts.
i : ®
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2. Research is also needed to determine effective ways
for local systems to achieve changes in science
education. Case studies of locals which have succeeded
in selecting innovative materials and implementing
those materials, as well as those which have
succeeded in modifying science teacher behavior
would be very useful. The CSSE case studies were
designed to randomly sample representative districts.
Their sample did not include distr?:ts which had
exemplary science programs, as measured by the criteria
developed in our Phase I reports. To the extent that
such districts exist, they should be identified and
elements of their change efforts which led to success
should be analyzed and disseminated through whatever
information-flow systems are developed. Associated with
the case studies would be research into "barriers' in
science education (see Elementary and Inquiry Reports).
Essentially, it should be determined which barriers are .
real and which are imagined. Research into ways of
overcoming those barriers is also needed. Research
is also needed to determine effective methods of producing
changes in educational practice consistent with specific
curriculum decisions. Although there is a considerable”
research endeavor in general educational change processes,
there is not a sufficient research base to guide local
activities designed to produce the specific changes in
teacher behavior required for implementation of new
science“curricula.

3. Collection and/or consolidation of research information
which can help "make a case" for science education in
general, and for a broadening of goals in particular
would be quite useful to science education departments
attempting to influence local administrators and school
boards to allocate resources to improve science education.
Useful information in this category includes: the effect
of "process" science teaching on cognitive development,
especially at the elementary and middle school levels;
the effect of relating science principles to societal
issues and of practice in decision making on student
outcomes as measured by instruments assessing science-

. society-interface topics (for example,.NAEP items in ~
that area); the effect of instruction on science~related
+ career' choices of students; student attitudes

regarding science courses stressing personal, societal

and career-choice goals, as compared to attitudes

regarding academic courses; the effect of various kinds
of science instruction on students' 'real world"
behaviors;

v
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--4._Normative and theoretical research on goals and objectives
for sciéﬁEE‘EHﬁEitIon‘wonid—be—espéciallyﬁggggpl at this
time. As the domain of science information continues to
expand, the judicious selection of subsets of that domain

> for public education becomes increasingly crucial and
increasingly difficult. Future orlented research on the .
knowledge most likely to be needed by the general
population in the next few decades, would be especially
useful to those who choose curriculum on criteria
related to the utility of knowledge represented by the
curricular materials,

None of the changes recommended here can occur
without policy endorsement both at the local and national

levels. Ultimately, policy is set by political constituencies.

Because the goal clusters used in this project came from
broad statements of educational goals from sources’
including a number of political constituencies, there is

a reason to believe they are supported by many persons
involved in educational policy. However, the extent

of. that support and its exact nature remain largely /
unknown. We recommend that efforts be extended

at the national level to assess the relative importance
placed on major goals (such as thdse identified by our
project) by various educational decision makers including:

parents

teachers

students !

the general population .

school boards N /

college professors of both natural science and non-.
science disciplines (for whom many teachers are
preparing students)

working scientists

paid educational employees in leadership roles

legislators '

!

We further recommend the development of local
processes for determihing goal perceptions of various
local groups and incorporating those' goals” into curri-
culum~decision processes. These processes could utilize
some of the methodology developed in the national study
recommended: above. We are convinced that the data
collected will provide a strong influence for change
among educational policy makers. Such influence will be
indispensible if change programs are to succeed.

a4 oF R A r-,v‘r-.‘ "3 Y - e, - - R T
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Rationale

The biology focus group developed a "desired" model for the teaching
of biology at the pre-college levels of education. The validity of the model
rests upon (1) the present character of the scientific enterprise; (2) the
current emphasis on sqholarship within biological disciplines; (3) biology/

social based issues that exist and are likely to persist throughout several

decades into the future; (4) personal needs relevant to bioldgy that are evi-

dent in contemporary culture; and (5) publié reactions to conventional educa-
tional goals and practices.

The committee has preserved the basic concepts and principles of modern
Biology as they have emerged from theory and research. What is different is
the educational context in which the Biological concepts and principles are
displayed. 1In the desirea biology program biological concepts are organ;zed )
in terms of personal needs, social issues, and career identificaéion. T%is
is in contrast to biology courses organized in ways to display the structure
and logic of biology as a discipline.

The conceptual framework foF the desired biology program was determined

empirically’ through a normative analysis of relevant biological, science, and

.educational literature. The primary sources of information are listed in the

bibliography.

The justification for seeking a new rationale for the teaching of
biology results from recent transitions in the scientific eéterprise and new
devélopments ;n the biological disciplines. The major shifts in science as
an enterprise have been its influegce a social process and its close align-
ment in metho§§and substance with technology. Science and technology have
becorz the two faces of a single "coin'. Advances in the biological sciences
dre the result of (1) new theoretical insights (scciobiology): (2) new tech-
nologies for research {recombinant DNA); (3) new interdisciplinary perspectives
(biophysics, biochemistry, environmental psychology, human ecology); (4). new
concerns about biology and human activities (bioethics, human engineering);
(5) a new awareness that although human beings evolved bv means of natural
laws, future developments and survival are under control of the human species/

itcelf; and, (6) new insights into tiology as the link between the natural

7’7
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laws, future developments and survival are under control of the human species

itself; and, (6) new insights into biology as the link between the natural

and social sciences giving r;se to new cross-disciplinary perspectives (social
biology, human geography, ecological psychology) and an effort to comprehend
human life as a whole.

The over-arching mood of the desired biology program is to use the
knowledge of the bioiogical sciehces to enhance the understanding of oneself
and to benefit the quality of life and living for humar beirngs. To achieve
these purposes requires the study of the human organism in its natural, qul-
tural and psycho-social environments. The desired biology for pre-college
students is essentially a science of ﬂ\ an beings directed toward an increas-
ing capacity forlépman adaptation. Bi:& gy taught for these purposes involves
questions of ethics, values, morals, and aksthetics as well as scientific
considerations.

The design of a biology curriculum oxjented to human understandlné,
human welfare, and social progress has dimensions'\in the personal reeds of
individuals, their career aspirations, and the socia;\milieu. The criteri

for the selection of salient knowledge to form the cufrtculum framework

.arises from human beings and their interactions ratler Ehan from the structure

of biological disciplines. What such 2 curriculum might be like with these

characteristics is presented in the following sections of this reporc.

’
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Exemplars of Salient Biological Knowledge

Goal Cluster I - Personal Needs

Genetics.,

1. Appreciates the role of genetic counseiing in making
decisions about marriage and family affairs.

2. Can interpret basic concepts of human genetics 1n
¢ terms of the implication they have for susceptlblllty,
transmission, probability and meaning of birth/defects,

genetic diseases, and health maintenance. |

"

3. Understands the concept of the gene pool and ilts role
in buman evolution, including the effects of man's
intervention (medical and cher advances) on the gene

pool. |

<l

Evolution. f
N 1. Recognizes that human beings have a long hiétor& on

this earth and during this period of time nate under-
gone a continuous process of change and devalopment
both biologically and culturally.

1
[

2. Appfec1ates that changing biological and cultural
factors influence our life patterns today ahd will
continue to do so. ;

3. Understands cuitural evolution as a coroll%ry to bio-
logical evolution.

4. Understands the role of personal beliefs, jattitudes, and
values as a result of human evclution and'as they influ-
ence cultural evolution. "

i

Nutrition.

1. 1Is able to choose a diet that will maintain optimal
health and efficiency.

2. Knows the positive and negative effects of personal
diets (for both long and short term diets).

3. Knows ‘the long-range effects of poor diets (anaerxia,
pre-natal nutrition, aging, hyperactlvity and mental

ability) and recognizes the necessarv changes to’
improve the diet. T~
Behavior.

1. Appreciates that human behavior is influenced by a
wide variety of interacting factors, such as, the

79
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natural, social, and cultural environments, genetic
makeup, life experiences, personal factors (sex)
and learning.

Recognizes that behavioral patterns in individuals
are not constant but are influenced by social and
biological development, chemical imbalances, nutri-
tion, cultural values, peers, and personal experience.

Understands tnat human behavior is the means by which
people adapt to conditions of life and living and
that motivation and learning are essential conditions.

Understands there are both positive and negative
consequences of behavior,

Recognizes and accepts that personal behavior patterns
are determined by the mores of the social group.

Continuity.
1, Understands that the continuity of humaﬁjlife on earth

’

2.

3.

4.

is maintained through a process of reproduction.

Appreciates the uniqueness of human sexuality compared
with that of other organisms.

Recognizes that the normal process of human reproduction
can be influenced by disease (VD), genetic factors,
birth control techniques, and'personal preferences.

Understands the effects of mutagenic 'agents on the
processes and factors of continuity.

Structure -- Function.

1.

4.

Appreciates that the well-being of a human being is
dependent upon a proper functioning of the various.
organs and tissues of the body.

-

Understands that the improper functioning of one bodlly
system is likely to influence the normal functioning
of the other systems.

Knows that disease, drugs, and life style can disturb
the normal balance of the life maintenance systems’
with the result that optimal health levels are de-
preciated.

Knows that some processes are necessary for continual
personal development (maintenance with change or growth).

Diversity.

1.

Appreciates that all human beings are unique in the
sum of their charaéteristicg - biological, social,
psychological, experience, responsiveness, etc. ol
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Recognizes that the behavior of the human species
is unique in comparison to other organisms.

Integration.
[

1.

Knows and can interpret the factors and conditions
which influence the coordination of bodily growth,
development, and functioning.

Recognizes the extent to which the effectiveness of
bodily integration can be influenced by personal
efforts, such as, proper nutrition, exercise, train-
ing, mental health, etc.

Understands the prenatal'influence on sexuality,
personal growth and development.

Understands the importance of integrating the various
aspects {(cognitive, affective, motor, and socgial)
of personal development.

Life Cycle.

1.

«

Understands and appreciates the human life cycle as
it is influenced by biological, cultural, and psycho-
logical factors at different phases extending from
birth to death (birth, childhood, early adolescence,
adolescence, maturity, aging, death).

The human life cycle can be influenced in its course
of development by prenmatal conditions; nutrition,
environmental conditions, disease, response to social,
biological, and environmental stress, etc.

Appreciates the unique and special aspects (both
positive and negative) of the various life stages.

Energetics.

1.

Appreciates that human efficiency and survival depend
upon maintaining an adequate internal ard external energ:y
exchange system.

Knows that the energy exchange system within human

beings is related to a larger energy cycle that makes

it possible for all forms of life to survive.

Understands that one's normal metabolism can be nega-
tively influenced by such factors as drugs, poor nutri-
tion, environmental conditions, etc.

Goal Cluster II - Societal Issues

&

1.

Genetics.

Knows that genetic principles can be applied to improving
plants and animals.
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2. Recognizes that various chemicals in the environment
(pesticides, herbicides, preservatives) may affect
the fcod web, change the evolving gene pools and re-
duce tne overall effectiveness of natural selection.

\\
3. Accepts a personal responsibility for using genetic
information in advancing human welfare; ‘practices
bioethical tenets.

4. Recognizes the need for societal undei..tanding of
genetic issues and the danger inherent in misunder-
standing.

Evolution, .

1. Is aware that human beings have some control over their
own evolution through differential artificial selection,
cultural practices and environmental controls.

2. Recognizes that efforts to control human evolution may )
have negative as well as positive implications.

3. 1Is aware of differing points of view about the desir-
ability of efforts to control human evolution and the
direction it should take. ’

4. Knows the various procasses of social-cultural evolution.

5. Appreciates the unique contributions of humans to the

evolutiohary process:. ‘ "

Nutrition. s . .

/ 1. Recognizes that malnutrition is widespread in all
countries and is not limited to impoverished peoples.

2. Knows about and supports research for the improvement
of food products and nutrition.

3. Recognizes that adequate nutrition is both a personal
and social responsibility. .

4. Recognizes the role of advertising and other societal ‘
constructs in influencing food choices.

5. Is aware of social patterns which influence nutritional
deprivation.

Lo
S

’

Behavior.

1., Understands and i Qware of ways in which human behavior
is influenced by the social, cultufal and natural en-
vironments. . -

2. Is aware of ways in which human behavior is influenced

by group pressures (political, peer, religious, economic,
. territoriality).

o - g2 |
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4.

. w—=-human—behavior and the need for—sveial ¢ontrols.
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2-10

Understands the interaction of cultural and personal
values in determining human behavior.

Knows the conditions and effects of chemicals (drugs,
alcohol, tranquilizers, nutrition) used to modify

Understands both the necessity and the limitations of
societal control of drugs and chemlcals (Pure Food
and Drug, FDA, etc.); and the effects of strong
lobbies on these laws.

Lo

1 AN .

l. Recognizes .that humag\population growth can seriously
influence the quality of life in various ways (economiec,
social, food, energy, etc.).

2. 1Is aware that cultural mores and personal and religious
values influence patterns of human sexuality and .atti-
tudes toward offspring.

3. Appreciates the responsibility human beings have for
the preservation of all species of living organisms.

Structure -- Function.
1. Appreciates the interaction of human populations and
cultural systems and senses a responsibility for main-
taining the health of these svstems (communication,
education, transportation, heaith services, natural
environment, etc.)

Diversity. .

1. Recognizes and appreciates the uniqueness of different
cultures and social systems as well «us variations in
human populations.

2. Accepts the ndtion of diversity as essential to human
survival and /ultur:l richness. '

3. Recognifes the need and the responsibility to retain
in a "pure'" state unique cultures and social systems.

Integration.

1. Recognizes and understands the extent to which there is
need for social control (government) of products and
circumstances likely to influence the normal biclogical
condition and responses of human beings.

2. Seeks to formulate a personal value system about the

fetc.). ' 83

extent to which controls over human responses should be
sorially managed.

Recognizes the need for sccietal intervention into human

behavior patterns which dre negative (battered wife, child,
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Life Cycle.
. 1. Recognizes the need to keep informed of changes, popu-

v

lation patterns in the human life cycle, such as,
birth rates, distribution of age groups, family .
structures, etc. . .

B

SSRUPUURP 2. Understands howachievements in ‘science, expecially..

, biology, may 1qf1uence the life, cycle of human beings.

i : . -

'3, Recognizes ways;in which environmental facters may con-
tribute to modifications in the life cycle of human
beings, including death of the species.

Energetics.

1. Understands that human beings are a vital link in the

web of life that sustains living forms on the earth.
. ~ ?

2. Identifies and evaluated ways in which human beings may
influence the energy cycle through changing the biomass
(green revolution, hybridization of improved nitrogen
fixing plant species, etc.).

3. Appreciates the possible effects of human population
distribution on the energy cycle.

4. Recognizes the negative impact of human societies on

/

ERI
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many natural energetic systems and formulates construc- .
tive changes. -

Goal Cluster III - Saliept Knowledge

.

Genetics.
1.

Knows the basic laws and facts of genetics and their
relation to reproduction and the continuity of species.

2. Knows the extent to which patterns of heredity may be
modified by mutations, natural or induced.

3. Knows some factors which may increase mutations.

4. Understands probabiljity, chance, and prediction and the
way these factors -affect human (and other) genetics.

\
Evolution.

1. . Understands that all species of organisms, including
human, tend to manifest changes in structure and
function over time.

2. Knows that species differ in their adaptive capacity
but all are subject to environmental conditionms.

3. Knows that human beings have developed ways of manipu-

lating the natural environment which can influence the
adaptive capacity of organisms including human.

- smmred
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) Nutrition.

1. Knows the classes of foods (fats, proteins, carbuhydrates)
and their biological functions in maintaining growth
energy and health requirements.

2. Knows supplemental food requirements (vitamins, minerals,

water), their functions and natural sources.
3. Knows the fundamentals of maintaining a diet for optimal
health.

-

4, Knows the consequences of not maintaining a proper diet.

Behavior.

1. Knows that the capacity for human behavior is determined
by an interacting combination of factors including
heredity, -environment, experience (learning), physiological
(hormones) and psychological (responsiveness), and cultural
values/patterns (mores).

2. .Knows that behavioral patterns are distirctive within
species and between speties (individual and group patterns),
but that there are commonalities within species.

3. Recognizes ways in which the behavioral responses of human
beings are influenced by the social milieu, cultural
norms, physical environment (crowding, safety, etc.), and
personal awareness (self-concept, social hierarchies, peer
pressures, etc.).

Continuity.

! .
1. Understands the processes of reproduction, sexual and
asexual.
2. Knows that genetic pattevns are modified in sexual repro-
duction.
3. Can interpret the meaning of sexual reproduction in terms
of the evolution of the species.

Structure -~ Function.

1. Knows the,structural - functional relations in the organiza-
tional levels of organisms (molecular, cellular, tissue,
organ, individual, population, world biome). .

2. Knows the life support systems of multicellular organisms
(plant and animal), especially those of human beings, in-
cluding the excretory, digestive, nervous, integumentary,
circulatory, respiratory, reproductive, regulatery, and
supportive.

3. Understands that the life support systems of animals is
ultimately dependent upon photosvnthesis in plants.
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- Diversity.

1. Appreciates the significance of diversity in the
survival of living things.

2. Urnderstands the interactive—factors—of organism
diversity and the natural environment (including
the social environment in humankind.)

3. Recognizes the advantages of a classification system
in describing and identifying diverse organisms.

4. Recognizes that homeostasis and regulation are central
- to the conicept of function.

Integration. ‘ (.

1. Understands the importance of unifying and regulatory
systems in multicellular organisms.

2. Knows the integrative mechanisms in human beings, such
as, (a) chemical controls - hormones, minerals, vita-
mins, enzymes; (b) nervous system - neurons, lezrning,
training, and, (c) circulatory sys.em - respiration,
homeostasis.

Life Cvcles.

1. Krows patterns of development among plants and animals.

2. Understands the uniqueness of human development and its
significance. .

3. Recognizés that there are typical and atypical processes

of growth and development and their relationship to

biological, psychological, and societal influences.

4. Understands the human life cycle from prenatal (con-
ception) to death.

Energetics. ¢

1. Understands the significance of various processes of
bioenergetics, such as, photosynthesis, respiration,
digestion, circulation, enzymatic reactions, and chemical

. cycles (nitrogen, oxygen, carbon dioxide, etc.).

8 .
Goal Cluéter IV - Career Knowledge/Awareness .

areer education as an educational concept and priority from the
. elementary school through college was brought into focus in 1972 by a series
of congressional acts. In 1978, a congressional bill titled the National

Career Education Incentive Act was signed into law. This Act specified funds

86
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to implement career education in every school district throughout the nation. The

thrust of career education is to help students understand the close relationship
between education and work, to help them become aware of a variety of careers, and

to provide opportunities for them to test their interests. /

Thie"desired biology program with its focus on personal and so¢ietal —=
needs provides a broad range of opportunities for students to develop an
awareness of career choices in the biological sciences, to explore choices
that interest them, and, in soﬁe instances, to gain basic academic/vocational
skills.

Almost every topic in biology vepresents a career endeavor of some
person or persons. The teaching task is tc help the student undersctand that
biology is a product of human endeavors as are all sciences. The production
of new knowledge through researchsis not the only career opportunity in biology. //
Fer every researcher there are many kinds of supportive vocations, such as,
technicians, labocatory assistants, translators, computer programmers, equip-
ment designers, and many more. Then, there are careers for people that make
use of biclogical knowledge, for example, in agriculture, medicine, nutrition,
nursing, pest control, sanitation, horticulture, conservation, caring for
aﬁimals, training of athletes, and hundreds of other fields. .There are new
careers being developed all the time. .

'Teachgrs in the biological sciences shculd provide siudents with oppor- .
tunities to meet and talk with people in biological vocations; to do library
research on careers; to discuss career characteristics with informed teachers or
counselors; to "shadow" people employed in biological vocations; to gain
. work experience (paid or unpaid) whenever possible; to participate in field
trips where people are employed in biological endeavors. Films, bulletin
boards, career pamphlets and other marerials should be continuously available
to stimulate student interest ir careers. ,

* Learning about care-:rs ia ! iology should be a continuing theme
throughout a course rather than deaxlng with careers as a single effort in a
special unit or module of classwork. -

The biology focus group views the development of career awareness as a
méjor goal of biology teaching a4nd as an essential eiement of instruction. A

biologyv course designed for the .dvancement of human well-being ought not

negiect one of the central featurec of human living - that of work.

87
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) careers : quantitative). How
e we use knowledge:

decision-making

EXAMPLE: Heredity

Human populations Improvement of'plants Empiricaf studies: = |
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Information Processing gg,the Desired Biology Program

When a biology program is placed in the context of personal, éocietal,
and career goals, how knowledge is managed also changes. How inquiring

systems are designed and how_information is processed.take-on-new-dimensions., —--- -~ ——-—

ERIC
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The classical concept of scientific inquiry - problem identificat{En, informa-

tioﬁ gathering, hypothesis, experiment, verificat&on ~ is inappropriate oro
limited for resolving bio—personaliand bio:s;cial problems, The very fact
that var%ables in problems related to human life and living can seldom ali be
identified, and even less frequently controlled (measurec), limits the appro-
priateness of the so-called "“scientifiic method".

The teaching of biology in personal and social contexts is primarily
for the purpose of making knowledge useful in the human endeavor and in the
real world of the student. Thus, there is an emphasis on how knowledge is
used, as well as on how knowledge is acquired. The art of and formal processes
of using knowledge have distinctive characteristics that separate them from
ways in which’information is acquired by investigative means.

The Project Synthesis inquiry group in their report is considering the
special charactéristics of scientific inquiry (information discovery) and of
decision-making (information using). At this point the biology focus group will
only identify some of the major elements essential to teaching biology in the

context of personal, social and career toals. These elements are:

io~feedback: in natural systems
Probability: 1in a statistical sense
U -certainty: in contrast to probability where possible outcomes are
kn wn
Risk: as a situation in which probabilities can be assigned to possible
outcomes of an action
Curvilinear relationships: diminishing returns, thresholds
i Exponential growth: geometric growth -
Interactions: ecological sense
Systems concepts: relationship of subsystems
Classification systems: advantages
Holistic: viewing of problems

Reductive: viewing of problems




- Decision-making: in value, ethical, and moral contexts (perceptual

Decision-making: as a satisfactory solution to a
optimization \

i

oblem ~nd an

Multicausality and multidimgnsionality: of biological problems
(multifactorial)

Systemic thinking: in contrast to linear «thinking

frames)

Limitations of scientific inquiry: for problems imbedded in personal
. and societal contexts

Problem centering: in contrast to methodological approaches

Qualitative investigation: case studies, anthropological methods
\

Sampling techniques: individual, selected and' broad populztions

Longitudinal studies: growth or change over time

Tolerance for ambiguity
Problem resolution: in‘contrast to problem solving

Futures methods and thinking: goal-setting, modeling, extrapolation.
projecting trends, intuiting, metaphor,
simulations, scenarios, forecast

The attributes listed above are illustrative of the information manage-—

ment and processing skills (including attitudes) that become important in the

R4

teaching of biology when educational goals are student-directed rather than
being limited to those characteristics of the discipline.

-
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Critical Elements and the Desired Biology Program

Objectives and Student Outcomes

The objectives of the desired biology program focus on the study of the
human species as a part of nature (1) to understand humankind as a distinc-
tive organism; (2) to appreciate the universal human need to be in touch
with nature, our own nature, and all of nature; and (3) to learn to live in
harmony with nature and to minimize the disconsonance between human beings
and the social and natural environments. ;

Students are expected to acquire a knowledge of human existence, the
realities of society, and alternative futures for humankind to improve human
adaptability and attain a high quality of'life. The salient biological

knowledge for achieving these obiectives is described in a previous section

3

uﬁéer_the four goal clusters of P:ojeci Syntheéié:

v

Program Existence

The desired biology program already exists in part in those schools
providing courses or special modules on such topics as: (1) environmental
studies; (2) human physiology; (3) health - particularly thosz aspects deal-

ing with alcohol, drugs, tobacco; (4) disease; and, (5) futures.

Progran Dissemination

The major factor in the dissemination of a biology program focused on
the personal, societal, and career needs of human beings is a change in the
phi%osophy, rztionale, or conceptual framework teachers hold for the tecching
of biology. There are a ndmber of introductory, first-year, general educaticn,
college biology textbooks that }reat biology in the context of the Project
Synthesis desired course. Some of these textbooks are:

1. Robert McNally, Biologv: An Uncommon Introduction; 1974,
Canfield Press, S. F.

2. bonald J. Farish, Biology: The Human Perspective; 1978,
Harper and Row, N.Y.

3. S. Singer and K. Hilgard, The Biology of People; 1978,
Harper and Row, N.Y. i

4. XN. D. Buffaloe and J. B. Thorneberry, Concepts of Biologv:
A Cultural Perspective; 1973, Prentice-Hall, Englewood Cili{fs, N.J.
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5. I. W. Sherman and V. G. Sherman, Biology: A Human Approach;
1975, Oxford University Press, N.Y. ;

6. G. Herdin and Carl Bajema, (3rd Ed.), Biology: Its Principles
and Implications; 1978, W. H. Freeman and Cc., S. F.  ~ T

Some 300 colleges and universities now have courses or majors in humar.
biology in which the persconal and social implicatiors of biology ave concidered.
These programs could be made available|to teachers through summer institutes,
seminars, or as an inservice program. l

The difficulty of dissemination #s minimized by the fact that new ﬁnd
salient concepts of biology will not need to be acquired by a qualified (
biology teacher. The change in subject matter is in the coutext in which
it is taught - a shift from a discipline focus to one that is taught -;a
shift from a discipline focus to one that centers upon the student as é

biological organism living in a cultural and social environment.

Program Implementation

The desired biology program requires no changes in time allotments in

schools. It is a course to be required of all students because the subject
matter is primarily directed to improving human adaptation on both an indivi-
dual and social basis. To require the program of all students would mean
about a 15 percent increase in biology enrollment over the current number of

students taking biology.

Teacher Characterisctics

.

The teacher of the desired biology coﬁrse not only needs to have in- .
ternalized the rationale of the program but alsn must develop a mode of
teaching consistent with the conceptual framework.. Effective teaching -
practices depend as much upon the teacher's personal characteristics as upon
. instructional skills. Some of the essential teacher attributes for imple-
menting the desired biology program are described under the four goal clusters

of Project Synthesis as follows:

Personal Needs.

1. Seeks and tolerates conflicting points of view when
based upon knowledge and encourages Ziscussion.

2. Is affective in interpersonal relations facilitating
discussion.
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3. Doe: 1ot force closure - introduces new information,
raises new gquestion, "appropriately" expresses own
opinions.

4. Knows how to deal with individual and group activities

- in a variety of situations. |

e vt vt —— .
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5. Respects and cares for adolescents and relates biological
knowledge to individual problems.

Societal Issues.

1. Uses group dynamics in the classroom ,as an application
of larger social issues.

/

c . 2. Uses processes of group problem solving, decision making,
and conflict resolution. . .

; 3. 1Is aware of his or her and the studer s place and role in
the classroom, community, sSociety, and world \

E ALY

.4, Knows the major biosocial prcblems and .: celate
biological knowledge to their resolution.

Salient Knowledge.

1. Knows the concepts and principles of biology as they
relate to personal needs and soc¢ial issues.

2. Has a knowledge of the basic concepts in those cognate
fields (anthropology, psychology, sociology, economics,
human geography, political science, future studies)
that are relevant to the_ personal-soc1al-career goals of
human biology.

3. Recognizes that curriculum and professional development
are life-long processes for teaching an up-to-date,
action~oriented, personal-social biology.

Career Knowledge/Awareness.

1. Knows sources of information oh biology related careers.

2. Has contacts with practiéing biologists in various work
fields. |

3. Knows and makes use of community resources for developing
career awareness in sutdents,

Classroom Practices

Methodology. The major adjustments in teaching methodology required for .
the desired biology program entail:

1. A Problem Approach to Curriculum Organization and Teacﬁing -
These procedures are described in the Project Synthesis
Inquiry Group Report and in the ingquiry supplement reported

in a previous section of this report.
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s eI members of th: class to work cooperatlvely in the resolutlon

Evaluation

2-21

.

2. Individualization - The goal cluster, personal needs,
requires individualized instruction at appropriate
places in the curriculum.

3. __Cooperative—Activiti@s — The societal issues goal requires

of problems and issues. T
4, "Laboratory" Work - Here activities are as much experi-

ential and field-oriented as they are experimental and e}

confined to the laboratory table. Laboratory activitieg ®

require students to locate information sources (libraries, .

computer retrieval systems, expert opinion) in some . .

instances and to "discover" information at other times. ©

Whatever methods of investigation are to be used, they

are to be justified in terms of the problem. Issue ~ -
"oriented laboratory problems take place in an ethics,

value or moral context and lead to decisions rather than

to conclusions. Ideally, laboratory activities will be

but a beginning to thought, action, experience, and

learning. An investigation is viewed as a confrontation

between a student and a personal problem or social issue.

In this way, it becomes possible to convey to students

that scientific knowledge does not exist in a void; it

is knowledge of something and for something. We want

students to recognize that facts are the means as often

as the end of an investigation. The most worthy investiga-

tions have. tangible results which are useful in (1) =making

a dec151on, (2) taking an action, (3) providing an inter-

pretation, (4) identifying the '"real" problem, (5) makipg

an application, or (6) forming a concept. 1In a personal-

social-centered biology program an investigation provides

a pedagog1c51 device for students to discover the inter-

connectedness of events, people, and biological phenomena.

2

Equipment, Supplies and Facilities. The desired biolqu program does

not place a demand on acquiring new equipment, supplies, or facilities. What
is required is the greater use of the natural environment, community resources,

and the students themselves as objects of study.

The foci of the evaluation program are: (1) the effectiveness of the
studen. to use a knowledge of biology to interpret personal problems and social

issues, and (2) a d=monstrated ability to formulate rational decisidns in

the context of personal problems and social issues.
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Bibliography: Thg Sources of Goals for the Teaching of Biology

The publications cited here represent, in part, the normative data
base for identifying the ''desired" goals for tﬂe teaching of pre-college
biology.

The dialogue about the need for reform in secondary education as a
whole and in the teaching of science and biology in particular is reflected
in thg following representative publications. Each of the publications is
€ither a symposium volume or the report of a committee, providing on one
hand a wide perépective of opinions and on the other a consensus. Curricu-
lum movements in biology arise from a diversity of social pressures and
school dysfunctions along with new insights and shifting emphases sithin
biological disciplines. There are also other factors which contribute to
the ferment which signals that the time has arrived,for a new curriculum to

P
- emerge.

»

Transformation in Science

1. DAEDALUS, 1962, Science and Technologv in Contemporarv Societv,
The American Academy of Arts and Sciences, Cambridge, Mass. .

2. DAEDALUS, 1965, Science and Culture.

e

3. DAEDALUS, 1974, Science and Its Public: The Changing Relationship.

4. DAEDALUS, 1977, Discoveries and Interpretation: Studies iﬁ
/ Contemporarv Scholarship, Vols. I and II. .

5. DAEDALUS, 1978, Limits of Scientific Inquiry.

6. National Science Board, 1976, Science at the Bicentennial: A
Report from the Research Communltv, U. S. Government Printlng
Offlce, Washington, D. C. N

™~

7. National Science Board 1974, Science and the Challenge Ahead,
U.S. Government Printing Office, Washington, D.C.

8. Spiegel-Rosing, Ina and D. de Solla Price (eds.), 1977, Science
Technology and Societv: A Cross-Disciplinary Perspective, Sage

Dubllcatloﬁs, Beverly Hills.

Reforming Secondary Education

-

1. Bell, D. and A.M.\R;vlin (Co-chairpersons), 1969, Toward a
Social Report, U. S. Department of Health, Education, and Wel-
fare, W. S. Government Printing Office, Washington D.C.
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Perkins, C. D. (Chairperson), 1970, Needs of Elementary and
Secondary Education for the Seventies: A Compendium of Policy
Papers, Committee on Education and Labor, House of Representatives,
Ninety-first Congress, First Session.

Conference Report, 1972, American Youth in the Mid-Seventies,

National Association of Secondary School Pr1nc1pals, Washington,
D.C.

National Commission on the Reform of Secondary Education, 1973.

"The Reform of Secondary Education, McGraw-Hill Book Co., New York.

Report of the Panel on Youth of the President's Science Advisory
Committee, June 1973; 1974, Youth: Transition to Adulthood
Unlverslty of Chicago Press, Chicago, I11.

Widening Perspectives in Biology

1.

[§%]

5.

Albertson, P. and M. Barnett, 1671, Environment and Society in
Transition, Anndls of the New York Academy of Sciences, Vol. 134,
New- York. .

r

National Academy of Sciences, 1970, The Life Sciences, Natiornal
Academy of Sciences, Washington, D.C.
4

American Biology Counc:l. .272, Contributions of the Biologiral
dciences to Zuman seilare, vol. 31, No. 6, Part II; Federation
of American Societies for Experimental Biology, Bethesda, Mc¢

Grobman, A. D. (ed.), 1970, Social Implications of Biological
Education, National Association of Biology Teachers, Reston, Va.

& Co., San Franciscéo.

Jorgensen, J. (ed.), 1972, Biology and Culture in Modern
Perspective, Readin grgﬂ\iiiiigifie American, W. H. Freeman

~. ’

~

The Human Habitat , ~

1.

DAEDALUS, 1967, America's Changing Environment, American Academy )
of Arts and Sciences, Cambridge, Mass. <

_Ewald, ¥. R., Jr. (ed.), 1968, Environment and Policy: The Next
Flfty Years, Indiana University Press, Bloomington. ’

Institute of Ecology, 1971, Man and The Living Environment,
University of Wisconsin Press, Madison.

National Academy of ScienceS - National Research Counc1l 1969,
Resou*ces and Man, W. H. Freeman & Co., San Francisco.

Report of the STudy of Critical Environmental Problems, 1970,
Man's Impact on the Global Environment: Assessment and Recommen-

cations for Act13h>\sge\?IT Press, Cambridge, Mass.
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Change and the Future

1. DAEDALUS, 1967, Toward the Year 2000: Work in Progress, American
! Academy of Arts and Sciences, Cambridge, Mass.

2. National Science Foundation, 1976, Project Knowledge 2000,
National Scienze Foundation, Washington'D.C.

3. Meadows, D. H., D. L. Meadows, J. Randers, and W. H. Behrens-III,
The Limits of Growth, Universe Books, New York. .

‘4, Mesarovic, M. and E. Pestel (eds.), 1974, Mankind at the Turning
N Point, E. P. Dutton & Co., Inc./Readers Digest Press, New York.

5. Spekke, A. A. (ed.), 1975, The Next 25 Years: Crisis & Opportunit;,
World Future Society, Washington, D.C.

The Biologists Speak ’ y

1. Dubos, Rene, 1968, So Human an Animal, Charles Scribrner's Sons,
New York. -

2. Glass, Bentley, 1970, The Timely and the Timeless: The Inter-,
relationships of Science, Education, and Societv, Basic Books,
Inc., New York.

3. Glass, Bentley, 1965, Science and Ethical Values, University of
North Carolina Press, N.C.

4. Grobstein, Clifford, 1974, The Strategy of Life, (Second t’dﬂ::.on),
W. H. Freeman and Co., San Francisco.

5. Handler, Philip (ed.), 1970, -Biology and the Future of Man,
Oxford University Prass, V%& York.

6. Platt, John R., 1966, The §tep to Man, John Wiley and Soms, Inmc.,
New York.

7. Simpson, George G., 1969, Biologv and Man, Harcourt, Brace &
World, Inc., New York.

8. Swanson,'Carl B.,'1973, The Natural History of Man, Prentice-
Hall, N.J.

r

9. Waddington, C. H. (ed.), 1972, Biology and the History of the
Future, Aldine-Atherton, Inc., Chicago.

10. Wallace, B., 1972, (3 Vols.), Essay; in Social Biology, Prentice-
. Hall, N.J.
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The American Association for the Advancement of Science, since 1970,

has issued a series of_bibliographies under the title of Science for Society.

The sixth edition (1976) "focuses on ideas having to do with the interrelation~-
ships of humankind,. the environment, science, and.technology'. The several
thousand citations in this reference reflect the events, issues, and

problems fostering new directions in biology teaching.
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PHASE II BIQLOGY REPORT: THE ACTUAD\Ei?LOGY PROGRAM

. \

Introduction

‘The Phase I Biology Report of Project Synthesis\describes an idealized

biology curriculum reflecting: 1) current developments in the biological

sciences; 2) bio-social issues in contemporary society; 3) indicators of present
and future personal needs for an understanding of biology; and

ary nature of science as a social process. The Phase II Biology

the contempor-*

port is a

study of the actual conditions and practices of biology teaching in the American

schools® as they existed in 1977. The Phase III Biology Report goes on ;o dis-

cuss implications of discrepancies betéeen "ideal" and actual" states.

The organization of the Phase LI report is consistent with that of
the Phase I report. These reports describe ideal and actual precollege biology
teaching in terms of four broad goals related to: 1) tersonal neeads; 2) s?ciet:i\
problems; 3) scientific knowledge; and.4) career awareness and educdtion. Essen-
tiai to the attainment of these goals are a\number of criticnl elements important
to sustaining the curriculum and teaching practices. Such elements include .
laboratory faclllties and equipment, time to teach, quallfled teachers and other
factors. Crltical elements such as facilities, teacher quzlifications and extent
of student exposure to blology instruction are examined in terms of the stated

goals and objectives for the teaching of’biologi‘described in the Phase 1 Biology

Report. In addition to the four broad goals mentioned above, the actual state
of biology instruction will be described from a fifth perspective - inquiry.
The data for describing the actual state of biology teaching in the
United é?ates were obtained primarily from the fol}owing sources: 'The 1977
National Survey of Science, Mzthematics and Social Studies Education” conducted
by the Research Triangle Institutz (RTI), "The Status of Pre-College Sc;ence,
Mathematics, and Secial Sciencs E£ducation: 1955-1975," a litereture review pre-
pared by the Center for Science aQSgngEQWEEifS Education at the Ohio State
University (0SU), "Case Studies in Science Education" conducted by the Center
for Instructional Research. and Curriculum Evaluatien at the University of
Illinois. at’ Urbana-Champaign (CSSE), and the "Third National Assessment of
Science" conducted by the Natidnal Assessment of Educational Progress (NAEP).
Additional data were obtained from the BSCS Biology Teachers' Handbook, third
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edition, and "A Survey of Science Teaching in Public Schools of the United States

Volume 1, Secondary Schools'" (ERIC/SMEAC). . |
Additional information on the status of biology teaching was obtained;

from an analysis of commonly used textbooks in junior high school science and

in high school biology teaching. These books are cited in the sections of this

document in:which they are described.

The Phase III Biologzﬁggport discusses discrepancies betwéen the desired

and actual biology programs, identifies information gaps, makes suggestions for
needed research and recommends possible solutions to problems and issues of bio-

logical education.

>

Major Goals

. 4 c o
* The discussion of the actual! state of goals in biology teaching will n
focus on the following areas: inquiry, personal needs, societal problems,

scientific knowledge and career knowledge.

The Inquiry Goal

It appears that science teachers give little effort to realizing the
inguiry goel (CSSE 12:3 and 7). For example, the BSCS#laboratory guides (CSSE
12:5) are likely to be stored and not used (BSCs 60). A}so, teachers dc not use
questioning techniques or other instructional procedures that facilitate system-
atic inquiry (CSSE 12:4). Although 50% of the biology teachers haQe attended NSF
institutes (CS%F 12:7), they do not feel confident in teaching biology by inquiry,
processes (CSSE 12:3). A variety of instructional resources for teaching inquiry

*

have been developed, such ac laboggéoty "blocks," "invitations to inquiry," {
student research problems and inquiry films and slides, all in gddition to the .
laboratory. exercises accompanying the BSCS textbooks (BSCS 60). Investigations
designed to indicaté the effectiveness of inquiry materials for teaching biologi- }
cal inquiry have produced conflicting results (BSCS 55-57). There is little T i
positive evidence that students in biology attain an understanding of scientific !
inquiry as a process, that they develop relevant inquiry skills, or that they
can use these skills to think criticall§ about science-related problems.

There are a number of factors preventing widespread success in attain-
ing the inquiry goal; First, teachers are not "model inquirers" for their stu-
dents (CSSE 12:2), nor have they been educated in methodologies of biologiéal

research (CSSE 12:7). Second, biology teachers lecture more than 75% ﬁf class-

time (BSCS 56); thus, students have few opportunities to initiate questions

~
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(CSSE 12:5; BSCS 56). Third, inquiry as a goal ot science teaching is generally
not seen as productive and is, therefore, ‘not accepted by biology teachers .
(BSC3 S5 CSSE 12'7) Fourth, teachers who are aware of inquiry as a goal of
‘biology teaching often feel that only bright, highly motivated students can
profit from inquiry teaching (CSSE 12:7). Typically, two~thirds of tenth grade
biology students are at the concrete level of intellectual development (BSCS 62)
which undoubtedly limits their ability to comprehend the attributes and processes
of scientific investigation. Students taught inquiry skills are no better than
students’not taught such skills at appl;ing these skills to novel problems (BSCS

60). Fifth, inquiry teaching is’ seen by teachers as time consuming, reducing

the time needed to teach "the basics" (CSSE 12:5). "Basics" is interp d as

the learning of facts and getting "right answers" (CSSE 12:10).

Research biologists, learning psychologists, and science educators
associated with the curriculum reform movement of the 1960's advocated teaching
biology as a process of inquiry. Curriculum materials, classroom and laboratory
were designed to engage students actively in procedures biologists use to estab-
lish reliable information. However, this goal was not generally acceptable to
teachers who are more inclined'co 7iew science 25 2 hodv of information to ke

learned as dogma (CSSE 12:9) and accepted on faith (CSSE 12:10).

The Personal Needs, Goal

There is couisiderable rhetoric by administrators, teachers and ‘parents
about meeting the personal needs of students through science education. This

rhetoric takes the form of "life and work skills related to science" (0SU 172),

the "preparation ethic" (CSSE 12:16) and vocational o. career education (OSU 147).

Science courses profess to emphasize 'things that will be useful in everyday
living" (CSSE 12:45). It appears, however, that the goal of fulfilling personal
needs is not realized in practice for two reasons: (1) young people not knowing
what they need (CSSE 12:45) and (2) the increasing emphasis on the "basics"

(CSSE 12:16). ’

There are attempts being made to meet personallneeds through advanced
placement courses or courses on such topics as health. %For exanmple, a socially
relevant course on environmental education prov.des fun&amental knowledge that
stimulates students to "examine the life worth living" ﬁCSSE 12:43).

The goals of personal needs as identified in the Phase I Biologv Focus

Report ha e always been subordinate in science programs, especially when compared
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o "basic" knowledge goals related to scientific knowledge. _In the past ten
years, the goals of personal needs have increased in importance. These goals
are closely‘related to the goalsggerﬁaining to societal problems and career

)

knowledge.

The Societal Needs Goal -

Science teachers and "state level personnel"” have shown an increasing

interest in societal "goals (0SU 172 and 175; CSSE 12:43) and in objectives to

make science relevant to the concerns of all students, not just to those who are
cademlcally talented or college-bound (CSSE 12: 41)

« The goals for teaching secondary science are in transition; there is
increased emphasis on environmental concepts, societal concerns and world prob-
lems, decision-making and interdisciplinary studies (0SU 21). There is evidence
also that state departments of education are influencing these changes through
their legislative and regulative powefs. For example, there are specific re-
quirements to include conservation, environmental problems, health, alcohol and
drugs, nature study and outdoor education in educational programs (0SU 120).

Societal goals are sometimes met by elective "popular science'" courses.
Examples related to biology include: environmental education, gcological studies,
and marine biology (CSSE 12:43). Biology is less academically prestigious than
either physics or chemistry; however, tiology plays a more important role in
general education aad is responsible for "getting students ready for the bio-
logical responsibilities they will face in life" (CSSE 12:20).

Related to societal goals is the 'socializing" of students through
science teaching (CSSE 12:16, 17; 19:5). Socialization however differs from

the conventional notion of a societal goal (0OSU 21). Socialization refers to

the widely held bélief @nd common "practice among teachers that schogls are the

instruments of inducing conformity of behavior and uniformity of goals in young
peoble. Many science teachers extend the socialization concept to teaching
practices; for example, many believe that children should be disciplined to
learn expeditiously from tebeoéks (CSSE 15:6,7). Socialization, therefore,
differs radically from the societal goals calling for relevant, issue-oriented
biology courses. ' %é

Contemporary societal issues are influencirg science programs. For
the most part, it seems science teachers are developing new courses to nmeet

societal goals and not incorporating societal issues into core or badic courses

/’4
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in any substantial way. An-interpretation of this situation could be the conflict
between the disciplinary ‘perceptions of teachers and the interdisciplinary nature
of contemporary problems. Discipline-oriented teachers tend to feel that soci-

etal issues are "outside their area of responsibility."

The Scientific Knowledge Goal
‘ 'hiology curricula are composed primarily of the knowledge and skills
characterizing an academic discipline (CSSE 19?@). In the classroom, knoyledge
and skills goals become the facts, concepts and .principles which reflectsthe
structure of a science discipline (0SU 172). Science teackers report that they
want their students to understand the subjéct oatter of science. For example,
they want their students to know scientific concepts, to define scientific words,
and to demonst¥ate problem-solving skills. 'Understanding" is generally inter-
preted as passing a test (CSSE 12:3). Science teachers feel that the present heavy
emphasis on facts and knowledge is about right (CSSE 12:9). Knowledge of :ﬂé dis-
cipline has been an important éoal for two hundred years of American science edu-
“eat:, on. Understanding, as a goal of science, is an aim that is "widely honored,. -
conscientously pursued and regularly obstructed" (CSSE 12: 3) o
Scientific knowledge is the only science goel,which has been included
in t“e basics movement and, then, very rarely ”ﬁeciines on composite ACT scores,

.

on the biology achievement tests of SAT, and in science knowledge on NAEP tests

are probaoly factors- for putting renewed emphasis on this goal (0SU 172).

—

T TABLE 17

DISTRIBUT¥ON OF SCIENCE EDUCATION
COMPONENTS AS REPORTED IN STATE
* GOALS FOR EDUCATION

2

Component Number of States
Including Component

3

Facts, Concepts, Principles 17

Process, Inquiry, Investigation

8
Science~-Society Interaction 3
Appreciation, Attitude 6

6

Self and Environment
(Osu 173).

N
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In recent years, there has been increased concern for personal, career

and societal goals. The federal projects of the 195G's, 1960's and early 1970's

were based on Bruner' S'Loncept of "the structure of the discipline" - the know-

) ledge and skills important for the discipline of biology. During the 1970's, there

has developed a new focus concerning life and work skills, ecnlogical problems

and the impact of science and technology on scciety (0SU 172-175).

Biology subjec@ matter and instructional materials are uséd for social- .

y © * .
ization, ji.e., the inculcation of values, although this use is not specified im -

the biology objectives.' This may be one of the reasons for the rejection of in- ’ \

quiry strategies and experimental materials (CSSE 19:7). 1It, along with elitism

and concern for college»preparation, may also be a reacon that personal, societal

and career goals are not incorporated into the curriculum (CSSE 12:19).

The Career Knowledggfcd”l 7 ) . .

I One’ of the recognlzed goals of biology education is to provide informa-

“tion andktraining that will be useful in future employment (OSU 147; CSSE i9:30)t

Récent concern for this goal is partially due to public ©pinion (0SU 16C) and

is constant across all science programs. What matters most in science teaching

is: first, the knowledge needed for the next course, and, second. the relation-

s s - ~
ship in the long-run of all.courses to one's future job. The 'argument

is that if knowledge is*treated as a collection of pieces. rather than as

12
ideas or models or metaphors, then the vocational relevance of courses can be

controlled with the irrelevant pieces trimmed away, or never acquired in the
N .
first place" (CSSE 12:22). E .

There is some resistance to the career preparation goal in science edu-

cation. Teachers and communities have questloned that a function of schools

should be to hely labor needs. That is to say, should science help prepare for

work? {CSSE 12:22). They have questioned the apparent conflict between the Q?

A

work of the school and the world of work (CSSE 6:53). Science teachers seem to

be unwilling to sacrifice the scholastic program in order to get the young

prepared for jobs (CSSE 17:21). Furthermore, when teachers, parents and science

coordinators are asked about vocational goals of science courses they all agree

that they should be included, wyet, the majority would select general education

goals over vocational goals "if forced to choose between the two" (CSSE 18:107).

One obvious omission in most biology curricula is any information whicr could
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biology technology-related careers toward whkich many students might aspire.

1

N The'State of Objectives for Biology Education

A perennial question for biology educators was first asked by Herbert

and this is one purpose of this section. First, the goals of science teachking
* , are discussed, and next, Ehe related goals of biology education are examined.

In the twenty-year period, 1955-1975, the goals of science teaching

peri

literature on science education included_ a number of reports emphasizing the
N o
importance of a broader pérspective for science teaching, including societal and

cultural aspects, the interrelationship of science and technology, personal and

" however, the emphasis has been on basic skills, vocabularywand study habits as
primary objectives (CSSE 12:5; 0OSU 192). 1In the classroorn, narrow course objec-
. tives (explicit statements of‘yhao-is to be learned) were used as opposed to
gereral goals (e.g., the nature of inquiry). The latter are more likély found
in district objectives (CSSE 12:5). Ai}hgugh there is little evidence that the‘

general stated goals of science education are ever translated &nto curriculum

as justification for science instruction (CSSE 2:6, 1:83). The stated goals of

oy .

© .

ing for college science, advancing today's culture and understanding societal
issues (CSSE 1:89). -

Goal statements such as "the purpose of science is to make better citi-
zens, to study issues in socieéy and to identify science overtones in politics"
are appearing (CSSE 2:6). Enrollments have increased in courses w.cth goals

oriented toward societal concerns, for example, ecologyv, marine science, and
+

Q ) ‘1[)8

help students choose a biology-related career or vccation. The work of scientists

(usually historic) is sometimes mentioned, but there is virtually no treatment of

L . Spencer in 1854, "What 3howledge is of most worth?" Biology educators' ar wer to
this question is réﬁkesented in their program objectives. Examining the state of

biology education begins by reviewing "he objectives of:current biology programs,

have changed little (OSU 170), but presently thev are in transition (OSU 21, 190).
The j;tence curriculum improvement projects déveloped during the past twenty-year
d focus on goals related to the conceptual structure of scientific Cisciplines

and their processes of inquiry. Throughout this period of curriculum reform, the

humanistic foci, and decision-making skills (0OSU 170-173, 179LL§35. In practice,

or classroom practice, it is apparent that tedchers do advance such general goals

science curricula include uaderstanding oneself, appreciating technology, prepa%—

~ .
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oceanography (0SU 25) as well as environmental education and 1ntegrated science
(osu 21). These courses include objectives reflecting biosocial 1ssues such as
environmental concerns, sociecal and world problems, decision-making skills, end
interdlscipllna*y concepts (OSU 21). - . , e
Generally, teachers show 11Et1e enthusiasm for teaching blology as 1nqu1ry
(CSSE 1: 42) Instruction d1rects students to the "right" conclusion and 11tt1e
heed is paid to developing an appetite for submitting bellefs to an emplrlcal.
" test (CSSE 12:9). The curvicplum is. the textbook, and the objectives are those in
the text (CSSE 9:26; 10:?43‘1335, 59, 60; OSU 17). However, in spite of comﬁon
texts and objectives, there are great differences in biology subject matter from v
graée to grade, course to course, school to school, and teacher to teacher (CSSE .
2:23). '
In 1973, Ridble (OSU 172°173) foyhd that 40% of 42 states did mot specify
goayé for the teaching of science and, for those which did, a majority (70/) llsced
"facts, concepts, pr1nc1ples and a smaller.number (30%) cited "process, inquiry,
1nvest1gat10n as common goals of 1nstruct10n.% Other s&ience teaching goals )
were cited by only 25% of the respondents or fewer. Compared to information
goals 11 :cther ziucazinmal gfals ars of xijer ;:;o;:e::e.
"The textbook was usually seen as the .authority’ on knowledge' (CSSE 12:1),
\ and for 507 of the science teachers this means a single textbook (RTI 88). In-
// dividual teachers or groups of teachers are involved in selectlng the textbook
2 used in 98% of the school dlstrlcts (RTI 99). It is apparent, then, that the
‘;‘ biology-objectives are those of the biology textbook(s). Only 17% of the
teachers feel a need for further assistance in establishing instfuctional objec-

tives (RTI B-115). Three biology textbooks, Modern Biologv and the BSCS "Green'

~ or the BSCS ""Yellow" version (RTI 91), represent the textbooks used in two~thirds '

of the biology classes (RTI B-45) with an enrollment of approximately 3,000,000
students (RTI 61). The extent to which these textbooks also serve as supple-

mentary references in other biology courses cannot be ascertained from the|avail-

able data. -
An analysis of these three bioclogy textbooks for stated objebtiv% and
for related major biological topics and concepts was made. The following section

is a summary of this analysis. (Refer to Table ! for a detailed’éesbription.)'

Aruitoxt provided by Eic: ) Ka

.
R




‘Modern Biology
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BSCS Textbodfcs .

Goals are explicitly stated and tend to be reflected in the;reading and

activities ‘throughout these textbooks in a variety of ways. This is particularly
true of the inquiry objectives and objectives concerning the historical perspec-
tive given to the development of biological concepts. The historical perspective
provides opportunities to learn about careers through individuals who have made
major eontributions’to biological thought. The "Green" version gives more atten-
tion to modern biologists and their contributions, while the "Yellow" version em—
phasizes historical personages. 4 ’
The objectives of both the "Greenﬁ and "Yellow" versions touch on
personal, and social implications of Riblogy‘throughout the text but only marginally.
While humankind is not neglected, it also is not dealt with in a substantive
manner or.in 2 bissocial context. The closing chapters of each text identify
maJor biosoc1a1 issues which face human beings today but do not deal with
possible solutions. The "Green" version devotes approximately 10% of the entire
text to biosocial issues, the "Yellow" version, a ‘single chapter. The full

import of social topics in terms of normative, ethical or value consideratioms

re

is not considered.
Both of the BSCS texts are oriented toward investigative ﬁrocedures

used in scientific research and the major concepts representing biolcgical dis-

ciplines. Specific objectives are identified for each chapter and. throughout the

textbooks. The objectives tend to represent a range of cognitive levels from

simply observing, discussing,‘or.demonstrating to making predictions, synthe-

sizing‘data and hypothesizing. ¢

’

~In general, Modern Biology approaches the structure of biology through

factual information arranged phylogenetically. While the broad goals of Modern
Biology are not identified, specific objectives are stated The objectives of

some chapters in Modern Biology are related to the major goal clusters g%kProjec:

Synthesis, specifically to pérsonal and social problems. Nutrition is a major.
topic; but, societal issues of food resources and meeting human nutritional
needs as biosocial issues are not discussed. Tobacco, alcohol and drugs are
dealt with' in terms of their effeacts’on the person. The sections on pollution,
the envir~nment and conservation introduce these as major problems but avoid

treating these issues in the context of personal and social actions.

1o
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To summarize, the goals of biology education seem to be in transition
reflecting emerging objectives of science education in éeneral. Some restrictive
factogs: such as the "basicse" issues, are having an impact; but more,importantly,

. new objectives of wide educational importance seem to be emerging from social
and personal concerns, (e.g., ecology and the environment) and from efforts to

improve the "quality of life." Texts are the curriculum, and the analysis -

of the major biology texts reveal that they include objectives related more to
»

older goals such as "the structure of a .discipline." They do not emphasize in

a substantial way goals related to contemporary biosocial issues.

Actual Biology Education Programs

Thus far, the existing goals and objectives of biology education have
been described. The next question is, "To what extent do curriculum programs re-

)
present the stated goals of biology education?" :

~
S o

Changes in biology prcgrams are being influenced'by two imgortan£ factors.
One dominant factor is the back-to-the-basics movement (CSSE 19:2; 0SU 147, 149).

- The "basics" is perceived as reading, writing_and mathematics (CSSE 19:2-3). It
would seem that existing science programs tend to address the "basics" of science
since they.are primarily knowledge and skills oriented, grounded in academic de-
scriptions of science (CSSE 19:4-53). However, science itself is not considered
"basic," and many biology {eachers feel there is a shift away from sc&ence subjects.
However, only 7% of science teachers rated 'belief that this subject is less im-
portant than other subjects" as a serious problem. Thirty-nine percent thought this
attitude was somewhat of a problem, and 517 indicated it was not a significant
problem (RTI 138). ’

The direction of change in biology programs is further confused by a
second factor, namely, science and iociety issues (0SU 21). Such issues were
. largely neglected in NSF science-improvement curricula programs of the 1960's (OSU
u?é)., Response to the concern for social iésues is perhaps begt represented by the
rapid ekéansion of earth science programs between 1965-1975 and the implementation

of environmentally and ecologically oriented courses in the biological sciences

Nous \\
/‘

during the'same time period. ;
Biology teachers were asked to rank in order of importance problematic
factors influencing their teaching. Lack of materials for individualized instruc-

tion was ranked first; insufficient funds and inadequate facilities were ranked

11
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Aruitoxt provided by Eic:

GOALL:

OBJECTIVES,

GOAL:

OBJECTIVES:

NOTE:

TABLE |

OBJECTIVES OF CONVENTIONAL BIOLOGY PROGRAMS

AS_REFLECIED IN THE TEXTHOUKS MOST WIDELY USED IN SCHOOLS

ASCS YELLOW

Science as Inquiry and lnvestigation

Make specific ohscrvations regarding

a biological phenomenon (p. 4)

llevelop an hypothesis to explain the
ohservations thus made (p. 4)

emonst rate ﬁow data can support or
not support the validity of an hypo-

thesis (§ 4) .
Conduct & simple bloioglcal experi-
went (p. 4)

1SCS_GREEN

Au Understanding of the Nature of Scientific
Inquiry

MODERN B1OLOGY (1973)
OTTO, TOWLE MADNICK

(Biological) Science is a Body of Knowledge
{p. 3

Identify tn a given investigatory situation
the elements of scientific procedure (p. TIB)

Construct hypu(hcsqg appropriate to a given
iproblem (p. T38)

‘Disggaa the values of measurement in scienti-
fic fuvestigat lam (p. T38)

Explain the mecaning of a variahle (p. T3D)
/

Name the five stages in the life span of an
organism (p. 13)

Definé the terms matter and energy (p. 26)

Describe the structure of the atom (p. 26)

Explain the functions of carbolhydrates,
1ipids, proteins and nucleic acids (p.’ 26)

Understsnd Mendel's law of independent
assortment (p. 97)

-~

The llistory of Biological Concepts
and Discoveries

Cowpare the hypothesis of Aristotle
with that of William Harvey regard-
fng the circulatton of the blood
(p. 606)

bescribe the evidence used by tlarvey
concernlug the functtoning of valves
tn veins (p. 66)

hescribe the experiment of loew! and
what it contrihutes to our under-
standing of motor ncurons (p. 83)

Relate the contributfons of Johu Ray
and Carolus lLiunacus to the concept
of apecies (p. 100)

#F

An Understanding of the l.imitations of Science
and of the Scientific Method

Biology is slso the Logical, Scientific
Method (p. 3) .

Distinguish hetween specnl%tlone and theories
(Chapter 10)

v

Describe the environmental conditions in which

- 11fe may have origluated (Chapter 10)

Explalo low hilochemical experiments have pro-
vided a degree of plausibility for speculationn
on the hiochemical origiu of life (Chapter 10)

Pemoustrate the use of the scientific
method (p. 3)

Explain the limitations of the light micro-
scope (p. 3)

Explain the advantages of the electron
microscope (p. 3)

Nescribe the bascs of scientiffc clashifi-
catfon (p. 163)

Demonstrate the ‘ability to classi{fy an or-
ganism (p. 163)

These BSCS Yellow and BSCS Creen goal statemeats are from the flrst commerclal edition (1963) and

were included in the cdition used for thlag comparison, Thicd Edition (1971)

112




U GOAL:

- OBJECT1VES:

GOAL:

OBJECTIVES:

ERIC

LI

BSCS YELLOW

The Genctic Continuity of Life

Describe the pathways fnvolved in the

.coordinatlon of breathing, including

the organs affected by the coordina~
tors (p. 82)

identlfy genotype and phenotype (p. 194)

Compare the terms heterozygous and
homozygous (p. 194)

Define aflele and gene (p. 194)

Describe the life cycle of Drosopliila
(p. 194)

TABLE ) (continued)

our Understanding of the Diversity of
L.i€e of the Interrelatlofis of all Organisms

¥
MODERN. BLOLOGY

Biology Arose from the lluman Need to Under-

-stand FEvents and Solve Problems (Social)

p. 3)

Recognize a vurletylof structural adapts-
tions in fariltar animal spccies (p. T89)

Predict the environment in whlch unfnmlllar
suimals might suitably live, given s set of
selected structural adaptations (p. T89)

List plant groups that may be found In such
habftats: marshes, descrts, seawnys (p.
T145)

Infer functiovnal differences from ohserving
differences {n plant structure (p. T14S)

Describe sickle~cell snemis (p. 127)
Underatand the {nherftance of mental disorders
(p. 127)

Explain the gcnetlc basis of Down's syndrome
(p. 127)

Describe the effects of smoking on the body
(p. 597)

Describe the cffects of alcohoi on the body
(p. 597) -

Discuss alcoholism as a disease (p. 597)

Understand some of the ‘causea of drug addic-
tion (p. 597)

b4

Change of Living Thlngs ‘Through Time:
Evolution

Susmarize the evolutfon {n greem plants
(p. 133) .

bescribe the conditions necessary for
the formatlon of fossils (p. 231)

Explain why fossils arc relatively rare
(p. 231)

£xplain why a virus could represent an
early stage in the evolutfon of organ-
fsmy (p. 231)

Identify the apc of the oldest fossils
of which there is a record (p. 231)

An Apprectfat fon of the Beauty, Drama and
Tragedy of the Living World

Explaln the effccts of mankind's develop-
fng technology on the extcensfon of the cco-
systems of which partfcular human popula-
tions were a part (p. 1661)

Relate wastes to resources (p. T661)

List at least 5 categorles of substances
that are currently regarded as wastes
(p. T661)

bDeseribe the probicms of disposal posed by
at least 3 of these (p. T661)

Apply the fdea of "tradé-of f" to at least

one waste-disposal problem (1661)

4

P B 7 N
Blology has grown from the Work of Many
People {n Many Different Lands {liistory) (p. 3)

Explnin the rolea of Redf and Spallanzani in
the theory of spontaneous generatlon (p. 13)

Deacribe Pasteur's experlment that proved bio-
gencsis (p. 13) -

Describe how Koch investigated sn. unknown dis-~
case (p. 195) 3

pescribe the contributions of EBdward .lenner
(p. 195)

5 o oo
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COAL:

OBJECT1VES:

'

GOAL:

OBJECTIVES:

-

"BSCS YELLOW

Diversity of Type and Unity of Pattern
among Living Things }

TARLE 1 (cont fnued)
/ JBSUS CGREEN

An Understanding of the Biologleal Bases of
Problems {n Medicine, Publlc flealth, Agriculture,
and Congervation

MONERN B1OLOGY
Our Snciety Accepts and Supports Modern

Science {(p. 4)

Give examples of the s!tcs‘f;om which
sensory neurons pick up messuges (p.
83)

Recognize reproduction as essentlal
only for perpetuatfon of the specles
not for the 11fe of the tndividual
(Po 92) /

Describe three common patterns of sex-
val reproductlon (p. 92)
7

Relate sexval reproduction to the
process of evolutlon (p. 92)

Distinguisli between the two principal means of

controlling behavior (p. T479)
Describe the chemistry of a synapse (p. T479)
DMstingulsh among the physiological activities of
stimulants, tronguilizers, and hallucinogens (p.
T479)
Explain the !dangers to an individual of self-
administratton of qugﬂ (p. T479)
Extrapolate these individual dangers to effects on
human goclal orgdnfzgstou (p. T479) )

) /

lInderstand the universal nature of science

(r. 3

¥

Regulation and Homeostasis: The
Preservation of Life in the Face of
Change ~

An- Understanding of the litstorlcal Development-of
Blological Concepts and Thelr Dependence tipon the

State why oxygen {s essential to most
fiving cells (Chapter 12)

Distinguish hetween resplration and
breathing (Chapter 12)

Describe the part diffuslon plays In
reaplration In a glngle-celled organ-
1sm such as-Parameclum {Chapter 12)

ldent Ify the primary source of oxygen
for all animals (Chapter 12)
\

Nature of Suciety and Technology of Each Age

Order chronologteally 3 gr 4 principal events in
the discovery of the cellularlty of organiasms
(p. T3IAHS5)

State the three principal ﬁnrts of the cell theory
(p. T345)

List 4 or more major digcoverfes that led to our
present understandivg of photosynthiésts (p. T3I69)

Relate Meudel's observations to the chiromosome the—

ory of heredity (p. T559)




TABLE 1 (continucd)

: . ESES YPLLON | BSCS GRREN ‘
x COAL: Giow. b an? Development {n t'we {ndividual's Life An Understunding of Man's Own Place in Nature: Namely, that He {s a
. ¢ Living Organfsm, that He has much in Common with Other Organisms and
. v _— e that lle Tuteracts with All Organtsms fn the Biological System of Earth
e OBJECTIVES: Contrast development snd fertilization (p. 225) . Name organisms that owe their present distributions to man's (1) -
: T deliberate and (2) accidental agency (p. T231)
-y Tdentify four processes of development (p.. 225) Describe 3 or more examples of man's alteratfon of natural biowes -
Py . (p. T231) L
) Relate mitosis to gygowth (p. 225) Rxplaln man's cffects on ecosystems in-terms of succession (p. T231)
Describe the consequences of cellular differentiation Descrlbe ot least 3 major ways fn which man has physically chnnged
{p. 225) . fnland-water ecosystems (Chapter 9)
Explain the changing effects of a sewage fnflow along a length of .
river. (Chapter 9) -
- l.ist at least 4 kinda of th!ngs that, when added to natural watera by
man, reduce the bfotic potential of those waters (Chapter 9) .
COAL: The Complementarity of Structure and Function , }
OBJECTIVES: Describe the necessity for coordination within a muiti- .
cellutar animal (p. 82)
. List three conditions necessary for coordination (p. 82)
v Recognize the two major coordiunting systems in the human
, body (p. 82) N
Explain how the breathiing mechanisms that malntaln con- B
stint concentratfons of oxygen and carbon diox{de relate
to the theme of homeostasls (p. 82) ) o )
" Recognize the neuron as the anit ofﬁs}:ucture und Function
; ‘ in the nervous system (p. 82)
COAL: ‘. The Complementartity of Organizational Enviroument .
OBJECTIVES: Tdentify how primitive mav used artiffcial gelectfon {u the
origination of cultivated plants (Chapter 34)
Describe some centers of ovigin of important crops and domes-
. tlc:nnlmals (Chapter 34)
g ~
Describe the specific relationship that wan has to his cuvir-
onment which {8 different from that for other unjmals % )
(Chapter 34) .
- g ")
GOAL: The Blolegical Basls of Belhavior 1
- -
OBJECTIVES:  Relate whiich of our unlque asbilities can he ascribed to the [+ )
-funct fonfug of our hraulns (p. 8J)
Glve examples of cousclons and wnconsclons activities contvolled
by the central nervous system (p. 83) . ]_!_S)
& .
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second and third respectively (RTI 159). There are also other problems contribu- "
ting to concerns about biology programs. A number of NSF curricula have proved
difficult for average and below average students. The difficulty is due to high
readigg levels and the difficulty of the concepts (0SU 35). Junior high school
science teachers have indicated that there are fewer programs available, 2nd the
programs are less appropriate for their students' needs (0SU 95).\ Another curricd n‘é-i
ulum | problem is the influence of stagé regulations. On the one hand, new courses .;P\\
have been required that relate to societal issues and are aligned with the biclog- |
ical sciances, e.g., ecology (OSU 120). On the other hand, state reguiations
have reduced the amount of science required for graduation, they have indifectly
reduced money for science programs, and in some cases, they have eliminated pro- -
grams (OSU 120-121). |

’ The instructional programs represented by the most commonly used text- #

books were Hetermined by a qualitiative analysis of the BSCS Yellow, BSCS Greem,

and Modern Biology programs., Although there are conspicuous differences between

the three programs in organization and in thematic structure, there is a common body
of biological knowledge represented by the life support systems iﬁ plants and ani-
mals. Principles of biolégical evolution and of ecology are used to provide an in-
tegrative perspective to the courses. Personal and societal; goals in a human con-
text ~nd career awareness are only minimally treated in the subject matter of the
textbooks. hd ’

The middle/junior high school life .science curriculum has been recon- |
structed from textbooks used most commonly in the intermediate grades as identi- |
fied in the RTI curvey (see Table 2). This approach is well-grounded as a means .

,'of evaluating existing programs since 90% of intermediate teachers base their w
instruction on a single text (0SU 17). These books have been examined qualita- |
Eively to determine the emphasis on the major goals: inquiry, personal and societal '
needs, scientific knowledge and career awareness. The authors' educational goals

for their textbooks have been reviewed as well as théir approaches to loboratory- ‘

_ The stated goals were typically the following ones: (1) to present in-

type activities. ) ’
formation representative of biological disciplines such as botany, zoology, human

anatomv and physiology, ecological distribution of organisms, genetics, and

%

development; (2) to acquaint students with aspects 0of scientific ipquiry such as*®
7 .
i

! *1
120
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(and interpreting information in an organized way. In experiments, students were

. o . 3-20

making ot servations, recording informatiqn, reporting findings; (3) to develop in
students personal scientific attitudes such as curiosity, respect for reliable
informatioa, importance of critical thinking, willingness to be wrong, appreciation
of science and of living things; and, (4) to develop skills associated with inquiry.
development such &3recording§§bservations in tables, charts or graphs, "experiment-
ing" or -investigating problems. '

The goal that dominated all of the middle/junior high school programs was
the acquisition of biological information. The major emphasis was upon acquiring
facts about living things such as knowing tﬂi structure and functlons of various
partsiSE‘plapts and animals, the names of organisms, and the vocabulary used in
genetics. Knowledge was ‘interpreted as ‘. recail of facts. In several of the
textbooks an effort was made to have students organize their learning in terms of
bqoader concepts such as the relationship of living things to their environment,
the dinstinction b-tween a "simpleh plant or animal and B "higher" planE or animal,
or the importance of a taxonomic system.

Laboratory activities were typically diséributed throughout the text-
books. As opposed to reading to get information, these activities required the
learner to by physicall& involvéd bv doing such things as sprouting bean seads,
observing'the part% of a plant or animal, taking one's temperature or comparing
several related organisms. Textbooks also presented some experimental activities

LYY

in which students were asked to answer a question ot solve a problem by gathering

required to measure, count, or describe observations in some quantitative way.

In a minority of textbooks (e.g., ISCS and Interaction of Man and thc Biosphere),

there was a special effort to make the laboratory activifies an integral part of
learning; this approach, however, was not typical. )

The study of .the human species in middle/junior high school textbooks was
limited to a knowledge of anatomy and the functicaing of various systems. Such

topics\as genetics, behavior, reproduction, development and "history of life on

&

ea;th" (evolution), frequently had a r;?grence to human beings, but were raver
cenéral to the study of the topic. However, disease, nutrition, drugs, and health
topics were typically considered in a human and personal context.

Biosocial proolems such as conservation, pollution, energy shortages,
water purity, use of insecticides, and overpopulation were generally grouped in

a single chapter located near the end of the textbook. The problems were identified
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and describeé bué were not exﬁlored either in terms bf conditions necessary to
resolve the issues or in terms of individual responsibility for appropriate
action. At various places in many, cf the textbroks there were supplemental
questions to chapters suggesting students might want to study a biosocial prob-
.iem in personal terms. g. |
“In the middle/junior high school programs, there was little attention
given to information on different careers in the biologicai sciences. Textbooks
did providce, photographs of famous biologists and descriptions of the scientific’
contributions made by those individuals. The extent to which this material was
made a part of the instruction is not evident from the textbooks. e
In most ways, the middle/junior high school 1ife science programs,'
in subject matter and organization, were mirror images of high school biology text-—
books. The reading level was usually lower than that of a high school textbook
and terms were defined in more detail. ‘However, in a small number of junior high
schools (about cten per;ent), a biology program was offered in the ninth grade
that used a textbook commonly used in senior' high schools. T ’
To summarize, existing biology education programs are apparently under
social pressure fo change. The direction of changes is, as yet, unclear. An .
analysis of existing programs at the sécondary level (middle/junior high and -
senior high school) reveals that discrete knowledge, in and of itself, continues
to be the emphasis of all programé. Inquiry is primarily used (if it is used at
all) as a means to relay information to the students.. Careers in biology-related
fields are mentionedlfut not treated substantially. This is especially true for
the middle/junior high school programs for students, ﬁhny of whom are thinking
about their life work. There is little attention given to personal needs and
social issues related to biology.

i

.

Program Dissemination

The lack pf a national, centralized educational system in the United
States makes the diséémination of information about new instructional programs andg
materials to thousands of schools a difficult task. One way teachers and prin-
cipals have learned aboutﬁggg biology programs is by attending NSF institutes.
These institutes for teachers and administrators have attracted slightly more than
20% of the principals of, grades 7-9 and 10-12, 32% of the teachers of grades 7-9,
and 47% of the 10th-12th grade teaghers (RTI 69, 71). The proportion of teachers
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TABLE 2,

-~ SENIOR HIGH SCHOOL AND MIDDLE/JUNIOR HIGH SCHOOL TEXTBOOKS ANALYZED

* Grades: 10-12

Biological Sciences Curriculm Study, Biological Science: An Ecological Approach,
(BSCS Green Version, 3rd ed1t1on), Rand McNally and Co., N.Y., 1973 (teacher s
edition).

(Also, 4th edition, copyright 1978)

. N :
Biological Sciences Curriculum Study, Biological Science: an Ihquiry into Life,
(BSCS Yellow Version - 3rd edition), Harcourt Brace Jovanovich, Inc., 1973
* (Also, separate tedcher's manual) .

otto, James H., Albert Towle, and Myra E. Madnick, Modern Biologv, Holt, Rinehart
and Winston, N.Y., 1977 (teacher's edition)

Otto, Jdmes H., Albert Towle, W. David Otto and Myra E. Madnick, Laboratorv Investi-
gations in Biologyv, Ho;t, Rinéhart and Winston, N.Y:, 1977.

Otto, James H., Albert Towle, W. David Otto and Myra E. Madnick, 3iologlenvesti—
) gations, Holt, Rinehart and Winston, N.Y., 1977

. ¢

“Grades 7-9 -

Abraham, \orman, Richard G. Beidleman, John A. Moore, Michael Yoores and William J.
Utlev, Interactign of Man and the Biosphere, Rand McNally and Co., N.Y.,
1975 (teacner s -edition)

-

Blanc, Sam S., Abranam S. Fischler and Olcott Gardner, “ocern Scisnce: Earth, Life
and Man, Holt, Rinehart and Winstom, Inc., N.Y., 1971 (teacher's edition)

o

3randwein, Paul F., R. Will Burnet: and Robert Stollderg, Life: I:cs Torms and
Changes, Bareccurt, 3race and world, Imc., N.Y., 1968

deimler, Charles H. and Charles D. Neal, Princisles of Science - Book One, and .
. Principies of Science - 3ook Two, Charies £. Merrill Publiishiag Co., Columbus,
2  Ohio, 1975 (teacher's edition ~ 3rd edition)

Heimler, Charles H. and J. David Lockard, Focus on Life Science, Charles E. Merriil
°ublish1ng Co., Columbus, Ohio, 1977 (reacher's edition)

Intermediate Science Curriculum Study (ISCS) Investigeb;ng Variation (Probing the
Natural World/Level IIL), Silver Burdett, Morristo \ J., 1972 (teacher's
edition)

e

Intermediate Science Curriculum Study (ISCS) Well Being, Sillver Burdett, Morristown,
N.J., 1972 (teacher's edition) ,

Intermediate Science Curricilum Study (ISCS) Why You're You, Silver Burdectt,
Morristown N.J., 1972 (teacher’'s edition) !

»

Iatermediate Science Curriculum Study (ISCS) A Matter of Strength, Silver Burde:t,
Morristown, N.J., 1972 (teacher's edition) B

Navarra, John Gabriel, Joseph Zaiforoni and John Edward Garone, Lifé in the Environ--
ment, Harper and Row, WN.Y., 1973

Otto, James H., Albert Towle, and Myra E. Madnick, Modern Biology, Holt, Rinehart
and Winston, N.Y. 1977 (teacher's edition) ’ ‘

Otto, James H., Albert Towle, W. David Otto and Myra E Madnick, Laborazorv Investi-
garions in Biology, Holt, Rinehart and Winston, N.Y., 1977

o Otto, Jazmes H#., Albert Towle, W. David Otto and Myra E. Madnick, Biologv iInvestiza-
tions, Holt, Rinehart ‘and Winston, N.Y., 1977

Tater, Harold E., Thomas D. Bain, frederick L. F‘tzpatrick Living Things, Holt,
Q Rinehart and Winston, N.Y., 1977 (teacher s edition)
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attending an institute is not constant throughout the United States, those (of
grades 7-9) in the West have attended more institutes than those in other regions
(RTI 70).. More than two-thirds of the state supervisors of science have-attended
one or more NSF programs, such as, .summer instltutes (69%), inserv1ce (18/), aca-
“demic year institutes (30%), administrator conferences (30%), and 1eadersh1p oo
development projects (30%) (RTI 61, 70 and B-8). Of those persons generally‘re-
sponsible for local science currlculum development for.grades 7-12," 40% 'have
attended an NSF summer institute, 18% an inservice program, and fewer than 10%

any other type of special program (RTI B-9). Ten percent of school pr1nc1pals
(grades 7-9) attended NSF summer institutes and 5% inserv1ce programs. These are
the two NSF activities in which pr1nc1pals part1c1pated most. _The percentages .of
"high school principals pafticipating in these twc activities were 20% and 8%
respectively. These figures do not necessar11y mean that the g1ven NSF program was
oriented to biology or even to science in general (RTI B-10). Among the many

NSF programs available, the NSF summer institute programs have been the most widely
attended by administrators, supervisors, and teachers of math, social studies and
science and, therefore, have heen significant forces affecting prcgram dissemina—
tion (RTI B-11). ' '

Haif of the states have‘a means, through the state science supervisor, for
disseminating information about new biology programs. Qnowledgibility of sourges
of curriculum materlals is seen as an important character1st*c of curr1cu1um
supervisors by 8°/ of science supervisors for grades 7-12 (CSSn 16:45). « The major
sources of information for state supervisors were publishers and sales repregsenta-
tives (sources for 84% of supervisorsl},journals and other professidnal publica-
tions (76%), meetings of professional organizations (67%), federalliy sponsored
workshops (65%), teachers‘(SAZ);'all other categories of information were each
reported to be used by less‘than 50% of supervisors (RTI 73, B-13).

The local curricdlum respondents for grades 7-12 received. their informa-
tion about a new science program from publlshers (637%), teachers (62%), journals
and ;rofessional publications (61%), college courses (49%), and professional

_meetings (44%Z); other sources were of lesser significance, being under 32% (éTI
B-14). Grades 7-9 science teachers reportedly learned about new science programs
mostly from other teachers (66%) and from college courses (53%), followed by
publishers (37%). Apprcximately one-fourth of these teachers got their informa-

tion on a2 new curriculum f{rom a subject specialist (26%), a federally sponsored

]
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workshop (23%), or a professional publication (28%). 1Inservice programs were not
a frequent source of information (18%) (RTI B-13). As;financial support has
tightened, the number of science consultants available to help teachers has de-
Ereased in number. Inservice efforts generally take the form of staff meetings,
special inservice days, and enrollment in university courses. A decline in such
programs is explained by (1) fewer inexperienced teachers, (2) less incentive
for gaining credits and degrees, and (3) fewer dollars for resource persons (CSSE
16:48). Teachers, however, continue to be interested in help from universities.
Science teachers of grades 7-9 want (1) help with curriculum development (43%),
(2) special inservice workshops made available (16/), and (3) courses specifically
oriented to teacher needs (12/) (CSSE 16:49). K

To see or’ learn about a new science program' is important, but is the
information of much value or use? Fifty-two percent of teachers of grades 7-9
perceive the information they obtain from other teachers to be "very useful" while
54% of the 10-12 teachers rate such information only "somewhat useful." Forty—nine
percent of the teachers of grades, 7-9 rate professional journals and college
courses as '"very useful," while 54% of the grades 10-12 teachers give similar
ratings (RTI B-118). Although half of the teachers rate professional journals
their most useful source of infornetion (RTI B-118), onl& 63% of grades 7-9
science teachers and 787 of 10-12 science teachers read such journals (CSSE 18:24).
The number of‘education articles read per month by thcse who do read professional

journals is 5 5 articles and, the number of articles on science or science teachino

.read is 12. 1 per year {(CSSE 18:24). The average number of education books read

by 7th to 9th grade science teachers per year is 5.1, and of books apout science
the average'is 4.4 for the'same teachers (CSSE 18:24).

Federally sponsored workshops are seen as&"very useful" by 26% of the
7-9 teachers and by 297 of the 10~12 teachers. Approximately, one teacher in five
finds the information obtained at professional meetings and from inservice p-ograms
"very useful." Information about new programs obtained from other sources is
rated "ver& useful"” by fewer than 15% of the teachers; these sources include:
principals, local subject speeialists, state department personnel, teacher union
meetings and publishers (RTI B-118). A survey of 535 grade 7-9 science teachers
reveals that only 377 of the teachers found professional journals "particularly

useful” (RTI 156).
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The network of communication about new curricula and instructional materi-

als centers upon professional publications and proféssional meétigé;"where the

source of 1nformatﬁon is combined with the usefulness of the information obtained.
Teachers themselves are a major link in the communication_network as a source of
information not only for each other but for curriculwi‘coordinators, supervisors,
and principals. What is not so clear is fhe source of teachers' original informa-
tion about a new program; one suspects there is a variety of sources. NSF éummer- ,
institute programs and college courses are also important parts of theZcommunica-
tion network. 'Although commercial organizations appear to be an important source
of information, they are not judged to be thé most useful to school personnel.

s

Program Adoption

-Biology is offered in 95% of the schools with grades 10~12 and in 30% of

the junior high schools (grades 7 through 9). Advanced biology is offered in 47%
of the schools with grades 10-12. Environmental studies is an oifering in 16% of
the schools with grades‘I6—12_(RTI 53). Other biology—relatéﬁ courses offered
include oceznography, marine: science, ecology, physiology and integrated science.
The increasad number of biology Bffaringé mey be a possible explanation for the
slight decrease in students enrolled in a course entitled "Biology" (0SU 26) over
the past decade. Currently, three million students are enrolled in a tenth or
eleventh grade biology course and well over one million in junior high school life
science courses (0SU 27; RTI 61). .

The biology program at grade 10 consists of the course as outlined in

Holt's Modern Biology and as in the BSCS "Green" and "Yellow" versions. These three

texts describe biology for 80% of the students enrolled in general biology (OSU 26).

' The teacher is the érimary determinant of the textbook used (CSSE 19:2; RTI 99).
Hence, program adoption depends upon teacher bpinion. The principal and community
attitudes (RTI 159) are also factors in program adopti&h.. :
Biology is the only sgience area in which significant numbers of teachers
chose to use one of the new programs of the 1960's, i.e., one of the BSCS versions.

A total of 537 of the districts have used one of che three (including the "Blue"

———

version /éSCS versions (RTI‘BS). Cﬁrrengiy, use of the ?éts'basic courses is
decliniﬁg.as is the use of other products of .the curriculum reform movement of
théﬁ{?60's, with the greatest decline at the'ﬁinth grade level, y e conceptual
level of such curricular materials including those of BSCS resulted in prcblems

of implementation (CSSE 13:11; OSU 181).
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{ Program Exposure

L Course Offerings

fﬁé most common science course in the high school curriculum is,biolagy,

- usually offered as a tenth grade course. It is offere§ in 95% of the schools .
(RTI- 53) and serves over 80% of all students in the secondary school (0SU 26).
Biology,(or life science) is also offered in 30% of the Junior high schools
(grades 7-9). i

'B;ology for more able studentsnis sometimes offered in grade nine. Such
tracking alloys scientifically incliqed students to complete more science electives .
in grgdes 10-12. Such an offering (often' a BSCS version) is usually a course
similar to the tenth grade course but taught as a college preparatory course for
the most capable students. Such '"'segregation' of students thus begins in the.

ri r junior high and paﬁes the way for an advanced senior high sequence (CSSE 12:1). )

,A side effect\of‘such "tracking" or‘"grouping" of students by ability, by occupa-
tional intention, or by prerequisite knowledge may be segregation by race or by
sex. For example, 60% of the students in the lowest level of science in a Texas

_ school were black males, assigned first because of a readiné problem, second

because of a math problém, third because of a discipline problem, and last because
of a'science problem (CSSE 15:49). Furthermore, many minorities do not take
science courses because they have not been counselled into the academic ''tracks"
or intoléxs\prerequisite mathematics- courses.

Spécial interest courses in ecology, anatomy, oceanography, physiology,
human biology, integrated science, and environmental studies are clearly "biology"
offerings. The;e courses are attracting increasing numbers of students and,

thereby, ar- pecoming collectively important in terms of the biology curriculum ) #

— - ~and kinds of students served (OSU 24). Programs emphasizing the -interaction of -

P

sciénce and society are attracting students not previously served in the science
program (OSU 21); at times such offerings may cause a decrease in enrollpant in
general biology (0SU 26). The incredsing diversity in biology offerings proYides

a wider science experience for students (CSSE 13:3). Between schools, and within -

schools, there is a great variation in the number of course of@gridgs; for example,
— —  some high schools‘maywoffer'as*fEW"aS*fivéfand~other schools 3; many as—18 courses- ——w—%
" in different fields of biological science (CSSE 13:3). ‘

Advanced biology ispgoffered in '47% of all schools_With grades 10-12

_(RTI 53). This offering is clearly for-college preparatory students, usually for

-
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Qhose interested in medicine or health-related programs. Such programs illustrate

the high priority schools and teachers give to advanced courses and to servicing

college-bound sfhdents (CSSE 12:1).

Requirements

-

Although science is a common requirement in junior high school, and many‘
high schools have a pne-yesi graduation requirement (OSU 37), only 49% of the
school districts'feouire a specific course in science in grades 9-12. Twenty-one
_percent require bioloéy (RTI 26). Many schools (21%) require more than one year

. of science (RTI 24). In most instances students elect a course in the biological
science area to fulfill general graduation requirements (0SU 26). Since nearly
one-third of the schools include life science as a junior high school course,

. it can be assumed that this is essentlally another "biology" requirement in the

secondary school. — ;

Time Allotments . . v

Time allotments for science tend to increase as the grade level increases
(RTI 51). In junior high school, it is common to have science on a daily basis' for
40 to 50 minutes. The length of time for general biology and other "biology' :
offerings in the lO-lZ grades ranges from 45¢to 60 minutes daily. Almost all of
the biology courses in grades 7-12 are year-long courses; while 88% of all courses
uin grades 10-12 are one-year courses (RTI:65). Semester co?rses in life science
are found in 7% of the schools at grades 7-9; this figure is 6% for grades 10-12.
Life‘seience courses offered oa a quarterly basis’ are found in 4% of the secondary

schools.

’

Enrollments .

v

Biology is offéred to all students (CSSE 19:3) with nearly three million
. studenos enrolled each yedr (0SU 27; RTI 58, 6l) Since biology is often viewed
S as "requlred it is a course serving the general population, usually at the
tenth grade level. Each year, 80% of graduating seniors have completed a course
inbiology (OSU 26). For 50% of the students graduating each year, biology repre-
sents their last experience with science (0SU 3-56, 36). - ’

Life science is frequently offered as a part of the junior high program
» where over a million and a quarter students are enrolled each year (RTI 58).
When one views special courses in biology, i.e., physiology, ecology, environ-

mental studies, oceanography, and others, over 600,000 dadditional students are

¢
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enrolled each year. There have been substantial increases in enrollments in
such elective biology courses during the last five years (OSU 29), also, the
percentage of student enrollment in general biology in grades 10, 11, and 12
increased from 1955 through the early 1970's (0SU 26). - o -

-

Teacher’Characteristics, Training, Certification

Characteristics

A general picture of biology teachers is derived from three NSF science
status studies All science teachers were included in the sample polled (RTI 9).
Since biology classes enroll two-thirds of all science students (RTI 61), the
assuﬁption is made that biology teachers composed two-thirds of the semple of '
science teachers of grades 10-12. There were approximately 36,000 biology teachers
in the United States in 1971. A biology teacher is defined as a person who has
an undergraduate degree in biology and who teaches two or morz classes of biology. .
There is an additional population of 15,000 to 20,000 teachers who teach biology

who do not:meet these cr1teria (BSCs, 1978: 71).

-

In many schools, science teachers are reported to have the mosr stabilitv

regarding assignment and longevity and to occupy a position of acadepic prestige

+within the school's heirarchy (CSSE Vol. I). Although biology teachers are-

v1ewed as holdlng less prestigious positions than physics and chemistry teachers,

they are, neverless, part of an elitist group. Furthermore, biology teachers

who teach an advanced placement course are near the peak of professional status

in any school's social system (CSSE 16:8). '
Gene;ally, the average pumber of years of experience for science teachers

(grades 10-12) is 11.8 (RTI 138); and, in grades.lO—l2, 74% are men, while 24%

are women (RTI 141). However, it may be'essumed that most of the women teaching

science are biolog? teachers. . ¢

! While 85% of scvence teachers in grades 10-12 teach all of the1r courses

%%achers do so (RTI 142).

within a single science area, only 76% of 7-9 science
One way/of improving junior high science teaching might be to assign teachers-

full time to their discipline (0SU 89). Currently, approximately 13% of second-

ary science teachers are te aching at least one course fof which they feel inm=—
adequately qualified, and usually these courses are within the science area (RTI

142). . ’ ’
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The role of the ‘teacher as central to scieﬁce instructidh is evident:

first, teachers have autonomy in how science is taught (CSSE 13:3); second,

- teachers’ beliefs and attitudes are important keys to the instruction they pro~- h

vrde (CSSE 19:2); third, few teachers engage students in learning by experience
(CSSE 15:7); fourth, teachers are not "model inquirers" (CSSE 12:8); and, finally,
individual science teachers make idehrical,courses,appear to be different (CSSE

: 13:3). Although teacher styles ahd strategies areias varied as curriculum con-

tent and format (CSSE 13:3), teachers are the source of power within the class-

authoritarian (CSSE 16:26.3, 19:5). Science teachers have indicated increasing
dissatisfaction with their roles; many see an erosion of their place as the
"acade&ics",of the high schools (CSSE 7:36). For example, they complain of i
extra duties; i.e., of hall and lunchroom patrols (CSSEn1:76).-

’

Science teachers, generally, are perceived positively by their students.

N For‘example, 76%-0f 1l3-year-old students and 81% of 17-year-old students reported

that their most recent science teacher ''really likes science;” and approxi@ately

-

f ?50% at both age levels said that their science teachers are enthusiastic and

make science '‘exciting (NAEP CO1TN2). i .

1}
’

Professional Attributes

Generally, science teachers conform to the value system of the communi-
. ties in which they Qork (CSSE Vol. 1), and this conformity is reinforced by
hiring procedures (CSSE 17:5, 19:17). In most instances, teachers closely f;t
‘the neighborhood's majority group image of what a teacher should be professionally
(CSSE 17:5). Within their classroom, teachers avoid discussions of controversial
subjects and cling to their posture of authority in order to maintain "their
' social rank, their podia and their seats of judgment" (CSSE 12:10). Contrary
information, however, is found in the 1977'NAEP results which indicate that
students perceive their teachers as willing to share their opinions on poppla-

- tion, pollution, and other value-laden topics (NAEP CO1T02).

Professional Affiliations - -

Most biology teachers belong to organizations or unions; for example,
80% of pre~college teachers belong to an AFT or an NEA affiliate (CSSE 3:5); six
Lthousand belong to the Natipnal Association of Biology Teachers, a professionai
organization specifically for biolog& teachers. Furthermore, science teachers

demonstrate their professionalism in their reading patterns; science teachers at
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all graded}eveis report more reading of professional books and articles than
teachers of other disciplines (CSSE 18:23).
The incréase in the collective bargaining strength of teacher organiza-
tions has not only effected higher salaries and more fringe benefits, it has
. resulted also in increased dissension within teaching groups (CSSE B:5). Some , .
professional organizations stress professional ethics and the welfare of the,
child, while others push for raising certification standards to admit fewer
teachers. Teachers are increasing their militancy as a reaction to "riffing",
a term applied to 'reduction in teaching forces' (CSSE B:4) and to the reassign-
ment of teachers (CSSE B:5). For example, there were 468 teacher strikes from .
1973 to 1975, and issues such as out-of-class duties, class size, and tenure by.
building have been added to the negotiation “ocket (CSSE B:5). Teachers, unless
they benefit diréctly,‘have little enthusiasm for affirmative action (CSSE 17:5).
As a result of union action, many school districts have strong seniority clauses
in teacher costracts. Consedﬁently, regardless of preparation and/or performance,
old teachers stay and new teachers go. Schools, and science departments, have
diminshing control.over the most important determinant of good learning, the

teaching positions (CSSE 17:4). :

-

Traininé )
Preservice. The training of preserQice biology teachers consists of “two

components: general undergraduate education and professional training. Generally,

biology teachers are well prepared in undergraduate biclogy but not in chemistry;

physics, or mathematics (OSU 91). The median requirement of biology courses faor

.certification is twenty-four hours (OSU 54). However, 21% of biology classes

are taught by teachers with less than 18 hours 4n biology (OSU 83). The un&er—

graduate courses taken by teachers are the same courses taken by students pre-

paring for graduate professional scnools. Therefore, teachers receive little ¢

education in responding to fruitful observations or to penetrating qggs?ions from

their thoughtful students (CSSE 16:8). The infrequent use of creative inquiry

;eaching in science classrooms seems to be related to the fact that teachers
rarely experience it in their éollege preparation (CSSé i2:7).

The professional component of preservice education is basically divided :
betwéen 1nstru;;10n in elementary and secondary education; few institutions have
programs specifically designated for middle/junior high school (OSU 63). Recently,

there have been indications that topics such as "humanism, relating science to
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contemporary social problems and issues:ééxtended field-based experiences, and
involvement with inner-city students and other minority groups" have been in- -
cluded in preservice’professional courses (0SU 57?. However, a survey of science
methods courges reveals little impact of the NSF-funded biology curricula. Only
30% (of the 922 colleges and universities sugbeyed) reported studying the BSCS
curricula intensively and less than 10 of the 342 courses studied in detail used

the BSCS Biology Teachers Handbook as a professional textbook (BSCS 60:8). The

final preparation for teachlng ‘student teaching, is most often reported to be
full-time for less than a semester (QSU 64).

Generally, preser&ice téacheg preparation was found to be characterized\
by the following attributes described in the NASDTEC-AAAS Guidelines (AAAS Miscel-
lanéous Publication 71-9, Washington, b.C;, 1971):

1. Breadth ana'depth of science preparation; -
2, Minimal mathematics competencies; -
’ 3. Nature of learning and its application to science teachlng

On the other hand, the following attributes described in the Guidelines were found
to be lacking:

1, Seeking out ideas in sci.nce new to the prospective
teacher and "ommunlcatlng them; ’
2. Societal issues; .
3. Interdisciplinary and philosophical issues. (OSU 46-74).
2 Inservice. Seventy-two percent of secondary science teachers hold
bachelor degrees, mostly in biology. Many teachers return to colleges and univer-
sities for advanced degrees (0OSU 91); more than one-half of science teachers have

master's degrees (OSU 91). Furthermore, more than 75% of science teachers have

taken more than ten hours of graduate work, and less than 40% have takan graduate

work in the .science they are teaching (0SU 82-83). In past years, the NSF-funded
summer and academic year programs have been popular with science teachers. For
example, over 50% of them have attended one or more NSF summer instituteglhwhile
9% have attended academic year programs. The¢ teachers participating in ﬁSF
programs tended to be clder and male. More teachers from larger schools in the
‘West and North Central regions of the United St;tes took pargﬂ;n such programs
than from smaller schools and other regions (0SU 93; RTI Tabf§“8.7). Theéé par-
ticiplnts were ‘more likely to use NSF curricular materials anld laboratory activi-
ties in their classrooms sand to stress stg&%nfﬁ%entered activities (CSSE 18:23;
0SU 92). Furthermore, there has beena consistent trend toward better student per-

formance with increaégd teacher MNSF participation (0OSU 103).
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Teachers aré very specific: in identifying needed areas of inservice

I3

This information is important to NSF because the studies indicate that younger
-eachers are more likely to attend NSF institutes (0SU 191), and a higher percentage

of younger teachers will be entering the science teacher ranks shortly. .

o &
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training. They feel that inservice activities should have the following charac- i
N
teristics: *
A}
. = 1. Involve short, summer institutes
' 2, Stress curriculum techniques, such as the use of evaluation, X
to diagnose difficulties '
3. Emphasize individualized instruction .
4. Emphasize careers (0SU 95-96).
Furthermore, when teachers are asked what .the federal government can .do
to support secondary science education, they rank the following inservice activi-
ties the highest: . ; ) N
1. Hire and pay resource people to help teachers with the1r X
teaching skills :
2, Provide additional institutes
3. Develop science courses oriented to careers :
4, Provide frée or 1nexpensive films and lab materials to
schools, .
The following services have been ranked near the¢ bottom: ,
Y
1, Provide free telephone networks for teachers to help otHer .
teachers ‘ s '
2. Undertake a public campaign to promote scientific literacy
3. ‘Subsidize early ret%rement of ineffective teachers (CSSE 16:49)
The following demographic data beadﬁﬁirectly upon inservice teacher pro- .
grams. Although the Ohio State study indicates that{35% of science teachers have Y
entered the profession in the last five years (OSU 90), dataﬁa%llected by the
RAND Corporation showed that, on the average, in 1971, sciencz téachers were con-
siderably older than other secondary teachers. It is predicted, therefore, that
there will be a wave of retirements in the early 1980's. RAND estimates the . —
average age-of scieng§§teachers in 1981 to be the following: - !
B Age ' ' 1981
Below 30 15.6%
30-39 29.3
~40-49 - 32,2 .
50-59 ! ' 22.9 N
60+ 2.7 7
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Certification

Although certificatién'requirements are basically the perogative of each
state, within most states cértification is based primarily on the "approved pro-
gram" format by which the’ institution, not the state, makes recommendations for
certification (OSU SQ) Furthermore, most states .extend reciprocity to persons
certified by other states (OSU 50). After Sputnik (1957) there was a general
trend toward more scierice courses and fewer professional courses for s;ate certi-
fication (0SU 54); certification requirements in biology range from 15-42 semester
hours (QSU.54). « _ ~

éer;ification patterns still are based largely on.conrses completed
rather than upon classroom performance, despite ehe increase in articles em-
.ﬁﬂ;;izing competency or performance-based teacher education (0SU 50). Upon compleﬁ

tion of an approved undergraduate biology teaching program, the preservice teacher

'+ 1s awarded a basic or provisional eertificate effective for several years. This

certificate may be renewed or exchanged for a more permanent license upon the
completion of several years" teaching experience and/or evidence of additional
academic work. There is a great deal of flexibility and variety in requirements
concerning the nature of this advanced work, not.all of which needs to be part of
of a degree program or in the teache " subject area (0SU 50-51).

Summary .. -«

g Basically, the characteristics, training and certification requirements

of biology teachers are mixed. Their preservice oreparation is determined by

__individual colleges and universities, their professional certification is controlled

by individual states, and their inservice training is, .at best, an ad hoc procedure,
dependent upon local, state and federal monies, UOn the whole, however, science
teachers have more training ,(advanced degrees and inservice education) than other

teachers and are identified usually as leaders in their respective schools.

Facilities and Equipment

.

Effective laboratory and field experiences require adequate science
facilities, appropriately equipped for the investigative tasks to be done and
with sufficient financial support for maintenance. (OSU 38, 29). In most school
districcs (64%) Fhere is a budget for equipment and a budget for supplied (76%)
(0SU 39). To maintain science leborétories in a satisfactory condition, school
districts uepend heavily upon the federal government for financial help (RTI 124;
0SU 40-41). 1In 1970, on the average, local school districts budgeted $3.00 per
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student (OSU 37) and in 1975, $5.50 per student (RTI 126) for supplies and equip—
ment. Only 36% of junior high science teachers feel their facilities .are adequate
(RTI B:128). About one-fourth of sciencé teachers and administrators consider

* inadequate facilities to be a major problem (RTI 159)~

R ) rheﬁteaching of biology can profit from special facilities, but .Jew .
. high schools possess them. Greenhouses and nature trails are available in 287%
of the schools, land or dutdoor labs in 17% and a ventilated animal house in 14% A
(ERIC 110-112). About 44% of the biology teachers either use or would like to
have a greenhouse, but 50% of those teaching grades 10-12 see no need for one ¢

(RTI 131). In 1971, the schools having these special facilities made little
use of them, for example, the percentage of teachers reporting that they make
frequent use of a greenhouse was 314, of nature trails 6%, of land labs 18%, and
of the animal house 43% (ERIC 110-112). 1In 1977, only 15% of the teachers who
have greenhouses available use them (RTI 130). ‘

Equipment commonly used in teaching biology appears to be in adequate
supply. Instructional models were found in 79% of the schools and were used
ten days. or more in 44% of the schools (RTI 127, B:87).

More than 80% of the students in the NAEP sample report having used a
microscope to observe living organisms and two-thirds have made a microscope
slide (NAEP C09001). Ninety-eight percent of the students have had an oppottunity
to personally use a microscope and a magnifying g}ass before completing high
school (NAEP C09001). Thirty~three percent of biology teachers do not see a need
- for microscopes and only 1% report they are needed but not available (RTI 131).
Biological models have been used in 70% of grades 10-12 science classes for
instruction (RTI 132). ) 1

Oniy 47 of the grades 10-12 science teachers report they do not have
living plants available and 7% do not have live animals to use for the teaching
v of biology (RTI B:87).. Living plants are reported to be used by only 6% of the ’
: schools at least ten days per year while living animals are used in 28% of the <

schools ten days or more per year in grades 10-12 science classes (RTI 120). |

Between 25% and 31% of teacners at, each grade level report a neéd for help with
maintaining live anrimals and plants for class use (RTI 149).

Regarding common equlpment desirable in teaching science, between 86 -

997 of the schools (senlo; high schools) report they have what is needed (RTI

B:87), but in nearly half of the high schools surveyed the materials are getting
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out—of\date (RTI B:128) or becoming "run down" (CSSE 13:63). The current tight
budgets in schools are seen as lowering the quality of instruction (CSSE 18:37~
42, 97) and representing a serious problem (OSU 133; RTI B:128; CSSE 18:88-89).
A pérticularly annoying financial problem reported by 47% of the grades 10-12
science teachers is the lack of funds to buy aay-to-day materials as needed o
(RTI 135). Fifty-ejght percent of the bioclogy teachers reported peeding 1abora-
’fory assistants (RTI 134, 136). -

Problems related to space .in science facilities or their lack of flexi-

bility is frequently cited by teachers as a problem. Specific problems cited by

teachers relative to space needs are: (1) storage, 39%; (2) space for class

prep?ration, 28%; and (33 space for small gro&ﬁ activity, 447% (RT1 135, B:100).

Methodologv
In biology teaching, methodology involves both the classroom and the

laboratory. In this section, common teaching practices are described as are the

laboratory materials presented by the three’ biology texts, Modern Biology, BSCS

An Inquiry into Life and BSCS: An Ecological ADproach, which ares used by 80% of

all students (OSU 26). As pgeviously mentioned, threg conditions are most evident:
the textbook is the basis of instruction (CSSE 19:6); the téacher determines the
tone and the type of learning experience (CSSE 19:2); and lecture-discussion is
the prevalent mode of presentation (RTI 101, 105).
Certain organizational patterns gnd clagsroom prac&ices are prevalent.
For example, the majority of schools have six to seven class periods of 45-60
minutes each; fewer than 10% of the schools have modular schedules (OSU 15).
_Science, including biology: is primarily taught by departments, and average class
size has been reduced from over 30 in the 1950's to 24-25 in the 1970's (0SU 32).
Within the classroom, the lecture is the primary mode of instruction; 55% of the
teachers rank the lecture as the most important learning activity (ERIC 131) with
« 26%ﬁof‘science classes having daily lectures and 377 of them having at least
weekly lectures (RTI 103). There is the pervasive practice of "assign, recite,
« test, discuss" in the elementary science classroom (CSSE 13:5). 1In the junior
high ;chools recitation is the primary instructional mode (CSSE 19:6).
The basic classroom instructional resource is the textbook. Teachers

rely on and believe in the text (CSSE 19:6). It is the "answer place"\for teacher
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questions (CSSE 13:62), almost all of which come from the text and concern fermin- s
. N N -
ology and definition (CSSE 19:6). }

More than 90% of the 12,000 science teachers surveyed by EPIE said that
texts were the heart of their teaching 90-95% of the time (CSSE 13:66). Théﬂiext-

book is both the medium and the message, and biology teachers, in general, do not
stray far from its organization and content.

B Fewer than half of the teachers use inquiry approaches (RTI 148; CSSE 8:13),

ally motivated families (CSSE 12:7). According to one of the surveys, teachers

think that there has been too much emphasis recently on discovery-learning, hands-

N

and many believe that inquiry only "works'" with bright youngsters from intellectu-
|
|
on demonstrations, field studies, and contemporary topics (CSSE 15:4). Furthermore, |

"creative inquiry" was not found in any of the eleven school science laboratories
inyvolved in extensive case studies (CSSE 12:7). !
.Few students are exposed to individualized instruction” (0SU 35), which is.
defined generally as self-pacing toward a common goal rather than develonping ,
individual experiences (CSSE B:26). Generally,'individualized systems and programs
are used as a supplement rather than a central mode of instruction (CSSE 16:55),
and the offering of alternatives is usually seen as fulfilling parents’, not
students', needs (CSSE B:26). 1In addition, the 1976-1977 NAEP Survey of Attitudes
Toward Science indicates an almost total lack of individualized or f}exible instruc-
tion in the sciences. For example, fewer than 10% of the seventeen-year-old
students have helped select the manner of learning, the sequence of topics, pr
1 the time of testing in their science classes (NAEP COlEO6). However, black, urban
disadGantaged students, at ages 13 and 17, have more involvement with determining
the science instructional bractices than students in general at those ages.
This iavolvement may indicate more individualized instructional practices; for
example, the percentage of black students who have worked at their own pace is
eighteen percentage points ﬁigher than that of seventeen-year-old students in
general. Likewise, over 7% more black seventeen-year-olds have chosen their own
topics or projects, havg elected the way they wanted to learn, have selected the
sequence of topics in science, and have decided when to take tests (NAEP COlE06).
All of these findings are indicative of 1nd;viéualized modes of instruction. The
national concern with compensatory education for culturally and economically
deprived minorities may have resulted in this pattern.
Although individualized materials and ﬁractices are not found in the

schools, teachers are interested in them. One national survey indicates that 58%
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,of science tgachers arel"seriously" or'"somewhat" concerned about using student-
oriented, %ndividually-paced programs and thét 29% of them indicate that the lack
of appropriate individualized materials rz ks first among eighteen instructional
problems (RTI 158). , .

A distinguishing feature of the biology curriculum reform movement of
the 1960's has been the importance of laboratory and field experiences for students
(Oéb 38). One result is that many more "lab instruction" and. "inquiry" activities
were used in 1975 than previously (0SU 32). Even_so, there Afe substantial numbers.
of teachers who do not emphasize laboratory work (OSU 32); iearning by experience
does not have a high §§iority in science teaching (dSSE 15:7). ©Nearly half the
teachers feel éhey need more help in learning how to implement.an inquiry, "hands-
on" approach in the laboratory (RTI B:112-115; 147). ,When asked why they avoid
experience-based curricula, science teachers' responses reflect two factors:
firsF, the philbsophically strong bias toward "bhook learning" and second, the
frusgkatioy and difficulties experienced by teachers who tried (and are now re-
jecting) thepexperience-based curriculum (CSSE 15:6). Even proper training and
the NSF-insé;vice institutes have not alleviatéd this frustration, for teachers
do not ;avé the ‘time to '"collect, organize, set up, take down, clean up, and
storeﬁ!the materials needed for hands-on activities (CSSE 15:7).

? Férfy-two percent of science teachers ranked group labcratory as the
"mst’ or "next qeft" important learni;g activity. Howevert 20% of science teachers
did not rank it‘ét ali (ERIC 131). The individual laboratory fared even more
poorly as an imporfant learning activity; 11% of science teachers ranked the in-
dividual laeratory‘a; the most important activity, 177 as the next most important,
9% as third. However, 27% of the science teachers merely noted that they "used"

individual labs), while 367 did not rank this activity (ERIC 132). Although 487
of science élasses (grades 10-12) use manipulatives "once a week or more often'",

9% of science classes never use manipulative materials, and another 14% use them

less than once a month (RfI 107). However, teachers:who have attneded NSF ‘

institutes are more lilely to use manipulative materials than others (RTI 107;

0SU 32). Although 96% of science classes reported using demonstrations (RTi 110,

only 15.8% of the teachers ranked them*as th- "most," or '"next most," important

learning activity (ERIC 132). There is also evidence of a dminishing use of

living organisms as grade level increases (RTI 120).
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There are many factors which weigh against the laboratory cémponent of
a science course. For example, "40% qf the largest schools used non-science
rooms for science instruction", and 25% of teachers report that they do not have
labofatory facilities (OSU 88). Basides the facilities problems there i$ a
general trend away from the laboratory component due to (1) lack of funds (CSSE
13:18, 61; 19:29; OSU 140, 148); (2) vandalism and discipline problems (CSSE 19:3,
13;18); {3) a move éway from experience-based learning (CSSE 15:6); (4) pressure
to cover texfbook assignments (CSSE 13:63); (5) lack of time avaYlable Wgo set up
and take down" equipment (CSSE 13:63); and (6) the common practice of not "showing"
laboratory procedures on tests (CSSE 19:3). The lgci of creative inquiry in
biology tegching is undoubtedly influenced in part by Eﬁese conditions (CSSE 12:7).

An‘examination of the three most commonly used textbooks shows that the
number of laboratory activities available for use range from 63 to 70. Although
not distributed evenly throughout these textbooks, the laboratory activities, if
all wefé carried out, could account for 407 to 50% of the instructional time in
any course. In eacﬁ of the textbooks there is an attempt to achieve the "inquiry
goal" by involving the student in carefully guided "investigations" or activities
desigried to develop competence in "processes" of science, such as careful ¢b-
serving, recording observations acéurately and quantitatively, organizing and dis-
playing information, hypothesizing and inférpreting obsérvations, and forming
generalizations or conclusions. However, in practice, laboratory activities are
frequently "cookbook'" or "dissection" activities, and few are long-range. They
pose a questiéh which requires a finite, definite answer. New curriculum topics
(ecology, behavior, etc.) seldom fit this pattern and therefore cause problems
(CSSE 13:9). In varying degrees, the authors of the textbooks have sought to have
laboratory experiences serve as a mode of learning biology as well as a way to
develop an understanding of what is meant by scientific inquiry.

The laboratory activities descrited in Modern Biologyv differ from those

included in tﬁe BSCS textbooks. For example, in Modern Biology emphasis on inquiry

processes or sé}entific methods as an objective ot the laboratory is limited. No
more than ten of an estimated 300 inquiry objectives are related to an inquiry
goal beyond that of direct observation. Lgboratory activities usually invoive
students in processes such as organization, identification, and classification.
Only infreﬁuently is a student expected to extend an experimental activity; most

activities represent ends in themselves. If the student is to extend the activirty,
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i instruction is included in a section entitled "Investigation on Your Own."

' Furthermore, careers in science and/or biology are not mentioned, and social

’ 1ssues are not treated as investigative or decision-making activities.
Although guided inquiry is basically the format of the activities in

the BSCS "Green" and "Yellow" versions, personal needs, careers » and societal

issues are not ingcluded among the laboratory activities In about one-third of

" the inquiries, students are required to formulate hypotheses; to predict out-
comes; to design experiments; to develop observations and measurements procedures;
to explain, tranform and display results (in tables, graphs, or drawings); and
to form:late generalizations. In 40% of the inquiries, students are required to
express data in quantitative terms (e.g., relating movements to time or expressing
percentages in genetics investigations) In about ten percent of the laboratory
assignments, students are requested to design their own experiments

In summary, the methodology used in biology is basically didactic with

heavy reliance on the textbook as the sourse of in ormation, with lecture-
discussion as the mode of instruction. Furthermoﬁe, the teacher is the main
determinant of both resources and instructional techniques Teachers tend to
ignore controversial issues in their classrooms (CSSn 12:29), and they encourage _
the qualities of a laboratory technician, rather than those of a great thinker
in their students. That is, students are encouraged by instructional methodolo-
gies to develop the qualities of a trustwprthy.subordinate, one who is careful and
productive (CSSE 12:27). '"For essentially all of the science learned in school,
the teacher is the enabler, the_inspiration and the constraint." (CSSE 19:1).

~

Instructional Resources: Media -

The primary instructional media in biology courses is the textbook
(CSSE 19:6). Three biology books comprise 80% of the adopted textbooks: The

Biological Sciences Curriculum Studv textBooks. ("'Yellow" and "Green" versions)

"are used by 40% of the schools and Modern Biology,(Holt, Rinehart, Winston) is
used by 40% (OSU 26; RTI B:25). 1In about one~half of the classes .a single text-

book is used, and in 33% of the classes, more than one textbook are used (RTI 88,

89). There is some indication that teachers (who have the most to say about text-

book adoptions) (RTI 99; CSSE 19:2) are increasingly inclined to reject the
federally funded textbooks (CSSE 15:5; OSU 26). In 22% of the schools the science
’ ,
|

©
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textbook in use was published before 1971 (RTI 95). Of the various.supplementary
_ materials thit go with a ‘fextbook, the teacher's ﬁenual is the most frequently
used (RTI 97). Filws and other audio-visual materials designed to accompany
a specific Eex;book are used by_no more than 25% of the teachers (RTI 97).
During the past two decades major efforts have been made to encourage
science teachers to use a va;ietg%ggﬁzgiia for instruction. However, the massive .
use of a variety of media has not been evidenced in practice (CSSE 8:13). The
two instructional items most commonly use] in biology classes are: (1) micro-
scopes, used by 63% of the grades 10-12 teachers (one-third of the teachers
report they are not needed, rather than not available); and (2) models, used by
70% of grades iO-lZ science teachers (RTI 130, 132). In general, schools are
better equipped for science instructlon now than they were twenty years ago
This has been achieved through federal support in 50% of the schools (0SU 35).
About 80% of the science teachers use audio-visual materials for instruc-
tion at o é/plme or another (RTT 112). The most frequently used audio-visual
. materials are thé overhead projector, films and filmstrips (RTI 114). Films and
filmstrips are used as often as.once a week by 16% and 13% of the of the teachers
:respectively (RTI 112).P Audio-visual equipment is widely available in schools
with at least 90% of the schools reporting having motiom picture projectors,
ovierhead projectors, commercial charts, models, tape recorders and loopfilm
V:Ejectofs (ERIC 116-120). Microprojectors and television receivers are found
inl7OZ of the schoolg:(ERIC 172-173). One-fourth of the high schools have green-
houses and a smallerlnomber (17%) has ventilated animal houses and weather sta-
tions g19%) (ERIC 110, 111, 113). In the schools having access to these vafious
media, 50% or less "frequently'" use them. ' .
While 30% of the schools have facilities for closed circuit teleulslon,
70% af the teachers report théy rarely or never make use of it (ERIC 109) More
than 60% of the teachers feel no need for either standard or closed circuit -
television for instructional purposes (RTI 114). Educationai television is re~
garded‘és promising but is little used (CSSE 13:52-53; RTI 116). Fewer than 10%
of the schools report the use of television or computer-assisted instruction in
any consistent manner (0OSU 190); however, the percentage is increasing (0sU 32). y
The study of living ofgénisms in biology classes is limited; six percent 2

of the grades 10-12 science teachers state they use live plants at least ten days

of the school year, yet 287 use living animals equally as often (RTI 120).

14;




ko
P VIRTEE

»
o

,While there is an increasingnnuiber of alternatives for instruction,
there appears %o be little effort invested in building these into an articulaéed /-
system of instruction (OSU 190). Individualized systems and programs are viewed
as supplementary to mainline courses (CSSE 16:55) and particular media are used i

largely as a means of providing another information source in addition to the

.

textbook. . - ' . :

ea ™ e e

. Instructional Resources: Out-of-School

Teachers make littletuse of out-of-scheol resources that could be use-

ful in biology teaching such as museums, parks, arboretums, libraries, and aquari- g

ums (CSSE 13:49-50). 1In addition, -guest speakers are never used in 54% of the

science classes (RTI 103) The.out-of-doors and tne world of liv1ng\th1ngs is

‘available to all biology teachers for dggervation and’ field studies; ironically, >

however, 80% of the schools report they have no special facilitjes for environ- . ‘
mental education (ERIC 8l). Neerly 30% of the schools have nature trails which :
are rarely or never used by 72% of the teacheérs (ERIC 109). Land laboratories

are available in 17% of the schools and frequently used by léZ of the teachers
(ERIC 111).

Field trips are used ae/least once a month by 7% of the classes but are -

never used by 31% (RiI 103). Many teachers view field trips a2s almost dogis-

tically'imbossible (CSSE 13:49). Out-of-school,.science-oriented educational re-

sources appear to be untapped (CSSE 13:58).

Studentls do engage in some unrequired, out-of-school science activities;
nearly half of the students read science artlcles in magazines and newspapers but
only 30% read books ‘on science or about scientists (NAEP COlYOl) More than’

60% of tﬂe students watch science programs on television (NAEP CO1X01l), but /
neither educatio?al ?or commercial telev%sion is utilized much by teachers (CSSE
13:52, 53}. While 39% of the students talk ‘about science topics to their friends,
only 8% haxe attended a lecture on science (NAEP CO1X01l). About one-half of all
seventeen-year-olds attended a lecture on science (NAEP COlXOI). However, the.
NAEP Suivey of Attitudes Toward Science ihdicates that blecks, studerits in

urban, disadvantageé areas, and students in big cities have significantly more

extra-curricular science experiences than those comprising the national average.

in general reported that they have read bobks on science and have done non=-required
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. ¢
science projects. Furthermore, significant}y tore black seventeen~year-olds report

. » that they read science,articles in magazines apd go to science lectures (NAEP -
B . o -

R C01X03). Although the interpretation of these responses is incomplete, their con-

ﬁ sistency suggests a pattermn én science education., -

Although communiﬁy resources are seldom used directly by teachers, more
4 than 907 of the students of high‘school age have visited a zoo,'beach, lake, #
'forest, farm, museum, hosPital, doctor;s office, park, river, and the mou;tains;
a-lesser number (74%) have been to an ocean; 33% have seen a desert; and 327 have ‘
vigited a laborétory where research is done (NAE? C09v0l). A closer analysis, -
i again, shows a different pattern ﬁor black students, who have significantly fawer

opportunities to use community resources. For example, at age 17, 16% fewer/blacks,

have visited a planetarium, 2% fewer have g&ne to a zoo and 5% fewer have toured‘
a museum (ﬁAEP C09U01). Nationally, only 7% of science students aave gone on a
school-sponsored overnight trlp to an outdoor laboratbry (NAEP CO9DO01).

. Non-formal educatlonal agencies such as the Scouts, YMCA and YWCA, 4-H
clubs, and summer camps include in $he1r programs blology—orlepted activities
such as agriculture, wilderness ecology, physiological fitness, and food and nutri-
tion projects (CSSE 13:54-56)¢ These agancies serve a science edugation function

i yet receive little recognition for their efforts. There is an absence of systematic

arrangements for‘the sharing of science education responsibilities between the .
schools and thp.agencies outside of schools, even though such shéring might be )
mutually helpful to both types of agencies (CSSE 13:56-57).

Student Characteristics

Although the threegﬁsﬁ status studies provide little direct information,
other than student statements in the Case Studies, the NAEP data provide insights
into student reactions to school biology programs (NAEP CO9D01l, COlEOl). The data
; available for school "science" Jere gathered from thirteen-year-olds in junior high -
and from seventeen—iear-olds in high school.
Science is the favorite subject (first and second choices) for 26% of the
high schooi studentss; fallihg behind language arts selected by 33%, mathematics
selected by 31%, and social studies selected by 29% (NAEP COlEOl). Science classes
are reported to be boring "always" or "often" by 31% of the high school students,
"seldom" or "never" by 15%. In another study, one-third of the students polled .

reported science classes as "boring" and the subject matter as "irrelevant;"




?

many students reported that science is aimed at "bright" students (CSSE 18:107).
‘A different situation ie reported for junior high school students. At that level,
*21% of these students report science as "often' "always" boring, while 31%
report that science is "seldom" or "never" boring. Science classes are reported
s "frequently" fun by approximately one~third of the students, while an equal

number reported that it' is "seldom" fun (NAEP COlE02). Again, an analysis of ‘the
‘¥esponses by race indicates that blacks, at age seventeen; found science less
‘ boring (27% black/l77white), found it more fun (30% black/26% white), and indicated
more often that they liked to go to science classes (48% black/35% white) (NAEP
COl1E02). "

éenerally, s@qg?nts report that cyntent of science is intere§Tirig: 45%
report it so "often," while 16% report is sd "seldom" (NAEP CO1EO1). Twenty-two
percent of the students report'sciencj/é; "too difficult," while 6% report it to
be}"too easy." Fifty-five percent of/the students characterize science as "always"
orp"often" consisting of facts to be memorized. It appears that one-half of the
secondary students are not uﬁhappy with science classes. More than one-half
report that science often makes them curious. One-half also report that science
classes seldom make them feel either confident or unhappy. About one-~fourth of
the students feel science makes them feel successful while an equal number report
that it does not (NAEP COlEOé). Teachers report, however, that developing student
motivation is a major problem (CSSE 15:23). / :

Students of high school age have had a wide’ range of,biology-related
experiences obtained either in or out of school (NAEP CO09DO1). Eighty percent
or more of the students have taken their o&n temperature and pﬁlse; collected
rlowers or leaves; taken care of plants and animals; observed the behavior of fish,
bees, ants, birds; and have seen fossils and skeletons. At least 50% of the stu-
dents have made a pi€ce of science equipment, done a.. extended experiment, used
a miéroscope by themselves, found a fossil, seen an animal being born or an egg
hatch, or watched a seed sprout. However, at all ages, black students have had
significantly fewer of these experiences. The common tools of biology such as
scales, meter sticks, magnifying glasses, thermometers, microscopes and yard
sticks have been used by over 90% «f the students. Fewer students (57%) have used
a stethoscope, and only 11% h§ve used a pollution kit. Experiments with seeds,
living plants, and chemicals have been conducted by approximately 80% of whi:te
$tudents and 65% of black students (NAEP C09S01). Half of the students have done
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experiments involving ﬁoman~behaﬁior, erosion, living animals, and‘the sun as a
.source of energy. /

About 45% of the students report they plan to take more than minimal
science in high school, while 37% report that they do not (NAEP COlUOl). About
one-third of the students feport they wguid‘like a career in science or in a

.. science-related field, gﬁile an ehual number responded negatively. Over 70% would
like to see scientists/et work, and even more (77%) feel that they themselves
could léarn to do science-related wook. Nearly one-third feel that working in a
scientific field would be boring, while 46% of the students disagree. Oner one-
third feel that studying to be a scientist would take coo,long and require too
much education, 4 similar percentage disagrees. While 17% feel scientific work
- would be lonely, 54% do, not. Interestingly, black respondents were more oositive
L (by approximetely 23%) in their responses concerning science as a possible career.

Students generally feel that science can help solve problems of pollution,

energy waste, food shortages, overpopulation, and depletion of naturel resources
(NAEP C02A03). Howeyver, more students feel that science cannot solve the problem
of disease than those who feel it can. Students enthusiastically endorse a wide
range of actions they would be willing to take to solve world problems. Such
actions include using less electricity, walking or riding bicycles, helping with
lif;er pick-up, separating trash for recycling, using economy cars, using less

heat in winter, and using returnable bottles. Again, a more detailed analysis

., indicates that 19% fewer blacks than whites are willing to use less electricity;
17% fewer are willing to walk or to ride*bikes in order to conserve energy. These
. responses may’be indicative of different attitudes, gr they may simply be the
result of fewer material resources. ¥ i
When asked about problem-solving in daily life (outside of science classes)
students report that they only infrequently perform experiments (NAEP C04A03).
; However, half or more report that they do take measurements, make careful observa-
' tions, work on one part of a problem at a time, try to find more facts related
to a problem, and think of various ways of solving problems. Students also
report that th:y are able to, and indeed do, use the results of scientific research
in theiz:daily lives. (This "use" includes choosing foods, healthful living,
.s selecting products, such as toothpaste, and deciding about smoking.) Conversely,
half of the students report that they use the mélhods‘of science rarely in making

5 decisions which affect their lives. Students are confident science can help !

145




3-45

resolve problems of starvation, energy shortages, cures for diseasess prevention
of birth defects, saving natural resour es, .,and reducing air and water pollution.

‘ Students do not feel that science can help control weather or prevent wars (NAEP
COSAOl) In mosfﬁinstances, students support ,the expenditures of funds for a wide
variety of scientific studie¥ and invesrigations.

Foz the most part, students vnderstand the function of theories in science,
how scientists interact and how science progresses (NAEP COSAOl). Students do
feel that scientists should be allowed to investigate most topics. However, they
also support exercising controls, especis 'y in such areas as genetic engineering,
cloning, biological warfare, human behaviur, and other controversial .societal
issues (NAEP C06A01). Students support the dse of scientific knowledge and have
faith in the wvalue of science for resolving world problems. The student view of -
science, scientists, and thé'limitations of both are more positive than the
curricula;d%@gﬁﬁing pooctices, and other data would suggest...._. _ _ . . ..

) &

! Evaluatlgn

‘¢ N . L
- ‘ Evaluation activities may be subdivided into three categories: teacher-

made, classrcom tests; standardized achievement measures; and competency-based
assessments. Considering the first catégory, the najority of teacheretine is
spent in solic:ting both oral and written feedback from students (CSSE 15:15).
The NSTF studies all indicate that admlnisterlng, checking, returning, and discussing
tests occupy much teacher andclass time. Testlng is considered an essential
part of the sciende® curriculum (CSSE 15:12). Laboratory time is often neglected
because the results of laboratory work do not "show'" on tests (CSSE 19:3J. Most
tests used in biology are teacher-developed and teachers are committed to their
own testing practices (CSSE 15:15). Thirty-percent of the teachers test their
classes at least once a month, while 35% report weekly testing (RTI 103). Tests
- are seen as a way of knoéwing "how well" students are doing (CSSE 15:12).
Classroom tests are public manifestations of student understanding (CSSE
* 12:3). However, tests are rarely used to make instructional decisions (CSSE 15:21-
22). Few teachers question the purpose of testing or think of it as any more than
a means for providing feedback on student understanding and a means for assigning
grades, which are considered fixed, a part of the system and, therefore, unques-
tioned by teachers (CSSE 15:19).
The second category, standardized achievement tests, actually consists

of two types of measures: those that compare a student's science achievement to

: Q 0
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that of his/her peers (SAT, ACT, STEP, ITED) and those that survey the nation, >

i

reporting average achievement patterns. Only one-third of the school districts
use standardized tests, such as the STEP and Iowa (ITED) tests of science in grades
7 through 12 (RTI 27). Therefore, standardized testing 'is not a major concern

of teachers; their use of achievement tests is a school decision. Teachers repori
that the results of testing programs are not valid measures of their programs aAd
are not indicative of local problems and/or curricula (CSSE 15:20). On thé,other
hand; there is a general publig cggcern for the relatively lower scores on college
entrance exams (SAT and ACT). Aéﬁountability as a concept is "in;" almost all
districts now have designated "e;aluation officers" (CSSE 17:10). Student test
scores on national‘(SAT, ACT, NAEP) tests have declined over the past several
years, a fact ofteﬁ reported and widely knowq-(OSU 114-115). 1In spite of declin-

ing test scores, it is important to note that student satisfaction and attitudes

toward science ‘have improved (0SU 116). Valid reasons have been advanced ex-
plaining the decline of test scofes (0SU 115), yet it is still felt that something
mist be done to reverse the trend. B
Concerns about accountability in education and competency-based science
programs, the third category, have increased within the last decade (OéU 147).
There is a relationship between these programs and the basics movement; and state
departments of education are the foci of pressure for these programs (0SU 124).
However, only 2% of the states have established basié science competency levéls
* for graduation from high school, and only 13% are planning such procedures with
implementation dates not yet determined (RTI 31-32)., Furthermore, there is no
information to suggest that employers want competency information (CSS§§14:34).
To date, the minimum competency movement has had little impact on secondary
science education (0SU 30). .
The impact of evaluation, then, is on the classroom where testing is
considered a basic part of the biology curriculum (CSSE 15:12). Teachers repbrt
that standardized tests have little influence on classroom procedure or progréms.
However, stand-~rdized sciencé\Beits are used to provide feedback to individua#
teachers of grades 7-12 (77%) to furnish information for.parents (51%), and to
place students in remedial programs (48%) (RTI 29). Furthermore, competency-
based as;essment programs have not been established widely either in science or
in biology. However, the following statement attests to the general impact of

standardized and/or competency-based evaldation on science curriculum:
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"In response to’ poor student performances on tests, to other embar-

rassments such as nationally- publicized lawsuits brought by non-

: reading graduates, to a belief that technology could improve the

| efficiency of instruction, and to a perceived need for more control

' over the whole teaching-learning system, a nation-wide effort has

N ' been undertaken to make teaching more’ explicit and more rational °
and to make learning more uniform and more measurable. Evidence of
this effort was apparent in all our sites and confirmed our national
survey.” (CSSE 19:10). _ .

Student Qutcomes: Personal Needs

One of the expected outcomes from a course in biology is that the student
will. recognize ways in which the acquired .information can serve personal needs. By
— the,time students are seventeen years old, approxiﬁately 90% recognize the dangers
of insecticides (NAEP C71065), know the symptoos of common illnesses (NAEP C71C06),
recognize when one should consult a medical doctor (NAEP C71C0l1), know that beef
T~ 7" and milk are ric¢h inm proteins (NAEP C71C02), can correctly interpret an aqbertise-
ment for'a proprietary medicine (NAEP C71C03), know common prectices for saving
naturai resources (NAEP C71C08), and know when it is good practice to use an
authority for biological information (NAEP C71C09). Furthérmore, fifty percent
of the students know what to do for a person choking on food (NAEP C61C02).

While students know a lot abou; diets, they are less successful in iden-
tifying foods rich or deficient in proteins except for beef and milk (NAEP C7ICO7)
Students also have difficulty in interpreting the meaning of 'relief" as disting-
uished®from®"cure" in reading advertisements for proprietary medicines (NAEP C71C03).

Seventeen-year-old students are better informed than thirteen-year-old
students in all categories of information regarding personal needs. On
the topics where seve&teen-year—old students are weak, the thirteen-year-old

_students are proportionally deficient. . ’

%

Student Qutcomes: Societal Needs

) There are a number of societal needs (problems and issues) that require
a knowledge of biology for proper interpretation, understanding, and resolution. ‘
Students are well-informed (80-90% level) about the extent of venereal diseeses
(NAE?/E6ICOS), reasons for the use of drugs (&AEP C61C06), the value of vaccines
for/controlling relevant diseases (NAEP C61C08), dangers of excessive noise on
hearing (NAEP C62C13), reasons for worldwide water shortages (NAEP C63C03), and

? /,/they recognize* the need for a world view of the human population problem

AR - 148 | .
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(NAEP C63C17).

) Students, generally,\are less well informeé (56-65%) about causes of degth
among young adults (NAEP C61C04), the concept of renewable resources (NAEP C62C02),
the possible results pf deforestation on flooding (NAEP C62C03), thé interrelation-
ship of water, energy, Shd population problems (NAEP C62C07), the variety of
factors contributing to air pollution, and the relationship of food shortage and
adequate protein in the diet (NAEP C63C03).

Problems related to food productf%n and to the “green revolution" are not
understood by two-thirds of students up to age seventeen (NAEP C63C04, C63C05).
Only 3% of the seventeen-year-old students knew that the' survival rate of babies
under one year of age in the United States ranks between 10th and 20th of all
national infant survival rates. Less than one-fourth of the sgudeﬁts can identify
a graphic representation of human population growth viewed over the past 1000

years (NAEP C63C0l); the notion of exponential growth appears to be vague in the

minds of “most students—(NAEP C46C01).- - - - - T T -

Preblems and issues related to environmental pollution are recognized by
about one-half of the students (NAEP C62C04, C62C08, C62C09, C62Ci2). However,
a majority (60-70%) of students can correctly identify factors which effect change

on an ecological system (NAEP C47C01, C42C03).

Student Qutcomes: Scientific Knowledge

To provide an indication of the biology achievement levels of hjgh
school students as they appro;ch graduation (agé*seventeen), results from the
197671977 National Assessment of Educational Progress (NAEP) - Science were used.
The results of the biology assessment are classified by level of achievement for
each of the major biological conbepts sampled by the NAEP tegts. The number of
students tested in the seventeen-year—ozj category'wa§ 2,500. The level of
achievement in the following list of biklogy concepts is the percentage of stu-

dents who understand the concept.

7
Level of Achievement NAEP
Concept * 75-100%. S0-74% 25-49% ° Refereace
Genetics ‘
Recognize a dominant hereditary trait 68 Gl14C01

Know inheritancé of sex is dependent. .
upon father's chrcmosomes - .. 77 Cl4C03

]
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Level of Ach@évement
75-100% 50-74% 25-49%

NAEP
keference

Concept

. Genetics

¢
Know mutations are changes in genes

Recognize that ‘pure strains can
produce hybfids

Know sperm and eggs havesgne-half
the number of chromosomes for '
the qucles .

.
o

, Récognize that whén a plant cell

divides’ each cell will have
the same number of chromosomes

Can dlstinguish a Variety of here-

ditary and environmental s 90, 79

factors on perfgrmance

Diversity ' L

Recognize people differ in "normal
body temperature

y -]

-

Cell Characteristics -

Can distinguish nerve ‘cells fyom

other types of body cells 77

Recognize a faulty statement about
the function of cilia

Life Processes Common to Plants and
Animals ~

Reproduction ‘ - 90

Use gases from air
Need oxygen
Sense environmental influences

Photosynthesis

Recognize: that chlorophyll is a
characteristic of plants 89

Know that .water, carbon'dioxide,
chlorophyll needed for photo-
synthesis

Behavior

Recognize that primates differ
from frogs in responses to
environment \

Identify territorial behavior 93

53

52

47

63

74
63
76

59

32

41

47

37

39

P

Cl4Cn6

c14cov °

c15co7
Cc12co2
Cl4C05

C13co7

Cl2co1 -

Cc12co04

C11Cc07 9

" C11c07

C13co1

C15C06

C18co1




Level of Achievement NAEP

" Environmental Pollution

Recognize danger of chemical sprays
to people

Regcognize biological effects of hot
water dumped into streams

Growth ~ . ° .

Identify a seed as a source of food
for growth’ ‘ .

Recogni%e that an -egg and bean seed
b&¢:’y store food

Ecosystems

N\ Recognize relation of seasonal
rainfall to the population
of plant species

X

\

Recognize conditions favorable to
. seed dispersal .

Identify environmental factors
characteristic of sea turtles: -

. Light ° 0
Wind
Other turtles
Water

~Correctly interpret questioms
related to a food pyramid:

A grass level

Smallest population levél

Least amount of energy level

77

88
97

60

54

66

71

40

28

43

41

‘ Concept 75-100%  50-74% _ 25-49% Reference
Beﬁéviorh . .
Recognize value‘of pecking order 50 Cl8C02
Recognize innate behavior: . ®
Bird migration = 89 C18C05
Smiling . 85 C18C04
\\ ‘Breathing 45 C18C04
Idehtify.learned behaviors correctly: '
Swimming + 98 C18C04
- Handw;iting 93 ) C18C04

Cl7Cl2

.C17C13

C19C05

C19C13

Cl7col

C16C04

Cl17cC07

C17C06
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Level of Achievement NAEP
Concept Ag- 75-100% 50-74% 25-497% Reference
Ecosystems
Correctly interpret questions related '
to a food pyramid:
Level at which animals eat only 34
" plants - e
Identify a balanced community . 51 C16C03
Classification ‘
Identify pigs and people as mammals ’ 27 c11c08 .
. / ' .
Recognize that chlorcphyll is unique
to plants ] \ - 89 ) Cl1co7
Experimental Design
Recognize appropriate units of . :
measurement ’ * %2 €13c02
Evolution ©
Recognize 'a survival of the fittest 52 Cl16C02
‘&nergetics
Recognize that growing_plants p}oduce 27 C13C04
more energy than they use -
Know ‘that anlma%s gegd oxygen and give 62 c15c02 | .
off carbon dioxide
Know that carbohydrates are a quick 34 C15C03
source of energy-
Health and Disease o
~Know that diseases caused by bacteria / '
may be preveuted by:
An unbroken skin 56 Cc10C02
Sufficient white blood cells 62
Adequate diet 46
Enough, antibodies 71
- Avoiding direct contact with a 77
person with 'a disease /
Know the value of throat swab to help
« 1identiry the cause of a sore 87 C1l0C04
throat )
Cah recognize a balanced diet 55 C10Cc03
_ Know that\cigarette smoking is dangerous 99 c10C0%6
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Student-Outcomes: Career Education and Preparation

The whole‘questiaﬁ‘of career awareness and preparation is fraught with
conflicts as -to the nature of the goal; its appropriateness as a goal of science
instruction, and;;he availhbility of suitable curriculum materials.

To what extent .is the goal of career education accepted in schools?

Nearly Qwo-ghirdé of the parents and 59% of school superintendents feel that science
courses should be aimed (more than they-are) toward vocational goals, but only 347
of the science supervisors (grades 7-12) agree. Science supervisors and school
superinFendéhts (63%.eac@) feel that youth unemployment is more an economic problem
thag a curriculum problem, and half the parents agree (CSSE 18:43). Parents (79%)
and schocl superintendents (22%) agree that youngsters should be taught, in school,
how to get and hold a job,‘bﬁt only one-third (34%) of the science supervisors

feel this way (CSSE 18:43). Science supervisors (78%) state that employers do
expect a new worker to be ready for the respinsibility of a new job; however, only
31% of the parents and 417 of tﬂe school superintendents take this position (CSSE
18:43). A majority of parents (76Z%), superintendents (66%), and science supervisors
(79%) agree that a good general education is more desirable than vocational educa-
tion if a choice has to be made (CSSE 18:44).

In a number of states, career educationlis listed in the top ten educational
goals, priorities, or crucial issues (0OSU 159-160). The fourth anriual Gallup poll
of attitudes toward education (1972) revealed that 447 of the public is of the
opinion that one of the goals of schooling should be‘prepare students to get better
jobs (OSU 160). By and large, parents see the reSponsibility for vocational
preparaéion as more important than do school personnel (CSSE 17:21). Seventy-.
eight percent of the parents view the main responsibility of the schools to be
the preparation of young people for their life's work; however, school administra-
tors (81%), supervisors (66%), and teachers (71%Z) see this task as imporfant but
not the most\important task of the school (CSSE 18:102); students are eveq}y_’
divided in their opinion on the issue. Only a few parents, however, appear ready
to sacrifice any of the scholastic program to get youngsters ready for jobs; they
do not see this as a trade-off (CSSE 17:21). However, both students and parents ~
rate fﬁe career purpose of education above that of knowledge and human goals (CSSE
18:103). When parents think of education for the future it is most often thought

of in terms of a working career and not in terms of the future of the social order

(CSSE 17:21).




,Career counselling in schools is viewed as inadequate especially by stu-
dents who plan to enter the job market upon graduation (CSSE 12:25a). School
counselors indicate that more of their counselling activities are associated with
academic ard personal matters than with vocational matters (CSSE 18:25). Aéproxi—
mately 40% of the students and their parents agree, however, that the career pur-
pose of education is receiving considerable emphasis in thei; schools (CSSE 18:104);
but a review of public documents and of educational literature reveals that there
is an increasing general concern about career education in the schools and the
need to develop vocational skills (OSU 147). Part of the problem is related to
the inability of the school to offer much more than more schooling as career pre-
paration rather than actual field experiences in jobs (CSSE B:26). When.students
in the senior class were asked about their plans following graduation from high
school, only 20% thought they would be working, 71% planned to attend college,
and 5% were considering entering a vocational school (CSSE 18:26). Work is central
to the thinking of American youth at the precollege level of education (CSSE B:23).
Work means money and what money can buy. However, jobs for youth are difficult
to obtain, especially for blacks, and where they exist they represent only an
immediate career choice (CSSE B;23—24). Long-range career choices are hampered
by educati}nal, economic, and political conditions beyond the control of schools
and indiviauals (CSSE B:24-26).

Providing a strong program for those students who will become the nation's
future scientists is not found to be a high priority in school systems (CSSE 12:1).
Occasionally students are counseled into careers in the sciences. For the most
part, counselors see’ their primary responsibility as placing students in tracks;
they have heavy counselling loads and seldom have time for longlrangé career
planfing (CSSE 12:75a). There are efforts, as early as in the junior high school
years, to segregate students into courses for the "better achievers" and for "slow
learﬁers;" the*"bétte;" track leads to college and one may presume an opportunity
to major in a science (CSSE 12:22). Although there is some resistance in schools
to the idea that science instruction should be preparation for weork, science is
taught in terms of facts and skills that are vocationally oriented (CSSE 12:22).
While sex differences in selecting scierce courses have been observed in schools,

efforts to increase female enrollment are having positive results (CSSE 12: 24;
15:34~38); thus, girls- hould not be at a disadvantage should they later decide

on a science careey.
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Seventeen-year-old students do show an interest in science careers as
revealed by their responses to }he following questions: (1) "Would you like to
work on a job that allows you to use science?" -- 39% indicated "yes" and 35%
"no3" (2) "Would you like to visit a scientist at work?" -- 71% said "yes" and
16% "no;" (NAEP A01818); (3) "Are there science-related jobs you would iike,to
do?" -- 77% said "yes" and 9% ™no;" (4) "Would you like to know more about jobs
in cience and engineering?" -- over 50% of the students indicated that they would,
while 397 indicated they would not (NAEP A01818); (5) "Would you like to work in
a laboratory?" -- "Yes'" was the response of 43% of the students, while 36% said
"np" (NAEP A02818); (6) "Do you think working in a science-;elated field would
be boring?" -- 46% of seventeen-year-olds think scientific work would not be
boring, but 31% think it woula be.

Science supervisors and parents tend to disagree about the extent to which g
career education is a responsibility of the science teacher (CSSE 18:43-44)., Part
of the disagreement may stem from the fact there is not a standard interpretaticn
of "career education.” There is general agreement (37% to 52%) among school ad-
ministrators, science superviéors, students, and parents that one of the most .
important uses of federal government funds supporting science teaching should be
to develop science courses oriented to present and future job markets (CSSE 18:100).
In additﬁon, teachers, especially junior high schcol teachers, need special pre-
paration if they are to help their pupils become aware of the variety of careers -

in science (0SU 71). A survey of high school bounselors revealed that only 107%

. had at one time taught science or méthematics (CSSE 18:25).

(The widespread public interest in career education is not found with
equal enthusiast in the schools. The concept of career eddbation, introduced
in 1971 by Sidney P. Marland, the U. S. Commissioner of Education, does not seem
to have impressed, or perhaps is not understood by, science teachers and science
supervisors. = Part of the problem is a failure to relate academic and career goals. -
in a meaningful way. Career awareness activities are not written into the most
Qidely used séience textbooks in the junior and senior high schools. Thus, career
information is neglected, even though the majority of students would like moré
career-related activities (NAEP C02401, C02A02). By the age of seventeen years,
.80% of students have some idea of career demands, should they choose to beccme a

biologist (NAEP C71C10).
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The inquiry goal is espoused but mnot practiced by biology'teachers. A

-

Summary of Goal Cluster Outcomes
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biology education designed to help understand and fulfill personal needs is

generally perceived as-unimportant. When it isfaddressed,-ituis often related /

to other goals such as careers. Interest in the societal needs goal is increas-

ng;-evidence for this is the fact that there are more courses such as environ-

méntal studies and ecology.

Knowledge as discrete information has been and is
the dominating goal of biology education. Though there is a recemt interest in

science career education, there is confusion about the meaning of the goal and

also doubt as to the responéibility of biology teachers in achieving this goal. "f

»
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Introduction
To[better illustrate the present status of biology teaching, the Phase III
,Report contrasts actual biology programs with a desired one. The description of
actual bioloéy‘curriculum and instruction was based on information presented in
( threeﬁeomplementary studies of the status of pre~college science education
\ prepared for the National Science Foundation. Supplementary information was
.derived from reports of the National Assessment of Educational Progress (NAEP),
the summary of research on biology teaching published by the Biological Sciences
.Curriculum Study and an analysis of the most widely used biology textbooks.
(See Phase II Biology Report for citations of references used.)
. The desired course (see Phase I Biology Report) was based n four considera-
tions: (1) changing perspectives of science as an enterprise; (2) emerging
trans&tionsgin the biological sciences, especially in the nature of the discipline
and the current contexts in which biological knowledge is being portrayed;
| * (3) shifts in the cultural/soc1al scene, particularly in areas that have biologi-
N al relevance; and (4) recent research on the teaching and learning of biology.
Egﬁor concepts of .biology (for example, behavior, form and function, genetics,
‘energetics, evolution, etc, .) were examined to identify ways in which the teaching
(of thes%'concepts might be influenced to be consistent with the findings of
-our prellmlnary study of science, biology, and social trends. Biological
|rvolutlon, for example, studled in the context of cultural change, is a view
of evolutlonbdlfferent in concept from that presented in textbooks used in
actual biology courses. Blologlcal knowledge, selected for its potential
usefulness in the life and living of human beings, results in a curriculum
tngt bQSwfew conceptual overlaps with conventional biology courses. The
'éurriéulqm &esigned to accommodate the many transitions in science and society
w1th1n éhe context of modern biology provides a basis for assessing the current
status of blology teaching in the American schools.

The Phase III Blology Report is presented in four sections:

"

o .. I. Discrepancies is a description of differences

) ) in theory and practice between the actual and
- desired teaching of biology.

. . II. Information gaps is an identification of areas

in which additional data could provide a more

. “ complete description of the current status of
. ) biology teaehlng. Most of the information

’ ’ needed could be. obtained by survey tPchniques

N ~
-,."‘.‘-"\.::‘-'...,:". " ‘., f" /.;., ° 109




IXII. Needed research is an identification of
R critical. areas and problems in biological
education about which more reliable know-
ledge is needed. Normative/theoretical,
-~ devélopmental, and empirical research ° ’
needs are described.

3

IV. Recommended solutions is an exploration of
strategies, tactics and procedures for the
resolution of problems related to biological
education.

The four sections%bf the Phase III Biology Report identify perspectives
and directions for '"next steps" in biology education. The suggestions,
although the products. of serious study and research, are not intended to be

definitive but do provide a rational basis for dialogue and further research.
'3
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- - Discrepancies

'uD
The Conceptual Framework for the Desired Biology Program

A major 'discrepancy between the actual and desired biology programs is //

foun% in the philosophical and normative assumptions underlying each,progran.
The desired program is a consideration of biology in a framework of the per-
sonal.and social aspects of human culture and human endeavors. The subject
mattir of courses is selected for the potential it holds for improving the
adaptive capacity of individuals and for advancing the welfare of humankind
in general. The actual blology course 1is deslgned to portray the structure

‘é- :of blologlcaI disc1511nes and to provide exper1ence in the 1nvest1gat1ve
mwodes of these disc1p11nes.

‘ A major difference between the actual and desired biology currlcula lies.
&4 1n the historical perspective of .the two programs. In the actual courses the
‘emphasls is upon theé past achlevements of the biological sciences;fin contrast,
%the desired course essentially portrays a possiole history of the future.
Expressed in another way, the actual courses present/a sample of what is

o

. known abbut biology; the desired program (using the same blologlcal coficepts)

2

stresses the use of biological knowledge to furthe an progress toward

future conditions that are likely to improve t" quality of human existence.

Increasingly, science.as an enterprise-i§ becoming .even more significant

in setting the course of society. In the desired biology program, bi logy

. . . / . | .

is viewed as part of the social process as well as an 1nte11ectua1 achievement.
M l

In conventlonal blology programs the overall goal is to prepare,

l
- |
b

the next level of education, essent1a11y the goal is separated from the student.

students for

by

More of an effort is made in the desired course to have what is learned directly
"o serve the student“as an end in itself, that 'is, to increase the adaptlve range
¢ ‘ of the 1Qdiv1dual as a person and as a member of the social group. Biology
. . taught in this mode has d1rect relevance and significance for every student
thls posltlon cQntrasts with know1ng for the sake of nnowlng but does not
minimize the actual importance of b1010g1ca1 knowledge. Current biology
teaohing tends to reflect a reductionist point-of~view; whereas, in the desired
state the emphasis is more on a holistic-ecological orientation.

c .

The desired biology program is more interdisciplinary in‘scope; subject

L -
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matter is selected from many human sciences, such as human ecology, human

genetics, cultural and physical anth;opology, environmental psychology, socio~

biology, énd other fields. The typical biology course tends to be bound to a

limited range of the classical biological disciplines, slighting the new g fields.
In formulating a conceptual fr§mework for the teaching of biology, wZ%%& .

have sought to idgntify a direction for change in teaching practices consis-

tent with current conditions in science'as a whole, with biology as a discipline,

and with contemporary conditions in society and in the culture. A summary of

the discrepancies between the desired and actual states of biology teaching

resulting from contrasting philosophical positions.is present in Table I.

’

TABLE I

DISCREPANCIES: A SIPMMARY

Desired Program ’ Actual Program

Goals: [

1. Human adaptation emphasized. l. Minimal consideration given
to human adaptive capacities.

2. Social problems and issues 2. Marginal emphasis on social
as goals. goals

3. Inqu}ry processes unique to " 3. 1Inquiry skills characteristic
biological disciplines. of a generalized model of science.

4, Decision~making involving 4. Discovering a correct answer
biological knowledge in . for a discipline~bound problem.

bio~social contexts.

t

5. Career awareness an integral 5. Minimal attention to cafeers,
part of leifning. mostly of historical importance only.
6. Value, ethical, and moral 6. Value-free interpretations of
considerations of bio-social discipline~bound problems.
prcblems and issues. /
Curriculum: ¢ ’
7. Curriculum as problem~centered 7. Curriculum is textbook-centered
flexible, and culturally as inflexible; onlv biological validity
well as biologically valid. considered.




i

Evaluation:

8. Humankind central. . .

9. Multi °'ceted, including local
and community relevance.

10. Greater-use of the natural
environment, communig& resources
and the students themselves as foci
of study.

11, Biological infcrmaticn is in the
context of the student as a biolo-

‘ gical organism in a cultural/
social enviroament.

Instruction:

12. Individualized and
personalized.

13. Cooperative work on problems
and issues.

14, Methoddlogy based on current
information and research in
developmental psychologv involv-
ing cognitive, affective, experi-
ential, and maturational studies.

.

15. Testing and evaluation reflects
the use of knowledge to inter-
pret personal/social problems
and issues

16, Student evaluation is based on
growth in rational decision-
making concerning personal and
social problems.

Teachers:

17. Requires a change in perceptions
(philosophy, rationale, belief
system) of biology teaching
to include a commitment to human
welfare.

18. Philosophical position influences
all aspects cf curriculum and
teaching practices.

10.

11.

12,

13.

14,

15,

16.

17.

18.

163 -

Humankind incidental.

Textbook controlled, local
relevance fortuitous. 7
Contrived materials, kits, and
classroom-bound resources; use of
sub~human specimens as a focus

of study.

Biological information is in
the context of the logic and

. structure of the discipline.

Group instruction geared for

the average student and directed
by the organization of the text-
book.

Some group work, primarily in
laboratory.

Weak psychological basis for
instruction in the science;
behavioristic orientation?

3

Replication of assigned infgémation.
%

Stating ''correct" solutions to
pre-planned protlems.

Philosochical perceptions not
evident in practice, bevond a
commitment to the discipline.

Curriculum and teaching practices
largely atheoretical.

»




19. Continuous prolessional growth is 19. Curriculum and teaching practice:

essential. to maintain a valid . tend to be static. ¢
curriculum aud appropriate teaching
.practices., -
Table I is a condensation of the major differences between the desired stat:

of biology teaching and the actual state; these discrepancies are explored in k

-more detail in the following sections of this report.

t

Goals

The desired goals of biological education are perceived to be: (1)
scientific literacy‘(knoga!gge); (2) career a&areness; (3) the development of
cognitive skills (inquiry and decision making); (4) meeting the adaptive requiie—'
ments of individual students;” and (5) an appreciation of biology in the service
of society. Information derived {rom tha NSF status studies indicates these are
not the primary goals of the majority of biology teachers.

To the extent that intellectual processes are actually a part of biology
teaéhing, the emphasis is upon selected ;kills of inquiry such as, observing,
measuring and classifying. Rarely is the process of biological inquiry dealt
with; only discrete inquiry skills are taught. In addition to the process of
inquiry, the desired teaching of biology includes the art, habits and skills ass.c.iate -
with the utilization of knowledge. Not only is current inquiry teaching not very
successful and limited in effort, it appears to place almost no emphasis on decisioq—
making skills as proposed in the desired course.

Traditionally, biolecgy has been taught in a value~free confext based on
the assumption that science itself is value-iree. With the recent socialization
of science, the teaching of biology, .to be consistent with the "new science'" (the

desired state), must of neceséity.deal with values, morals, and ethics. In the

past decade bioethics has become a new biology discipline.

The basic discrepancies between the knowledge goal as it is found in

and scope. Knowledge is identified in both the actual and desired states as the
basic conceptual principles identifving living organisms. These are zenetices,
evolution, nutrition, behavior, continuity, structure-Zunction, diversity and »

actual biology courses and in the desired biology course are those of context ]
unity, integration, life cycles, and energetics. In the actual course these
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concepts are described and interpreted as attributes of biological disciplines.

In the desired state, these biological concepts are described as organizaticﬁal

ideas in personaliy meaningful, socially relevant, and ethicallv defensible

terms. The scope of the desired biology course is extended to include supplemén- £
tal concegts from such human sciences as anthropology, geography, psychology,‘
sociclogy, medicine, and from interdisciplinarv fields such as biophysics ,
biochemistry, bioethics, .and environmental sciences.

Although the objectives and goals in the area of societal issues are
heralded in science education writings as major justificatiomns for biology
educatipn, such goals have not -affected the typical discipline-oriented course
in tenth grade biology. Biology goal statements may be responsive to problems
and expectations of society in theory, but they appear not to influence the
actual biology course. If socieral issues related to biology are considerad
more than incidentally,ﬂthey are usually treated in -eciallv designed courses @
such as environmental studies or ecology. These courses} although increasing
in enrollments, still serve a very small fraction of the student populaticn.

Career education,as the development of students' career awareness, does
not exist as a major goal of actual bioclogy teaching. One does find in cemmenly -
used biology textbooks short biographies of well-known biologists who have made :
substantial contribution to the development of biology. Recent editions of high
school biology textbooks include pictures and achievements of modern biologists
(Salk, Watson, Crick, Calvin, Kreb). Most of the scientists pictured are
researchers; little attention is given to support staifs such as laboratory
technicians, instrument developers, applied scientisté, caretakers ot liQe
animals, museum directors, or para-professionals. In the desired biology program,
the development of career awareness is a part of on-going instruction on every
topic. ‘ AN

Biology teachers are inclined to think that providing caresr information
to students is the task of the school counselors. "Counselors feel overloaded
with large numbers of students and see their primary responsibility as dealing
with problems of personal adjustment (scholastic,'social, personal, healtﬁ)
and with emergencies such as acts of vandalism, absenteeism, sudden illness,
family emergencies and personal conflicts between students and teachers. .Thev
feel there‘is simply not enough.time to talk abou:t and- plan career activities
for individual students. Furthermore, it is doubt ful they have essential

165
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.

science career information, insights and competence since the great majority of

- . counselors are trained in social studies or psvchology. -

Curriculum

N ~

\, Early};n the 1970's a number of societal problems and issues emerged which
- hdve a basic component in biologX} these problems include environmental manage-
mént, human‘population, worldwide health and food problems, quality of life,
problems of human adaptablllty, etc. From these and other human conditions, . ’
holistic views of biology began to emerge for dealing with these comprehen51Ve
» and interacting bio-social problems which have a personal as well as a social
'aspect,‘thus providing a new context for the teaching of biology. These condi-
tions a‘sd establish the need to consider cultural validity in any refinements
of a olology currlculum. “The actual teaching of biology in schools has been -
only mlnlmallv respon51ve to these social and cultural shifts.
The discrepancies between goals and curricula of existing 2~iologv programs
. and those suggested by recent advances in science and changes in society are
great. The current perspectives on the place of science in society suggest
that a valid,biolagy curriculum should batcg/biological achievements with corres-
ponding imﬁlications fqr;personal and social living. This approach in no wayv

B

- chQ:pmises any concept, principle, generalization or theory in the biological
. sciences; it does, hbweﬁen, ‘change the context in which this knowledge is taugi.:
" from a discipline orlentatlon ta one of a personal-social living , and of a
real-world approach. It also changes the emphas‘s in teaching from one of simolw ’
kﬁow’ng about olologlcal facts to one ;nat ans;ders how these facts mav be
usea to resolve personal and social problems of/numrn adaptability.

niormation

[¥

;h\\Plolog\ curriculum in the act ual state represents a >odv of

!
l
to be acqu*red whereas in the desired state knowledge is viewed as a social
invention leading to piological and scienctific enlightenment. The desired
biology curriculum is more holistic in view and substance then traditional ccurses. ﬁJ
The actual state of‘biology instruction is discipline-constrained, while the -
desired program is interdisciplinary in character, involving not only the naturai )
|

- sciénces but also social and humanistic studies.

N\ - . . i

There appear to have been few efiorts, with the exception c¢c. environmental

courses, to establish a cultural validity to biology curricula rellecting “
prevailing social currents and cultural patterns. The desired course irn diclogy

.
- .
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represents an effort to establish both a scientific and a cultural validity for
what is to be taught. In the actual biology curriculum scientific validity is

apparent; cultural validity is neglected.
Instruction

4 major difference between the actual and desired states of biology teaching

is the context in which biological concepts and principles'are studied. In

the desired course the context of biological knowledge includes implications,

intended to Heve}op a higher level of student motivation, and more communicabilit

than in traditional biology courses. The desired state of biological education

is centered upon the human being as the "type" animal rather than upon the

sué;guman animal characteristic of actual courses.
- Teachers appear to be moving away from the use of non-school and informal
resources {natural enrivonment, museums; invited speakers, television programs)
faF the teachiqg/of blology, while the desired state of biplecgy teaching is a
movement toward wider use of out-of-school resources. The present biology
curricuium is, to a largé extent, classroom=-bound, whereas the desired curriculum
is envisioned as functioning in the real-world of the students. .

In the desired biology program learning is viewed as an interaction between
student, materials and the environment. The teacher serves to facili:afa this
interaction. Learning, in conventional biology teaching, is viewed as a process
of reception, retention, and recall of verbally coderd information. The desired
state of biology views learning as information processing and concept development.

The desired state of biology teaching stresses individualized and personalized
(to develop self-responsibility) instruction for some goals (intellectu®l habits)
and group learning for other goals (value, ethical, and bio-social problems)._
In the actual biology program, there is confusion about the pedagogical meaning
of these styles of learning; individualized learning is interpreted as isolated
and group learning as uniform. While teachers in actual courses tend to
recognize that each individual is unique in interescs, background and ability,
3nly the class is taught, not the individual.

When .biological knowledge is used outside of the discipline in which ig was
generated (the desired state) aﬁd for purposes other than the §eeking of new
knowledge, it functions to provide people with a basis for making more reliable
decisions about problems and issues. Thus, the desired course in biolozy emrhasizes
. 167
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decision-making as well as inquiry skills. Inquiry skills are viewed as useful
for understanding how knowledge is discovered and decision-making skills for
understanding how knowledge is used. Byfattending to both kinds of skills,
the teacher is able to depict the interaction of science and—féchnology which
are complementafy endeavors.,
In the actual state of biology teaching, problem-selving is viewed as
a linear process proceeding stepwise from )roblem identification to a conclusion.
In the desired state of biology teaching, attacking a g?oblem is viewed as a
systemic process which is not likely to be orderly or to result in a uniform
answer. * .
Laboratory activities in the actual biology course are typically rituals or
dissection activities and few are long-range. They pose a question which requires-

a Zinite, delinite answer. Although the three major biology textbooks in actua.

rhH

.
use each contain approximately two laboratory activities per chaper,

2w
teacners systematically utilize this much.laboratory work In actual biology
téﬁchlng, LaboratQ\z activities are for the most part contrived routines, pre-
érogrammed and with specified answers. The laboratory experiments are classroom-
bound, bench-baqed,‘and mostly restricted to non-living specimens.

when biology is taught in a personal and social context (the desired state)
and in terms of real-life problems, laboratory investigarions 'involve a combine
tion of hum@n beings, biological concepts,; and a personal or a social issue.

The student is nearly always a part of the problem orr involved in an indirect
way as a member oi a population. Investigations of this tvpe are different from
conventional biology investigations in that they.frequently: 1) are multi-
causal; 23 cannot be replicated; 3) do not have a single answer; %) have resu.:s
that may rest as much on a value judgment as the processing of data, and 5)

may require a variety of investigative approaches to study. Typically, students
work with problems that may be resolved but .seldom solved, such as environmental,
health, food, and quality-of-life problems.

It is suggestad that in the desired state cf biology the <oncept of '"the
laboratory" be reconceptualized. For example, examination of the bio-social
problems associated with the desired biology program may not always be examined
appropriately in a physical facility called 'a laboratorv'". In the dasired

real world

"

.

biolegy program, labecratory activities are in natural set:ziags (:=he
aand are field-based or community~oriented. :

In the actual state of biology teaching laboratory activities are confined
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rather than open-ended; they are concerned with identifying or verifying - /
facts rather than with societal or personal implications of the facts; they deal
with short-term (one class period) rather than long-range study; the typical problgm
addresses a’ single variable rather than dealing wfih several variables and theirﬁ/
interactions. 1In the actual biology program, laboratory experiments are 5eneral¥y
designed upon a traditional (19th century) concept of scientific inquiry-~proble@
identification, variable control, fgzzuzaiiection, forming hypotheses, data |
interpretation and concl?sion. In the desired biology program laboratory procedures
are more systemic in nature, less conclusion-directed and more decision-oriented.

The statement of the problem may be the outcome of the investigation in the

- desired biology course.

[T

In the desired program, laboratory activities are viewed as a confrontation

between student(s) and real-world situations. The ideal investigation involves

. students with: (1) an interpretation, (2) a decision, (3) an actiom, (4) a .
related question, (5) an application, and (6) internalizing a biological concept.
By extending the laboratory into the community and the adult world, students
become aware of career opportunities. For example, a health~related problem
may introduce students to a varigpy of health care.carsers such as phyéician,
physical therapist, hospital manage}, dietician, psychiatric nursé, and para-
medic professions. Ideally, it will bring students into contact with prac-
titioners in such careers. '

In the desired biology course, personally and societally relevant problems
are examined by various means, for example, opinion polls, demographic surveys,
statistical analyses, literature reviews, museum trips, personal study, and
laborat?ry experiments. Techniques of investigation may also be borrowed from
the social sciences (sociology, anthropology, psychology, economics, geography,
political science). DProblems are examined both from methodological and concep-
tual viewpoints. Frequently, students.investigate problems and issues prior to
their formal introduction as part of class instruction.

¢
The desired biology laboratory program may be summarized in terms of the

i
following attributes: /’"—“=\L
1. 3sctivities have a long-term view for at least hall of the preblems.
2. Activities originate as problems, that is, as actual questions for which

. an answer is not presently known.

Q ) If;{)
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3. Activities are related to personal problems or to social issues at least
half of the time. '

4. At least half the investigations involve the student in studies of

human beings.
f 5. A balance of'cognitive, ethical, aesthetic and creative develdﬁment is .

. .

. @ result of the investigation.

6. Mefhodoloéies used are not only those traditionally associated with

biological investigations, but also those which may be used in other

. and anthropology. . L

7. Activities involve a perceptual orientation (a) from present td future,

P and (b) from the individual to.the community. © e

8. A contextual analysis of data is used. '

?

9. ;nvestlgatlons which present lpong-term and over-all views of scientilic

I3
(2 .

1nqu1ry are recommended.

10. Activities develop some awareness of careers as they relate torproblems
“investigated. : x

’

"o

;hq att*ibutes of the desired biology laboratory program are in contrast s
to the actual course in which la§oratory ac£;v1t1es tend to have the ;ollow*n»
characteristics: ) '
1. Generally, P shott tetmwv1e4 of a problem is endorsed i.e., the problem

is to be solved in 1 to 2 class periods. -
2. The "problem" is.related 'tp tge textbook, and the solution verifies
fact or ccndition integral to the discipline.
3. Social issues have only a marginal representation among all laboratory
activities. 4 '
4. The organisms stidied are phyla lower than mammals.
S» There is little application of the concepts developed in the laboratory

to the interpretation of human beings as a biological species or to

’ [
* ' human beings as soc1§1 organisms.,
3 "
i zvaluatsi - . o3
/ Zvaluation o

In the actual biology program the major testing activity consists of having
students replicate in one way or another the Zfacts that have been learned. In
the desired program more attentlon is given to hav1ng students express their line

of reasorning in resolving a problem, suggesting a program of action, interpreting

Q; ‘ * v ) R
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o a 51tuation and in.other wayo demonstrating their capabllity for logical thinking
. v "and ratiOnal decision making. In actual biology programs many of those

o O attribuﬂes areféssumed to exist if the student .can identifv some of the rele-

R N C

vant‘facts. In the desired program this assumption is not made and students are
called upon to demonstrate their ability to use what they have learned»in

. model situations, The testing may involve a written or oral test, an action, .
A N Lo N o : . .
AN a debadte, a critical essay;yanduother means.

. \ .

.
B

The Teacher
. ' ‘ In the desired biology program, teachers are viewed as custodians of a
T e ' "’ seience/technology-based culture)with a responsibility to support and enrich
- its potential. This position is‘in contrast to.teachers of the actual biology
S course who, Viewwtheir functlon as,a convevor of knowledge and measure their
success by scores their students make on standardized achievement, tests.
The major difference between teachers of the desired and actual biology

\r‘}

. ' programs—Is—a'philGSOphical one. In the actual biology program the teachers'

~ 'y
LS8y

L . maJor commitment is to the students’ cognitive development. In the desired progr é

) the emphasis is upon the student as a functioning and contrlbuting member of society. ¥
[ N IETIN ,
To acnleve the goals of the des1red prooram will require a program of inser—-ice

.education that focuses more on the normative and conceptual ramework for the
v teaching of biology and upon the meaning and nature of learning. This approach

RN is in contrast to. .traditional 1nserv1ce “programs, where the emphasis is almost
* hord

exclusively on updating subJect matter, new instructional techniques, and teaching

.hardware.

L N A
ey 0 “‘Q' K fa

* ERIC

S A .7 Provided by R
e




Information Gaps e ot

Introduction

- A y

ey i"" s
T . The purpose of thls second section of the Phase III Biology Report i3

'g o t_ list some of the kinds of information we felt would have been useful to

;“; our itask, but which Were not included in the data base. Specific recommen- éj

- 5

- ‘dations for research we included in the third section "Needed Research."

‘XE »i The three NSF status studies and the NAEP science data have provided

'% ﬁch valuable information for describing and characterizing the actual state of
oiological education in the United States in 1978. However, some essential
data are’ regrettably missing, making a synthesis of the information and a
comparison of ' desired state of biologicai education with the actual state
less complete than expected. Prompt follow-up studies should be conducted to
£fill these gaps and to assure full benefit and use of the initial three

status studies. Such actdon m2y be viewed as extensions of the 1978 efforts

intenaed to: (1) provide\full analyses of discrepancies between the ideal and

actual states of biological education, (2) identify possible solutions for re-

ducin' discrepancies, and (3) determine future needs.

In identifyving the gaps\in available information the biology focus oroup
organized its investigation according to the "critical elements" sequence
rdentiFied by the. Project Synt?esis staff. These elements include: (1) goals
of biological eaucatior- (2) students of secondary school bivlogy; (3) biology
programs; (4) blolo"v teachers End (5) evaluation. '

’ In addition to the need foﬂ more direct information on biology teaching .
~tnere LS a need to brino together relevant research information from other related
fields of study. Three categories of information are needed to permit a full

analy51s of aiscrepancles between desired and actual states and to make

'-

\\\\recommendations for corrective actions and additional research. Thesa cognate |
fields include: (1) pedagogical studies (involving learning, cognitive develop-
ment, value and ethical information futures); (2) contemporary trends and
thrusts in the science of biology (inciuding oioethics, recombinant DNA,
environmental research, holistic views); (3) science indicators (including

enterprise, social indicators for trends, sociology and philosophy of scze

and tecnnoiooy for the context of science.)

.

~
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Furthermore, the NSF science status studies reveal that science in the
secondary school is typically taught within the framework of a physical science
model characteristic of the\l9th-century. science. Unfortunately, this includqs
the Feaching of biology. This model of scien&e is inappropriate for the teacﬂigg

of modern biology. No information is available concerning the way teachers -

view the conceptual framework of biology as a whole and as a human science
in particular. \ Such additional information would provide a more complete
setting and a mpre accurate framework for assessing the status of biological

education and fdr identifying specific needs in establishing future directions.

Goals of Biological Education

A primary goal .for much of secondary school biology teaching is to prepare
students for college. What is not knqgn is the specific subject matter expecta-
tions of .colleges and universities for a background in biology as it related
directly to success in coilege either as a biology major or as a liberal
arﬁs student. Nor is there informatién concerning the utility of spgcific
biological principles for other study, work, or adult iiving.

Reported information concerning goals is very general. In additionm,
teacher and studen: goals and objectives pertaining to personal needs and
societal issues are particularly limited. For this re.son, it is impossible tc
assess teacher and student views as to the relative importance and the degreen
of achievement of goals. Reports that goals are in transition are not validated
or exemplified. Furthermore, there is no differentiation of goals according to

g grade level, areas of science, or éourse focus (i.e., college preparation,
general education, technological, career focus). )
& Although careex awareness is included as a goal, information concern-
ing this %oal is limited in the status studies., ﬁhat is occurring in schools
\ip terms of biology programs,. what -he results of 'such programé are in terms
of studeﬁt outcomes, and what specific teachers are doing remain in question.
Information regarding specific careers related to biology, training oppor-
tunitie;, and opportunities for special studies is limited. Although there
are suggestions that few biology teacggrs feel a mdjor responsibility to their
students in the area of career awareness, the importance of thislgoal to
students and parents is documented. Moge infgamation in this area would be

helpful in assessing the current status ?ore acqura;ely,

’
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Students in Secondary Schooi Biology K

Too little has been reported abogt/student outcomes that result from
'_students' experience with a given piSlogy'course. Informétion'is limited
- concerning the na;ﬁre of studepts/;ho elect biology at various grade levels,
the nature of specific courses,/and the value of school experiences to future
science courses and;ér future/adnlt work. Information on achievement and other

outcomes for students who comnleted biology through the use of one of the basic

_texts (i.e., Modern Biology) or through ore of the newer special courses (i.e.,
oceanography, environmental studies, integrated science, ecology) is not
available. '

Information is not avaidable concerning student outcomes in biology
when taught by teachers with various chéracteristics related to prepardtion,

philosophy and belief systems, cognitive style, and attitude with materials

(curriculum) held constant. Little\attention has been directed to out-of-

2
school experiences and their effect u Q:ﬂbiological education. The effects of

teache

tculum, and community exper;gices upon student learning, choice

urses, and attitude toward biology were not adequately addressed and consti-

BAY
te gaps in the information base. \\\

There is a paucity of information about the universal interests of students
in biological topics. Intuitively it is felt that the desired state of biolog:
is closer to these interests than the actual state of biology teaching. It

‘

would be a simple matter to gather such information. . s

Ve

At every grade level from the elementary schanl through high school,

teachers decry the inability of students #6 read biological materials. The
persistence of reading probiems from gpade three on suggests that, for unknown
reasons, the problem is not being resolved. The effect of reading ability upon
sﬁccess, attitudes, and learning in biology has not been adequately considered.
The necessity for reading skills for the study of bioiogy and/or the affect
the study of biology can have upon readiug skills is not clear.

Information from thé NSF studies regard{ng'étudent perceptions ¢f assign-
ments,. questioning strategies, laboratcry investigations and examinations is
limited. The NAEP Jata (for science as a general field) suggests some interesting

possib:lities for biclogy teachers, curriculum developers, and interrretars of

achievement information. Specific information concerning students, teachers,

”
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It is not entirely clear from the NSF sc1ence education status studies to

- .. what degree the educatiopal proBlems that pertain to pre~college science _

N education in general are,problems for biology teaching spec1fically. OuestiQns

de51gned to provide these anewers were not adoressed by these studies. In

u
.
8,

add1tion, the analytical and normative frameworks for systematically describing

. the state of biological education and associated 1nfrastructures are only ;

;o 1ncompletely dealt with 1n the NSF- science status sj&oies. \-' - B -

. Little information was sought, and thenefore 1 ttle is avadlable .

- ’ wa e

? ' regarding the 1ntegration of, biology with ' science throughout the 7-17

° * - » * )
. . seguence. Interdisciplinarv or trans-disciplinarv Fpproaches,Were not, _ndted
speclfically. Thé effects of 1ntegrat1ng science w1th major ideas in social

[ )

g scudies and/or the humanities were not adequately investigated.n
* * . * 3 * (3 N ‘
The attention given specific "new' courses 13 biological science was !

‘mininal. Althcugh such courses (when considered cdollectively) involved

. . . ‘ 1 3

substantial numbers of students, these courses an? the students enrolled in ; -

;

them tended to be lost in m1scellaneous categories. Sdnce many of these /
offerlngs represent attempts to achieve the "desired state this faidure to

coll:ct more careful 1nformation is particularly dlsappoint1n°. Information

e

concerning the courses, goals, students, etudent] learnings, .eachers 1nvo% ed

’, { Py

would be parricular ly desirable to analyze. f

- In a simllar way, the use of such spec1al supplementary.materials in -
S biology (i.e., OBIS, HSP modules, Natlonal Wilﬁlife and Dairy Council mater1a15§
?‘ and others) was not adequately noteg A close look at curriculum, students,
and teachers would be of interest as indicators of new directions. A look
*  at test-center situations where HSP, ISIS, OBIé, USMES, and other' hew naterials
are in use would provide reliable information regarding di?%ction;and relative
| effectiveness of newer approaches in\biéldgicgl education.
The NSF status studies report 'concerns pargnts have about schools and

schooling (discipline, costs, "basics™) but do not identify their perspec-

tives and priorities for a general education in the biological sciences Icr con-

. i
contemporary times. Information reoarding use cf community action projects

‘u

in Biglogy would have been useful information. Such projects as those i

“w
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designed to control pollution at the community level, to monitor envirommental
. factors, to improve energy conservation practices, to study safety hazards, and
to pérticipate in career awarenessnprojects suggest a movement to the desired
state in biology education. Unfortunately, specific information is unavailable
about such instruction. S _

The infeimation-reported as missing, or labeled as "qc re§ponse" for N
sizable numbers of teachers, indicates another kind of concern. Such lack of
response on the part of teachers regarding instructional practices, such as the
use of field trips, probably suggests that such strategies are not used. Howerear,
more precise information from a total sample would be desirable. :

Qf great interest would be the identif%cation of quality programs, classroens’
and teachers. Established criteria for '"good'" biology instructicn and a specizl
look at those programs meeting those criteria would be helpful as one considers
the direction for biology educaékon and for analysis of the discrepancies betwez.:
désifed and actual states. Examples of existing school programs which Qpproxi—
mate thg desired biology program would be helpful. Information as to how such -
programs were developed, implemented and staffed would be especially valuable.

Information concerning modules, units, texts, activities and other curricular
components would be useful. Much of the information regarding materials as wel.
as programs and teachers was lost to the "averages' reported in the NSF studies.
Information concerning futures; new directions in biology, and new materials for
collegiate programs would be useful. Knowledge of the degree of familiarity
such information of secondary school biology teachers would be usefdl.

Additional informatiop regarding use of decision-making strategies, éuality
use of the laboratory, definition of such terms as problem solving, inquiry,
and process would have been helpful. Again, much information and its interpre-

k.
tation' has been lost in the 1978 studies.

Morg precise information would be valuable concerning biology and specific

schools and teachers. Again, the information would be helpful in determining more
accurately specific discrepancies between the desired and actual states. Areas

of interest include cooperative problem solving, exemplary use of the natural
envircnment, decision-making strategies involving biological issues, fgcilities,
and procedures ior encouraging individualized/personalized'instruction, use

of human resources in the community, and activities which require values and

ethical choices.

The NSF status studies report that biology teachers could "do better" if
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ness of gqals, programs, or teaching. Little attention was given to out-of-
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they were given "more support”, but it is not clear what the nature of this
support should be beyond- that of more money. Iég;ovements in curricula are
generally more a matter of ratioﬂﬁle and scholarship than finances. More
precise‘informafion\regarding the meaning of '"more support" is needed.

In general, there are ‘inforamtion gaps in the NSF studies regarding the
biology prograﬁs because thz investigators generalized to "science, were
content w%th reporting the general situation, did not cpnsi&er criteria for
quality programs, and did not appear to consider the nature of information
There was a lack

~

of argeneral frameyork for describing science education in ganeral and biologi:zal

necessary for taking new directions in science ‘education.

education in particular. Little was done to examine the relative effective-

school learning, parental and community influences, and public literazcy in
. 1
biology -or in science. in general.

Teachers in Biology

Little seems to be known about educational beliefs 0f . :.1. - teachers,

their concepts of science and technology, the meaning thev attach to scientific
literacy, and the philsophical assumptions that guide their teaching endeavors.
The NSF studies do not investigate teacher belief systems and/or their unaer-

The rationale for the use of given matericls,,

standing of the framework of biologzéﬁ
procedures, and organization for bioiogy instruction ipdsecondary schools has been
largely ignored. \ !

Nowhere in the NSF science education status sctudies is information reported
concerning the criteria teachers use in selecting and using given instrué;ional

practices for the teaching of biology. The reasons a teacher selects a certain

biology curriculum (textbook) is not known, nor, and mere importantly, why pro-
gréms and practices are discarded. Why teachers use, or do not use, liﬁréry
resources, specific questioning strategies, community resources, individual
assignments, or various forms of media is unknown. Such reasons perhaps would
represent information at least as valuable as the information concerning use
or non-use.

Additional informatiéh regarding the nature of biology teachers who are
involved with team teaching, out-of-scho?l activities, exemplary use of the
natural environment, and decisiog:making strategies would be desirable.

More precise information regarding-participation of biology teachers in

-
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provide? How does the effective teacher interface with parents, administrators

.

Ry

professional organizations (i.e., annual meetings, contributions to periodicals,

work on committees, etc.) would be useful. Information concerning the reading
habits of blology teachers as well as a more care¢ ful analysis of the mechanism

of their learn&ng about new programs, directions and activities are needed .
Information concerning the effectiven ss of support systems (superV1sors, adminis-
trators, department chairpersons) is needed. As with programs, information con-

¢

cerning superior teachers would be of value. What happens when a teacher rarely

L ns

uses a textbook? What kinds of out-of-school contacts does a quality teacher

and coordinators? What factors have stimulated teacher change? How have some © T
teachers made their philosophies more consistent with teacher practices? ‘
another general concern related to the biology teacher is the nature of
teacher education programs. It is suspected that perhaps as many as 40 percent
of those teaching biology or life science courses do not have a teaching major
in the subject; a study of biology teachers' qualificaticns and assignment is '
needed. The information provided by the NSF studies is :too global and inadeouatg_____é
for analyzing courses and the meaning of certain discrepanties between thﬁ desirea '
and actual states of blology education 1n secondary scnools. Anaxyses,o:_teachen
behavior, philosophy, and erfectlveness based upon information cther than total
credit hours in biology or the number of NSF institutes attended would be help-
ful. A@aid, the nature of the preservice programs and that of the inservice

experiences needs study and analysis. Informaction regarding the features of

(o]

effective preservice and inservice programs is needed.

Evaluation of Biolegv Education

.
e

Since evaluation is frequently equated with testing, it is not surprising
that the NSF status studies leave many information gaps in this area. Problems
connected with testing in Biology are apparent. Information regarding. student
outcomes following instruction in biology in any dimension other than content
achievement is scant. Where has such information been collected? How frequently?
What is its nature? Information concerning program and student outcomes is
needed when one attempts to evaluate a total science program or the biology

offerings from a broad perspective.

Examples of testing and general evaluation procedures which emphasize the

goals associated with personal needs and societal problems wculd be useiul for

.
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study, for modeling, and for analysis. Information concerning the effect of
teacher test#ng practices upon student learning and attitudes would be useful
also. How dé frequency and test style affect learning? Do tests designed to
assess highef order learnings result in differefit patterns of performance for
different kinds of students? How do the igstrumehts used for evaluation affect
student attitudes toward biology? - Much of the information in the NSF studies
suggeét that testing is a problem in biology proérams.' However, there is a lack
of spacific information about the effect of various criteria for success on
instruction and student outcomes. .

Identification of biology pfograms in which studies of feaching (applied
research) have been conducted would be valuable 1nformat;on. When there is an
\1uterest in self-assessment, one would expect more change in programs, teaching
Strategies and student outcomes. As in the case of student outcomes, new curri-
culum models {courses), and exemplary teacher performanc%, information regarding
model orogfams of evaluation is needed. Suﬁy examples are important for descrlpu-;ﬂ:

of discrepancies between, de51red and act:ua1 a@ates. In addition, models provide
assistance for thers in moving to the de51red condition. How Ean rational decision-

making be evaluated? How does a new focus for blology programs (environmental
studies, for example) affect student and Drogram evalua»10n° ' -

In summary, the NSF-supported status studhes of 1978 provide much needed

ic75

/
information, but a synthesis of the results s?ggests a series of additiornal questic:os.

These questions represent gaps in the information base, some of wnlch should have
I

been anticipated prior to tliese previous stu@ies. As is often the case, however,
. . . . - . / . . - .
asking the right questions is easier after the picture begins to form. It is

only now, as new hypotheses are generated, tﬁat we see the urgent need Zor fillirng
- I :
some of the gaps that appear. ; . . .

|

|
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Introduction E)

_ A comparison of the actual state of blology educaglon, descrlbed by the .
NSF science status stuhles, wlth the desired state aé\\roposed by Project
Synthe51s identified sevéral areas of needed’ research Flrst, there were areas
in which the three studies indicated the T;ék of a research baée;'and, second,
new trends were identified which require ar exténsion of the current;reseafbh
foundation. Furthermore, the desirea biology program needs to be established on
a philosophicél and theoretical base. In order, therefore, to effect p051t1ve
changes. in teacher behav1or, curriculum development, student outcomes, course

content, and societal acceptance of the propdsed biology program, new research .

must be-promulgated. . T

N 4

Prioritv Research Areas

1)

Thg biology focus group,;is cognizant ?f the priority areas for research
identified by the Naéional Science Foundation, and’ there is extensive matching
between the suggested research and the indicated priorit§ areas.’ First, since
biological science is presented during either the middle/jumior high school wvears
grades 7 through 9 (ages 12-14) as Life Science or during the 9th and 10th
grades (ages l4- 15) as beginning biology, the research needed focuses on the
early adolescent. Second, the identified research involves E9sic questions such
as the long-range effectiveness of different styles of lerrning and teaching,
strategies for teaching and evaluating effective decision-making or problem-
solving processes, applications of methodologies frem the social sciences to
biology teaching and research,, new models of inservice and pre-service teacher
education, and effectiveness of biology teachers on research teams. Third,
much of the needed research is interdisciplinary because of ‘the des*red biology
prog*am s involvement in strategies and content from other dlsc1pllﬁes such as
sociology, anthropology, psychology, and cultural, economic and human geography.
The goéls (sbcietal needs, personal needsa careers and knowledge of the disciplirne)
of the desired biology curriculum demand a variety of new methodologies for '
COHCGﬁfUE;lZl&é, teaching, and learning biology. Included among the useful
methodologies are survey\éechniques, interviews, ecodlogical studi2s and case

studies. Fourth, much of, the needed research may require -synthesis studies;
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and fifth, since the desired biology program is aimed toward a wider spectrum
of people, it should promote scientific literacy. The National Science Founda-

tion's five priority areas of research (early adolescent, interdisciplinary,

-3

. . . I
new methodologies, synthesis and scientific literacy) provide the interactive

factors needed tP move biology education to the desired state. -

Nature of Required Research

Much of the research needed requires a new, or broader concept of the
nature of educational research. For example, whenever possifle, there should
be planned replication of studies in a variety of settings ard conducted by .
several research teams. The new methodologies ebployed, however, may result,

in investigations which do not fit into the "scientific'" mold. It is antici-
pated that many studies may be multi-causal and nonreplicatle; thev nayv be
based partly, or wholly on value judgments; they may .require a variety of inquix—
techniques, including problem-solving and decision-making; and they may not
result in a single answer or solution. However, these new types of investi-
gations employing new methodologies and designs may provide both the information
and direction needed to- transform biology 2ducation in our society.

Resea}ch,is required in-the area of learning evaluation also. Tor exampfe(
new instruments must be designed to assess the goals of the new biology, that
is, to assess students' abilities to interprat social and personal problems.
Studies to explore techniques and attitudes toward seeking and uging reiiable
information are needed as well as ones describing methods of inguir: unique to

.

understanding and solving present biosocial problems.

New Research Methodologies

# One area of needed research involves the identifcation or the development
of new methodologies of reseafch which are appropriate to the new concept of
biology. Research in biological education is in need of new methodologies,
which can encompass the complexities, ecologies and interacting variables

of the class, the scheol, and the community. The narrowly deiined, controlled,

single variable, reductionist bias of contemporary educational research is not

adequate for étudying the potential Bf, or for assessing the impact or, the

desireé biology curriculum. For ;ﬁa ple, techniques such as role playing, inter-

views, surveys, meta-analysis and ecological analysis cf a classrcom need to

be applied and examined for use in biology education.
& ]

. v

.
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‘determine what facilitates the biology teacher's use of cooperative and indivi-
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Two areas which require new methodologies are so basi¢ to the changes
suggested that they bear special mention. These concern research into'problem-
solving and decision-making processes, gor both are teaching/learning skills

in the desired program. Research is needed to describe decision-making
processes in children, adolescents and adults; t? examine the effects of ideas,
values and information on deicision-making .processes; to examine students'

L4

abilities to support assertions for their decisions; te instruct teachers in
inplementing decision-making skills; to define atttYibutes of decision-makers;
and to delineate interactions in the process of dlpision—making.

Furthermore, researchiis needed to determine the 2ffectiveness of differen:

models of cooperative as well as individual problem-solving techniques and to .

dual problem-solving technigues. ‘Since decision-making and problem-solving
strategies are crucial techniques for applying hiological information in person..
and societal contexts, this researcn is needed to describe apprdpriate wavs
to involve students in: (1) reaching deczsions, (2) clarifying the consequences
of their decisions, and (3) identifying the underlying ethical considerations in

reaching decisions.
Descriptive Research ﬁ

.

)

;
|
!

Another area of needed research involves the description of biology educa~
tion, past, present and future. Again, a synthesis of research ig needec to
describe accuratelv changes during the past fifty years with respect :o
facilities, students, cnurses, inservice models, preservice courses and enroll-
ments. An analysis of courses related to the desired biology program such
as HSP and OBIS is needed to determine both the strengths and weaknesses of

these and similar offerings. Case studies of new, interdisciplinary courses

which describe their effects on student’s, teachers and communities are suggestec.
Furth;rmore, research is needed on the feasibility of basing a biology progran cn
currént issues and questions and on using the human organism as the prototype. In
addition, research i# required to determire the public's perception of biology; that
is, factors affecting public understanding of and support for biology; publ*c attitud.
toward the meaning and importance of biology; and public §Upport of experiengac-based

biology program.

Since the desired biology program is' founded cn social and persoral aware-

ness of the guality of humanness, research is required to compare different

182
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percept;ons of humankind; to clafify the presentation of humankind in Bology
texts; to describe unique qualities of humanness such as self-awareness,
reciprocal obligatich, values and ethics; and to illustrate the problems and
potedﬁiéls of humankind interacting with tﬂe physical and natural environment.

In addition, a continuing program of research and study on social changes, cul-

tural thrusts-and science perspectives is needed tv establish cultural and
scientific validity for the desired biology curriculum. And, last, there‘is a
need for descriptive studies which can establish the educationsl legitimacy of
biology teaching. That is, a conceptual framework or theory cénsistent with //

personal and societal needs is required as the foundation for the desired courses.

Research on Goals

The new perception of biology includes many interdisciplinary topics con;féer-
ed rom personal, societal and career orientations as well as from a knowleﬁé;- ’
of-the-discipline base. Research topics needed to illuminate the goals of
biology comprise the fourth area of needed research. Stﬁdies are needed to ,
determine what knowledge is most related to personal, societal and caéeer zoals;
to describe the basic concepts and salient knowledge, related to social issues
and personal neads, and to ascertain what adolescerts wa;t to know. Research
is apprcpriate to determine %iology teachers’' knowledge and values concerning

’ social issues, to developr a hierarchy of importart ;ocial issues for biology
education and to determine what adolescents perceive as important social issues.
Furthermore, research concerning personal goals of students and teachers as .
they relate to tiology is needed. Once the goals are clarified %pd identified
research is neeled to explain the inconsistencies between the stated goals

and the observed zoals in biology classrooms and to develop techniques in teacher

education which nelp to eliminate those inconsistencies.

Research on Lareers . ' /

The new bidlogy incluaes a permeating and pervasive goal of career infor-
mation, and a variety of résearch is needed on the feasibility of providing a
career orientaticn within a specific content area. First of all, a synthesis
of biology career information is needed. 1In addition, studies to explore both the
impact Of different career exploration techniques and the factors influential

3

in the selection of careers are needed.

-
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. Research on the Role’of the Teacher . - :
: —— . - :
c The three?NSF status studies describe conclusively the 1mportance of the
a teacher in determining and in implementing any biology program. Indeed the .
teacher has been characterized as’ being the ‘enabler, the 1n§p1ration,\and the R
2 constraint (CSSE 19 1) of biology education. Considering the central role of ’
the teachery Teseafch is needed concerning teacher behav1or .and tra1ning In,
.. order to interpret and influence the role of the biology teacher, the follow1ngo
research activities are suggested: . ’ .
1. Follow-lp studies_to NSF?stPSTEP‘projects to determine the effect )
..of model programs on teacher behavior. | ( -
2. Correlational studies between two, teacher- traidizi Bro rams on ope T -
’ . g " campus (far example, Human Bio ogy or General Biology) to determine any
\ e differential e€ffects on teacher benav*or and/or performance. . . //
1 3. .Analysis of the errectiveness of inservice workshops in areas importan: K
\ in the desired state Gsocial personal, knowledge of the discipline // ’

- . /
and careers 5] . . . o

&, Studias of the effectiveness of drfferent approaches (lecture, video-
tape, wgﬁkshops, active listening, encounter orouos) in enabling
teachers to personalize instryction.

5. Studies concerning the effecté of teachers' content backgrounds on
achievement in secondary schools biology and. on their teaching sty1es.

6. Analyses of strategies, including support systems, which affect curri-
culum changes and teacher actions.

7. Surveys of teachers' perceptions of needed areas of training and re-
search as well as studies concerning ways to influence those percep-
tions. ~ ’

' 8. Studies of communication modes which.will encourage more teacher-to-

teacher surport and growth.

9. kesearch on thé professional socialization of biology teachers ang

> its causes and its effects. ’ o .
10. Descriptions of biology teacners' use or lack of use of the natural -
environment and studies of ways to effect its use..
11. Analysis of the resistance to change found in biology teachers, adminis-
trators and publishers and studies of ways to effect change

<

~
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, 2. Examination of the current perceptions of biology teachers concerning

personal needs, societal issues and career awareness as part of a

Nt

IS

bfology curriculum,

As the above list indicates, comprehensive research is needed to analyze

i.and to‘*alter positively both teacher’tgaining and behavior.

Research on Classroom Practices ' v
%

The next area for study is classroon practices. Again, a range of research
is needed. For example, studies to explo-e the new modes of problem-centered ’
instruction, of personalized and individualiéed instruction and of inter-
disgipliggry Eurricula are appropriate. Research needs to identify which current
prqblems\can be explored reasonably by secondary biology students. A survey
of the availabledmaterials appropriate for the desired biology program needs
to be condu.“ad. Research to determine whether biolofy teachers prefer design-
ing a cﬁrriculum, using one designed for them, or using some combination of the
two is crucial. Furthermore, the effectiveness of hierarchical, discipline~
based learning in comparison with modular, problem-oriented learning in biology,
especially in relation to long-term memory and rational decision-making, needs
/to be analyzed. |

Research cn both the feasibility of and the appropriate mechanisms for
isiplementing the desired biology program is required. One special concera of any
éeasibility study is an analysis of both the activities of and the facilities
for the desired biology laboratory.  For example, research is needed to:

(1) assess the problems and possibilities of implementing the desired program;
(2) dete-mine biology teachers' perceptions of the optimur way to implement it;
and (3) examine several model iﬁplémentation programs to assess the effects of

.setting, grade ievel and teacher characcerist%cs.

Research on Student Outcomes

-~

The finali area of research is, perhaps, the most important one =-- research
on student outcomes. Research concerning student characteristics and learping
patterns is needed to assur2 the appropriateness of any biology program,
particularly one heavily based ¢n per'sonal needs and societal issues. One
problem which must be examined is how and wnere students acquire a knowledge
of biology. It is recognized that culpure, among other things, is a communica-

tion system and creat ; its own conventional wisdom. A science/technology

based culture conveys to yoang people a knowledggﬁg?out itself that has not been

185 | :
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explored to any degree. How much of what students know is a product of cultural
diffusion, and how much has been learned through formal schooling re unknown
quant;tles. Bow much of students' scientific knowledge is acqulre:\;\\ﬁly '
from living in a technologicak society is a critical factor to ascertain before
designing new programs. Furthermore, the question "What factors influence the
motivational level of students for studying biology?'" is of cr1t1cal ‘mportance.

" Additional research to determine what biological concepts are appropriate
for students in a bio/social context, 'to explore the relevance/effectiveness
of different curricular designs on studentS, and to develop new criteria for
measuri ng student growth in biological education is needed. Furthermore, as lorn:
.as discrepancies exist, research which analyzes hlack, Hispanic and fema'le
achievement parterns is needed in order to determine alternative or supplementzl
instructional strategies in biology for these groups.

Several major areas have been identified as requiring research for the
suggested changes in biology education. These areas include all of the
research priorities identified by the National Science Foundation, and they
will provide a comprehensive background for the projected changes. Biology
educators, students, parents and concerned citizens certainly have learned from
Ethe_last series of curricular reforms that effective changes must be firmly
based on research which documents needs, desires and pathways before such.change-
are accepted, disseminated and utilized. It.is hoped that this compilation of
needed research will provide the impetus and thé justiZication for the acceptance,

dissemination and utilization of the desired biology curriculum.
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In an earlier section the discrepancies between a desired biolegy program
. and existing biology programs were reviewed. (See Table I.) Informatipn gaps
were then outlined. The discrepancies and information gaps suggested research
problems for biology educators. “An advantage of using a degired program is -
that it provides.a direction and strategies for the amelioration of biology
education QrpBlems. The purpose of this section is to outline recommendations .
‘that will help resolve the discrepancies. The recomrm:ndations are rot in: anded
to provide answers. The intention is to suggest strategies, tactics and proces
dures for the resolution of problems related to biological education.

The approach uied in this section will be to first discuss changes in
biology_education as chey relate to bublic education; second, to.describe re- .
commended changes in the professional educatiou of biology teachers; and finall:,
to discuss the important function.of leadership by those directly and indirectl:

associated with biology education.

Public Education

Public éQuéation is an in and out-of-school process. That is, public edu-
cation in biology is more than teaching biology in school. This is a fundamenta.
premise of our recommendations. The biology focus group assumes that nhe;e

is a need to inform the ppblic‘about the piace and significance of biological
information in our society. One place the public is introduced to biology is

in ifh°°1' In addition, there are other educational agencies such as museums
and zooé which also have biological programs. Fihally, there are other social
institutions such as churches and the media which also educate and inform the
pubiic. We must assume that some aspects'of biology are conveyed to the public

via this last, less formal process.

Attaining the goal of a biologically educated public will requ%re that
Eiology educators work cooperatively with each other and with informal agencies
, (e.g., museums, park systems, 4H Clubs, print and electronic media, church
groups) to mgximfze their contributions to the public's biological experiences. ‘
Many of these agencias are in a favoratle position to relate biological concepts
to the rezl world of the public. The responsibility of biology educators is
to participate and to utilze fully these résources in developing the desired

state in her/his own way. Obviously, biology educators at all levels have
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different strengths and interests. If each contributes hiis/her shrrze, the

- 2
- combined effort will indeed have an impact off* 5
sections are some suggesticns for changes that might be made in curriculum and

instruction. p

,Curriculum.

s

In general, the biologich curriculum should include much gieater emphasis
on knowledge and methods relatled to the personal needs cf students, societal
pro>lems and career opportunities. Achieving this goal will noi be easy but

it is possible.

1. Curriculum programs should be constructed so knowledée is presented
in the context of péréonal and social issues. i

2. The accunulated knowledge derived from biological research of the
last 200 years needs to be re-examined in philosophical and psycho~
logical terms to establish the biological concepts having the widest
significance in the contexts of. current social conditicns and
prospects for future human endeavors.

3. Worthy educational goals for the teaching of biology must draw upon
not only the natural sciences but upon other disciplines dedicated to
human understanding, such as anthropology, sogiolog§, psychalogy,
human geography, the arts and humanities.

4. What happens o improve biology teaching will happen only if tesachers

make it happen. The desired state of biology teaching will :ome zbout

tives and develop new programs reflecting those perspectives. New
perspectives for the curriculum will include some of the f2llowing
(see The Phase I Biology Report for a complete description or Table I

in this report):

~cooperative problem solving
~decision making

P

-problem orientation (vs. structure of the discipline)
L] .

-humankind as central Zccus of problenm

-interdisciplinary analysis of problenm

~individualized and personaliZed instruction

O
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public education. In the following

only as diology teachers individually change their educational perspec-
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instruction.

~ Instruction in biology should be;humanécentered. This Fecommendation refc:.
to both the curriculum and the interadtion between teacher and st"dent. (See¢*

Phase I Riology Report or Table I in thls report for a complete desc iption.)

1.

2.
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Attaining the desired state of blology teaching will requlre that '

teichers be heavily iuvolved in developlng tlie new cu?ﬁ&culum materials;

in contrast, the 1960's curriculum improvement proJects involved
teachers only in a token way. R

|
The development: of curriculum p ograms should be multifaceted. Some
Y

textbooks and materiais should be developed zad implemented as'they

«

have in the past. Signlflcant efforts should be directed also towaro’
tac1lltat1ng the &eve;opment of biology programs at the local level.
Textbooxs should be™revised so;t.ey show an interdisciplimaxy

analysis of‘social issues tﬁatjare human-oriented and career-
directed. . - >

Model laboratories that provide information on p}oblems.end then
converge on questions and decisions should be developed. ’

o

&

N * g 7 ‘ .

Biology instruction should be for all students not for just the
college~oriented and/or scientifically inclined.

Instruction should be interdctive among teacher, student ané.
naterials., !

Information processing and decision making should take precedeﬁbe

over accumulating facts and reaching concliusions.

Efforts need to be made to establish the function and p;oresslonax
responsibilities of the ‘teacher in modern terms recognizing the evolution,
and transformation of t@e, iological sciences as they interact with and
influence cultural directions. Along these lines the teacher is

likely to be more of an interpretar or a parabiologist than is now

S

the case. - .
Instructicn could: (1) underscore the unigueness of human decision-
making, (2) emphasize the interaction between information and vaxues
in the decision-making process, and (3) stress the unintentional conse-

querices cI decisions. : -
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.

L 6. Evaluation should focus on the studeats’ ability to: (1) provide T
evidence justifying decisions concerning problems; (2) consider options.
and consequences of decisions; and (3) use-the best information

available. / .

v ProfesSional Education

© .

Ny 3
'3

Achieving and m@intaining the desired biology program will take the -
e combined and coordinaved efforts of biology educators at the local,,f;gional

“and natic%al levels and those in elementary, secondary and higher education.

- Préservice.

' * 1. Certification programs basad on the desired state of biology education

K specifically for grades 5-9 science teachers (middle/junior high school)
. : should be developed and implemented.

2. Preservice training.should include courses stressing ingquirv preblenms.

“data collection and analysis using techniques from the social sciences.

) nolistic strategies of investigation and more integration with social N
. sciences,
h 3. Efforts need to be made to bring teacher education in the biological

sciences in line with what is expected of biology teachers as they
function in a general education capacity. This endeavor has dimension:
in both pféservice and inservice education.

4. Greater emphasis should be placed on the philosophy and rationale of
biology teaching. Students should have a clear and consistant
rationale when they entér teaching.

5. Human relations in biology teaching, i.e. listening, respcnding, .ete.,
should be emphasized as much as planning and organization.

Inservice.

1. Biology teachers need to be engaged in continuing efforts to relate the

.y
"

conceptual foundations of biology to educational goals and subsequentl
. to instructional practices. To accomplish this endeayof will require
the cooperative efforts of biology educators, sociologists of science,
: and philosophically)inclined biologists.
: 2. To.reverse the dysfunctional aspects of biology teaching as viewed >y
biologists, parents, educators, and concerned teachers requires a long-
term commitment to the reconstruction of the biology curriculum to

f“/ bring it into harmony with the characteristics of contemporary societv.
. ERIC .
;}mﬂmwmn ' L - “ | 1{)()
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Presently, educators apparently do not perceive that the biology
curriculum is out of phase with contemporary life. This may be

the causa of student dissatisféction with biology and a contributing
factor to the public's loss of confidence in school programs.
Inservice workshops must involve biology teachers at local levels

as well as coordination at the national levelx This could be achieved
through the existing programs of the National Science Foundation,
provided there is more coordination between their programs -- i.e.,

inservice workshops tied to RISE and/or DISE *projects.

Inservice programs for biology teachers should be interdisciplinary.

That is, there should be attention given to social issues and infor-

mation from other disciplines such as economics, sociology, and politi-

83
cal science. Ethics and values must be incorporated. This perspec-
tive will require some input ?}om psvchologists and philosophers.
Inservice education should stress continual professional growth as
opposed to intermittant presentations of new materials, approaches
or techniques.

Individual biology teacher: must become responsible for their own pro-

. fessional development. This recommendation can be facilitated throug':

cooperative interaction with science educators and/or sciéhtists from
colleges and univeréities.

In the past, teachers have responded to crisis situations by intro-
ducing new programs, gadgets, and slogans which have been unsub-
stantiated by pgychology, philosophy, or research. This approach_has
proven to be counterproductive. The develdp@ent of cléar rationale,”
géals and a conceptual framework by individuaf‘hi?logy teachers should
be an essential orientation of inservice prcgrams. L
It is not likely that whatever is suggested to attain the desired
state of biological education will be implemented nationwide. It

is more likely that a higher quality of biological education &ili
arise from a sméll number of responsive schools, where there is a
clear perception of the desired biological goals and where there is a

-~ e . - » - 1] » 3
faculty of concerned teachers backed by a supportive administraticn.

L 191
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Professional Organizations.

1. New directions and goals should be developed by organizétions with an

) interest in biology education, e.g., NSTA, NkBT, AAAS,

2. Conventions, conferences and journals of professional organizations
should reflect the themes and topics of the desired biology progr;ms.
Social issues, personal needs and career materials would be included
more than they have been recently.

3. Conferences and publications for biology education in leadership rolese
are heeded. Chautauqua~type programs might be iﬁplemented.

4, At present, the kno;ledge-élow system, includir.; the educational e

* * 3 - . o
researcher, the educational developer, the school organizer and ,the

* and cost effective. Professional organizations could help provide

>
S

this vital function.
5. Teachers need to be brought into a ne.work of educational professionals
“in a way that enables them to profit from what is known about:
(1) human growth and development, (2) human learniné and, retention,
(3) societal changes, and (4) advances in the scient%@ic enterprise.

The various services of professional organizations could fulfill this

need.

6. Theréis_a need for a clustering of the reported research on biology

teaching-in ¢t

s of significant topics (concept dexzfopment, various

teaching prac:ices;\tggcher variables, laboratory ! :drning etc.).
A synthesis of the releGépt research could be ceveloped also. The
"meta-analysis" and normative/theoretical procedures now being tested
by researchers provide a means for deve}oping useful results and for
generating new hypothg;es for further research. Professional organiza-
tions shoulcC sponsor these activities. »

7. The literature of science education should include more discussion of
the questions and problems confronting humankind.

8. Professional orgaﬁizations could present (via journals, convention
programs, atc.) alternative futures of humaﬁkind and the decision,
changes and policies inherent in such futures, e.g., sustainable

growth.

out-of-school enviroiment. TN

, = . . R S . = .
teacher of biology is ih need of strengthening to become more afficient:

P
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9. Conferences, articles and programs clari fv1ng values such as justice, —
N stewardsh}p, prudence and cooperatlon should be'develgbed. .
- * - . * ¥ " .
 Leadership B . ' » . °

Clearly there is need for a new direction in Biology educations We have
suggested a direction through developing a desired biology education program:
Obviously, thlsiprogram has not been developed and implemented. It is equally
obvious that the desired program cannot neet the needs of all teachers due

‘to their uniqieness and that of their schools and of their students. All

~—
- !

P of this speaks to the need for leadership if the potential of the desired j
< ' . program ‘is' to be realized. ‘ !
- 1. Blolpgy teachers themselves can become‘leaders in their communltles.

Settlng up public education programs, arrangrng for speakers, d01ng,
workshops or participating in community proorams are all possibiliti e
for the jbiology teacher. ' : ) . '~.
2. Administrators and supervisors can encourage new directions within,

. and outside the ,school. The desired prbgran as we have described it
- g is in part developed at rhe:locai level. There is no existing program
| to implement. We have provided direction and suggestions based on the
; best informaéion available. The efforts of school adninistrarors

and science superv1sors ar:z essentlal if the ideals described i

/

3. Scienceé educators at the college and university lefels are essential

. ' are to become practlce.$

also. The next generation of bjologv teacliers should have the new .
vision'as'well as the salient knbwledge and methods described.
Some thought must go into rethinking science education programs, the
orientation of basic sciencé courses and the professional educational
[ céurses for students. f "
4. It may also be important for science educatorszat‘the college level
to take the initiative in starting- ianservice programs, arranging - -
public spezkers for the community, coordinating school/college programs,

) obtaining grants and doing research as suggested. f

/ s ' | .

This vision of leadership is not that of a single dynamic individual getting

\

the job done. It will take the efforts of many, each doing his/her share.

If the job-of bringing the des1red blology program into existence is to be ,

[

41-/ f o 193

5 {
R D e T et e Tae 1.‘ P P




.
P v e provicea oy exic

ERIC

The distance Betwéen desired and actuﬁl is covered by the work of

aéhieved,

leaders within biology education. The task is not only worth it, it may be -
- “ / i
4§sentiar for humankind. . , ' ‘ i

-

In summary, the goals of the desired blology program, i.e., personal . 7
needs, soc1al issues and careers, as well as knowledge of the dlsclpllne, shoui:
be incorporated into biology textbooks, preservice and inservice educatlon, and -
into the conventions, conferences ‘and publlcatlons of professional organizations.
?reviding a new direction for b;ology will take the leadership of many indi-
viduals at all levels and locations in the edutational community, 'Finally,;
there is a new orlentat on tﬁft includes educational agencies bevond the

Since the .

-~

school, Biology is fundamental'to citizens living in our society.

e e e S . 7. ce s
public is educated in a variety of wavs through di Lerent aceﬂcles, it is
important to change our perspective from teaching biology in schools to

' H
3
biology é@ucation for. the public.

§ g °
.
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PHASE I PHYSICAL SCIENCE REPORT:DESIRED

* N\

STATE OF PHYSICAL SCIENCE PROGRAMS

\ /
[i B Physical Science Focus Group Membefs:
f Ronald D. Ander'son*
Audrey Champagne
Richard-Merrill
. Eric Miller
i ) Lester Paldy -

&

* This report is based .on the work of many people. ,The initial work was
done. by a group which included Ron Anderson, Richard Merrill, Lester

. Paldy, and William Romey. WNorris Harmé and Stuart Kahl ‘were ;nvoléed
in-a major stage of the report's development and substantial contributions
were provided by a commissioned paper prepared by Leo Klopfer and Audrey .,
Champagne. Finally, this report reflects the recommendations of the
Project's "Synthesis Group" including Paul Hurd, Joseph Piel, Harold
Pratt -and Wayne Welch.

+ -
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, / Introdubtion< _ . %

¢ . /
K

3 Syntheslzlng the’ results of several major research studies requ1res‘a con-

ceptual framework for organlzing the activity. This report is presented wlth ‘the

i « +

1ntent that it will provide thls asslstance.

-This report is not -intended to stand alone. Tiportant background for if -is
provided in the "Synthesls Report" Wlthln the context of which this report was
prepared and for which some of the work reported here provided a basis. Goal
clusters, themes,and critical elements are defined below and provide a structure
for-this report. For a fuller discussion‘ofﬁf%al elusters thé reader is referred .
to the "Synthesis Report". The themes for physical science are developed wlthin
this paper a%though\a fuller statement on the role of themes throughout Project
. Synthgsis is provided ln‘the nain report; Critical elements are divided between
-the two'reports with the ones speciflo to physical science contained hereins:

L ~ [

QoaloClusters o I, .

PSP

A synthesis of research finding requires interpretations that are goal depen- '

.dent. Thus, an early task of Project Synthesis was the consolldatlon cf various
&

sc1ence educatlon goals. 1nto four goal clusters which- could provide an organlzlng

rubrlc.
® 7
1. Personal 1eeds--those goals which pertain to preparing individuals
to utilize. science in their own’ lives and to live in an increasingly

v technolgolcal world. ) *

-

2. Societal issues--those g§oals which pertain so preparing informed citizems .
who are able to deal responsibly with science-related societal issues.

4 -
M -

: o 3. Fundamental knowledge-~those goals which perta1n to acquiring and
( utlllzlng scientific knowledge. . oo

4. Career preoaratlon--those goals which pertain ‘to acquiring xnowledge of
- ‘the nature and scope of scientific and technological careers and the
ability to utilize this knowledge in enterlng a career.

-

) No ‘particular priority is given to any or all of these goals at this point.
They are listed here, with the intent of encompassing the majority of goals that’
‘various people have for teaching science. As such they provide an organizing

rubric that can be used by people ‘having a wide varlety or purposes for science

o education. . -

i Because the\results of this prOJect will be utilized by persons with quite
varled goals, this organizing rubric is promlnent in its reDorts. Hopefully, the .

3 proJect lnterpretatlons will be useful to a variety of persons and not be limited’

in its utilltymto those persons having goals similar to those of the project staff.

. ‘197
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Scienc@ais the domain ff this study but it mus \ge defined more precisely if

it is to provide a basis for interpreting the research nder consideration. This

4) science/technology -and society ). The phy51cal science themes presented here \
cnaracterize and define the field, For example, the nature of matte-

which extends throughout the pnv51cal sciences. These physical science

* ?

are developed“more fully below. . - /

y - , : ' . ’ .
It also should be noted that the themes of,these‘flye areas are interrelsted.,
The scientific process themes, for example, pertain to p?ysicalwscience along +

o A . . . .« Y ‘ .
a2ll other areas of science. These interrelationships are seen in another way in

that elementary school science inpludes much that is physical science. !

o

/

.y B
Critical Elements ’ . .

»

Yét,another dimension is needed for interpreting the research under consid-
eration. This research pertains to education and some means‘of'organizing the
edncational aspects is essential. For this purpose; the project staff has identi-
fied certain "critical elements" which include such matters as student outcomes,
teacher characteristics and classroom practices, The full range of these critical
'elements is developed more fully in the Syntheésis Report and selectad ones are -
developed below even more completely as they pertain to physical science.

Goal clusters, themES, and critical elements--these three categorles _onstitute
the major concepfual framework for the analysis of research to be undertaken.
Further elaboration of the goal clusters is in the Synthesis Report. The sections
of this report which follow deal’ W1th an exposition of the themes of physical
science and an explication of the critical elements as they pertain to physical
science. In both of these sections goal clusters provide important points of
reference. . L -

- ‘ The Domain Of Phvsical Science

The themes used to describe the physical sciences are both pervasive and

123

lncla51ve—-perva51ve in the sense that each thenme extenas through a major por::cn
of the domain of Dhysical science and inclusive in the sense that they encompass

‘essentially all portions of this domalnwgenerally included in lower education.

’ " - 4 €
Q . P
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. Before explicating these themes, however, the domain of physical science as used

hexe Should be defined in the conventional terms of subject field. 4s defined
‘here, it includes the earth,‘atmospheric and space seiences\as well as chemistry
and physics. Thus, the themes given below are meant to "map out" this tdtal domain;
The themes presented herein are based upon previous work by Audrey B. Champagne . |

and Leo E. Klopfer. They are presented below within the three classes they define§
\ i

[

. It should be noted that the set of themes presented here is a "working list" :
‘having ut111ty within this project., it is not necessarily accepted by everyone

and, of course, there ‘are the lists of similar nature that include man§ comparable

items. The function of the list presented'here.is to descr{be the major content

. . of phvs1ca1 sc1ence partlcularly as it perta1ns to the various levels of the

.
Yt v

currlpulum. » ,
; . I .
Phvsical Primitives ¥ . ) - , 7~
- il j , '
- ,, ZTheme 1--Phvsical Primitives: A small number of priaitive notions lie at the
¢ foundation of physical sciences. These physical primitives recur so frequentl:
in the physical science dlsc1p11nes that the educated person's unde*stanc~ng el
. them may be considered fundamental The primitives which are particularly
important for students in elementary and secondary schools include: length,

area, volume, mass, density, time interval, rate, force and charge.

H

-

. .
Conceptual Schemes * .. . J

Theme 2-<Nature of Matter: All matter ip the universe is composed of units
which interact. The motion#of submicroscopic units of mdtter accounts for 3

D the temperature of matter and changes in the physical state and structure ’
o matter. . v
‘ Theme 3--%acroscoolc Interactions: Interactlons among macroscopic unlts of )
X\i : matter produce changes in positionj motlsn and/or 'structure.
. ! ’ 4 - *

. - L . .
Theme 4--Conservgtion of Energy:  The total quantity of erergy in the universe
! does not change (as far as weé know), and the quantity of energy before any
ordinary interaction equals thé quantity of energy after the interactionm.

. Theme 5--Energv Forms and_Energy Conversion: Energy exists in various Zorms.
Energy changes from one form to other forms. Cycles and periodicity occur and

A\ s
© , are appropriately viewed within a systems framework. . .
N . . »
| - \
\ * > ° * * . > *
Theme 6~-Chemical Interactions: Interactions of submicroscopic units of matter
with one another and with energy produce changes in chemical bond1ng and the
composltlon of matter. -
Theme 7--Evolution in the Universe: The presently observable features of //”
the earth and the universe are the result of processes and changes that hzve y
£ continued over long periods of time and are still going on now. Change over °

time- is a un1versa1 characteristic of the universe.
/

/
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Fpistemology

Theme 8--E§istemolggy Physical scientists share certain notions about the
nature of scientific knowlédge. Such notions of importdnce for the educated
person. 1nc1ude° (1) scientific knowledge is tentative and is subject to revisicn
as the results of mew inquiries, (2) the content of sciéntific knowledge about
the phy51cal werld is a function of the kinds of probes which are used to
- investigatei‘the physical world, (3) cause and effect relationships are assumed,
.+ - -and (4) models are useful means of developlqg knowlzadge. \

¢ Desired States of the Critical Elements

If ones assumes that.a particular goal cluster is important, arnd that physical

science has something to contribute to the attainment of that cluster of goals,

there are certain states of education that can be identified as desirable. An \

important prelimindry step of Project Synthesis is to identify mary of these

. sy . : . . .
desired states. These desired states can then be used as a basis f6r analyzing

the research studies under consideration and 1nterpret ng the results of: them.

s |
It should be noted that value Judgments must be employed exten51ve1v in this

process. It also should be noted however, that ﬁﬁe interpretation of research

1

i results is not restrfcted by a partleplar set of such values. The proceés employed

'xhere, provides for looking at the,résults of the ;esea;ch from multiple value

pérspectives. k “ /’f-‘ | v Ty x .. ¥
The critical elements td/be empldyed in this process were identified in the

Synthesis Report where a,ratienaie is given for their inc%usion. In this facet of

Project Synthésis, i;tentlon is directed to identifving the desired state of each

s

such elemeént given 'the intent to attain certain. clusters df goals.
~
The rollowlng elaboratlon of the desired state of each of these critical

elements is organized by goal cluster, and for some crlglqal_elements by theme

' ! . ~
within each goal cluster. A description of each desired state is pr-sented, often
in the form of a specific 2xample which illustrates the state. The critical elements

included in this report of matters specific to physical selence include student
s .1 (S N . . . .
outcomes, program characteristics, teacher factors, and classroom practices.

o/ , \
7// * Student Outcomes } l I . .

.
i e

. . .
. ) e . .
The desired states of the various goal clusters are presented here in the form
|
of examples of student outcome statements. For example, “The student, will be able

to . . . ." \ ‘ ) ' ‘
' |

Goal Ciuster I - Personal Needs.

Theme 1: va51cal Prinitives--recognize the quan:tifiable aspects of
.personal matters ?nd "apply them effectively (e.g., estimating amcunt
of paint requlrcd effective scheduling, 9t°®> . . ;
. ’ 3 ‘
Q Theme 2: Nature of Matter--utilize kncwledge of thermostats, evaporative
ERIC -~ - coolers, heat pumps, and common insulating matérials. . ot
KA 17t Provided by eRic: ' - - l '
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aiter opinions based ‘on new knowledge.
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. . ,
.

Theme 3: Macroscopic Interaction--utilize knowledge of the physics of

the internal combustion engine and-common hydrauli
as.power steering and brake systems.

appﬁications, such

v
B N

o o
Theme- 4: Conservation of Energz--ldentlfy he relative energy inputs
and outputs of common\technélogical devi,

Al |

Theme 5: Energy Forms and Conversion--utiiize science~based Xnowledge
of home heatfing systems, knowledge of solar radiation and the luse of
trees to shield houses from it, and knowledge of means for reducing
the harmful effects of ultraviolet radiation.

v
ra

Theme 6: Chemi al Interactions--avoid some of the hazards of spontaneous
combustion, hydf :gen generation in automobile batteries, and radioactive
materials; and: zike wise d%c151ons about the use of common p01sonous and
combustlble chemlcals, acid/basé antidotes, and prevention of food

#

- - .

Tleme 7 Evolution in the Unlverse--recognlze the unlversalltv of change
in 6ne's environnent. . ( - ’

Theme 8: Eplstomologk--recognlze that one's own opinidns are often based

on knowledge that may be tentative. Therefore, one should be wiliing to

. ERIC

Goal .Cluster II - Societal 'Issues.

- s ‘S .
Theme,I? Physical Primitives-<be able to understand the magnitude of
societal problems described using quantifiable data.

Theme 2: Nature of Matter--make some inﬁ%lligent decisions about energy

issues based on a knowledge of the chemistry of fossil fuels, combustion
and new materials for solar energy conversion; comprehend the physical
principles underlying the problems of energy storage.

Theme 3: Macroscopicg&nteraggjon--comprehend the origins and “limitations
of supply of ground watar, fossil fuels, and mineral resources.

Theme 4: Conservation of Energy--comprehend the dangers, potentials and

comparative advantages of fusion and fission technologies. %

Theme 5: Energy Forms and Conversions--explain the relationship between

the polar iee cap size, weather and sea lével. ‘ '
8 . |

Theme 6: Chemical Interactions-—explain how phosphates and nitrates pose

polluticn problems. ' )

Theme 7: Evolution in the Universe--recognize that human activity can

seriously disrupt the natural pattern of change on the earth.

Theme 8: Epistomologv--recognize that scicntific knowledge is changing

and, thus deserves financial support on the part of society in sgite of
what may appear to some.persons Lo be an inability to obtain .1nal answers.

‘1‘ §'. . ".201’ | Z"
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Goal Cluster III-Fundamental Rnowledge

PrC T

Theme 1: Phvsical Primitives--comprehend, applvh evaluate, analyze and
synthesize knowledge of fundmental units; derlve% un1ts and systems of
- measurement. .

o

"

Theme 2: Nature of Matter--comprehend, apply, evaluate, analyze and synthesize
knowledge of a) systems, 'subsystems, and interactions; b)_ homogeneous and hetero-
geneous substances; c) chemical elements and compnunds; d) conservation of ‘matter;
‘e) heat conductivity, kinetic-molecular theory, gas laws,\crystals, and‘ph)sical

states. 3

i

Theme- 3: Macroscopic Interactions--comprehe%g apply, evaluate analvze, and
synthesize knowledge of kinetics, dynamics, astrophysics, wechanics of fluids,
geophysxcs, physical geology, weather and climate.

.

- - - (]
.

- Theme 4: Conservation of Energy--comprehend, apply, evaluate, analyze, and
synthesize knowledge of conservation of energy, lawe of thermodynamlcs, and
energy resources. .

Theme 5: Enérgy Forms and ConVersions--comDrehend, apply, evaluate, analvze

and synthe51ze knowledge '6f potential and kinetic energy, wave pennomena,

sound, 1ight, electro-magnetic spectrum, static and current electrlclty/e‘ec:ran;:s,
magnetism and electromagnetism, and solar rad’atlon. '

.
i

Theme 6: Chemical Interactions~-comprehend ap ly, evaluate, analyze and
7syntheside knowledge of atomic tneory, nuclear physics and.chemistry, and geo-
cnemlstrv .

.

Theme 7: Evolution.in the Universe--comprehend, apply, evaiuate, analwvze
and synthesize knowledge of historical geology and tne evolutlon of planets,
,stars, galaxies and the universe.

13

% . . .

Theme 8 Volstomologv--comprehend apply, evaluate, analyze and synthesiz
nowledge of the nature of scientific inquiry, uncertainty prlnclple, and
tne hlstory of science. { . >

Goal Cluster- IV--Career .Preparation
=S
\\12( L. [ - . *
--make appropriate career-related decisions based on competencies in the

areas of personal need, socletal issues and fundamental knowledge as stated in

goal clusters I, II and III above.

PregramiCharacteristlcs

. T
The desired characteristics .of a school science program obviously are a function
of its goals and will vary accordingly. Good science programs.intended to achieve

the full range .of goal clusters described above will have many of the following
charac:eristies: . ; % .
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1., Opportunities shou%d%%e provided to pursue indiv1dual needs, goals and &
interests, e.g., provision could be mage for modularity, a progects g
-approach, or time periods for investlg ting individual topi:cs: ‘

2, Opportunlties are provided to apply science content and processes to
real-world problems that heve no pat solutions but require trade-offs
(optimization) ..

3} fQ,, .
g 3. ?ersonal needs, societal issues and career preparation are considered
intrinsic to all facets-of the science program.

~
‘

4, Basic concepts of physical science are dealt with in the context of
sorially relevant,@roblems at some point in the total program
! *
\
5. Basic concepts og physical science are dealth with in a discipline-
organized pattern at some point in the total program.
6. Opportunltles are) provided to interact with people working }n science
. ! 1nc1uding sclentists, technicians, and science-related profess*onqls.
7. Illustrationé are provided of persons with different life-stylés, socio-
economic status, ethnicity, and sex partipating fully in the scientific
enterprise. ™% ‘ ST )

N,

£ 9 ‘ ' ‘o » I
8. Eiﬁhasis is placed on the means by wh%ch scientific knowledge is generatec.
!
¢

: i t i . s .
9. Within the total program learning experiences are included which provide:

a. laboratory experiences including opportunities to acquire information
inductively ~

»

AY
b. out-cf-school -experiences
c. opportunities to look outward from a discipline to find understanding
: ) of its problems -
{ ™~ ‘/ #® . -
! '  d. dillustrations of different problem-solving styles
L [ x " |
, e. exploratorv activities that involve.risk-taking, guessr“g,‘nypothe—
¥ - sizing, etc.

¢ . . , . i

‘. f. opporpunifies to participate in actual or simulated research activities
g. opportunities to develop more advanced mathematical techniques as
applied to science matters

e h. opportunities to develop report and writing techniques

i, opportunities to develop ability to read science materials

* . Teacher Factors . -

. . N . . . . .
Many of the desired characteristics are not unique to physical science teachers.
v Among these chifacteristics are: open-mindedness, acceptance of individuals,

203
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creativity, fluency of iﬁeas, patience, warmth, supportiveness, enthusiasm, abll ty

to work 'intuitively and sgontaneously, positive attitudes towavd schools and‘students
and interest in science. Science teachets,should have an appropriate collection of
teaching skills such as the ability to diagnose student learning\requirements and
chose instructional approaches consistent with the various science teaching goals.

In addition to such desired general characteristics, physical science teachers ’ \ .
o~ Y Shc lld- '
4
i

1. be able to comprehend, apply, analyze, evaluate and synthesize the

_fundamental knowlédge of the physical sciences as described by the
“themes ngen~a<ove,

. }
2. be able to analyze and evaluate alternative tolutions for societal "\
issues, based on related knowledge, !

La . 3. understand the application of physical science knowledge to a wide \
range of personal néeds, and \

©

4. 'have an extensive knowledge of science-related careers. °

) !
. “I\

Classrooaflractices

Classroom practices shquld utilize the appropriate materials and equipment

for .the physical-sciences. 1In general however, the practices involved are not

significant fraction of the instruction should\utilize laboratory experience anc

1
I

student involvement with science materials. . Safety practices appropriate to the

|
uniique to the physical sciences alone but apply 'to all sclence teaching. A
pﬁysical sciences should be utilized. |

s Goals, themes and critical elements, all are an important part of the conceotual

;o framework to be used in synthesizing the results of the several major science educa-

- use in the physical science portion of this task. - .

.
' + - H
. % L.

|

tion studles under consideration. The above conceptual framewcrk is proposed for ‘
. . )

|

|

| \ )
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N Introduction: /

¢

- -Given--the..current ‘climate of uncertainty about whether or not U. S. elementary
and secondary schools are achieving their goals in the area of science education,
it is timely to address the question of "What is. the actual state of science
educatton?" The four NSF-funded studies which are the focus of Project Synthesis
provide considerable insight into this question. In this Phase I1 Report these
four studies will be the source,of extensive information afd documentation for a
description of this actual state of physical science education. As such, this
description ¢éonstitutes the basis for the
in‘Phase III. ‘ /

In Phase I the Physical Science Focus Group developed a conceptual framework

recommendations which will be presented

which included goal clusters‘ "themes and critical elements. The Cr1t1Cal elements

Wlll form the organiZing framework for this Phase II Report in that a more extensive
/amount of information in the four studies speaks directly to matters identified in

: . f
_the Critical elements and the critical elements do provide the best perspective
- {
from which to provide a description of the actual state of scﬂence education.
b |

Within this framework specific reference 1s made to various goal clusters and to,

" physical ,science as appropriate within each critical element. j ‘ T

. ) ‘ Objectives :

’ S ———— e —————— ]

The science curriculum of U.S. schools has remained ‘relatively stable during

.

- the last two decades (0SU 170) and varies little from one place to another as

evidenced by ‘data given in both the RTI and CSSE reports. What then is the nature

.
[ 2 . -

. of this rather stable and uniform curriculum? )

A beginning place for examining the objectives of science education in the ;

’ . §

#chools is by examining its relative importance in the curriculum overall. Science
’is not one of the top priorities and is not perceived as basic. There are exceptions;
for example, physics,_chemistry and advanced mathematics for the.more able students
."were being protected tenaciously by teachers in those departm%nts in most high
schools". On the other hand, the student body at large viewed science as having
"rather‘limated value". Or to put it another way, science as general educéation
"showed no signs of either congealing as an educational cause nor of gaining

general support -from the puhlic" (CSSE 12:1). This picture is further substanciated
by the fact that high school graduation requirements in science typically are only

one year (RTI 24-26) and that the average time spent on sci ence K-6 is much less

T

than on mathem?tics, and -somewhat less than on social studies (RTI 50-51) Forty-~
%
jeven percent.of science teachers are convinced that a significant problem is the
+

07
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’ , 6-5
general belief that science is less important‘than other subjects (RTI 158). This
relative position of science education with respect to the rest of the curriculum is
rather consistently held by teachers,.administrators and parents (CSSE 17:9).

It also should be noted that the purposes of the teachers in the schools are
not always the same as specialists in either science’education or/general curriculum
Many of the aims that have been promoted by the leaders in the field over the last
two decades. are not reaily accepted by teachers. The emphasis upon inquiry and‘
problem-solving by s~icnce ediication leaders has been strong for the past twenty
years (OSU 175); yet, this value and the increasing emphasis upon technological
andlsocietal issues‘(OSU 182-183) is not reflected. in school‘practice or the views

ﬂof teachers and administrators. Lo # o

The“dif erence kin objectives found between the practitioners in the schools k
-and the specialists in curriculum in scienced education is apparent in ekamining
the role of science in general education. In contrast to the specialists, the
schools appear to have downgraded science as a part of gEneral éducation. Zven
though one of the aims of science education as seen by practitioners is to provide
some exposure to science for .all students, it is a utilitarian gdal fostering

hievement at a very minimal level of competence. In general classes, there is

ac
I
A,

tendency to. teach things that students can relate to and avoid abstractions
(CSSE 12.41—&2);. )

By and large science is not seen as particularly important except for the
more highly motivated or gifted students (CSSE 12:20). Science literacy ceases
to be .a goal after grade 10 and science classes in grades 11 ano 12 are designed
for the "high ability" studengy(RTI) In many ways it seems that senior high
school science departments- have given up on science as genmeral education for ail
as their primary goal and instead have focused upon doing a quality job with more

.able students. The primary concerns of the schools seem to be 'achievement on the
simplest of tasks taught while science ?epartments were concerned about some

of the most diff cicult"” (CSSE 19:8). . .
? '

Another view of the objectives of science education as practiced in ‘the

-

. schools is acquired ty looking at-the role of "inquiry A very significant
inding was éhat "very little inquiry teaching was occurring” (CSSE 12:4). Those
few teachers who value Inquiry teaching also find it difficult (CSSE 12:7). By
and large, students and parents both are satisfied w1th the Sispation and not
concerned that education be focused upon creative challenges or critical thinking
(CSSE 12:5). Empirical investigations are given little emphaSis; the focus is
getting the right answer. There is an emphasis on authority rather than on

wquiry. This situation is yet another indication of the tension between the

208 © '
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6-6
expectations of scientists and science,educators:on the one hand and parents and
practitioners on the other fCSSf 12:9-10). ‘ .

This difference in outlook. is apparent again in examining the. "back-tor-the f
basics" movement as viewed By various people. Even though most school practitioners
give some importance to science and see the trend away from science is haVing

potential long-term negative effects, 'basic sﬁills have pre-empted science. '"'The
i

f

¢+ problem iy that superintendents, g@s well as the rest of the school people, have :
partially accepted the position -that students cannot learn science until they have .
shcwn proficiencies-in regding and ‘math". (CSSE 17:20). : ;

In trying to understand. the situation and determine why science is given the

.....

-

see what the’ real primary oblectives are, According to the CSSE study, socialization

is,the primary goal. [ ~ . ; 5 o

"Such socialization in the classroom was pre-émptive in that it seemed toO
— get immediate attention almost whenever an opportunity arose. Other . 3

1learnings were interrupted or set aside, not always by choice, to take care
of: fan effort to cheat, an impending daydream, or willingness to accept
/ .a grossly mistaken answer . . . to that end, and also to help the teacher
survive ‘daily crises; the new teacher learned how to use~sub3ect matter -
to 'keep -control of the class, what questions.to ask Wwhich student to
: head. off a prank, what homework to assign to keep the study period quiet,
l and in many more subtle‘ways (familiarization, etc.). Although some people
’ are dismayed' that so much of the school day goes to administrative routine, -
few people are .protesting the portion that goes to socialization. (CSSE. 19:5 )"

; Anotheg critical factor is the pervasive_éemphasis upon preparation for later
work. The implicit objectives of sciénce objectives which emerge from the CSSE !
s study suggest that the science,curriculum in most secondary schools is primarily
viewed as providing background material for later work. Secondary'school biology,
7‘ chemistry and physics courses appear to place little emphasis on personalﬂneeds,wg__
N\ e
stressing instead those elements of the dlSClplEEg;Ihat will best prepare students

for ddvanced work " /

F O . . /
Goal Clusters ‘ -

A/complete examination of science education obJectives -must include viewing _
. them from the perspective of the four goal clusters. In this regard, it is , s
' apparent that goal cluster III, fundamental knowledge receives much greater '
attention than the other three. With.respect to personal néeds, for example, R
‘ the emphasis is not large., While attention often is given to 'things that will / ‘

be useful in everyday living" (CSSE 12:45), one also gains the impression that

this focus is the result of other concerns, such as socialization, rather than I

the result of high priority being given to personal needs per se. It is important
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as being unr°lated to school science. In the elementary schools, for example, 4
teachers assigned "health" studies a highar priority than they do "science"
Suggesting that the two subjects are not treated in an integrated manner. ;t,
the secondary level, health may be taught by physical education teachers or
health specialists, the science teacher is often involved only peripherally.

‘The interface between science, technology .and society is not given very !
high priority. 1In the senior high school, attention to these‘matters is restricted
by the college preparatory’goal. Teachers want to teach what the students wifll
need for college; parents want the same (CSSE 12:19). This preparatiord function
s given high'priority and seems to restrict attention to societal needsrin,spite
of the fact that the number of«environmentally oEiented courses in the schools
has increased in recent years on‘an eIEctive basis. It is also interesting to
note that these topics are not avoided because of their controversial nature. -

/Teachers seem not to be afraid of such issues and are able to handle them without Cy
getting into difficulty ‘They avoid this controversy by :not -taking a personal
or advocacy position..(CSSE 12:28-29). To some extent, the failure of school
science to deal with societal issues'must surely stem from the schools' 1nsuI§rity,
schools which make: little attempt . .to involve members of the community in curriculum
and learning or the development of educational goals are likely £o assign a high
priority to the inclusion of societal issues in the science syllabus 4
Although fundamental ‘scientific knowledge takes second place to the basfcs
such as reading, arithmetic and spelling, as noted previously, it is clear that
fundamental knowledge takes precedence over the other three goal clusters. The
focus of science programs is upon basic scientific knowledgevrathefohan its
> . PO e - ) ,
personal applications, itS'reléEionship to societal issues, or .career preparation.
§chool science in the U.S; is probably strongest in regard to transmitting
fundamental knowledge, particularly to those who are in the upper thiro of the
ability—achievement level distribution. The curriculum is text-bound" but many
texts show the influence of the NSF-supported curriculum reform movement of the
1960's. Teachers have a wealth of good materials to choose from in teaching the ) ;
/ fundamental knowledge of ‘the science discipline.'. . ) -

L4

As with personal needs and societal issues ,career preparation is not given
.igh priority in the science curriculum. While vocational reasons for taking
science are often. cited it also appears that this rationale has not substantially
affected the curriculum. Science is assumed to.be importgnt for career preparation
but career preparation is\not built into the program. References to career options

or sources of career information are rarefly found in textbooks or course syllabi.
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O 'ngs within a given school ‘setting, in terms of both the courses offered and the

. . . 68
"Science education aims to prepare youngsters for work - or at least for~vocational
training. For this aim, science is often closely identified with technology *he
preparation ethic . . . is pertinent to what is sa1d S . There was a strong

sense- that what mattered most was what could be used in one's next studies, and

that those, or the one_ aftet those were related to what one would ‘be doing on
N,

the job (CSSE 12: 22) "
/
Stud\n

4

ent Qutcomes

# PN
The major source of information on:student outéomes is that .contained in

the reports of the National Assessment for Educational Progress. This- information

.is of particular interest as it relates to relative outcomes within the various

goal clustérs and comparative information in the  affective domain.

. It appedrs that the apparént lack of attention to goal clusters F, II and

,lV is reflected in the student outcomes as measured by the NAEP Science Assessmenta

For instance: (a) only about 20% of Students know that world population is increasing

exponentially, (b) onl§ about one-third knoW‘that\plaStiC'in s&nthetic fikers is
made from oil, and (c) almost two-thirds think that the ‘major ~ause of air pollution

in large cities is factories. ; . !

In the affective realm, the NAEP data 1nd1cate that students definitely

perceivg science as ,being useful (now and in the future), they think it should be

required and they generally have good feelings about science class. Even though.

[
the popularity of_the natural sciences increases from elementary school through
————"“’"__-_

sénior "high school, hOdeVenertulS_laSt in,popularity behind _the other three basic

- -

academic dreas: mathematics, english and s0c1al studies.

Test results indicate that girls do not achieve as well in sc1ence as boys do /f=§\\§§

and the CSSE study goes on to note that "soc1al influences, primarily sex-role °
socialization, seem to be the basic factors underlying sex differences in science
and mathematics "achievement and course taking" (C§SE 15:33). It should also be .
noted that the performance of ethnic minoritytstudents fs not as high_as othersL

) ’Witherespect to measurement of student outcomes, another fact is of interest.

In states with minimal competency'teSting, science is often not included (OSU 156).

This fact is anothef reflection of the relative importance given to science in the

schools.

<

Prograﬁﬁbharacteristics

s I

The studies under consideration give a plcture of science education in the
United States which is characterized by,remarkable similarities acrossuthe various

L)
school systems studied..- While there commonly is a great diversity of science offer-

o211 -
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teaching styles employed, this diverse pictpre appareptly is found across the

' country. o /
Within this rather uniform pattern a striking characteristic is the general
lack of instruction in the physical sciencas dt the senior high school level. Th%
data clearly shows that middle’ school students take courses in physical science, but

at the senjor high school lével most students do n&%ﬁtake physical science (RTI 58,

'73-74). A minority‘of students taﬁg:physics and/or chemistry, 'mpst often in preparatign':

for going to college, but general education in]the<physica1 sciences is notable by
its absence. AN i
'/Another striking finding of these studies is the heavy reliance upon text-
books as the determiners of the curriculum. This finding is even more striking
when one realizes the great similarity found in the varziodus textbooks utilized
for glvén courses. "Behind nearly every teacher - learner trhnsaction reported
1n thé CSSE study lay .an instructi 3na1 product waiting to play a dual role as
medium and message. They_commanded teachers' and learners’' attention. In a way,
they iargel& dictated the curriculum. Curriculum did not venture beyond the -
boundaries set by the-instructional materials" (CSSE 13:66). This picture of T
the curriculum. is made more complete by examining the way in which the ‘textbook
" is .employed. It was found, for:hxample, that.the typical method of preséntation
in eIEmentary'schoo{ science was "aSsignlrecite-test-discuss"ﬁ Basically,
elementaryvséienge'is learned by reading (CSSE 13:5). '
The inquiry approach which‘has been so widely touted in recent years is

4 v
, not evident. The use .of\innovative materials was "relatively rare". Among

e

',numerous cldssrooms v1s%te§ by - CS?E personnel only three were identified where
teachers -were using an approach of the type that has been promoted by so many in
the leadership of sciende education in the last couple of decades. "Only a few
teachers remained enthused about thgse\innovations; most disparaged them and
Iappealed for a 'return to the basics)" (CSSE 13:2). A4lthough a "significant"
percentage of districts, schools and teachers reported they were using the
materials. developed under NSF sponsorshlp, that is materials designed to involve
"inquiry teaching , a low percentage of science classes actually were found to
be using "ﬁands-on materials‘which_accompanied text-books" (RTI 79-85, 97).

Mahy teachers feel a need for .assistance in implementing"inquiry/discovery
. 'approach“-esﬁk(RTI 148). ¥ )

Given the general bounds .0f the curriculum as determined by the textbooks,

s

_and the lack of inquify teaching as noted abnve, there Wwas, however, considerable

.variation within these boundaries Tt was our observation that the teachers in

¢

/

all our sites had a great freedom to teach largely what they pleased. This is a //%

. -7 . ¥ - /
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freédom wi%hin limits - and, if they approach those 1imits the pareuts or Board
objected. They were obligated to organize their work/in most of these schools
- around a certain syllabus or set of topics. But, in/a high wmajority of‘schodls
- teachers were not obligated to use the same tests or quizzes other teachers used . . .
; we found that the teachers taught in largely different styles and, at least in short
run, covered quite different ground; that they felt stxongly about this oppoftunity

.and pr1v1leged to direct their own work; /;hat most administrators and parents agreed

. that they should have this responsibility r- yet, we heard many from all groups §
f% urging a 'return to the basics' and a need for more uniformity of curriculum" (CSSE )
: 13:37). ' 5 :

o

. In summary, teachers accepted the boundaries imposed by the textbook and .
exercised their freedom of choice within:‘those boundaries. " . . . in most
places a teacher assumed the role of arbiter and authority . . | but, arbiter
much ‘more than authority vhen it .came ‘to-'the curriculum" (CSSE 13:59).
Among other matters worthy of note is the finding that electives focused
upon popularizing science were common. There were numerous'néw programs and
course offerings designed to make scierce relevant t¢ contempory society (CSSE
12: 42) Envitonmental éoncepts, societal concerns,_1nterd1sc1plinary relationships
and world problems are emphasized in a variety of courses that hagg been developed
(0sy 30).,,Both the/number of alternative materials available and enrollments in
.+ such courses have bekn on the increase (OSU 24 _35). At the same time, it must
be noted that there was some tendency for such elective programs to be curtailed
due to/the current .pattern of budget restriction (CSSE 12:44).
/ While the laboratory app. .h to teaching science is widely espoused, the
results of these studiesado not indicate that laboratory science is practiced to
// the extent sometimes ‘believed. "In half the high schools, laboratory science was
b reportea to: be nearly impossible to conduct because labs were run down'or ill-

;// equipped . . . " (CSSE 13:63). Laboratory exercises where used tend to be just

that - exercises ~ rather than explorations of genuine phenomena in settings

where outcomes are not known in adéance. The current tendency as evidenced by
time devoted to such activities and the materials being utilized is to place less
emphiasis on laboratory activities and field trips (OSU 30). It was noted in tHe
CSSE study that while there were "some outstanding examples of school science
outings,'" in general, out-of-school activities in the area of science were

{ \relatively few: The.use of guest speakers and field trips is relatively rare

b @103, ‘ _ ! !
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‘With respect‘tp indﬁ“icua ired and self-paced instruction it appears that
a very small number of siuderts receive tyig mode of instruction in spite of the
efforts that have been nad: re prumote their use; in recent years (OSU 35). Audio-
. \tutorial'or videotape coursee ware not mentipned by any observers in the”CSSE
studies. In technological terms, American school science is still in the 19th
ceutury despéte the use of occasional films in many classrooms, Few post-1950
Dechnologies are used in anx significant way. ; \ .

Finally, it should be noted that*there is little a*ticulation between the N
various levels.of schooling, i.e., elementary school junior high schoel and
senior high school (CSSE 13:7). Approx1mately half of the science teachers view ‘ .
it as at least "somewhat of a.problem” (RTI 158). "

Textbook Analyses ‘ . ’

. Y
-a N

In view of the overwhelming influence of the textbook in determing the

understand what the content of the curriculum of the schools is must involve
an examination of the tettbooks,Currently'employed Such analysis was not a
part of any of the four studies under consideration. So sample analyses were
conducted of fome textbook maferials in® %1ew of their overriding importance.
While it was reported in. the 0sU study that the materials produced in the last “ <
) two decades place less emphasis on practical" science, -and until recently, at least,
o give jittle attention to the interaction of science and spciety, a mor. thorough
oo examination clearly was in order. ' ) ) :
) h lhe.net result of the sample analyses is that little attention{is given to
goal clusters I, II and IV in the materials currently empioyed. The number of b
books whichxgive significant attention to -such matters are few and in those fegg
cases the attention given is not great as compared to that given to fundamentafJ
knowledge. In physics, for example, the materials range from textbooks Jhich
make only a pas;ing reference to societal issues to one of the few ekceptions,

nadely the Project Physics.course. To the extent that history is woven into the

| . fabric of this text, it may be descrihed as. having a societal diménsion, even

' though it does not address contEmporary problems in great detail. An,"add-onﬁ
essay at the end of the bodk discusses the broad societal dimensions of physics .
and makes the case for basic research in terms of eventual applications. Career ¥
aspirations are adffessed in a 16mm film. In summary, this text attempts to

_ present traditional physics in an historical and humanistic context. It does

2‘ deji%e attention to societal issues, personal needs and career'igjormation, \ ) ‘f

g contrfsting with other materials on the market. Other examples,of even a modest X

attention to personal needs, societal issues and career preparation are hard to

[mcg 214 >
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.Other teachers and college courses are most. frequently mentioned with local in-

_'service programs being cited frequently by elementary teachers but not by secondary

t
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find. The vast majority of textbooks used in schools give ‘no significant attention

‘to these matters.

Program Dissemination T .

Information about new materials and. programs are disseminated through a wide ;3
variety of ‘means. The popular .sources include professional meetings, journals,

publishers' representatives, teachers, principals, éourses and NSF institutes.

teaéhers. «About half of grades 10-12 teachers, one~third of grades 7-9 eience

o

teachers and 80% of state. science supervisors indicated they had par: cipated

in ‘an NSF institute. Teachers who had participated in NSF institutes‘recalled
(RTI 71-76).

rceptions

them With much pleasure and considered them to: be of conSiderable valu
In spite .of the wide variety of .means of dissemination, ‘teachers'
ade levels the

]
"%btaining

are that their needs.are not completely met in this regard. At all
list of their needs is headed by "learning new teaching methods" an

f
information about instructional materials" (RTI B-106-=115). Forty-ghree percent

of teaghers indicated they.do not receive adequate assistance in gbtaining

information about instructional materials (RTI 148). .

Program Adoption

Rt

R

Given the teacher freedom and textbook-dominated curriculum/noted above, it
is of interest to note that textbook selection becomes the crifical point ip
program adoption; the mechanisms for selecting textbooks are of consideraole . 5 ¢
inte%est. There is general agreement .that teachers either individually or in
committees, principals, and district supervisors (where they exist) are involved
in. the process., Pafents, students and board membetrs typically are not irvolved A
(RTI B-48-53). Since, as mentioned earlier, teacher perceive 'obtaining information '
about instructional materials" as one of their most frequently unmet needs for , g?
assistance, ;hé& may face someﬁgifficulty in their role of—selecting textbooks. ,
They may be selecting textbooks without up-to-date information about the full-range

of materials available. . !

A related matter is the movement of schools toward centralization of develonment
planning or revision of curricula along with a simulataneous decentralization of
administrative authority (CSSE 17:9). This decision-making process in terms of

curriculum obviously is worthy of further study.
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The CSSE report generally concluded that teacher support systems are weak and
in need of vitalization. Although many agencies exist to,provide support to
" science teachers, claims are often made that teachers go without sufficient
aid. While some teachers suggest that support personnel are not aware of '
the classroom situation, they clearly express the need and desire for assistance
in- the form of teacher institutes; centers, and other forms of in-service )
(CSSE 19:12-15). 'The.most direc: support available in many school districts.
is a science supervisor or other curriculum specialists. It is noted‘that
such " ). . persons in the district office would put out bulletins from time
to time on curricular matters, that important planning would be done by committees
of teachers and administrators and other resource personnel, and that the teacher
'seldom was. personally in touch with a curriculum cdordinator per se . . ; There

were few people available outside the classroom to, provide quality—control for

-. the curriculum and assist teachers with pedgogi cal problems (CSSE 16:43).

-

The clear 1mpress10n is conveyed by these studies that most secondary schools
are conserVative organizations which tend to resist change. Since they are . ’
isolated from market pressures with their corresp%nding demands for innovation,
efficiency and perforhance incentives, few_ teachers are motivated to explore
alternative course options in trial settings: '

It is also apparent that there are some obvious conflicts between the norms
or expectations of teachers and other people who work outside the classroom

setting. For example, it was noted that ' teachers and supervisors emphasize .
" different purposes and values" (CSSE 16:43). A similar coﬁilict is noted between
teachers and college/uniggrsity personnel. 'It was clear to us that the school .
had a set of social norms (ways students were supposed to behave) which conflicted JA
with the norms teachers were taugut to espouse in teacher training courses. Not -
oni& the education courses has dysfunctional norms; the liber%l arts norms were o
substahtiallv the same" (CSSE 16:5). Even though the above conflicts had been
noted and it was clear that the iaqriry approach commonly espoused in teacher
institutes is widely accepted, it was also pointed out '"that the (VSF teacher)
. institutes have been seen to have a good impact . . . . Among many federal
programs‘in support of curriculum and teaching, ‘the institutes were mentioned
to us most«often and in a positive vein' (CSSE 16:53).
5 A final matter of note is that teachers seem to view universities as having ' !
a potentially useful role in developing curricular materials. When asked what
univer;fties could do to most help teachers, junior high school science teachers
chose the option develop curriculum more appropraite to the times' much more often'

than any of other options which included conducting inservice workshops, offering
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teacher networks. A
; .
Program Implementation
'§§Eosure : o T ‘ . ..
} *

courses at both the grades 7 - 9 and 10 - 12 levels has increased since 1955,

. of cases this is biology (OSU 36-37).

23
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courses for teachers, establishing teacher centers and sponsoring mutually supportive

The actual implementatlon ggzscience programs in the schools is best described
in terms. of .course off’rlngs, enrollments and materials utlllzed 0f the many
'textbooks available for use in sclgnce-classes, a relat1vely small proportion
constitutes the majority of books actually in use. Thus, the programs implemented
are characterized by a few of the well-known textbooks. In terms of the curriculum
reformsyog;science education of the last cougle of decades, the degree to which they

4

have met their goals in terms of implementation in the schools is still a subject

s

of debate (0SU 105). In view of the previous‘informatiot ; .esented about the
manner in wh1ch courses were taught and' the degree of un1form1ty among textbooks
in terms of the relative emphasls upon the four goal clusters, however, a fa1rly
good p1cture of science program imp.ementation is obtalned by looking at the
enrollments in varlous courses,

While the data indicates that the ercentage of students taking science

in the last “few years it has n@malned relatlvely constant, or in a few instances
shown a slight reduction. Earth science courses have experienced a rapid exparsion
from 1955 through the 1970's (OSU 21-25). While the percentage of students enrolled
in physical science has declined somewhat since the early 1970's, percentage
enrollments in advanced courses (second-year biology, chemistry, physics) have

shown a steady though slow increase. Anotlier change since the last 1950's is a
substantlal increase in. the number of alternative science courses being offered

to students (OSU 29). ; L .

With respect to physical science, several enrcllment trends .are of interest.

N 4
Enrollments in general science-type science courses at the junior high school level
are decreasing,. while increasingly courses at this level are vffered as life, earth

and physical science courses (0SU 71). Fo a large percentage of students the last

phy51cal Sc1ence course they get is in the 9th grade. About 507% of secondary school

stuoents complete their last science course in the 1O0th grade, but in the vast majority




ety

« o The Case Studies (CSSE) tell us that the teacher is the key to effective

.as teachers (CSSE 15:14). _These concerns cause philosophical issues to take second

'the following: : ) - ;

Teachers

s
i

¥

>

/ .
science instruction. Whether teachers are selected to fit thc image which the

community has of itself or whether they are chosen for the acader'c qualities,

good. science instruction takes place in classes where teachers are motivated

well-trained in their subjects and enthusiastic about working with young people.

Nevertheless, the maJority of the nation s teachers serve as managers of instruction

-

rather ‘than as intellectual questionners. There are few incentives for the latter

Lkt

role while working conditions in many schools demand the former. G

In view of the key role played by the teacher -as described above, any insights
gained as to teachers' philosophy and mode of operation will'be most valuable ii
understanding how schoolg operate and finding possible wa§s to change them in the
future. ‘It appears that teachers have two primary concaerns: (1) wanting students

to perform well in the classroom, and (2) meeting the expectations placed upon them .

place to the personal problems faced by teachers, these problems,being in particular
to (1) obtain the respect of students, and (2) motivate them to do as welf as .
possible in school functions. As a result, subject matter becomes simply the ~ '
vehicle by which the teacher would establish this personal competence. The
subject matter as a direct focus of attention because of its intrinsic value,
becomes a matter of secondary importance (CSSE 16:7)f

"We, saw the science teacher working conceptually as influenced by three poles: -
(1) the ethic of scientific inquiry; (2) the 'ideal' scierce teacher role; N
soc1alization responsibilities" (CSSE 16:7). As a result of these three poles,
and“the fact that these teachers did not give tnem the same relative importance as
science education specialists and curriculum specialists, we have the conflict cited
earlier (CSSE .16:8). . .

Thorough examination of the CSSE findings gives a strong indication that the

basic problem with the proposed reform of science education -as reflected in the

few NSF-sponsored curr1culum materials of the last two decades lies in the outlook

that teachers and the best school personnel have about educational objectives and

practices (CSSE 16:11). Teachers play a key role and the values they hold about

educatiogpl objectives and classroom practices are not the same as those bf the

peopiexpho have been promoting change in the schools. Among the viewpoints held .

by‘teachers'concernipg educational practices which contribute to this conflict are

E 3
¢D) Intrins1c motivation of students ‘is essential.
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- (2) Attention to directions is essential

- -

(3) The most reliable learning will occur when assignments ‘are properly
carried out.

l (4) Erequent t%sting is-important (CSSE 16:22).

. - !
The. picture which emerges is one in which teachers are committed to school as

i
1

an institution’and to helpingﬁstudents succeed in that social system as an end in

itself (CSSE l6 26.3). A major part of the socialization process is helping students
prepare for the mext school year =Le they can continue to succeed within this setting
(CSSE 16:22), "Putting it in ‘a nutshell ,. most. teachers seem to treat subJect matter

knowledge as evidence, and subJect matters as the means to, the socialization of the

individual in school. On the other hand' most subject matter specialists treated
socialization as a necessary evil, to be gotten out of the way eargy -— for it is
only ‘a means to a greater end of subject matter knowledge" (CSSE 16:24),

_Given.this view of who teachers are and the outlook on the system within which
they work, it is relevant to consider the modes of professicnal development available
to them and the extent to whicn they are utilized. It was found that the ' teacher
is engaged in occasional staff meetings, a diminished program of inservice training,
and some continue to enroll in university courses . e .d But, " . . . continuing
professional education activities were meager" (CSé% 16:48). It is also relevant
to note that by and large teachers worked alone. In addition, teacheTs indicated
that they read an ‘average of seven articles ‘and four books of a professional nature
each year. The authors of the .CSSE study claim that the impact of this reading on
their téaching is not extensive (CSSE 12:7). »

Teachers are not convinced the "systemI is very“\supportive. of them. They do”

not praise college-level courses, they feel frustrated with student motivation, and

feel unsupported in terms of pay,; budget and'recognition
In addition to this information on teachers' attitudes and general outlook on

education, students and the system of which they are part, it is important to

note some of the more tangible information about their preparation for the job they ,

are performing Their preparation and the organizational structure within which

%hey utilize this preparation is relevant. p ) ‘
From‘grades\4 to 8 the percentage of instruction offered by special science

teachers increas°s with grade level At the secondérv level science is taught

mostly in departmentalized subject areas, While some team—teaching situations

exist " the great. majority of science teaching is ozfered by teachers in single:

teaching situations (0§p 14). : .
; . -
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Q ‘onditions necessary to a good science program (OSU 38) and approXimately 257
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curricular programs of the last two decades is by and large missing from American -
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In terms of their preparation, it should be: noted that elementary school
teachegs rarely are required to take mQre science content in their undergraduate |
programs than that required of them in the general education component. Certification
for second%ry school science teaching, on the. other hand usually requires a minimum

of 24-36 semester hours of science (0SU 50). When junior high school sciencejteachers

?
are considered as a separate sub-group of secondary school science teachers, these
people (on the whole) lack depth in more than one area of science. Yet, many fill

general science teaching assignments (0SU 71). General science teachers had depth

in biology or physical science:; Relatively few had depth in more than‘one area.

Earth science teachers had the least preparation in their major teaching area.

The majority of both chemistry and physics teachers had reasonable preparation in .

their particular field. - - . i ‘
Given the above picture of science teachers, it is apparent that their attitudes

toward education, and in particular the educational goals'which in practice they

tend to value,  is of major importance. Given this picture of the substantial

influence of teachers, their view of the educational process and educational institu-

tions, and the mechanisms currently in place to cause changes in teachers, it is '

apparent that any‘attempts to bripg ahout change in science education must give mejor

/ f ‘
Classroom Practice | r

attention to this extant situation. .

¢

An examination of classroom gractice probably should begin with a matter

"noted earlier, namely that inquiry teaching as defined by the NSF-sponsored

schools. These programs and other experience-~based learning approaches are shunned,
The major reasons cited in the CSSE study for this situation include, first of all,
The,
textbook is viewed as the authority and, furthermore, teachers are conVinced that
The

second maJor factor is the set of frustrating and difficult problems with which a

a philosophic persuasion that is strongly biased toward the textbook approach.

\

learning from printed materials is a discipline that students should learn.

teacher is confronted 1n attempting to implement an etperience—based approach., It
is claimed that even appropriate education of the teachers does not result in elimination
of this frustration (CSSE 15:6~7).

students in learning by experience.

"With or without regrets few teachers are engaging '

ﬂost accept the equivalence of learning by experienceg
and learning through instructional media (mostly the printed page) and see the student
as getting greater volume via media because of the efficiency involved"” (CSSE 15'7)

WhilJ adequacy of science facilities is perceived as one of the most important T

¥
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teachers~r\porting in the RTI survey indicated that facilities presented serious
problems, one receives the impresslon from theiCase Studles that most school

.science facilities are at least marginally adequate. There surely would be more
problems if inquiry techniques were more widely used, but classes which require
/ children to s1t at desks while reading texts and responding to teacher question~
" naires do not require creative deslgn. '

The Case Studies report large variatlons in the use-of laboratory facilities
and'equipment. On the other hand it is apparent that v1rtually no use.is made of
out-of-school resources which -could be used to reinforce formal classroom work.

This trend is likely to be accelerated by the movement toward "basic" education
uhich will surely increase ‘the pressures placed upon schools to have children

spend more time on programs whic XEmphasize‘facts and rote learning. One can
speculate here that the contrast between the variegated external world. and the
austere life of the classroom (as contrasted with school actiéities which take
place in the hallways and cafeterias) may be a major contributing factor to the,,
boredom and lack of motivation of youngsters wh1ch many teachers report as T
presenting a serious problem. R . f ’ - .\

L1ttle evidence emerges from the Case Studies that equipment shortages
constitute serious problems, primarily because school science is so dominated by #
‘textbook approaches. One can admittedly'érgue that the existence of greater
equipment resources would stimulate atlernate approaches to teaching and learning,
but one receives the impression that other barriers to innovation and the implicit

‘ goal of socialization would tend to retard the effective use of additional équipment
even if it were available. 7 ;

Little imaginative use is made of media 'in American science classrooms if, the
Case Studies schools are, typicall Aside[from the ‘showing of an occasional 16mm
film, use of the overhead projectorrandxpefhaps a filmstrip, the classes described_’
do not appear to be partioularly modern. Few of the Case Studies reported the use

of any!techniques which involve contemporary technological advamces. .

Aﬁother matter that can be notea with respect to classroom practices is'the A
extensive use of testing in the schools, which is accepted as a very natural part
of the school setting (CSSE 15: 12). On the other hand it is claimed that teachers
make very little use of the information they acquire by testing (CSSE 15:21). 'The
obv1ous question then is why teachers are making increasingly greater use of tests.
"Although gormal testing did not seem to satisfy most'of ‘the teachers' need to know
what the studehts knew, testing did seem to assist in socializing students and

-

maintajning control over, them" (CSSE 15:23).
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In summary, the picture one acquires from these studies suggests that in-
structional practices are not consistent with the objectives commonly believed
to be thosé of science education. The goals and objectives one would infer from

classroom practice are nét those commonly stated and promoted.
. J

/Student Characteristic's '

C4=12, feel that "1nadequate student reading abilitiés" is a moderate to serious

,‘. /

/problem in science (RTI Bl312}/ — ' ‘ - £

I

The obvious major characteristic of students that emerges from the studies is
an apparent low motivation, at least as pérceived'by teachers. Lack of motivation
is viewed as a major probiem and it is a common professional topic in teachers'

[
lounges (CSSE 15:23). Sixty to seventy percent of grades 7 - 12 teachersﬁfelt

that "lack of student interest in‘subject" was at least somewhat of a problem (RTI 158).

Another student characteristic that poses a learningidifficulty as perceiVed

“

by teachers is poor reading;ability. Seventy to eighty percent of teachers; grades
;
problem (RTI 158). It is reported  that 40-447 of secondary principals agree w1th
teachers about reading problems, but few perceive lackfof student interese’as a
The matter of student~motivation can be viewed with respect to the grading
svstem. Competition in the classroom and the grading system are anm, 1mportant
pos1tive contribution to motivating the academically able student (CSSE lS 23).
On the. other hand "the middle range of students is seen as belng indifferent
to grades in districts large enough to have a highly stratified student bod¥y".
This situdtion, along with the fact that thé lower range of students often are
somewhat interested in'grades, is substantiated by data other than'that reported in
these studies (CSSE 15:30). ’ ‘ ) / , f
Student attitudes toward science and society also are of interest. The- VAEP
investigations inoicate that students feel that they can contrlbute toward the
solution -0f certain problems such as energy. waste, acciderts and pollution (CO3A01)

and they definitely are willing to get actively “involved in helping to solve world

problems {C03A02). More students than not indicate that they use scientific * .

/

approaches when solving problems outside of science class (C04A07) and most feel

.+ that science and ‘technology can help solve such problems as pollution, disease,

O

“ERIC
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and drug abuse (C05A02). ] . - .

On the other hand, only about half of the students seem to know thct science
and technology can cause problems as well as solve them. Such naivete 1s another '
confiramtion of the fact that goal cluster II, societal needs, i? given little
attention in the curriculum.

Another student characteristic provides insight as to the role of secondary

¢
schools in providing general education,in science. Phy51cs and chemistry students

4
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‘are not average students. The type of students who select physics, for example,

conS1stent1y tend to be above average in 1Q, 1nterested in mathematics and science, .

ﬁéand careers that W1ll use science (OSU 35) The average student gets no physical

i
science in senior high school. o . - ' ’

-
-

Evaluation . . !

Atténtion to accountability is on the increase and the assumption that it
is of\value forvschools is not being challenged (CSSE 17:10). This movement toward ;%
accountability is reflected in minimum competency tests, criteria-referenced g -
diagnostic tests, and- standardized achievement tests. '"We found no actual evidence
of the vélidity of these accountability procedures. But, neither teachers nor

. technical peoplé at the district were seen 'to be raising questions about validity" -
Y out valic

e

: (CSSE 17¢11). It also is interesting to.note that even thoughxtheseﬂapproaches to o
‘ accountability emphasize obﬁective measures of student performance, most expressioms
“  of the performance of the schools were in terms which reflected the reasonms why the
schools were supportednby the communlty (CSSE l7 11). -

»

The testing employed in schools includes both teacher-made tests wh1ch are
. used quite frequently and standaxrdized tests administered by the district. Sclence
standardized tests were used in 43% of the K<6 schools and 33/ of the 7-12 schools.

(RTI 27~ 3/). « The most frequently reportéd use of the results of the standardlzed i ‘L

Even tho'gh evaluation as described here was valued, there were reservations

. about the cost of it in terms of instructional time. "Many teachers spoke highly
of the 1ncreased manageability of 1nstructlon through ob3ect1v1catlon but objected
to 1nstructional time dlmlnlshed by time taken by test1ng and were apprehensive

about what might be done outside the classroom with test scores® (CSSE 22:14).
. { S /

/ .Summérz : ,
A . .
The overall impresslon that one recelves from the four studies is mlxed.

Clearly, many worthwhile things are taking place in school sc1ence tven as support

for science in the curriculum declines. On the other hand *an examination of

»

-,

contemporary, school science in termé of the four broad goal clusters suggests that

~ 3

" much of what is taking place is mismatched to the needs and‘interests of the majority

ey,
f

of American youth. A problem as multi-faceted as this one will require a variety

of approaches before it is likely to be completely appreciated, much less solved.
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. ) . Preface

N 3
The physical Science focus group of Project Synthesis was tasked qith
synthesizing' the results of several major_ research studies. The purpose of this

" endeavor was tohgain an understanding of the actual status of physical science

education which would then lead to recommendations for improving science programs.

During the initial stage of the study, a conceptual framework was developed

The section. entitled "The Desired
A8

State of Physical_ggience Education" describes this "perspective" from which the

to organize the subsequent synthesis activities.

group operated., Subsequent sections present the group's conclusions regarding the

status of existing programs and recommendations for 1mprov1ng them. °

The domain the group 'was asked to investiage went, beyond just the physical
sciences to include earth science as well. While the number of course offerings
in earth sciences nas increased in recent yeafrs, the physical sciences of chemistry
and physics far overshadow earth science in terms of emphasis at the secondary
level. (}he last exposur° of must students to either phy51cal¢or earth scﬂence is

at the junior high school level.). This‘report relies on a broad definition of

[
the physical sciences but does refer to earth science when presenting information

specific to that area. . ’ E

7Y
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‘ - The Desired State of Physical Science Education 7-6
Introduction Q

- . f

Thi% section, which.describes the, conéeptual‘framework used by the physical

L
Ed » . ’

science group in synthesizlngithe literature, is mot intended to stand alone,

N

Important background for it is provided in the general synthesis‘report . The
physical science perspective 'is con51stent with the generzl organizational
structure for all of Project Syn;hesis. The aspects of that structure most per-
tinent E? the work of the physical science groupuare described beluw:
S . - S ' ..
Goal Clu§ters ; : 3 éé,;) i ST o
t ’ ; ! ¢ S (4 W
A synthesis of research findings requires 1nterpretations that are goal

dependent. Thus, an early task of Project Synthe51s was the consolidation of

. ¥
aﬁﬁ% various science education goals into the four goal clusters below which 4ould
) provide an organizing rubric. o ]
1, Personal Needs. Those goals: which pertain to preparing individuals
to-utilize science in their own lives and to live in an increasingly
technological world. Vo - ¥
: Z.V Societal Issues. Those' goals which pertain to-preparing informed
o ¥, citizens who are able to deal responsibly with science-related ;e
societal issues, | & . ?
. . e N ;
é ) 3. Fundamental Knowledge. Those goa&s which pertain to acquiring
i academig knowledge of science.
‘ 4, Cateer Preparation. Those goals which pertain to acquiring
: N knowledge of the mature and scope of dcientific and technological
' careers and the propensity to utilizeithis knowledge in making
career decisions. { ) ~ *
No particular priority is given to any or all of these goal this point. - f
, They are listed here witqgthe intent of encompassing the majority of)goals that ]
1
various people have for teaching science. As such, they prov1de an organi21ng
'rubric "that can be used by people having quite varied purposes for(science
?,
education. ' \ ,
1. Toemes o ; ; !
I- Science education is the, focus of this s‘udy, but the domain of science J ’ .
. itself must be defined- more precisely if'ie 1 to provide a basis for interpreting o~
;. ;

the research under consideration. The needed definition is given in the form of ,

themes which thread through the various areas of science. These themes are dev?loped




-

within{éach_of five categories of which one, physical science, is the focus of this
report (the other four areas are biological science,. elementary school science,
scientific 'inquiry and science/technology an. society) The physical-science themes
presented he”e characterize and define the field. For example, the nature of matter
is a theme which extends throughout the physical sciences. Thefe physical science
themes are developed more fully below,

It should be noted also that the themes of the five focus areas are inter-
related. The scientifdic process themes, for example, pertain to physical science
along with all other areas of science. These interrelationships are seen;in another

way in that elementary school science includes much that is physical science.

L3

Critical Elements ;.

. o

Yet another dimension is needed for interpreting the research under consideration.
This research pertains to education and some means of describing and organizing
educational matters is essential. For this purpose, the proJect staff has identified
,'certain 'eritical elements" of education’ such as student outcomes, teacher character—
istics and classroom practices. These critical eiements are developed more fully in
the general synthesis report, and selected ones are developed beloJ even more completely

as they pertain to physical science.

_ Goal clusters,zthemes and critical elements -- these three categories constitute

the major conceptual framework for-the analysis of research to be undertaken. The
major'sections of this report which follow deal with an exposition of the themes
of p/ysical science and an explication of the critical elements as they pertain to

physical science. 1In both of these sections goal #lusters provide important points

of reference. L ; ' \%x

i J The, Domain of Physical Science :
i i

The themes used to describe the pnysical sciences are both pervasive and

inclusive; pervasive in the sense that each theme extends through a major portion
~of the domain of physical science and inclusive in that -each encompasses essentially .
all portions'of this domain generally included in elementary and secondary education
Before'explicating these themes, however, it should be noted that the domain of -
physical science as used here includes the earth, atomospheric and space sciences -as
well as chemistry and physics. Thus, the themes given below are meant to "map opt"
thls -total domain. ’ i . g
The ‘theme structure presented here is the result of previous work by Audrev B.
* Champagne and Leo E. Klopfer._ They are presented. below within the three classes
they defined .
It should be noged that the set of themes presented here is a working list,

* 230
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. ‘having utility within this project. It is not necessarily accepted by everyome and,

of course, there are other lists of a similar nature that include many comparable
items. The function of the list presentéd here is to describe th%‘major content of¥
' ' t ! ) T
. physical sciernce particularly as it pertains to the various levels of the curriculum.

*

.

Physical Primitives
Sl -

|  Theme 1: Physical Primitives. A small number of primitive notions lie at
the foundation of physical sciences. These physical primitives recur so
. frequently in thé physical science disciplines that the educated person's
- » understanding of them may be considered fundamental. The primitives which
are particularly important for students in elementary and secondary schools
include: length, area, volume, mass, denSity, time interval, rate and force.

N - /
Conceptual Schemes :
- . - ? * *

. Theme 2: Nature of Matter. AYY matter in the universe is compos?d of units
which interact. For example, the motion of submicroscopic units of matter
accounts for the témperature of matter and changes in the physical state
and structure of matter. ’ . ' -

-

Theme 3: Macroscopic Interactions. Interactions among macroscopic units
- of ‘matter produce changes in position, motion and/or structure. ‘

Theme 4: Conservation of Energy. The total quantity of energy in the
universe does not change (as far as we know),; and the quantity of energy
before any ordinary interaction equals the quantity of energy after the
interaction.

Theme 5: . Energy Forms and.Energy Conversion. ghergy‘exists in various
forms. Energy changes from one form to other foﬁps. Cycles and periodicity
occur and are(app?opriatefy viewed within a systems framework,

Theme 6: . Chemical. Interactions. Interactions of submicroscopic units of
mattqr;yith onie another and with energy produce changes in chemical bonding
and in the composition of matter. | :

w

Theme 7: ﬁvolution in the Universe. The presently observable features of
the earth and the universe are the result of processes and changes that
‘have continued over long periods of time and are still going on now.

Change~over timé is a universal chdracteristic of the universe.

Epistemology

‘
'

Theme,8: Epistemology. Physical scientists share certain notions about
the nature of scientific knowledge. Such.notions of importance for -the
educated person include: (1) scientific knowledge is tentatiye and is
subject to revision as the result .of new inquiries; (2) the content of
scientific knowledge about the physical world is a function of the kinds
of probes which are used to investigate the .physical world; (3) cause and

- effect relationships are assumed; and (4) models agpe a useful means of
developing knowledge. P \ ot .

231 o
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. The Desired States of the Critical Elements

i

\ - ’
. ! N . -
If one assumes that a particular goal cluster is important and that physical N

science has something to contribute to the attainment of that cluster of‘goals,
there are cer&aln character1st1cs of education that can be identified as desirabie.
An important. preliminary step of Project Synthes1s was to identify many of these
desired states. These desired states then were used as a basis for analyzing the
research studies under consideration and interpretlng_thelr results, . v
It should be noted that value judgments must be employed extensively in
this process. It also should be noted however, that the interpretation of
research results is not restricted by a particular set of such values. The process
‘employed here provides for looking at the results of the research from multiple
value perspectives. .
The: critical elements to be employed in this process were identified in
the Synthesislrepoft where a rationale is given for their inclusion. Tn this
report attention is directed to identifying the desired state of critical elements
. given the intent to attain certain clusters of goals. A description of each desiredq
‘state is presented often in ‘the form of a spec1f1c example which illustrates the
state. The critical elements included in th1s Teport of matters spec1f1c ‘to physical
science 1nc1ude student outcomes, program characteristics, teacher factors and class-

room practices. . .

.

~ Student Outcomes ) . >

~

‘The desired states of the. various goal clusters are presented ‘here in the

form of examples of student outcome statements. That is, the student, for example,

. will be able to:

Goal Cluster I - Personal Needs.

_ < Theme 1: Physical Primitives. Recognize the quantifiahie aspects
of persondl matters and apply them effectively (e.g., estimating
amount of paint required, effective schedullng, ete).

- Theme 2: Nature of Matter. Utilize knowledge of thermostats,
sevaporative coolers, heat pumps, and common 1nsu1at1ng materials.

~ Theme 3: Macroscopic Interactions. Utilize kndﬁledge of the physics

2
e of ‘the’ internal combustlon engine and common hydraullc appllcatlons,
such as power steerlng and brake systems.
. ,
ho3
1

. Q ‘ ot o
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"= Theme 4: Corservation of Energy: Identify the relative energy inputs and
______..i_outputs-of_cammqn_technological_d ces..

. . . . *

PEEEY E T I

AP

- , = Theme 5: EnergylForms -and Conversion. Utilize sciencezgased knowledge
4 of ‘home heating systems, knowledge of solar radiation an “the use of
trees to 'shield houses. from it and knowledge of means fot reducing' the
harmful effects. of ultra-violet radiation.

4
. W—
S gy e U A

e e

= - Theme 6: Chemical Interactions. Avoid some of the hazards of spontaneous ﬁ
2. combustion hydrogen generation in automobile batteries and, radioactiye
i . materials; and make wise decisions about the use of common poison g,/y
and combustible chemicals, acid/base antidotes and prevention of ood
; ' ?spoilage. . -I . \
* .
r‘Theme 7: Evolution in the Universe. Recognize the universality of

change in one's environment. =, :

N,
Lrest~ oem et

Tn e

PP T n e owE
T

- Tbeme .8: Epistemélogy. Recognize that one's own opinions are often

kot phy e sl ers TR - ks T

e

o , based on knowledge that may be,tentative.. Therefore, one should be ;
?é’ i' willing to alter ‘opinions based om new knowledge. d !
; ¥ Goal Cluster IT - Societal Issues,! ~ , '
A A » - . F
: - Theme 1: Physical Primitives. Be able to understand the magnitude of . L
: *societal problems described'using quantifiable data. ‘
E - Theme 2: Nature of Matter. Hake more 1neelligent decisions about energy v
. issuves based on a knowledge of the chemistrv of fossil fuels, combustion
. *« and new materials for solar energy conversion; and comprehend the physica1
. principles underl lying the problems of energy storage.
* ! !

- Theme 3: Macroscopic Interactions. Comprehend\the origins and dimitations
{ v of supply of -ground water, fossil fuels, and mineral resources.

- Theme 4: Consérvation of Energy. Comprehend the dangers, potentials and

. , comparative advantages of fusion and fission technologies. N
3{ . = Theme 5: Energy Forms and Conversions. Explain the relationship between
a ‘ ‘the polar ice cap size, weather and sea level. < ..
; . , = Theme 6: Chemical Interactions. Explain how phosphates and nitrates pose :
b ‘ pollution proéblems. i .
i ; ’ | . ‘
4 ~ Theme 7: Evolutiodﬂin the Universe. Recognize that human activity can

? .seriously disrupt the natural pattern of change on the earth.
v g ¢ ' Ty
- Theme 8: Episgomology. Recognize that scientific knowledge is changing
and thus deseryes financial support of the part of society in spite of

what may appear to some persons to be an inability to obtain final answers.

-

. » .
s.' . , - a { ’ ~
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Goal Cluster III - Fundamental Knowledge

7-11

: -~ Theme 1:

?  -medsurement;

P

. i synthesi

Physical Primitives.
_synthesize knowledge'of fundamenta¥-units, deﬁived units and systems of

- Theme é} Nature of' Matter.
ze

‘Comprehend, apply, evaluate, analyvze angd

" -4
-
- -

’

Comprehend, apply, evaluate, analyze and

knowledge of (a) systems, sub-systems an. interactions; oot
. _ (b) homogenequs and heterogenous substances; (c) chemical eleménts and

o compounds; (d) conservation of matter; and heat conductivity, kinetic~ .

i ‘ I [

- "Theme 3 '

/
'Macroscopic Intéractions.
and synthesize knowledge of kinetics, dynamics, astrophysics, mechanics

‘molecular theory, gas laws, crystals and physical states. . )

Comprehend,. applv, evaluate, analyze

- of fluids, geophysics, phy51cal geology, weather and climate. /

;“g - Theme &

Conservation of Energy.

Comprehend, apply, evaluate, analyze

and synthesize knowledge of conservation of energy, laws of thermodynamics

and energy resources.

- Theme 5

Energy Forms and Conversions.

1

Comprehend, apply, evaluate,

analyze and synthesize knowledge of potential, and kinetic energy, wave
phenomena, sound, light, electromagnetic spectrum, static and current
electr1c1tv/electron1cs magnetism and electromagnetism and solar

- radiation. /
! ~ Theme 6:

Chemical Interactions.

Comprehend, apply, evaluate, analyze

and synthesize knowledge of atomic theory, nuclear phy51cs and chemistry,

and geo-chemiatry

, .
Evolution in the Universe.

~ Theme 8: Epistemology.

stars and(galax1es and the

a

Comprehend, apply, evaluate, analyze

niverse.

M
;

‘ : /
Comprehend, apply, evaluate, analyze and synthesize

knowledge of the nature of scientific inquiry, uncertaihty principle and

) the hietory of science.

! .Goal Cluster IV - Career Preparatidn.

Make appropriate career-related decisions based on competencies in the areas

of personal need, societal issues and fundamental knowledge as stated in goal

clusters I, IIxand III above.

)

H
. - Theme 7:
. and synthe51ze knowledge of historical geology and the evolution of planets,

, N

i
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Program dharacteriStics

!
The desired characteristics of a school science program obviously are a function

of its goals and will vary accordingly. Good science programs intended to achieve the

full range of goal clusters described above will have many of the following character-

istics: ,

- Opportunities should be provided to pursue individual needs, goals and /
interests} e.g., provisions could be made for modularity, a projects °
approach or time periods for investigating individual topics. L

L » '-

k- - Opportunities should be provided to apply science content and processes é
: to real-world problems that have mo "pat" solutions but require trade- :
, offs (optimization) ‘ ' .

-« - £

- Personal needs, societal issues and career preparation should be considered

intrinsic tq all facets-of the science program.: *
¢ |
& ~i
- Basic concepts-of physical science should be dealt with in t?e context of ;
) / socially relevant probleds at some point in the. total program.” . :
‘ - Basic concepts of physical science should be dealt with in a discipline=
. ~organized pattern at some point in the total _program.
,/ ” k4
- Opportunities should be provided to interact with people working in science
. 1nc1ud1ng scientists, technicians and others in science-related fields. f‘
. ’ 4 R . Y
i / Cop
o .= Illustrations should be provided of persons with different life-styles, N
i socio-economic status, ethnicity and sex who are participating fully in ’
the scientific enterprise. o
. - Emphasis should be placed on the means by which scientific knewledge is .
' generated. )

'

- Within the total progranm, learning experiences should be 1nc1uded which
provide: / ‘

=~ laboratory experiences including opportunities to acquire information
; inductively;/

5
—— -

/ ‘ ' - out-pf-school experiences; ' ] S

- opporpunities to look outward from a discipline to find understandgng
-of its problems; ‘
\

' ‘ ¢

\
- illustrations of differgnt problem-solving sfyles;

- exploratory activities that involve risk-taking, guessing,
hypothesizing, *etc.

\ /

- opportunities tn participate in, actual or simulated research activities; A

o % ' . j

» i
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) TeacheJ Factors

Classroom Practices

LS .

. ‘ 7-13+
- opportunities to develop more advanced mathematical techniques as
applied to science matters,/ -

’/.

- opportunitlus to deyelop reporting and wtiting techniques and
I

. .- opportunities to develop 'ability to read science materials.

P ~ . . *
- 4
_ Many of the desired- characteristics are not unique to physical science teachers.

; .
Among these characteristics ares open—mindedness, acceptance of individuals, creativity,

fluency of ideas, patience, warmth, supportiveness, enthusiasm, ability to work

intuitively and spontaneously, positive attitudes toward .schools and students, and

interest in 'science. Science teachers should have an appropriate collection of ‘

teaching skills such as- the ability to diagnose student learning requirements and
‘choose instructional approaches consistent with the various science teaching goals.
In addition to such desired general characteristics, physical science teachers
should: | , /

3
hJ

- be .able to analyze and evaluate alternative solutions to societal
issues, based-on-related science §nowledge;

!
¢

‘

- understand the application of physical science knowledge to a wide range
of personal!needs'

5 - be ablg to comprehend, apply, analyze, evaluate and synthesize the
H fundamental knowledge of the physical sciences as- described by the
themes given above; and

- have .an extensive knowledge of ccience-related careers and the utilization
of scientific Knowledge within them.

~

In general, desired practices are not unique to the physical sciences alomne

but apply to all science teaching. Classroom practices should utilize the appropriate

7materials and equipment for the physical sciences. A significant fraction of the

instruction should utilize laboratory - experi%nce and student involvement with the
science materials. Safety pracﬂices appropriate to the phnéical sciences should
be utilized. \

Goals,’themes and critical elements are an important part ‘of the conceptual
framework to be used in synthesizing the results of ‘the several major science ’ Lo
education studies under consideration. The above conceptual framework was developed
for use in the physical science group's portion of this task, the results of which.

are reported in the following sections of-this report.

Lh W




The Actual State -of Physical Science Education

Introduction

ég / '

[ — ] 1\:
Given the current: climate of uncertainty about whether or not U, S. elementary ]

- ; and secondary schools are achieving ‘their goals in the area of science education, it ;

is timely to address the question of "What is -the actual state of science education?” '
a The fouf studies which are the focus*%f Project Synthesis 'provide considerable insight

{ into this question (Helgeson/and Blggggf“¥197l, Stake and’ Easley, 1978; Weiss, 1978; \ 4 ?

é - VAEP 1978). These four studies were the source of extensive information and

i documentation for the description ¢f the actual state of physical science education

"which follows. This: description constitutes the basis for the recommendations wh1ch

5 - willl be presented'in the final section of this report. . . -

.In the prévious section the'physical science focus group developed a counceptual
framework whﬁch.included goal clusters, themes and critical elements: _The criticdl :

elehents will'form the .organizing franeworﬁ for this‘section since the extensive -
i; amount of information in the four studies speaks directly tormatters identified
gz in the critical elements, and the critical elements do provide\the best perspective

A_,fﬁom which to provide a description .of the actual state of science education With-

Ha

g

in this framework specific r"ference'is made to various goal clusters and to %
/

aspects of critical elements specific to physical science. ’

-Objectives

1 \Ihe science curricylum of U S schools has remained relatively stable during

the last two decades (OSU 170) and varies little from one place to another as

evidenced by data given in both the RTI and CSSE reports. What then is the nature’
4 of this rathetr stable and uniform curriculum9

’ !
\ A beginninggplace for examining the objfctives of science education in the ;

- * R
schools is by examining its relative importance in the curriculum overall. Science |
) is not one of the top priorities and is not perceived as . basic. There are exceptions;

for example, physics, chemistry and advanced mathématics for the more able students

P ks L€ WMty oy

were’beinE~protected tenanciously ‘by teachers in those departments in most high

,schools .. On -the other hand, the student body at large viewed science as having

"showéd no signs of either congealing as an educational cause nor oi gaining general %&
support from the public (CSSE 12:1). This picture is further substantiated by the

rather.limited value". Or to put it another way, science as general education ‘ .
_ . :
fact that high school graduation requirements in science typically are only one year E

(RTI 24-26) and that the average time spent on science K through 6 is much less than

on mathematics and somewhat less than on -social studies (RTI 50--51). Forty-seven

Qpercent .of -science teachers are convinced that a2ﬁ§%§ificant problem is the general

R
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belief that science is less important ‘than other subjects (RTI 158). This relative

position of science education with respect to the redt of ‘the curriculum is rather ) A

consistently held ’py teachers, administrators and parents (CSSE 17:9). - {

. It also should ‘be noted’ that the purposes of the teachers in the schools are .
not always the same as specialists in either science education or,general curriculum. o
Many of the. aims that have been promoted by the leaders in the field over the last ;
two decades are not/reallylaccepted by teachers. The emphasis upon inquiry and-
problem solving by -science education leaders has been strong for the past twenty
years (0SU 175); yet, these concerns and the desire for increasing emphasis upon P
technologfcal and .societal issues (0SU 182-183) are not reflected in school practice ggd :

or in the views of teachers and administrators.

S

The difference in objectives found between the practitioners in the schools and
the specialists in’ curriculum or in science education is apparent in examining the
role of science in general .education.’ In contrast to the specialists, ‘the schools
appear to have downgraded .sciénce as part’ of general edugation, even though ome of -
the aims of science education a; seen by practitioners is to provide some exp?éure
to science for all students, It is in regard té a utilitarian goal that a very

minimal level of~competence is accepted. In general classes there is a tendency ’

¢ to teach things ‘that students can relate to and avoid abstractions (CSSE 12:41-43). .
By and large science is not seen as' particularly important except for the -
b more highly motivated or gifted‘students (CSSE 12:20). Science~literacy ceases to
?ik be a goal after grade 1Q and science classes in grades 11 and 12 are/designéﬁ for
the high\ability student (RTI). In many ways it seems that senior high school .
science departments have given up on science as general education for all as their '
% primary goal and instead have focused upcn doing a quality job with more able
students. The primary concerns of the schools seem to be ' aohievement on the
simplest of éasks taught, while science departments were coﬁcernedkabout,some
of the most ldifficult" (CSSE 19:8).
4 ’ AnotheJ view of the objectives of science education as practiced in .the schools .
e is- acquired by looking at the role of "inquiry . A very significant finding was that ;
. "very littleoinquiry teaching was occurring" (CSSE 12:4). Those few teachers who
'value inquiry teaching also find it difficult (CSSE 12 7). Generally students and
parents both are satisfied with the situation and not concerned that education be
focused upon creative challenges or critical thinking (CSSE 12:5). Fmpirical

investigations are given little emphasis; the‘focus is getting the right answer.
. /

P 238
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“lhere is an emphasis on authority rather than on inquiry, This situation is yet
,another’indication of the tension between the expectations of scientists and science
education specialists on the’oné hand and parents, teachers and administratorg on ' N
the other (CSSE 12:9-10). 4 l :

, This difference in outlook is apparent again in examining: ‘the "back-to-the-

" basics" movement as viewed by various people., Even though most school practitioners | Ll
givi some importance to- science and see the trend awayéfrom science as having
potentially long-term negative effects, basic skills have pre-empted science. ''The -

. problem is that superintendents' as well as the rest of the school people, have . ‘

partially accepted the position that -students cannot learn science until they have

{
shown proficiencies in reading and math" (CSSE.17: 20). i

In trying to understand the situation and determine why science is given the
. realtive importance that it is, oné must examine the school scene closely enough
to see what -the real primary obJectives are. According to the CSSE study,
v spcialization is this primary goal '

>
.

"Such socialization in the’ classroom was pre—emptive in that it seened

to get immediate attention almost whenever an opportunity arcse,

Other learnings were intertupted of set aside, not always by ‘choice,

it0 take care of: an effort to, cheat, an. impending davdream, or w1lling-
o ' \ness ‘to accept a grossly mistaken -ansper . . . to that end, and also to
[N . help the teacher .survive. daily crises, the new teacher learned hew to
use subject matter .to keep contrpol of the class, what' questions to ask
which: student to head off a. prank, what homework to assign to keep the
study period quiet, and in many more' subtle ways (familiarization, etc).
_Although some people are dismayed that so much of the .school day goes
to .administrative routine, few people are protesting the portion that ‘
goes to socialization" (CSSE 16:25).

-

Another critical factor is the pervasive emphasis upon preparation for

later work The implicit objecti%es of science instruction which’ emerge from
the CSSE study suggest that the science=curr1culum in most secondary schools

is primarily viewed’as‘providing background material for later work. Secondary
school biologyguchémistry.and,physics courses appear to place little emphasis
on personal.needs, stressing instead those elements of the discipline that will!

best :prepare students for advanced work.”

Goal Clusters '

7

A complete examination of science education objectives must includé viewing
them from the perspective of the four goal clusters. In this regard, it is
apparent that goal cluster III, fundamental knowledge, feceives wuch greater
attention than the other three. With respect to personal needs, for example,

the emphasis is not great. While atténtion often is given to "things that will

. b PR

4 useful in everyday 1iving" (CSSE 12‘45) one also gains the impression that this

23y B
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| - focus is manifestéd in efforts to "socialize" students rather than to present science

»*

information for students’ personal needs per se, It.ls important to note that health

and nutrition education is oﬁten viewed by students and teachers as being unrelated

Yto School scienice. In the elementar& schools, ‘for example, teachers assigned

i "health" studies a higher priority than they do "science" suggesting that the two

‘ Subjects are not treated in an integrated mannet At the secondary level, health
may be taught by physical education teachers or health specialists' the science .

A %

teacher is involved only peripherally, if at all.
The interface between science, technology and. society is not given very high .
priority In the senior high school, attention to these matters is restricted by
ghe Sgllege preparatory goals Teachers want to teach what the students will need
for'college; parents want the same (CSSE 12:19). This preparation function is i
> given high priority and seems to restrict attention to societal needs in spite of
the fact that the number of environmentally oriented courses in the schools has

% increased in recent years om an elective basis. It is also interesting to note
' that .these topics are not avoided because/yf}their controversial nature. Teachers
seem not to be afraid of such issuesAand are able to handle them without getting
into difficulty. They avoid this controversy by not tak:ng a personal or advocacy
position (CSS£112428-29). To some extent, the failure of school science to deal
with societal‘issues nust surely stem from the schools' insularity; schools which
make little attempt to involve members of the community in curriculum and learning
or the development of educational goals are not likely to assign.a high priority to .
the inclusion of societal issues in the science syllabus. ‘

Although fundamental scientific knowledge takes second place to the ‘basics
such as reading, arithmetic and spelling, as noted previously, it is clear that

_ fundamental knowledge takes precedence over the other three goal clusters. The

) focus of science programs is upon basic scientifig knowledge rather than its
personal applications, its relationship to societal issues, or career preparation
School science in the U.S. is probably strongest in regard to transmitting funda-

. mental knowledge, particularly to those who are in the upper third of the ability-
achievement level distribution The curriculum is "text-bound", but many texts
show,the influence of the NSF-supported curriculum reform movement of:thell960's.
Teachers have a wealth of good materials to choose from in teaching the fundamental

/Knowledge of the science discipline. .

L4y




_affected the curriculum Science- is assumed to be important for career preparation,
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As with personal needs and societal issues, career preparanion is not given
high priority in the science curriculum. While,vocational reasons for taking

science are often cited, it also appears that this rationale has not substantially

but career preparation is not built into the program. References to career options

or sources of career information are rarely found in textbooks or course syllabi . -
"Science education aims to prepare youngsters for work - or aé least for vocational .
training. For this aim, science is often closely identified with technology. The Tl
preparation ethic . . . is/pertinedt to what is said,. . . There was a strong .
sense that what mattered most was what could be used in one's next studies, and
that those,\or the one after those, were related to what onhvwould be doing on the .
job" (CSSE 12:22). / . ' ' - "

4 2

Student Outcomes

The major source of information cn student outcomes is that'contained in
the reports of/the National Assessment for Educational Progress. This information
is of particular interest as it relates to relative cutcomes with respect to the
various, goal clusters and comparative information in the affective domain.

7 It appears that the apparent lack of attention to goal clusters I, ITand —
v is reflected in the student outcomes as measured by the NAEP Science Assessment.

I N
For instance: (a) only about 20% of students know that world population is increasing

exoonentially, (b) only about one~third know that plastic in synthetic fibers is i '
made from 0il, and (c) almost two-thirds erroneously believe that the major cause
of air pollutiou in most large cities is factories rather than motor vehicles.

/

In the affective realm, the NAEP cata indicate that students definitely

_‘perceive science as being useful (now and ia the future)' they think it should be

/

Q

required, and they generally have good feelings about science class. *Even though .
the popularity of the natural sciences increases from elémentary school through :
senior high school, it ranks last in popularity behind the other three basic aca-
demilc areas: mathematics, english, and social studies. ' g '
Test results indicate that girls do not achieve as well in science as boys .
do, and”the CSSE study goes on to note that "social influences, primarily sex=-role
socialization, seem to pe -the basic factors underlying sex differences in science - p
and mathematics achievement .and"course taking" (CSSE 15:36). It should also be
noted that the performance of ethnic minority stude&ts is not as high as others'.
With respect to measurement of student.outcomes, another fact is of interest,
In states with minimal competency testing programs, science often is not included
(0SU 156). This fact is another reflection of the relative importance given to

cience in the schools. ) . : ‘ . ;
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Program Characteristics

b

* The studies under consideration give a picture of ~cience education in the ;
United States which is characterized by remarkable similarities across the various

school éystems studied. While there is commonly a great divers1ty oq science offerings -

within a given school setting - in terms of both the’courses offered and the teaching
styles employed - patterns are similar across\the country.,

Within ‘this rather uniforn pattern, a striking characteristic is the general
lack of instruction in the physical sciences at the senior high level. The -data

clearly show that middle school students take courses in pliysical science, but at

the senior high school level most students do not take phy cal science (RTI 58,.73-74).

A minority of students take physics and/or chemistry, most often in—preparation for
going to college, but general education in the phys1cal sciences is notable by its °
" absence. : i . {

Another<§&;mking finding of these studies is the heavy reliance‘upon textbooks
as the determiners of the curriculum, ,This f1nd1ng is even more striking when.one
reziizes the great similarity found in tne various textbooks utilized for given
courses, "Behind nearly every teacher-learnergtransaction reported in the CSSE o
study lay an ‘nstructional product waiting to. play a dual role as medium and message.‘
They commanded teachers' and learners' attention. 1In a way, they largely dlctated
the curriculum., Curriculum did not venture beyond the boundaries set by the
instructional materials” (CSSE 13:6£). ,This picture of the curriculum is made
more complete by examining the w@y:in which the textbook is ‘employed. It was
found, for examplé, tB;? the typical method of presentation in elementary school
science was- asslgn-recite-test -discuss'". Basically, elementary science is learned
by reading (CSSE 13:5). T /

The inquiry approach which has been so widely touted in recent years is not
'evident. The use-of innovative materials was relatively rare', Among numerous:
classrooms visited by CSSE personvel only three were identified in which teachers
were using an approach of the type that has been promoted by so many in the leaders hl?
of scienceaeducdtion in the last couple of decades. "Only a few teachers remained
enthuSed about those innovations, most disparaged them and appealed for a 'return
to the,basics'" (CSSE 13£2). Although a "significant"” percentage of districts, .
schools and teachers reported they were using the materials developed under NSF
Sponsorship, that is, materials designed to involve "inquiry teaching", a low
percentage of science .classes actually were found to be using "hands-on materials
which accompamied textbooks" (RTI 79-85, 97). Many teachers feel a need for

assistance in implementing inquiry/discovery approaches (RTI 148).
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_ Given the genleral bounds of the curriculum as determined by the textbooks and

“the lack of inquiry teaching as noted above, thef% was, however, considerable
variation within these boundaries., "It was our observation that the teachers in all
our sites had a great freedom -to teach largely what they p&eased. Th1s is a freedom
within limits - and, if they approach those limits the parents or Board objected.
They were obligated to organize their work in most of these schools around a certain
syllabus or set of topics.‘ But, in a high maJority of schools teachers were not
obligated\to use the same tests or quifzes other teachers used o . . wWe found that
the teachers taught in largely different styles and, at least in the- short run,
«covered quite different ground; that,they felt strongly about this opportunity
and privileged to direct their own work; that most administrators and parents
agreed that they should have this responsibility -- yet, we heard many from all
groups ureing ‘a 'return to'the,basics and a need for more uniformity of curriculum
§CSSE 13:37). In summary, teachers a:ce?ted the boundaries imposed by the textbook
" and exercised their freedom of choice within those. boundaries. ". . . in.mo$t~
places a teacher assumed the role of arbiter and authority . . l but, arbiter\
much .more than authority when it came to the curriculum'" (CSSE 13:59). !
Among—other matters worthy of note is the finding that electives focused

upon popularizing science were common. There were numerous new programs dnd cgurse

f‘erings designed to make science relevant to contemporary soc*ety (CSSE 12:42)., -
/ 7

(YN

EnVironmental concepts, societal concerns, interdisciplinary relationships and

world problems are:emphasized in a variety of courses that have been developed %

’ % - ‘
(OSU 30). Both the number of alternative materials available and enrollments in

|

be noted that there was somé tendency for such elective programs to be curtaileq -
" due to the. current pattern of budget restriction (CSSE 12:44). It should?also ﬁ

such courses have been on the increase (OSU 24, 35). At the same time, it must

[14)

1t

mentioned'thaf while there may be a great variety of such‘'relevant" course
‘ -
offerings, they are reaching a limited audience and are often designed for the

lower ability students.

While the laboratory approach to teaching science is widely espoused, thei

. results of these studies do not indicate that laboratory science is practiced to, ™ °

l

the extent-sometimes believed. In half the high schools, laboratory science was

reported to.be nearly impossible to conduct because labs were run down or ill-
equipped . I . " (CSSE 13: 63) Laboratory exercises, where used, tend to be just
that - exercises - rather than explorations,of genuine phenomena in settings in;
which outcomes are not known in advance. The current tendency, as evidenced by!

f

time devoted to such activicies and the materials being utilized, is to place less

emphasls on laboratory activities and field trips (OSU 30). It was noted in the

PO =
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CSSE study that while there were "some outstandlng examples of school science outlnés ’
in general, out-of-school act1v1tlcs in the area of science weregrelatively few. The
use of guést speakers and field trips is relatlyely rare (RTI 103). ’
; ) With respect to individualizeéd and self-paced instruction it appears that a
efforts that have been made to promote their use in recent years (0SU 35). -Audic-
tutorial or V1deotape courses were not mentloned by any observers in the CSSE studies.
In technological terms, Amerlcan school science is still in the 19th century desplte

the use of occasional filme in many classrooms. Few post-1950 technologies are used -

g in any s1gn1f1cant way.

-

very small numb%r of students receive this mode of instruction in spite of the

: Finally, it should be noted that there is little articulation between the

’ various levels of schooling, i.e., elementary sPhool,ﬁgunlor high school and senior
high school (CSSE 13: 7). Approximately half of thé science teachers view this as

at least "somewhat of a-probiem" (RTI 158).

-

Textbook Analyses ) T

~

In view of the overwhelming influence of the textbook in determining the ’
curriculum of schools as reported above, it was evident that any attempt to under-
stand what the content of the curriculum of’ the schools is must inyolve an examin-
‘ation of the textboaks currently employed. Such ana1y31s was not a part, or any of
the four studies under cons1derat10n./ Consequently, sample analyses were conducted
of popular textbook materials in view of their overriding importance. While it was
reported in the OSU study thaf the materials produced in the last two decades place
less emphagis on practlcal" sc1ence, and until recently at least on the interaction

of science aad soc1ety, a more thorough examlnation clearly was in order.
The net 1=sult of the sample analyses is that llttle attention is given to

N

goal clusters I, II and IV in the materials currently employed. The number of
books which give slgniflcant attention to such matters are few, and 1n those few
cases the attent*on glven is not nearly as great as that given to funda.ental
know’edge. In phy51cs, for example, the materials range from textbooks which make

only a passing reference to soc1etal issues to a book which is one of the few .

exceptions, namely, the Project Phvsics course. To.the extent that history rs
woven into the fabric of this text, it may be described as having a societal
dimensioh, even though it does not address contemporary problems in great detail.
¥ An "add~on" essay at the end of the book discusses the broad societal dimensions

ofrﬁhysics and makes the case for basic research in terms of eventual applications.
e

Ca/e r aspirstions¥are addressed in a 16mm film. In summary, this text attempts

QA e provided by ERiC
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to present traditional physics in an historical and humanistic context. It does
devote attention to societal iSSues, personal needs' and career information, con- .
trasting with other materials on. the market. Other examples of even a modest at-

A tention to personal needs, societal issues and career preparation are hard to
‘find.. The vast majority of physical science textbooks used in schools give'no

LI
¢ - significant attention to these matters., \ Yo

Y

Program Dissemination ) '

. Information about new materials and programs are disseminated through a
_ wide variety of means. The popular sources includelprofessional meetings, Journals,
publishers' representatives, teachers, principals, courses and NSF institutes.
Other teachers and .college cpurses are the most frequently used sources and local
; - inservice programs are reportedsto be useful sources by elementary teachers\but
‘ not by secondary teachers., About half of grades lO—l’ teachers, one-third of
grades 7-9- science teachers, and 80% of state science supervisors indicated theV‘
had participated in an NSF institute. Teachers who had part1c1pated in NSF
institutes recalled them with much pleasure and believed them to be of con51derable
~ value (RTI 71-76).
; In spite of the wide variety of means of dissemination, teachers' perceptipns
are that their B/eds are not completely met in this regard. At all grade levels \
the list .of their needs is headed by '"learning new teaching methods' and "obtainiﬁg
informagioh about instructional materials" (RTI B—106—115). Forty-three percent’of

teachers indicated they do not receive adequate assistance in obtaining information
haba

PERrwrar———

about-.instructional materials (RTI 148).

. ‘ ) 'Program Adoption
“., ‘ N .
S . 4 o ,’ R - i N

ey Given the teacher freedom and‘textbook—dominated curriculum noted above,

it is of 1nterest to note that textbook sele

ct%bn becomes the critical point in
- program adoption° the mechanisms for select ng textbooks are of considerable
interest., There is general agreement that teachers either individually or in
| cpmmitteeé, principals, and district supervisors (where they exist) are involved
-in the,process. Parents,rstudents and board members typically are not involved

(RTT B~-48-53). ince, .as, Fentioned earlie

about instructional materials" as one of their most frequently unmet needs for

!; teachers perceive "obtaining information

5 assistance, they may face some difficulty in their role of selecting textbooks. .’
; They may be selectihg textbodks without up-to-date information about’ the full

‘ range of materials' available.

W,
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.ot A related matter' is the movement of schools toward centralization of de-
.velopment;;p annjing or revision of curricula along with a simultaneous decentral-
ization of administrative authority (CSSE 17:9). This decision-making process in
terms of curriculum obviously is worthy of further study: )

Beyond the question o 'how a particular program is chosen it is imoortant

to look at the means.by which\ghe program is supported. ", . . teacher support

R systems are weaR and need vitalization. The teacher having difficulty carrying

out an ordinary science teaching assignment has been seen to be without sufficient .

aid, though many agencies exist for the purpose of providing aid..’ Teachers told '

us that their resource people largely ‘do not know the realities of theit classroom

situation. Potential alleviations are seen via better curricular materials,

Institutes for teachers, teacher centers, and teacher networks“ (CSSE) .

o The most d1rect support available in many school distr1cts/1s a science supery=sor

or other curriculum specialists.. It is noted.that such ™. . . persons in the
district;office would put out bulletins from time to time on curricular matters,

L that important planping would be done by committees of teachers’ and administrators
and other resource“personnel and that the teacher seldom was personally in touch

n w1fh a curriculum coordinator per se . . . There were few people available outside

. the classroom to provide quality control for the curriculum and assist teachers

'w1tn pedagogical problems" (CSSE 16:43). . E . «

L The ‘clear impression conveyed by these studies is that most secondary schocls:
are conservative organizations which tend to resist chanée. Since teachers aré | ‘
isolated from market pressures with their corresponding demands for 1nnovation,
efficiency and performance incentives, few are motivated to explore alternative
course options in trial settings. .
It is also apparent that there are some obvious conflicts.between the norms

or expectations of teachers and people who work ¢ ~side the classroom setting.

For example, it was noted‘that "teachers and supervisors emphasize different purposes

and values" (CSSE 16:43). A similar conflict is noted.between teachers angd college

personne1, "It was clear to us that the school had a set of social norms {ways
students were supposed to behave) which conflicted with’ the norms teachers were

taught to espouse in teacher training courses. .Not only the‘education‘courses_

have dysfunctional norms; the liberal arts norms were substantially the sameV

(CSSE 16:5). .Even though the above conflicts have been noted,. and"it is clear ' .

that the iaquiry approach commonly espouse in teacher institutes is now widelvy

accepted it has alsd been pointed out "that the (NSF teacher) institutes have

been seen to have a good impact . . . .\'Among many federal programs to support

curriculum and teaching, the institutes were mentioned to us most often and in a .

Dositive Vvein'" (CSSE 16: 33) )

[MC |
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. what universities could do to most help teachers, junior high school science teachers

" chose the optipn "develop curriculum more appropriate to the time" much more often
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A final matter of note here is that teachers seem to view universities aé~

"ﬁaving a potentially useful role in developing curricular materials. When asked

than any of the other options which included conducting inservice workshops, offering
T

.courses for teachers, establishing teacher centers and sponsorgng mutually supportive

N

teacher networks. . . .
Program Implementation N
Exposure . K )

!‘ The actual implementation of science programs in the schools is best
described in terms of course offerings, enrollments and materials utilized df
the many textbooks available for use in science classesyﬁa/relatively small
propotion constitutes the majority.of books actually in use. Thus, the programs

implemented are characterized by a few of the well-known textbooks. In terms of

. ~ .
the. curriculum reforms in science education of the last couple of decades, the

o v

Q

-

degree to whirh they have met their goals in terms of implementation in the
>

'

schools is stil1 a subject of debate (OSD 105). 1In view of the previous information
presented about the manner in which courses are taught and the degree of uniformity
among tex:zbooks in terms of the relative emphasis upon the four goal clusters,

however, a fairly clear picture of science program implementation can be obtained

by looking at the enrollments in various courses. "

!

While the data indiczte that the percentage of students taking science courses

.both imn grades 7 - 9 and in grades 10 - 12 has increased since 1955, in the last

few years it has remained relatively constant, or in a few instances has shown a
slight reduction. Earth science courses, fof .example, have experienced a rapid
expansion from 1955 through the 1970's (0OSU 21—?5). While the percentage of
students .enrolled in physical science has declined somewhat since the early 1970's,
percentage enrollments in advanced courses (second~year biology, chemistry, physics)
ha;e shown a steady though slow increase. Another éhange‘since the late 1950's is
a substantial increase in the nymber of alternative science courses being offered!
to students (OSU 29). : \ : i
With respect to physical scienee, several enrollment trends are of interest.
Entollments in general science-type science courses at the junior high school level
are decreasing, while increasingly Eourses.at this level are offered as life, earth

and physical science courses-(0SU 71). For a large percentage of students the last

physical science course they get is in the 9th grgde. About 50% of secondary’ school
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students complete their last science course in the 10th grade, but in the vast major-

ity of cases this is biology '(0SU 36-37).

s

Teachers N ¢

W
v

The Case Studies (CSSE) tell us ghat the teacher is the key to effective
science instruction Whether teachers are selected to fit the image which the
community has of 1tse1f or whether they are chosen for their academic qualities,

' good science instruction takes place in classes where teachers are motivated,
well-trained in their subjects and enthusiastic about working with young people.
Nevertheless, the maJorlty of the nation's teachers serve as managers of instruction,,
rather than as intellectual questionners. There are few incentives for the latter g
role while working conditions‘in‘many schools demand the former. '

In view of the Key role played by the teacher as descrlbed above, any
insights gained as to teachers' philosophy and mode of operation would be most
valuable in understanding how: schools operate and in finding possible ways to chanée
them 14 the future. It appears that teachers have two prlma;yﬁtoncerns (l)/
wanting stuqents to perform well in the classroom, and (2) meeting the expectations
placed upon‘them as teachers (CSSE 15:14). Thbse concerns cause philoscphfcal
issues to take second place to the personal problems faced by teachers, these
prg%lems being in particular to (1) obtain the respect of students, and (2)
motivate them to do as well as posslhle in school functions. As a result, .
subject matter becomes simply;the vehicle by uhich the tZacher would establish
this personal competence. The subject matter as a direct focus on attention
because of its intrinsic value becomes a matter of secondary importance
(CSSE 16:7). ‘

"We saw the science teacher working conceptually as influenced by three
poles: (1) the ethic of scientific inquiry; (2) the 'ideal' science teacher role;

(3) Locialigation responsibilities" (CSSE 16:7). As a result of these three poles
and the fact that these teachers did not give them the same relative importance as
sciegce education specialists and curriculum specialfsts, we have the conflict cited
earlier (CSSE 16:8). ' | ' ‘

Thorough examination of the CSSE findings give's a strong indication that the o
bi??ghpfoblem with the‘proposed reform of science education as reflected in the
new NSF-sponsored curriculum materials of the last two decades lies in the outlook
_that teachers and the best school personnel have about educational objectives and
practice? (CSSE 16:11). Teachers play a key role and the values they hold about

educatiohal objectives and classroom practices are not the same as those of the

. i
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people who have been promoting change in the schools. Among She viewpoints held “by

teachers concerning educational practices which contribute to this conflict are the
following: C , R

(1) Instrinsic motivation of students is éssential. o /

(2) Attention to directions is- essential.
(3) The most reliable learning will occur when assignments are properly 'f.
carried .out, ' i

~ (&) 4requent testing is important (CSSE 16:22). J

~

The picture which emerges is ome in which teachers are committed to school as

H .

an institution and gp helping students succeed in that social system as an end in
).

itself (CSSE 16:26.
- @_

Students prepare for the next school year so they can continue to succeed within

A major part of the socialization process is helping

this setting (CSSE 16:22). "Putting it in a nutshell, most teachers seem to treat -
s%bject matter knowledge as evidence, and subject matter as the means to, the

socialization of the individual in school. On the other hand, most subject matter

specialists treated socialization as a necessary Evil, to be gotten out of the way
ea;ly}-- for it is only a means to a greater end of subject matter knowledge (CSSE
16:24). ' .

Given this view of who teachers are and the outlook on the system within which

to them and the extent to which they are utilized. It was found that the 'teacher
is engaged in occasional staff meetings, a diminished program of inservice training
and some continue to enroll in university courses . . . . " But, " . . . continuing
professional education activities were meager' (CSSE 16:48). It is also relevant
to note that by and large teachers worked alone. 1In addition,‘teachers indica;ed
that they reaq]an average of seven articles and four books of a professional nature
' each year., Tﬁe authors of the CSSE study claim that the impact of this reading on
their teaching is not extensive (CSSE 12:7). : /
Teachers\gre not convinced that the "system" is very supportive of them;/’They
do nof praié% college-Lévei courses, they feel frustrated with ;tudent motivation,
and feel unsupported in terms of pay, budget, and recognition.
. in ad&ition to this information on teachers' attitudes and general outlook
» regafding education, students and the system of which they are part, it is important
to identify some of the more tangible information about their prepa;ation for the

jobs they hold. Their preparation, and the organizational structure within which~

*

they utilize this preparation, are re2levant.

they work, it is relevant to consider the modes of professional development available
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From grade 4 to 8 the percentage of instruction offered by special science

teachers increases with grade level. At the secondary level science is taught.

mostly in departmentalized subject areas. While some team-teaching situatlons‘ |

‘exist, the great majority of, science teaching is offered by teachers.1n single'
teaching situations (0SU 14). ' . .

In terms of their preparation, it shoulu be noted that elementary school
teachers rarely aré required to take more science content in their undergraduate
programs than that required of them in the general education component. Certiflca-
tion for secondary school sc1ence teacking, on the other hand, usually requ1res a
minimum’ of 24-36 semester hours of science (OSU 50). When junior high school
'science teachers are considered as a separate sub-group of secondary school science
“teachers, _these people (on the whole) have science backgrounds limited to only one
area of science. Yet] many fill general science teaching assignments (OSU-71).
General science teachers have backgrounds either in biology or physical science,
but relatively few have experience'in more than one area. Earth science teachers
had the least prepartion in their major teaching area. The majority of both
chemistry and physics teachers had reasonable preparation in their'particular
field.

' “(iiven tge above picture of science teachers, it is apparent that their
attitudes t%ward education, and in particular the educational goals to which

they give importance in practice, are of major importance. Considering the :
important role of teachers, their yiew of educational process and educational
institutions, and the mechanisms currently in place to cause changes in teachers,
it is apparent that bringing about change in science is not easy and any attempts

to do so much give major attention to this extant situation.

Classroom Practice ' 4

-—

An examination of classroom practice probably should begin with a matter
note earlier, namely, that inquiry teaching as defined by the NSF-spdnsored
curricular pregrams of the last two decades is by and large missing from American
schools. These programs and other experience-based learning approaches are
shunned. The major reasons cited in the CSSE study for this situation include,
first of all, a pbilosophlc persuasion that is strongly biased toward the text-
beok approach. The textbook is viewed as the authorit, and,. furthermore, teachers'
are convinced that learning from printed materials is a discipline that students
should learn. The~second major factor is the set of frustrating and difficult
problems with which a teacher is confronted in attempting to implement an
experience-based approach. It is claimed that even ,appropriate education of

the teachers doe¥ ot result in elimination of this frustratlon (CSSE 15:6-7).
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‘while adequacy of science facilities.is perceived as one,of the most important
conditions necessary to a good science program (0SU 38), and approximately 25% of
teachers sampled in the RTI survey indicated that faciliqges presented serious
problems, ore received the impression from the,Case Studies that most school
sciendéjfaﬁllities are at least marginally adequate. There surely would be more
problems if inquiry techniques were more widely used, but classes which requﬁre
children to sit at desks while reading texts and res%onding to teacher questioniég
do nbt.renuire-cteatfve design. )

The Case Studies report large variations in the use of laboratory facilities
and equipment. On the other hand, it’is apparent that virtnaiiy no use is ma&e'
of out-of-school‘resources which could be employed to reinforce formal classroom
work. This trend is llkely to be accelerated by the movement tpward 'basic"
education which will surely increase the pressures placed upon schools to have
children spéfnd moré timé on programs which emphasize facts and rote learning. .
One can specqlate here that the contrast between the variegated external world -
and the austére life of the classroom (as cnntrasted with school aetiﬁities which
take place in hallways and cafeterlas) may be a major contributing factor to the
boredom and lack of motivation of youngsters which many teachers report as presenting
a serious problem.

Little eviqence emérges ffom the Case Studies that equipment shortages constitute
serious problems, primarily because school s¢ience is so dominated by textbook
approachesl One can admittedly argue that the existence of greater equipment
resources would stimulate alternate approaches to teaching and learning, but one
teceives the impression that other barriers to innovation and the impiicit goal of

socialization would ;tend to retard the effective use of additional equipment even

.
i

if it were available. : ' i
Little imaglnatlve use is made of media in American science classrooms if
the Case Studies schools are tyélcal. Aside from the showing of an occasional
16mm film, use of the overhead projectqr and perhaps a filmstrip, the classes
described to not arpear to be particularly modern. Few of the Case Studies '
reported the use of any techniques which involve céntemporarywtechnological‘
advances. .
Another matter that can be noted' with respect to classréom practices is the
extensive use of test1ng in the schools, which is accepted as a very natural part

of the school setting (CSSE 15:12). On the other hand, it is claimed that teachers

a
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make'vgr?‘little use of the. information they acquire by testing (CSSE 15:21). The

ohvipﬁs questignjthen is why teachers‘a:e making .increasingly greater use of tests.
."AIthoughsformal testing did not\seém‘to satisfy most of the teachers' need to
‘know what the students knew, testlng d1d seem to assist 1n»soc1allzﬁng students
and malntalnlng control over. them (CSSE 15:23).

\

\

In. summary, the p1cture one acqulres from these studies of classroom instru t10na1

P S P

ractices 1s that they are not consistent with the objectives commonly belleved to

'hose of science education. The goals and objectives one would infer from class- |

ractice are;not those ‘commonly - stated and promoted.

Student Characteristics ) .

4+

\ g » - L) 3 : 3 ’
The: obvious major characteristic of students which emerges from the studies .

is an apparent low motivation, at least as perceived by teachers. . Lack of motiva-

/

tion 1s vrewed as a major problem and it is a common profess10na1 topic in teachers'

[N

lounges (CSSE 15: 23). Sixty to seventy percent'of grades 7-12 teachers felt that }

"lacksof student interest in:subject" was at least somewhat of a problem (RTI 158).

© v e o

Another stpdent characf%rlstlc that poses a learning difficulty as perceived /
; byﬁteachers is poor reading abifity. ‘Seventy to eighty percent of teachers,
grades 4-12, feel that '"inadequate student reading abilities" is a moderate to
erious problem (RTI 158). It is reported that 40-44% of secondary principals
.agree with' teachers about reading problems butgfew perceive lack of student . ;0
'1nterest as a problem in science (RTI B:131). ‘
The matter of student motivation can be viewed with respect to the grading
system. Coméetition in the classroom and the grading system are an important
positive contribution to motivating the academically able student (CSSE 15:23).
On ‘the other hand, '"the middle range of students is seen as being inditrerent to
grades in districts large enough to have a'highly Stratified student body." This
hy, situation, along with the fact that the lower range of stqdents often are somewhat

¥ . g 1

k.. . _interested. in grades, is”substantiated_byedata other than reﬁortedjin these studies . . i
* (CSSE 15:30).  * : : ' L
Student attitudes toward science and society also are of %nterest. ' The NAEP
investigatibns indicate that students féel. that they can contrihute toward the
‘solutiom of certain problems such as ehergy wastc, accidents and pollution gNAEP
C03a01), and they definitely‘are willing tc get actively involved in helping to
i 'solve world problems (NA;P C03A02). Approximately one-half of 13- and 17-
year olds indicated that they "oiften" to "scmetimes' use scientific approaches

when solving problems outside of science class (NAEP C04A07), and most f&el™""

Lo i, .
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that science and technology can help solve such problems as pollution, disease,
and.drug abuse (NAEP cos,02) -~
On. the other hand, .on

about half of, the students :seem to know that science

and ‘technology can cause pr blems as well as solve them. Such naivete is another
confirmation of the fact that\goal.cluster II, societal needs, is given little

. attention in the curriculum. \\,

LIRS

.. (R7TI. 27-37). The most frequently reported use of the results of’ the standardized

Another student characteristic .provides insight as to the role of secon:?ry

schools in providing general education in science. Physics and chemistry s
* 7

are not average students. The type of students who select physics, for example,

udents

consistently tend to be above average in IQ, interested in mathematics and séiefice,
<.and interested in careers that will ‘use science (OSU 35). The average student
d » N

gets no physical science in senior high school. \

‘ (/\2 ’ _ Evaluation ) ‘ :

Attention to accountability is on fhe increase and the assumption that it is\
’ of value for schools is not being challenged (CSSE 17:10). This moveuent toward
' accountabilit; is reflected in minimum competency tests, criteria-referenced diag-
nostic tests and standardized achievement tests. '"We found no actual evidence of
" the validity of these accountability procedures. But, neither teachers nor technicale
people at the district were seen to be raising questions about validity" (CSSE 17:;11).
It also is inter sting to note that even though these approaches to accountability
emphasize objective measures of student performance, most expressions of'the
performance of the schools were in terms which'reflected the reasons why the
schools were;supported by the community (CSSE 17:11). | .
The testing employed in schools include both teacher-made tests which are
used quite frequently and standardized tests administered by the district. Science

standardized tests were used in 43% of the K-6 schools and 33% of the 7-12 schools

science tests was for reporting results to teacher and patents, The moderate use
in revising curricula and planning inservice education was noted mainly at the K-6
level (RTI 200-202). ' .
‘Even though evaluation as described here was valued, there were reservations
about the cost of it in terms of instructional time. '"Many teachers-spoke highly
of the increased manageability of instruction through objectivication but objected
to instructional time diminished by time taken by testing and were apprehensive about

what might be done outside the classroom with the test scores" (CSSE).

s
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| The overall impression that one receives from the four studies is mixed. Clearly,
there are many worthwhile things taking place in school science ‘even as Support for
science*in curriculum declines., On the other 'hand, an examination of contemporary
; school science in terms of the four broad 'goal clusters suggests that much of what
N is taklng place does not address the- needs and interests of the majority of American
b . l
youth. . ;
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Recqmmenda:iOn for Physical Science Education :

: Introduction
e ) ‘ \
b . The recommendations madz in this ﬁection of the report are an outgrowth of

the analy§é§ reported upon in the preceding sections and summarized'again below.

The process of formulating recommendations is one of logiéalrégalysis of the
. - ” ¥ -
\disérep%ncies between the various desired states and actual states of physical

scienced education programs. Any attempt to identify such discrepancies, howevef,

‘requires that value judgemegts be made. In descfibi%g desiiéauétates, such values
‘judgmégls‘wefg avoided as m;ch as.possible, and the descriptive framework developed
wés intended to make allowance for whatever\set\of values a\particular'individual
migﬁt bring to the si;uapion. At this point, however, value judgments cannot be
_entirély avoided; When they are necessary, they &ill be made as explicit as
possible. . \

Thekrecommendatioqé presented here rgflgct not only the value judgments of
“@ Ehé pembers of the physical séience focus group but also their thorough knowledge
of the.four studies under consideration, as well as knowledge of the state of
physic;l science education today Based on their own experience. Working as a
group, they engaged in extensive diécussion during a series of four threerday
sessions En which they compiled their ipdividuallwork, reacted to the ;nput of

)

contained herein.

¢ Summary of.besired States

The purpose of describing "desired states' was to develop a conceptual frame-
work for syntheéizing the results of the four major research studies and formulating
the recommendations\which would grow out of them. This conceptual framework
"consisted of a set of goal clusters, physical science themes and critical elements

in the educational .setting. For /purposes of the work at hand, a description of

the goal clusters is most relevant and is given below.

They are presented below with$éf§gw brief and very specific examples oI desired

student outcomes that may help to convey the meaning of each goal cluster as it

s

pertains to the physical science. .

*ERI

},, e
S, - .

The wide variety of physical science education goals was placed in four clusters.

the supevisory group and developed their various reports including the recommendations




Personul Needs. Those goals which pertain to preparing inﬁividuals
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to.use science in their own lives and to live in anm increasingly

- Utilize science-based knowledge of home heating systems, knowledge of
solar radiation and the use of trees to shield houses from it, and
knowledge»oﬁ—means—foz~reduc1ng_theaharmlulveffects ~of ultraviolet

- Recogqiée that one's own opinions are often based on knowledge that
may be tentative. Therefore, one should be willing to alter opinions

based on new knowledge. . T oo

S/
kL
Societal Issues. Those goals which pertain to preparing informed

citizens who are able to deal responsibly with science-related issues.

= Comprehend the origins and limitations Gf the supply of ground water,

- Comprehend the dangers, potentials and comparative advantages of

- Recognize that scientific knowledge is chénging and thus deserves
financial support on the part of society in spite of what may appear

Fundamental Knowledge. Those goals which pertain to acquiring academic

cound; light, electromagnetic spectra, static and current "

I.
- technological world.
radiation. ° \
II.
¥f0551l fuels and mineral resources.
t
- fusion-and fission technologies. -
to some persons to be an inability to obtain final answers.
III.
xnowleage of science.
< Comprehend, apply, evaluate, and synthesize knowledge of
kinetics, dynamics, astrophysics, mgc?anics of fluids,
geophysics, physical geology, weather and climate.
~ Comprehend, apply evaluate, analyze and syﬂthesize know-
ledge of potential and kinetic. energy, wave phenomena,
elgctr1c1ty, electronics, magnetism and electromagnetism,
and solar radiation.
Iv.

Carcer Prgpargiion. Those goals which pertain to acquiring knowledge of

the nature and scope of scientific and technological careers and .the
propensity to utilize this knowledge in making a career decision.
- Make appropriate career-related decisions based on competencies in.

=
the areas of personal needs, sccietal issues and fundamental knowledge
a2s stated in the goal clusters above.

These goal clusters will be referred to again in discussing the recommendations

found liter in this report,

v e e A ”
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e Summary of ‘Actual States ) . /

A previous section of this report contains a comprehensive description of the
actual state of physical science education in the United States as distilled from -
the four studies. Although there is a multiplicity of significant findings reported

/

there, three main facets of the extant school situation stand out and are reported

here. ) - ; ///
1 Firstﬁ there is an obvious extensive and almost exclusive attention to thell

fundamental knowledge goél cluster with a concomitant inattention to the other

goal cluéters of personal‘needs, societal issues and career preparatlon.‘ Whlle

isolated instances of attention to the other'three goal clusters can be found,

the overall situation is one in which the fundamental knowledge goal cluster is

almost completely and exclusively dominant. [

Second, the curriculum is textbook-bound. In other words, once a ddcision )
has been made as to what textbook will be used in a particular course, the curriculum
has heen determined, and from that point on any curriculum declslons made are ones
of selectlon from the materlaltin that book. The text is used as the authorlty
and“sourcé of information. J
P Third, but not of least importance, is the key roleéplayed by the jteacher. The

c racter of the educatlonal experience received by a student in a partlcular class-

roIm is largely a function of who the teacher is. Alfhough the teacher does not

perate in complete isolation, what variatlons are found from one classroom to
another are largely a functlon of the 1nd1vidual ,teacher and, more significant
yet what happens in American schools as a whole is largely a reflection of tho
values held in common by teachers.

The true significance and 1mpact of this key role of the teache% cannot be
understood independently of the previous two matters; namely, the almost exclusive
attention to the fundamental knowledge goal cluster and the textboo& domination
of the curriculum. These factors are/hlghly interactive. The goals pursued in
physical science classrooms are the ones valued by teachers, and, Fy and large, they
are the same goals that are reflected in the textbooks. Looking 7urther, one sees
that teachers clearly are the ma1n influence in choos1ng the textbooks, even though
the decisions are not le{t eatirely in their hands. In addition,, teachers value
a textbook-oriented approach. -~

It should also be noted that teachers and cther school personnel are responsive
to external influences such as the community of which they are a part and the .
colleges for which they are diligently preparing their students7 Although there
are some indicators in these four studies of the nature of teachers Jesponsiveness

to these external influences, this matter needs much further atkention because it

.

w
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may be the key to implementing changes in the schools..

. " The Key Messages

In this section ‘the value judgments of the pnysical scdence focus group
become nore explicit as their key messages are explicated as background for the
recommendations to be made in a subsequent section. These value judgmentS'Secome
apparent as diScrepancieSsare ideéntified between the desired state and actual
states” of physical science education. The identification of such discrepancies
by its very nature is somewhat negative.and it should be understood that this
identification of discrepancies is ot intended to paint a picture of physical
science education as being "all bad". Each of the, two major discrepancies
identified is followed by a key message, more positive in tone, which points
toward significant potential change in physical science education which would

[

be of -benefit.to American youth.

Narrow Goals ,
M - ¢

4 b ' J,/
While the acquisition of fundamental knowledge about the physical sciences

is an!acknowledged goal of instruction, this goal tends to be pursued in a .
rather narrow manner and to the exclusion of the other goal clusters of personal ]
needs, societal issues and carear preparation. The rfsults of the four studies
make it aonndantly clear that only the one goal cluster gets significant
attention. In addition,. the focus upon the textbook as authority, the lack of
laboratory work .and the overwhelming avoidance of "inquiry teaching' raise
serious questions as to whether or not this fundamental knowledge is pursued

in a context\where problem-solving and applications of knowledge are given
significant attention.

Key Message #l. The sciences, especfally the phvsical sciences, provide a
context in which students can acquire information and processes of problem-solving

and learn how to apply them to indentification and resolution or management of per-

sonal and societal problems. The knowledge and processegs of the physical sciences

are applicable to.all four goal clusters and instruction should be broadened to

give attention to all four.’ cor

Physical Science Not Valued

3

Science, especially the physical sciences, is not a valued part of the public

school curriculum of general education for all students. The physical sciences

are given little attention in the general education requirements of students,

especially in the high school years.
The only widespread, systematic exposure to physical science occurs in the

science programs of middle schools. The physical science instruction at this

level often is limited by: (a) lack of equipment, (b) teachers who are not

) 258
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adéquately prepared in all areas of‘the physical sciences, (c) a texthook empaasis
with resultant iimited instructional approaches, and (d).-a ngfrow set of goals as
described. previously. } - - :
‘Physical science in the senior high school is best characterized as elitist.
Enfqllments in physics and chemisktry are low, limited to some of the students who
are preparing for college andﬁor are especially interested in science-related
careers., E1rollments of young women and minorities are low, with resulting far-

reaching Social implications,

Y

Key Message #2. Physical science education should become an important part
of general éducation for all students at all levels, including the senior high

Goals, and Objectives

school level. The physical sciences should be an important part of general education
because apprepriate experiences with the physical sciences can contribute to the
development of important cognitive skills; and knowledge about the physical sciences
and the ability to apply the methods of scientific analysis to personal needs and
societal issues are of major importance in todav's world.. Students can be expected
to_apply their knowledge about scienceé to situations they encounter in their daily
lives-only if they atre specifically taught to do so and are given opportuaity to
practice these skills.

v

P

LS

\
Recommendations -

& .
‘The recommendations presented in this section are an outgrowtn of the analysis
of the 'extant educational situation as described previously. Five major recommenda-
tions are provided with a brief rationale for each one and an elaboration 1n£tne

form of a series of more specific and detailed recommendations.

. N

"Recommendation #1. The goals of the physical scieunce education should be
broadened to include the frequentlv espoused goals of American education which.deal
with personal needs, societal issues and career awa¥eness in addition to the tvpical

. and important fundamental knowledge goal and should be extended to include zll levels

of the school program from kindergarten through the senior high school.

The current situation in physical science education, as indicated earlieé, is )
one of considerable discrepancy between actual states and the ideal in terms of *
the breadth of goals and the extent to which they are pursued in the school systems.
Physical science education has important contributions to make to the development " i
of cognitive skil%s, the resolution of many personal needs, the resolution of
numerous societ§% issues, and entry into many occupations and professions., . Positive

change with res%ﬁct to educational goals in the area of physical science education

will require that many matters, including the iollowing, be attended to:
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(1) The goais of physical science education programs should include
'acquisition of physical—-science -knowlédge and scientific problem-
solving skills, and the ability to utilize this knowledge and the
processes of scientific problem-solving im dealing with personal T~
and societal problems and issues as well as career decisions ’

(2) These goals should extend to all levels of the educational program
" for all students even though the relative 'emphasis will vary from /

school to school, and 2ven within schools, according to such factors /
as student age, interests, and long-term goals, particularly with
respect to career preparation. .

(3). For each of the four major goal clusters, exp11c1t selection criteria

for obiectives should be defined and all objectives carefully evaluated

on the basis of the agreed upon criteria. [ These specific objectives_

muSt take into account the importance of all goal clusters, and, relevant

selection criteria should be drawn from the physical science disciplines

themselves, the psychology of learning, and wvarious student characteristics

such as age, mental ability, interests/and goals.

Program Development and Modifdcation

: \ : i’: : . : -
Recommendation #2. Existing physical science programs should be modified and
new programs developed to provide all students at all grade levels with a broader
and more extensive experience especially with physical science content and processes
as thev apply to the goal clusters of personal needs, societal issues and career
awareness.

The rationale for this recommendation is an obvious outgrowth of the synthesized
findings of the RTI, CSSE, OSU and NAEP studies. They clearly indicate a general
lack of attention to personal needs, societal issues and career awareness in existing
physical science courses. In addition, there is an obvious absence of physical
science experiences for most high school students (i.e., those not taking ﬁhysics“
or chemistry) and a tendency for women and minority students to avoid existing
high school physical science courses. A further indication of the importance of
this recommendation is the relatively low level of understanding among seventeen-
year-olds and adults of ways in which basic physical science princgples are applied
and relate to. personal needs and societal problems. The specific facets of this.

broad recommendation include the following:

(1) New programs for grades 7 - 9 should be developed and disseminated,
and existing programs modified to give greater emphasis to the goal
clusters of Personal needs, societal issues and career preparation.
There should be an intensified dissemination of existing programs
that provide such emphasis. A

(2) . Existing chemistry and physics courses should be modified to give a

more appropriate emphasis to the goal clusters of personal needs,
societal issues and career preparaton.

- 20 -
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(3) New physical science programs for grades 9 - 12 should be oevelopeswm“ﬁ
" . and disseminated which emphasize the goal clusters of personal peeds, -
societal issues and career awareness and are appropriafe for dnd
attractive to the majority of students (including women and racial
minorities) not now served by the hlgh school physics and chemistry
coursesS.. The dissemination of existlng programs having this emphasis
should be intensified.

(4) 1Interdisciplinary programs (courses; modules, activities, etc.) should
be evilopéd which focus on personal and societal needs and incorporate ~
sthe relevant physgcal science c¢ontent.

. ) ) ¢

(5) Appropriate physical science content should be introduced ihto current '
courses that deal with personal needs, societal problems and careers,
e.g., social studies, home.economics, indystrial education,, and
mathematics.

(6) The coures so developed or modified 'should have many of the following
characteristics if the above recommendations are to be fully realized:

(a) Opportunities should be provided for students to pursue individual
needs, goals and interests, e.g., provision could be made for
modularity, a’project approach, or time periods for 1nvest1gat1ng
individual topics. -

(b). Opportunities should be provided to apply science processes ;o\\&
real-world problems that have no pat solutions bt requlre
compromise and optimization.

.(c) Personal needs, societal issues and career preparation should be
considered intrinsic to all facets of these science programs.
1

. AN

(d) Basic concepts of physical science should be dealt with in the
context of socially relevant problems.

(e) Opportunities should be provided for students to interact with
people working in science-related fields.

(f) Opportunities :should be provided for students to identify
with persons of different lifestyles, socio-economic status,
ethnicity, and sex who are fully participating in-the scientific
enterprise.

(g) Emphasis should be’ placed on the means by which sc1ent1:1c
knowledge is generated.

(h) *Learning experlences should be provided which include’ laboratorv .
experiences, out-of-school experiences, illustrations of dlffErent
problem-solving styles, opportunities to 1look outward from a discipline
to find understanding of its problems, exploratory activities that
involve talking, guessing, and hypothe5121ng, and opportunities to

- partic1pate in actual or simulatéd research. -
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Teacher Educdtion

3 . \ :

Recommendation #3. Preservice and inservice teacher education programs should
be developed Which includé emphasis upon personal needs, societal issues and career
preparation, ds well as the means by which these areas can be utilized as settings
for applying, analyzing, synthesizing, and evaluatlng fundamantal knowledg" in the
physical scienfes. .

The synthes%zed results of the four studies clearly indicate that the teacher
is the key to tﬁe educational process under consideration here. Goals can be changed
and programs can be modified but their realization is dependent uﬁon the teacher.
One of the major means by which teachers are influepced is professional development
programs. Teachers have positive feelings about science-related inservice program$
and staff development aceivities. They express a need and desire to Earticipate

in .such, especiallf‘those dealing with teaching approaches and the content of their

specific field of s%ience:' Among the specific suggestlons which elaborate upon

p
this recommendation are the following:

(1) Steps shoyld, be taken to increase the awareness of the need for expanded
inse dUCaClon programs. A hlgher4pr10r1ty for staff development on
the ;git of fundlng agencies, local school boards and schcol administrators
should be ep&guraged. -

‘

P

in nationally and locally developed inservice education programs and
staff development activities. Such incentives might be free tuition
(as per the hlgply successful NSF institute plan), release time,
stipends and honorarid.

(2) Incentives shduld be provided that will encourage teachers to participé&iw/

(3) Inservice educatlon programs should be ‘developed which are locally
relevant to the needs of the participating teachers and are designed
to disseminate -successful programs. - Emphasis should be given to all
of the goal clusters, to the higher level cognitive domain, and the
relevant physical scienre conternt. @

(4) TUndergraduate science teacher education courses should be modified to
' include more emphasis upon a1l of the goal clusters and the means for
attaining these goals for all students. :

'

(5) A resource utilization plan should be developed that will provide
materials, ideas, and other assistance to interested teachers upon
request, The plan developed and implemented should/ provide = means
for identifying and organizing existing currlculgm materials and
tailoring existing materials to current curricular modes’.

(6) A major goal of thesé activities should be the internalization of
a high value on phy51cal science for all students and the pursuit
of broad goals for 1ﬂstruct10n in this a acea.

|
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Evaluation

- '

Recommendation #4. Measures of desired outcomes pertaining to personal needs,

societal issues and career awareness should be introduced into the various tests
of student achievement and broader district-level evaluation programs which will
give to.these goal clustérs such emphasis as indicated by citizen and'sc1ence
g;oups through the established accountability mechanlsms.

[

The standardized tests that are "imposed" upon teachers by their districts

or other larger units have a major impact upon what teachers attempt to teach.
Potentially, testing }equirements are one of the major leverage points in bringing
about change in-the cupriculum. Thus, it is recommended that attempts be made to
influence the groups deyeloping tuese instruments through awareness conferences,
Publications and development of sample exemplary instruments. In this regard, the
role of the National Assessment of Educaiional Progress and professional societies
is important. It is recommended that NAEP emphasize the personal needs, sociestal

issues and career awareness goal clusters even more tban they have in the past and
that their "released" items be presented to school district personnel as models

wheré appropriate.*' Thus,the specific recommendations are the ?ollowing:
(1) NAEP should be informed of the results of Project Synthesis an
requested to give high priority to changing the emphasis withifh the
science assessment to that indicated herein.

(2) Awareness.conferences should bé conducted for district-level personnel
who develop testd® for their districts. \' .
. / , . - ‘
(3) Approprlate artlcles should be written for test personnel encouraging
them to pursue Recommendation #4. ,

‘ ) ! \ . . .
(4) Banks of appropriate test items should be provided for scnool district
personnel to draw upon in developing their local district accountability
/ procedures.

)
N\

(5) Professional science teaching societies should be encouraged to develop
! or acquire appropriate item banks and encourage their use.

(6) Established citizen-accountability groups should be informed (through
conferences and publications such as a booklet for committee mempers)
of the need in question and encouraged to use their influence to, assure
that appropriate modifications to tests are made.

(7) NIE should be encouraged to maintain an assessment of sciepce through NAEP.

‘ i
(8) The National Science Teachers Association should be urged to hold item-
writing (or selection) sessions for supervisors and other leaders at -
their annual conventlons. Such sessions should focus upon '"how to do"
topics wifh respect to evaluation.

1l " / &
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Research <

Recommendation #5. Research should be encouraged in areas that have particular
potential for influencing sciencé education practice, and the results should be

disseminated to those individuals, groups, organizations and institutions having
the potential for placing the relevant findings into practice.

The synthesized results of the four studies not only produce new insights as

to future directions for educational practice but raise further questions which

if diligently pursued have the potential of benefiting students. Among the

specific topics having high priority for research are the r6llowing:

(1) The determination of the effect of science instruction;bn the
development of general cognitive skills such as reasoning,
language and mathematics skills.

> 2

Tgé determination of the '"real world" outcomes of science instruction

ée.g., do people choose careers more wisely, eat more sensibly, avoid.
azards, particpate in sci%gge-related political decisions, and attack
//problems more effectively?).

(2)

(3{ The identification d¢f course offerings which are effective in promoting
" science achievement in all goal clusters.
, (4) The identification of specific teaching strategies and behaviors
Telating to physical science achievement, especially as they pertain
/ to the personal needs, societal issues and career awareness goal
' clusters and as they pertain to students who now take little or no

(5) The€ determination of the relationshipns between student motivation and
(a) the percentage of time (emphasis) on the personal needs, societal
issues and career awareness goal clusters, (b) instructional "approaches
(traditional vs. inquiry approaches), (c) the level of cognitive learning
emphasized, and (d) affective learning.

\ L4
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INQUIRY PHASE I REPORT: THE DESIRED STATE OF INQUIRY‘

- »

oL ST ' Background

¥

3

The general process b& which human beings seek information or understandiné
is called inquiry.. Broadly conceived, inquiry is a way of thohght. Scientific
‘inquiry is the subset of general inquiry that is concerned with the natural world k L

. ?nd is éuided by certain beliefs and as%umptionsa -

|

.i ;he description of a deéired state of affai}s for student understanding of,
inquir& presented in this .paper is,based in:.part on earller .writings of Klopfer
(1976). 1In addition, several beliefs gulded our interpretation of the inquiry >}
deain. These are listed below: ’
\ 1. Inqulry as a way of thought is a valuable goal for educatlon

2. Theré are certain characteristics o@ the nature of sclentlflc .

- inquiry that studeﬁts ought to learn. I

A 3. Sc1ent1f1c 1nqumry is: not a prescrloed set of steps, but it ,

does contaln some\common elements that need to be addressad.
4. Process is pervasxve -- it, ioge:her with conceptual schemes,
is what is likely'g remain after the gontent is fbrgotten.

5. We recogni.e and advocate the importance of informed attitudes i
as an integral part Qf scientific inquiry. The following . !
statement dkscribes this point of view:

¢ Students will possess informed attitudes toward the process ' %
of disggplined i’nr;l.xiry§ part.icularly those processes and know-

ledge chéracteristics of scientific 1nqulry. Indications of i
the existence of such attitudes will span the continuum from

o merely being awh;e of a ﬁhenomenon (receiving) to making a

concerted effort to :esp&nd {organization). For some students,

attitudes toward séientif;c inquiry will become their life

outlook (characterization). '

Students will exhibit‘different feelings about different com-
ponents of the processes of science, but our desire is that students
will respond to the pfocess of scieqcé with positive feelings (valuing).

In our statements of desired student outcomes we have chosen

. i .. P J
to weave affective (feeling) statements in with our cognitive

(knowing) and skill (doing) i}gtements.
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We recognize that all possible @esired student elements could
not pe covered in a document such.as this, Therefdfe, we have
sampled the domain of inquiry seiecting those aspects that are
most important and presented examples of these across the four

goal clusters.

The student outcomes are pitched at the able high school graduate,

.

’
L
4

|

but we éxpect a range of competencies,

.

'

Some student outcome statements represent minimal outcomes.,

other student outcome statements relate to those students

’

The

who take

two or more science classes in high school.

As usual, the intellec-

tual development and interests of the students must influence the

extent to which the non-minimal outcomes are met.

L e
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Domain of Inquiry

?

The set of elements associated with the term "inquiry" has been divided into
three main themes and nine subthemes. These are presented in order of increasing
comglexity and abstraction. Brief descriﬁtive phrases are used to elaborate the

subthemes where necessary.

I. Processes oriMethod of Science‘
A. Observing and Meésuring
This procéss refers\to that rather difficult task of re;ognizing or
choosing‘problems and\then through a combination of hard work, thought,
; skill, past experience,\or just blain luck, findihg solutions to the
problems. Also involve;\a;e such things as problem recognition, devel-
oﬁing hypotheses and testing hypotheses, often through experimenté.
C. interpreting Data -and Forming eneralizations
D. Building, Testing and Reviging a\Theoretical Model

Theoretical models are viewed as conceptual schemes that allow us to

"understand" a variety of phenomena iR the natural world. Good models
are broadly generalizeable and can be used to generate predictions to

. be tested. They indicate how otservations and concepts are related.

II. Nature of Scientific Inguiry i > .

A. Scientific Knowledge as a Product of Scientific Inquiry
Scientific knowledge consists of jdeas about natural phencmena in the
form of observations, iaws, hypotheses, theories, models and assump-
tions. This knowledge is tentative. It is the product of human effort.
Science knowledge and the direction of inquiry itself is affected by
a number of psychological and sociological igﬁluences, such as,- the
social context in which the scientific inquiry occurs. It comprises
the assumptions and metaphors of those who created it, those whose

- principal aim was to satisfy their curiosity about natura:i phenomena.
Thus, there are limitations to scientific knowledge and scieﬁtific
inquiry‘--‘ﬂimitatiohs related to psychological and sociological eifects
and limitations possibly bounded within the domain of natural phenomena.

.

I
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III. Inquiry As A Way of Thought ¥

There are some basic assumptiorns in scientific inquiry which have en-

dured over a long period of timé. These assumptions about the natural

world include cauéglity, noncapriciouszess and [intelligitility.

B. The Diversity of Tactics and*Strategies in Scientific Inquiry

.
While different branches, of science share similar types of inquiry, there

are as many different "scientific methods" as/there are scientists.

, However, two modes of inquiry are often recognizable: (a) stable inquiry--

inquiry'proceeding within the accepted scientific knowledge of that
o area; (b) fluid dnquiry ~- inquiry that -challenges, -and perhaps alters,

the theotetical structuré of the discipline. '
C. The’éelf—testing and Empirical Aspects of Scientific Inquiry

Scientific knowledge raises questions about.phenomena. In an attempt

) N . /

to answer these questions, scientists create hypotheses. Scientists

test these hypotheses by means of independént empirical verification.

Observations are-gathered by different people under experimental condi
tions, and then these observations are con§red with predictions deduced

, from the original hypothesis.; The observations used to verify or fgisify
the hypothesis are: (a) contingent upon the éxperimental c9nditions and
the instruments used to gather the data and (b) judged true if the}/;re

based on sense data, repeatable by anyone trained in inquiry technigues.
/
Theories are useful ('"true") to the axtjﬁt to which scientists believe
a

in the confirming observations. Criterila for accepting a thecry %hclude

such things as logical coherence, simpl city, explanatory power, ﬁredict
. ;
ive power and potential for growth in developing scientific knowledge.

Theories guide observations. DisconfirPing observations may lead to

modification, restriction in the scope;of application or replacement

of the theory. N !

v

{ A. Strategies of Ianiry
1. Generation and selection of appropriate problem-solving strategies.
E ] ’ .
i
Is it a values (or values-related) question? If yes, use values-

/
|
|
l
!
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clarification strateéies. (For example, see Values and Teachiﬁg by

Raths, Harmin and Simon. ) Is the aim to develop scientiflc knowledge

and undersFanding?' If yes, use strategies detailed in "P*ocesses of
Scunntific Inquiry.” Is’the purpose (need) to apply knowledge, skills
and/or procedures to a personal or engineering-type problem? If :
yes, use general problem~solving strategies. (For“example, see How

We Think by J. Dewey or Critical Thinking by M. Black.) Is the

g,

purpose (need) to decide among alternative societal actionc 9
be taken? If yes, use decision-making strateéies. (For example,

see Developing Decision-Making Skills by D. Kurfman.)

NOTE: Whichev:r set of strategies is selected, all the consider-.

ations discussed under Evidence, Reasoning, Safeguards and Customs

~

. } ap_ply-
2. Evidence

¥ Includes questions of relevance, usefulness, judging reliability

and utilizing evidence to make decisions.
’ .
3. Reasoning
Includes loglcal reasoning, analogical reasoning, assumptiorns,

' causallty, multiple-causality and judging alternatives.

! NOTE: Consideration also must be given here to alternative systems
of logic —-- expecially the logic systems of children (and acdults?)

who have not attained the Piagetian formal operations stage.

B. Safeguards and Customs of Inquiry

~ -

These are the generally agreed-upon procedures, operating modes
or rules of the game (the "ethos") that individuals partlclpatlng
. . - in all forms of rational inquiry are expected to follow. Some
of the more important procedures include open-mindedness; critical-

‘ness, including of one's self; commitment to accuracy; integrity;

and sharing through public discussion seminars and written reports.
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Desired State For Critical Elements .
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Desirkd Student Outcomes

Goal Cluster ,I: Personal Needs.

Observing and Measuriig

*l.

*3,

-

*]1.

Seeing a Problem and.Sgékiﬁg Solutions

|
—

.

Ed
(Doing). Measures accurately those body symptoms €.8., blood
pressure, heartbeat, temperature, etc., that are important in

monitoring one's health.

(Doing). Observes and measures those consumer products to be

purchased to guard against fraud, deception or exorbitant costs.

, -

(Doing).. Observes aﬁd responds to phenomena in his/her environment

in order to insure ﬁerspnal safety.

.

(Knowing). 1Is able to form and test hypotheses around probleas
related to personal needs and interests, e¢.g., acne, o&er—weight,

low grades, -autos that won't start and water in the basemen®t. .

- .

(Doing). Could design and carry out an experiment to test a

problem related to a personal need; -for example, which brand of

L . . .
‘peanuts contains the most oil, or do expens%ve gasoline brands

yield better i mileage than cheaper ones?

Interpreting Data and Forming Generalizations

*1.

*2.

(Doing). Is able to understand critical data presented in graphs

and tables in daily newspapers and magazines.

-

(Doing).' Can record and present data on some bodily functionm,

e.g., daily temperature fluctuations as an indication of fertiiity.

.
L

(Doing). Can judge the appropriateness of a tested hypothesis in

 §olving a person”l problem, on the basis of data obtained; e.g.,

*minimal

cost of gasoline and mileage rates. . ) ¢

—
outcomes




-
N !

?uilding, Testing, and Revising a Theoretical Model T -;

-1. (Attitude). Realize.that the possession of a few broadly en- .
compassing models will assist in interpretations of and attitudes o
- toward the environmeat. Examples include Justice/fa<.ness, ) . .o

socio-biology, evolution, compromise and democracy. N ' C

! Scientific Knowledge :as a Product of Scientific Inquiry

v bees o

. 1. (Doing). Discusses media reports,aboht scientific %indings: ,

: (a) appropriately using the terms: observations, laws, hypothe=
ses, théories, models and assumptions; -(b) expressing the tenta-
tiveness of the findings and (c) acknowledging ‘the role of the ff;i

human ‘mind and imagination in those ~findings.

T *2. (Doing). Classifies statements as being within or outside -the

- R . .

realm of sciénce.

- 2

*3. (Knowing). Deliberatcly recognizes that the relevance of scienti-
- fic knowledg. is likely limited to its own domain of inquiry ¢
(natural phenomena) and that other personal inquiries about one's

-

N life may not use scieintific knowledge or scientific inquiry. .

-
! - : :
// The Diversity of Tactics and Strategies in Scientific Inquiry . h
/ *1. _(Knowing). Does NOT have faith in following a stepwise description
+ - \

of thé "scientific method" as a way to solve problems.

The Self-testing and Empirical Aspects of Scientific Inquiry

. o
r ( :.:: . . . . ¢ _ -

- 1. (Knowing). Views the "truth" of scientific theory in terms of
+its usefulness for explaining, predicting .or encouraging growth .
. ~ » a )
_ iv science. , ' ' oot

) e . . ’ ™
’ . ) *2. (Attitude). When engaged in scientific inquiry, values the empiri-

cal verification basis of science. X *

?% A A Strategies of Inquiry =
kY B “ / W
¥ ) . /

. 1. (Attitude). Enjoys the challenge of refining problematic situa- il

tions into solvable probléms. _ - ,

2. (Knowing). Can judge whether a problem has been identified.

*3, (Knowing). Can ask questions to determine what the problem to .
be solved is.
: 53] . .
& “1
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x4,

%5,

*6.

*1.

*3.

*4,

%5,

' (Doing).

Goal Cluster II:

! ‘ : 8-11

(Kpowing). Realizes Ehat it is necessary.to determine the extent

of the reliability of certain new evidence which shows that there

5is no connection between cigarette-smoking and lung cancer in humans.

|
i (Doing). Identifies the source of certain new evidence concerning

the connection between smoking and lung cancer as the Tobacco

Institute (a research organization sponsored by the tobacco industry).

-* N -

Identifies the source of certain new evidence concerning
. a1 . . -
the connection between smoking‘andliung cancer as a university

research study sponsorgd by the U.éS. Public Health Services. ‘

-

(Doing). Studles the'research reporg contalnlng new evidence con-

cernlng the\\onnectlon between smoklng and lungxsafcer to find out

the conditlons‘thder which the udy was carried out

- ?

. AN .
(Doing). Uses evidence from a va
N\

abput personal health problems.

£y of sources to make decisions

¢ >

i

'(Know-ug), Can apply rules of "if-then"

reasoning to personal prob-
lems such that (1) acceptance of\tpe "if-part"’requires acceptance
of the "thenwpart", but nct necessarily vice versa, and (2) denial

P . C . . . v
of the 'then-part", requires denial of the "if-part", but not neces-

i

sarily vice versa.

! -
{

Safeguards and Customs of Inquiry

(Knowing). Accepts open—mindednefs as a prerequisite to successful

inquiry. /

'

(Doing). Accepts criticism of the outcomes of dga's own problem-

solving activities.

(Doing). Expresses skept1c1sm Lout the errectlveness of untestead
remedles and procedures (e.g., fad diets) concerning one's personal
health

(Attitude). Degands to see cofroborating evidence to support claims

of the effectiveness of substancé X in curing cancer. [

! J ’

/
(Attitude). Is committed to acelracy ir reporting the outcomes of

N
laboratory 1nvest1gations in science classes.

ot

'

J !
Societal Issues. .

) ) *]

" ERIC

}Amﬂmwma

.

Observing and Measuring

!

(Doing). Can measure personal ac:tions that have influence on

i

L2275,

Ll

R




. . : o 8-12
society, e.g., monitorsighroﬁgh measuring techniques the heat

-loss of a home. v,
) I
4\

(Doing)l Observes the impact of his/her actions on the rest of
society, both those that are negative {(noise pollution), and those

that are p051tive (not smoklng in a crowded room) .

a .
!/ Seeing a Probieqfand Seeking Solutions .

. \
*1. (Knowing). \ Able to recognize problems of society such as over-

" population, pollhtion, venereal disease and lung cancer.

%2, (Doing). Can design and carry &yt actual mini-experiments to test
hypotheses about the various problems of society, e.g., water

' and air pollution.

L3 ° . -. () <
*3. (Attitude). Is supportive of the allocation of public funds

;o " for use in solving the science-related problems of society.

.

Interpreting Data and ?g;ming Generalizations

*1. (Doing). Can interpret data presented abcut a societal .problem

and judge its implications for personal behavior; e.g., the :

relationship of limiting speeds to 55 mph to resulting gas usage./

. . /
Building, Testing, and Revising a Theoretical Model ! .

1. (Knowing) Several models are proposed as accounting for soc;al
' S behavior, insoLar as these are adequate, it seems 1mportant that

students are familiar wicth them. Some examples }nclude justice/

. * . . s .
fairness, socio-biology, evolution, compromise and democrac,

Scientific Knowledge as a Product of Scientific Inquiry

1. (Knéwing). Anticipates that scientific knowledge related to

?
societal issues may change and will.therefore demand a different

I gé%‘g of view im order to use the Iatered knowledge.

! 2. (Doing). Abstracts from a societal issue the component related

. to natural phenomen&, identifying this component as being germane ;
/to scientific knowledge and scientific inquiry. f
[

*3, (Attitude). Expresses a view that the support of the scientific.
/. enterprise,'if it is to take place at-all, must take place in the

form of suppert of human needs (those of the scientists).

\ - .
*4, (Xnowing). .Consciously acknowledges that the fundamental driving

’\ ’ . "/.
. h

~
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doing inquiry lik21y~_emerge§ from hiS or her

;:"-~ gf/,ﬂw«x R

. R force of a scientist

ment in a societal issue.
- - - /
*/
The Diversity of Tactics and Strategies in Scientific Inquiry )
? . . . SR / .
1. (Attitude). Accepts or anticipates that the science component of a

curiosity about natural phenomena, rather than. from his or her j?voive-

societal issue can give rise to different solutions. . : '

The Self-testing and %mpirical Aspects’ of Scientific Inquiry .

{ ’ / N

1. (Knéwing). Recognizes that scientific 'theories (which relate to ‘
a societal issue) are considered useful in the realm of science,
however, they may not necessarily be coirsidered useful in terms

r /
of societal issues. i

-

*2, (Attitude). Does not expect scientists, to use knowledge in
their scientific thinking unless it has been verified empirically

by independent groups.

, Strategies of Inquiry .
L

! about selecting the appropriate strategies for solving science-

(Knowing). Is sensitive to the importance of making decisions

related societal problems.

d 2. (Attitude). Has faith in the power of reasoa and in systemic

-

i’ K 3 - 3 3 "
approaches to problem-solving for science-~related social problems.
< P £

*3. (Knowing). Can decide what the main issues of a simple science-

related social problem zre.

~

*4, (Knowing). Can decide what is and wh. : is not scientiic evidence

k]
¥ : in a simple science~related social issue.

5. {Doing). Identifies evidence from prepared sources (i.e., news-
paper and magazine articles), that relatz to decisions for science-

: related social problems.

. 6. (Attitude). Enjoys identifying the evidence needed for decision-
‘making ,about science-related social issues.
: 7. (Attitude). Consistently seeks out information to determine the.

extent of the reliability of evidence concerning the expected

‘ depletion of fossil fuels and the shortages of other energy resources.

) 8. (Doing). Identifies two or more possible decision alternatives for

science-related social issues.

9. (Doing). Evaluates the consequences of each alternative in a

-

decision-making situation for science-related social issues.

'IERJ!:‘ - ‘ : 237ﬂ7 s. | -
e ) , ) o .

.
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i ) Safeguards and Customs of Inquiry

é 1. (Doing). Searches out alternative ways of possibly getting

;' to the major goal in a science-related .social issue. .

*2, .(Knowing). Acknowlédges fhe desirability of considering various

. /! . . . .
alternative viewpcints concerning science-related social issues.

3. (Doing).  Considers the arguments of persons who hold viewpoints A :

. . . . . s
different from his/her oﬁn concerning solutions to the energy crisis.

; 4. (Attitude). Consistently insists on giving opportunities to be '
heard to propoaents of various viewpoints concerning water and .
- air pollution issues. / / .
; . 5. (Doing). Revises conclusions or opinions about science-related -

A -

social issues in the light of new reliable evidence.

LY
6. (Attitude). Deliberately examines a variety of viewpoints on
3 ° 3 3 ° v ° °
various environmental issues in the process of forming opinions

P *about them.

/ ! . 1
7. (Doing). Compares the Fdequacy and reasonableness of several
i proposed solutions to the problem of the growth of the human

population. .

e R -

© . . .
/ 8. (Doing). Suspends judgment on a proposed solution to a science-

related social issue when insufficient evidence is presented.

. 9. (Attitude). Takes pains to clearly and consistently distinguish

- between observations and empirical data (on the cne hand) and

. interpretations of observations and causal inferences or explana-
tions (on the other hand) when discussing the results of an inves-
« tigation of a science-related social problem.
1 . ' L
+ : 10, {Atfitude).- Consistently calls attention to the need to obtain
. ¢ : "
accurate and reliable data on dhe potential environmental risks

of buildigg a new nuclear power plant.

11. (Doing). Changes one's opinion about controversial issues .
concerning the environment when a reexamination of the evidence /

\ warrants a revised -opinion.

‘3_ . ~
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2, li.' (Attitude). Consistently employs only rel}able evidence, trather 4
¢ than propaganda, to support his/her viewpoint on a science- .
o related social issue. . s
Lo Lo / : ' /
/. Goal Cluster III: Fundamental Knowledge. : J:

ERIC

Aruitoxt provided by Eic:
- e ¥

'Y

/

’ Observing and, Measuring

*1.

*2,

*3,

*5.

*6.

Seeing a Problem’ and Seekiﬁg'Solutions

- ! -

. . /
(Doing). Is able to .observe and describe objects and phenomena Ll

(including change) using appropriate language.

(Knowing). Can list or identify differences and similarities -

among two or more objects. 3
. :
Uses the tools-a scientist uses to improve his observ

/

appropriate measuring instruments., . ]z

(Doing).

tioral capacity (e.g., microscope, telescope, camera).

o . . . X :
{Knowing). 1Is able to measure objects and events by selecting
/

>

(Doing). Estimates measuremeut with relctive (appropriate)
. . i
accuracy. B ' ) .
!

 (Knowing) . Knows the precision (errors) in a given statement.
1

y \

i -

i
%1, (Knowing). Can'recognize and select problems. o
*2. (Doing). Formulates working hypotheses. -t
*3, (Knowing). Can select tests suitable for various hypotheses. %
%4, (Doing). Designs and conducts experimental tests of hypotheses.
*5.. (Knowing). Recoynizes that problem selection and hypothesis
: formation ar+ somec:mes accomplished in direct and programmed '
. . - / ;
ways, and other times they are very much unpredictable processeé. k
In both cases, however, they involve inteiligence and patient, ’ :
/ ;
§ :
hard work, though neither guarantees success. : :
. ‘ . J g
Interpreting Data and Forming Generalizations . ¢
*]. (Doing). Can process (e.g., record, list, summarize, etc.) ﬁ
i data from experiments and observatiohs. ,
. w’ t
*2. (At&itude). Sees' value in presenting dzt2 in the form of ) o ;
- . .!

" functional relationships, 'e.g., tables, graphs, equations.

' ’ \ i 2?9

i
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( / *3. (Knowing). Can interpret patterns and trends of experimental :
’ data and, obsérvations. ' ‘ :
! i{ﬁ\ . ’ <3 h . ‘
*4, (Knowing) Is able to carry out the. processes of extrapolatlon :

P . and‘interpolation agg understands the limitations of these processes. H

’ ﬁ‘ ) :
*5. (Doing). Can evaluate ‘the hypothesis tested on -the basis of data .

obtained. , ° : o ;

.o ' \ {

6. (Doing). Can formulate generalizations appropriate to relation- - .

é l ships among data obtained in experiments, e.g., the longer the ﬁ
Lo pendulum, the larger the period. .
i Building, Testing, and Revisiﬁg a Theoretical Model - :
: %), (Attitude). Recognizes need for th-sretical models to relate ;
3 i

I
-

1.
2;
: %2,
3 %3,
7 :
| L,
Q
ERIC
R oo }
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Scientific Knowledge as a Product of Scientific Inquiry :

" explanations‘which have bern, or are being, altered.

different phenomena and princibdles.

(Doing). Can formulate a theoretical model in the various science

content areas.

(Knowing). Can specify which p@enomena'and principles are included

in a model. ‘ /
(Doing). Deduces new hypotheses from an existing theory. ?

(Knowing). Can evaluate results of experiences to test a theore-

tical model.

|

; . - . - LN . }
(Knoggng). Can refute or revise a proposed model on the basis of w
experimental observations or interpretations. }
|

(Xnowing). Recognizes examples of the following types of
scientific knowledge: obsérvations, laws, hvpotheses, theories,

models and assumptions,

(Doing). Cites examples of earlier and current scientific

(Attitude) Expresses the view that the students' science
textbook will need to be rewrltten by tue time their children
study science (in order’'to revise laws, hypotheses, theories and

models contained in that test).

-

(Doing). Describes human characteristics which faﬁllltate the

growth of scientific knowledge.
D
<850
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The Divexrsity of Tactics and Strategies in Scientific Inquiry

*1

*2.

(Doing). Desctibes examples of stable and fluid inquiry which

‘the student has experienced in science classes and which aré

. ¢
being carried out in‘'science at the present time.!

(Attitude). Expresses the view that dif%erént scientists may use
; . b

different methods of~inquiry because of individuaI'Aiffergnces i

among scientists.

-

TLe Self-testing and Empirical Aspects o. Scientific Inquiry

*2, -

-

*3,

*5

(Knowing). Recognizes instances of independent empirical

verification.

(Knowing). Cites indeépendent empirical verification as a basic

criterion for judging the "truth" of scientific statements.

(Knéwing): Acknowledges that scientist: deal with hypotheses,
theories and models in terms of their usefulness (in explaining,
predicting and encouraging growth in éb;ence) and not ir terms of

their absolute truth.

(Doing). Cites examples of theories or models which are used :n

science today in spite of their having some inaccuracies.

(Attitude). . Expects theories to be altered, restricted, or

replaced, in the light of conflicting observations.

Strategies of Inquiry

*]

(Knowing). Can grasp the meanirg of simple scientific statements
and recognize them as being evidence for or against some conclu-

sion. (L:ample: knows that the statement, "Wood floats in water"
implies that "wood is lighter than water" and "whataver is lighter

~

than:water floats on it.'")

(Poing). Judges whether an inductive generalization based upon

a laboratory experiment is warranted.

(Knowing).” Can judge whether proposed 31;ernative courses of
action are adequate, such that the alternatives are likely to !
facilitate achievement of the decision goal, within the limits of

existing resources and goals.

:Safeguards,and Customs of T-quiry

1,

(Attitude)., Voluntarily seeks the cgitigism of others on the ,
Ef:_lat:a and interpretations of his/her ékperixgents. 281
. ' "l
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10.

11.

12.

*13,

1 .
il

. 1 4
(Doing). Designs an experiment to test a certain hypothesis

which is contrary to the hypothesis he/she believes to be
correct.

L

(Doing). Accepts the disagreement of scientists about

interpretations of the outcomes of scientific research.

(Doing). Designs a new experiment ﬁo again test a hypo-
thesis which he/she already found to be correct in

several previous experiments.

(Doing). Identifies logical flaws in the interpretations

of observations in an experiment.

(Attitude).

work of scientists.

(Doing). Records all data whicH he/she observes in experi-

ments and only data which he/she cbserves. ‘

(Attitude). Takes pride in the accuracy of data he/she

collects in experiments.

(Attitude). Prefers statements about éxperimental findings
which are precise and, coherent, rather than imprecise

‘and incoherent. i ¢

(Xnowing). 1Is aware or accepts the proposition that

scientific progress resides in the integrity of scientists.

(Knowing). Accepts the valuing of freedom of inquiry as a

necessity for scientific investigation.

(Attitude).
ation of the significance of findings in an investigation

/’_-\
he/she has carried out. |} -

\

(Doing). Never fails to eport the complete set of
observations in an investigation, rather than leaving out

cases unfavorable to his/her hypothesis.

2
[

- 282

Consistently avoids making too great an exagger-

Is committed to the necessity of accuracy in the

2

-~

[
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Goal Cluster IV:

e-19

~

(Rnowing). Is aware that science is a social phenomenon

and progresses through publication and discussion of the

fingingS’of scientific work.

(Doing). Participates in communicating the rasults of his/

her .outcomes in the solution of scientific problems.

Career Education and Preparation.

“Observing

I3

*1.

Seeing a Problem and Seeking Solutions

*1.

Interpreting Data and Forming Generalizations

1.

. 2.

s

\

and Measuring ) 1

s

(Doing). Participates in a variety of observational and measure-
ment activitieslto sufficiently examine the potential and '

. ! s .
interest to them for a career in scler.ce.

L

(Attitude). Enjoys involvement in opportunities to participate

in science-related problem identification and solutionms.

1

——

(Doing). Has sufficient tradining in data interpretation to be

able to continue the training sequence if interested.

(Doing). Has experienced the successes and problems o: inter- .
preting data and forming generalizations to reallstlcallv con-

sider careers in science.

Building, Testing, and Revising a Theoretical Model

*]1.

*2.

(Attitude). Involved in the process of building, testing, and
revising theoretical models to such an extent to be able to
judge interest and competency.in the process and can judge

potential as future scientists and engineers.

(Attitude). Appreciates the value of models in understanding

natural phenomena and is interested in pursuing careers that

N \
use such approaches.

Scientific Knowledge as a Product of Scientific Inquiry

1;

(Knowing). Recognizes the primary need to be curious about natural

phenomena in order to be suitable for a science vocation. *

R PN
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Desired Program Characteristics

\ ’ ' o

‘ , 7 820

2. (Knowing). Recognizes the latitude in science for expressing

human ingenuity and creativeness. e

v

The Diversity.of Tactiecs and Strategig; in Scientific Inquiry

1. (Knowing). Recojnizes that a career in science does nbt requir:«

a singular role, but is open to a number of diffejfntbroles.

The Self-testing and Empirical Aspects of Scientific énquiry

(Empty set) ’ { :

\
Strategies of Inquiry !
‘ - .

3
%1, (Doiag). Decides That the main issues of selecting'%

science career are,.

. i C
2. (Doing). Identifigs the scurces of conflicting e%;dence dealing
: [ . . . . .
with the representation of women scientists in various science

fields. -

“I el o

Safeguards and Customs of Inquiry

1. (Doing). Values open-mindedness in those who pursue scientific

——

careers. ' B

>

1. Requires an explicit statement of desired oﬁtcomes.
| N
(See preceding lists to determine which are needed for each goal

cluster.) - ¢

2. Should include assessment/evaluation procedures.

3. Should have provision for student involvement in kinds of experiences’

appropriate to attain desi tcomes, e.g., lab or real world

opportunities i

4. Should be madé available to everyﬁne remembering the match of
activities of programs to abilities, skills and cognitive.

abiljties of leariflers. v y

. N
\
- . . . v
‘a - - . ) ~
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tr

. .- ,
5. Present content consistent with!the desited student outcomes.

|

6. Should give atteniion to develo'meat of /attitudes and examination of

A valuas, ) ‘ e

7. Could utilize the history of séientific development as a“ehicle fot

promoting the understanding of|science processes. -

&
<= .
L

Program Dissemination/Adoption‘- Desired S ates

~

The group believes that these elemeﬁts are of a general nature aund have
no special uniqueness for the inquiry/group. The Synthesis Group should

. look to the several models of dissemination .and ' ilization in considering .

(

‘this elemeut (e. g s Havelcck Hall, Rogers, Guba and Cfark).

°rogram Implementation - Desired States ] . '

{

Exposure. . i . )

1. Prqééss/inquiry should be inclqua in all science courses.

) —

A ]

. s s i . . .
- 2. Provisions should be made for early; repetitious exposure to inquiry
: |
whlcn continues through schooleg and beyond and is ?atched" to

student characteristics, ; /

3. Science programs ‘must provide opportuﬂltles for "process" exposures to
students at all ages. ,

. : i . . .
4. Content ahd process are inseparable -- the issue is not so much "time"

but, rather, how it is done. j
5 ;
5. All students should be eﬁrolled in "process-oriented" classes, but

the "match" problem must be addressed; i.e., appropriate experiences
for differing student characteristics and stages of development

Teacher Characteristics,

1. Possess in;giry skills and value inquity. .

2. Possess teachipg skills to encourage inquiry skills in others; e.g.,
discussion leader. )

3. Will model inquiry processes in a variety of problems (e.g.,
personal, social, discipline, career) some of which may lead to B 'i

value questioning. !

PAFullToxt Provided by ERIC
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4. Will admit to errors or lack of knowledge.’
. 5. Trained b§ being involved in inquiry, especially in-service opportunities.
é 6. Will have had a course in applied philosophy of science; has done an
: inquiry proglem.
f' : |

_1. The atmosphere of a classroom should be conducive to inquiry :

: . Classrcom Practices. . /

a. '"Easy" for students to ask questions
b. Risk—taking is encouraged -- students are provided with support
for inquiry ‘
c. prortunities for "hands on" expériences
d. Physical arrangement of classroom /
; ~e. "Science objects™ and events are present

. f. Ratio of student talk to teacher talk is high

2. A variety of classroom practices (lecture, drill, etc.) are appropri-

ate in inquiry classrooms' at different times; i.e., know there is a

i
time for doing . . . a time for knowing . . . a time for feeling.
3. Self-initiated inquiry should be encouraged.
’ 4, Person-society-discipline-career inquiry topics are used in class.

Student Characteristics,

! How well-~matched are tne desired student outcomes of the program
i
with the known characteristics (intellectual, demographic) of the

A population? ;

Evaluation - Desired States

The group beleives that this element is of a general nature and has no
unique relevance for the inquiry group. A few things of general concern

are listed: _
1

{
1. Constant formative evaluation is provided for in effective science programs.

2. Continued improvement of evaluation techniques based un current research

S

findings.

3. 1Is the curriculum appropriate for the student population; e.g., student

-

perceptions?

xy -

oD
(€e
&
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Adequate evaluation processes should be used.

essential.,

" Constant evaluation of th3>§ppropriateness of program goals is

Different evaluation tethniques and instruments should be used.

Assess the extent to which desired states have been achieved.

A

Identify discrepancies between aptuélfand desired states.

r

Student evaluation techniques should reflect the various goal

clusters as an indication of their emphasis or existence.

National and state assessments will reflect

287

-
all goal clusters.
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Preface

i The Inquiry Group found it helpfulkto con51der the status of science M

educatlon from a sllghtly dlfferent point of view than that reflected by our =~
priglnal list of critical elements. The components of our vevised structure
are context (potential), transactions (kinetics) and student outcomes (work).

. The analogy that comes to mind for the structure is the potential: energy,

T

kinetic energy, work done triad of physical sciencé. The context for learning
science(c;rresponds to potential energy. It refers to the potential ability
of the system to accomplish learning and includes the criéicalfelements of
objectives, program chgréqtefis;ics,vprogram dissemination/adoption and
. aspects of éxposute to science, teacher and studeﬂ; characte;istics formefl&

under the headlng of program 1mp1ementat;on. Transactions (includiho most

of the elements of program implementation and evaluatlon) are the kinetics

of the system which lead to certain s;udegt outcomes - work §one.

Dr. Norris Harms éubstitqted for Dr. James Robinson for much of the Phase
If work. '

v . .

.
?

A
(A
<
-
T

"ERIC | | . ' ~'
ERE ‘ _ N\ |

e e e T T A




s

ERIC

Aruitoxt provided by Eic:

Context

It was clear” from the various data sources that not only the quantity, but
also the nature of science education which occurs in the classroom is heévfly
dependent on the. larger contert if which education takes pléce, (e.g., the ?regara_
tion ethic, views. of the nature of science, etc.). The purpose of this séction is
to 1dentify some of the contextual factors wh1ch especlally affect "1nqu1ry

learn1ng

Values About Science .

'One important factor which affects the amount of inquiry teaching is the
esteen which the school and community hold for science:generall§. The evidence
available in the‘studies reflects a positive view of science in sciools ano
among those influencing schools. Nearly all teachers and counselors recognize
the neeo~for minimal competency in science. Schoolfsuperintendents (CSSE 18:85)
ano parents think any trend away from science education should be reversed
(CSSE 17:20, 18:35). There was considerable support from all groups_for a federal
rcle in improvenent of science education (CSSE 18:100) and there is some evidence
that younger students at least, "wish they had more science in school" (57% yes, T
34% no) (NAEP, COl EO5-B). Most states require at_least one year of science (RTI 23)?

Although there seem to be general positive attitudes about thes value of
sc1ence educatlon, there do not appear to bhe strong forces working to promote
science educatlon (CSSE 19.10). School super1ntendents do not appear to glve
science high priority (CSSE 17'20); state science requirements are.declining
(0SU 121), and there 1s some - ev1dence that sc1ence education is being d1splaced
by emphasis on 'areas such as the "back-to-baslcs movement (CSSE 5:28, 17: 19 18: 55»,
éndfvocational education. It .appears many people fegard the basics as being the .
3-R's and assume they can be learned separately and then applied without difficulty
to any field of thought. Although teachers generall& express positive attitudes
about—the value of science, "A sobstantial number. of teachers do not enjoy teaching
sc1ence, do- not enjoy sc1ence themselves, do not take sc1ence-related coursexork .

'after they graduate, and do not study science on their own " (0SU 122). 1In
what may (or méy not) have been an extreme case, one elementary principal'séid,
"I've had to almost force someone to put the science kit in their classes. o

one wanteéd to have anything to do with it " (CSSE "10:19).

i

4
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strong influence on how .teachers teach " (0SU 20). One teacher seemed to be

Views of the Nature of Science ) -

. Beliefs of teachers a?d.other ;dults about the nature of scien;e is one °
importagt-determfpant of the kind of science education that occur; in classrooms. ’
"Ihe'teachers' philosophy regarding what gna.how science should be tayght has a
- ) o
reflecting the apparent majority opinion when she said, fThe kids are going to dig
out the facts. Théﬁ's what science,is; finding out thg(facts " {CSSE 1:27). If:'
this statement is taken Iiterally, a;l$€§5§; facets of.inqpiry are ignored; in

reality, facts become facts with theory are verified as [facts through inquiry

£
processes.

1
, o {

. o
Resources Available

-

Because of its dependence'oh innovative cﬂrriculum developmenﬁ,'non-textuﬁl
meterials, inservice education, S&iiding spaﬁe and other material and human |
resources, inquiry education is especially Sensfqivé to the leYel of support it
receives. In many locations, real money available for science and science
materials has been declining as more\ﬁudget pressura is being exerred by other
ﬁeeds,‘sugh as career educat;on and special education (0su 122; §S§E B:4,
19:25/26, 18:41, 6:23). About half the s&perintendénts and science supervisors
felt budget cuts had seriously affected the science curricula, but fewer than
20 percent felt that such cuts had ;eshlted in "more teaching from textbook,.
less with project and lab work " (CSSE 18:41). ! A ..

‘A number of cirricular gevelopments in the last fifteen years ﬁave resulted -
in inquiry-oriented materials  (0SU 21). At the secondary_ievei, however, they
were still subject-matter orienteq and allowed little room for the spontaniety
necessary for inquiry  (OSU 180-1). Stateé and federal éupprrt of the newideveloﬁ-

ments (which tend to be inquiry-orienied) peaked in the Sixties but dropﬁed consi-
derably since  (OSU 133). At one point in the 1960's, more than 30 miilion dollars

were earmarked b% NSF for bgrricu;um development. Thé level oﬁ support was less
than 8 million dollars in 1975. The materials were largely in text form, and
teachers have made little use of the rich supply of supplément;ry materials avail-
able for teaching science as inquiry; theg haée preferred to use the texts: as
defining the course. P C

The: Valuing of "Inquiry"

Information regarding the perceived importance of inqhiry-related learning
appears ambiguous. Inqufry-related goal statements exist at the local and state
levels (OSU 160). Teachers and pringipals rank ":Information-processing znd

¢

deciéiqé-making skills" very imporf;nt (osu 85, 1;9), and generally value first-




hand learning (CSSE 1:25, 10:12). However, at the state level, 1nqu1ry-related

goal’ statements appeared in. only 8 or 42 states responding; whereas, 18 states

listed content~oriented goal statements (0SU 168). . .0

&

“There appears %o be a discrepancy between existing general statements about

the importance of inquiry and the attention given it in practice. Although

teachers made positive statements about the value of 1nquiry, they often felt

more- responsibility to téach facts (CSSE 1:42, 12 g 13:17, 19:5), "thlngsl ‘ -
which show up on tests" (CSSE 13:18), '"basics" (0SU 30 CSSE 9:3), and to stress
structure and the work ethic (CSSE 12:9).

At the district and state levels, there is generally little support available

from science curriculum speclalists. Only 20 percent of the districts reported e e

a. full-time district coord1nator or supervisor (RTI 39), and ouly 55 percent of

'the States had as many as one person-working three- fourths tlme as a science

’ supervisor (RTI 32)., . .

\
-

The Teacher‘as Decision-Maker " <%

Classroom teachers appear to be the ultimate mediators of all the contektual
iorces descrloed above. "Teacher autonomy with regard to what is taught and
how-it is ‘taught appeared widespread and should not be discredited " (CSSE 13:3).
"Almost every science teacher had strong ideas as to how the 'basics' im science
.shoudd be defined  and as to what kinds of inquiry were oood for students - and
these ideas.weére cont1nu1ng to be the prime determinant of what went on in that

teacher's classroom " (CSSE 12:5). . : ;

Not only do teachers make the ultimate decisions gbout the nature of the
science they teach they rely neav1ly on other teacners as sources of informa-
tion about new developments. When asked what sources.of 1nformatlon abbut new
developments were most useful, teachers at the primary, elementary and junior
- high levels ranked "other teachers" above all other sources listed. At the .
senior high' level, however;.journals and college courses were ranked slightly.

above teachers as sources of information (RTI 152; Table 73). -

Teacher Skills Related to Inquiry e .

The teaching of inquiry requires a number of teacher skills which are not
commonly requiréd in traditioral education. Many teachers are-ill-prepared, in
"their own eyes and the eyes of others, to guide students in inquiry learning

(CSSE 4:10, 12:4, 13:5; 0Sy 82-83; RTI 47, 1&2,:148)a and over one third feel

-
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_them to superv1se the teaching of science (RTI 46)., Only about 10 percent of

’(CSSE 1:29, 1:92, 12:7). Some teachers, however, seé the necessity for providing

——— |
1}
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.

{
they receive inadequate support for such teaching (RTI B: :) Most teachers

to the fruitful observations of a student or.the penetrating qu

had not had adequate training that would maxe them respond '\nstinctively
J\\esl:ions of a

thoughtful student (CSSE 16:8). Their college science training Wa« not likely ,
to emphasize process skills (0SU %3) or research experience (CS:E 1220). fhere -
have been some attempts to improve process skill development in teacher training
programs (0OSU. 57), and about half of the practicing teachers in 1970 had

attended NSF workshops (0SU-192). It is reasonable to expect that they have
received some inquirv—oriénted instruction in these workshops., There is evidernce
that 1nqu1ry training gan result in significant changes in inquiry teaching

methods (0SU 79) and that participation 1n designing 1nqu1rv lessons is more

1mportant than the knowledge of science 1n the development of process teaching
skills (0SU 66). However, the newer curricula (with their 1nquiry focus) had
little effect on teacher certification standards (0SU 52). ‘

The educational back°round of school principals does not generally prepare

the principals were science majors (comoared to 28 percent social studiés

majors. and 20 percent English majors).

Teacher Opinion’About ,Inquiry Teaching

S - o L
There was considerable evidehce that teachers found inquiry approaches to

be very difficult GCSSE 18:68). 1In some cases, they consider state mandates for
laboratory work impossible td meet (CSSE 1:81). About one-fifth cf teachers
surveyed considéred equipment and supplies too difficult. to get (CSSE 16:37,
1.603. Others considered 1nqu1ry dangerous, especially in.discipline- problem
classrooms (0SU 166).

The second major reservation teachers expressed about inquiry teaching was
that it didn't work for most students (CSSE 18-68). They see it as causing con-
fusion (CSSE 1:64) and toé difficult for any but the very brightest student

concrete, hands-on enperiences to lower ability students (“SSE 12: 42\ Apparently,
1nqu1ry experiences are considered abstract and difficult by some teachers, but
concrete and simple by other teachers. This situaticn adds more evidence to
support our growing realization that the words "inguiry" and "process" have widely
diverse, often conflicting,.meanings for many teachers and for many science

educators. ' 294» N
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7 . ThL."Preﬁ%ratrgh" Ethic .and Inquiry Learning ! ) .

. -
1

There is considerable evrdence that many teachers and parentsiconsider the
. primary purpose of science education to be preparation for the next level of
. schooling (CSSE 13:10).. Thére seemed to be géneral agreement that "the next
level", be it junior high, high school or cbllege, would require preparation
in "knowlédge" rather than in iﬁduiry skills. The knowledge nature of college
entry exaTs (CSSE 4:8), the content of. college courses (CSSE 13:1) ‘and the in-
[ tention of most students (70/) to go on tp college (CSSE 18 106) all work
| !together to convince parents, teachers and studénts that, 'next year", know-
ledge w111 be more highly valued than 1nqu1rv skills. This knowledge emphasis
comblned with the absence of equipment and poor preparatlon of teachers for )
1nqu1ry teachlng, has certainly perpetuated the trad1t10na1 pattern of "asslgn
study, discuss, and test" pervading most classrooms. This mode of instruction
1s, of qocrse, efficient if recall of facts and derlnrtlons is the goal of
instructlon. Although there is some evidence that there is a trend toward
thinking of school classes as Egg&é for eventual careers in a wvariety of fields
+ rather than_as a, prelude to bécoming a‘"scientist" (CSSE 12:ﬁ3), this new
intent of preparation‘is sti%l not an indication of any shift toward greater

| emphasis on inquiry.

The "Socialization" Goal and Inquiry Learning 7 -

There is considerable-evidence'that "socialization" of students greatly
affects classroom activities. The CSSE Study was replete with evide:ce that
.the "socialization goal" often outweighed science-related goals in determining
the nature of classroom act1v1t1es (CSSE 16)‘; Thé‘soc;alization goal is
manlfested in activities stmgsslng authorlty dng discipline; and for many
teachers, inquiry teaching is not conduclve to these emiphases.

Classroom activities which appear to many teachers to enhance socialization
¥ include wrltten homework assignments, classroom recltatlon and preparatioa for
tests. Unstructured, open-ended activities without a "single correct answer"

appeared to detract from teacher pursuit of the socialization goals.
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* * ' + 3
Transactions (Program Implementation)

&
_ In this document, program implementatlon is deflned as the set of activities
exposlng students to opportunlties to learn about sc1ent1f1c inquiry. These activi-=
ties 1n91ude investlgatlon of natural objects and éVents with the goal of formu-
lating testable explanations of these phenomena. It includes studeat formulat{on
and communicatioq'of ideas. to other students and to teachers: It also includes the
design and conduct of a variety of investigatiohs in wﬁich the tools, equipmént; {
and instruments of sciehce1are used to extend the senses, render data more precise,
and to produce data not otherwise obta%nable. The data sogtces (RTI Report, Case
~Studies, ERIC Revigw, NAEPzdFta) were examined to identify those activities that

might have some influence, either positive or negative, on inquiry-related. student

.
h - s
- B

‘outcomes. P
- At the gross level of counting, 43 of 124 plecgs of information describing
various transactions were Judged as being ;ac111tators of learning science as .
inquiry. Twelve were neutralqor unknown, and 69 were seen as describing transactions -
that wqulq seem to- be barriers: to effective learning of ssientific inquiry or

process skills. While this count in no way represents equivalent instances, it

does seem to generally describé-the/éurreqt status.

- t

_ _Eacilitative~(Positiye)ZTransaetions ,

The data sources descrlbe the existence of several. transactlohs in the class-
room -that would appear to work toward the development of sc1ent1f1c inquiry SPlllS
among the nation's youth These include science being taught by tralned and
" sympathetic teashé;s, use of 1nqu1ry-or1ented curriculum materials, student exposure
to science, avéslablllty and use of science laboratories, manageable class size

L
in science, and an emphasis on sc1ence processes in recent years. And, while judg-

I

v/ . )
ments as to the adequacy of these transactions,is momentarily delayed, it does

l L
see/m/:mportant to document their existence. . ‘

P ,

were more likely (73%) to use manipulative materials in their classroom. They also
; .

The RTI Study (RTI 10) pointed out that teachers who had been to NSF 1nst1tutes ..

are more likely to use the NSF-supborted materials, since many of these institutes.
. [
(80% in 1974) are designed to implément Lthe new curricula. Tn 1977, 12%, 32%, and

47% of the science teachers in grades 4 - ?, 7 -9,10 - 12 respechvely, had
¢

)
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attended at leést orle NSF instutute (RTI 69). These teachers were likely to be

providing some science experiences that would facilitate inquiry develppment in
children. (It must bé noted that whether or not this is in fact occurring will be

.v ~ . ﬁ “
determined from an examination of the student outconies.)

Some science teachers expressed sympathy toward the value of .inquiry and did

tell students about the tentative nature of science, how scientists work, and how

A
RIS

problems are solved. Several instances of inquiry-based lessons we:e.obsérved by
the CSSE field w&rkers. As Staéé points out (CSSE 12-26;, "No end has come to the
teaching of the values of science as a contribution ib)thinking, problemasqlving,
and preparation for the task§ of life. ,ﬁ%t,uit was a relatively quiet evangelism
in the CSSE schools." . A

. New NSF materials with their claimed inquiry orientation have found their way
into many sciéncé c;assrooms: Using these materials should enhance the likelihood
of 1earniﬁg about scientific inquiry (OéU 16)., Thirty percent of the elementary
schools are using one or more of the NSF-supported science curricula (0SU 16). The
figure increases to 60 percent among the secondary schools (RTI 80).

At the elementary level, science is usually taught in self-contained class-

rooms by the elementa}y teacher. 1In grades K - 3, about.95 minutes per week aré

devoted to science./,Igrgrades 4 - 6, the average is 175 minutes per wéek  (RTI 58).

3

Science courses are offered in all the schools of the na2tion and all states
require at least one year of science at the secondary level; some require two
years with one being a laboratory-based science course. In 1977, nearly 50 percent
of thé students in grades 9 - 12 were enrolled in science  (RTI.58; NCES). Ip
these classes the average amount of time spent on science is about 250 minutes per

w

week. ‘ .
Opportunities to learn science are also occurring outside the scienge class-'
room. Forty-eight pefcent of the teachers reported supervising science clubs or
fairs (CSSE 18:22) and a majority of the nation's teenagers have done«science pro-
jects and worked with science related hobbies (e.g., 68% ;nd 467 of the thirteen
year olds) (RaZp CO1XO1). ‘ \
Approximaféiy 50 percent of the NAEP thirteen-year-old sample (C04A07)
reported they solve sciéntific problems outside science classes using scientific
methods. (Often - 13%, sometimes - 41%, seldom - 34%, never - 12%). 1In addition,
many stud%nts reported their science teacher eficouraged them to "tpink for
themselves", 67%; "ask questigns", 35%; '"state opinions', 57%; aund "give cwn ideas",

66%  (NAEP, CO1T03), CO1TOl). About half of the students said science classes{?
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Ohio State literature review suggests theéré has been an incéreased emphasis placed

--Resistive (Negative) Transaction * E

. _ ' 9-12

made them feel curious, with another third reporiing this occurred sometimes
(COLE04) . '

$Eience labvoratories exist and are used in mest of the nation's schocls.
Fifty-nine percent of the teachers in the RTI Survey reported their students had used
manipulatives -during the most recent science class (RTI 106). The Case Study
writers mentioned widespread use of "hands-on" laboratory experiences and the availa-
bility of facilities and .equipment. The single most-ofter mentioned inquiry-related
activity among our data sources was that teachers believed in and v-ed the science
labotato;y for hands-on experiences. Fourteen of the‘124§3tems pertaining to:
inquiry transactions addressed this trait. ! -

Class size in science averaged about 25, which should make inquiry possible
and/or manageable. Coﬁirary to common lore,. counselors were reported as not
discouragiﬁg_students from enrolling in science  (CSSE i8:87). 1iIn addition, the

iy

.

-

on the ﬁ}gcesses of science in many new programs (0SU 19). Finally, several
instaﬁces of effective inquiry classrooms and teachers were reported in the Case
Studies (e.g., CSSE 9:6; .4:10; B:16; 3:103; 5:4; 9:7; and 3:101). For example,
one. observer reported . . ."(the teacher) does not use the text as an instrument of
propaganda; f5# students are able to challenge answers; and the fact that the
teacher often fq;rainé from giving clear indications of correct ansvers means that
this is a lesson where students are encouraged to think and reason for themselves "

{
(CSSE 6:30). ! , . .

i

~ . .

. Unfprtﬁnately, for those who value inguiry, the picture presented in the pre-
ceding section, has another side. An number of transactions were found in the data
sources that would seem to be working against the developmen: of learning through
inquiry. The major factofs that emerge are listed below énd then explainad in
greater detail.

1. Not much time is spent on inquiring.
2. Little science i5 taught at the elementary level.

&

3. There are many pressures on teachers which compete for time to learn
inquiry.

4. Even when hands-on experiences are provided to children, they are not
characterized by problem solving. : . |

5. Student disruption and its control work against inquiry development.
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to\misunderstand it.
i

' ' 7. Inquiry learning is a-difficult and‘high—cost operation.

,

" ’}s - .
The following quotés were taken from the CSSE Report and portray the general,
situatien in the eleven sites selected for study:
"Teaching 'science-as-inquiry through discovery, or learning

science by doing what scientists do, was not widely practiced
. . in the classrooms I observed " (CSSE 9:6). -

-

"Seléom was science taught as scientific inquiry = all three
subjects were presented as what experts had found to be true."

"From our survey we estimate the median to be .about 10% time
! spent in inquiry teaching. still a lot higher than our field S
observers feportedah (CSSE 16:31). .

_ These and other data on classroom practice gleaned from the data sources

) i suggest little inqulry experience in science classes. )
At the elementary leveljﬁthe problen is compounded by the lack of exposure,
‘particularly as ‘the return-to;%asics movement grows. Many teachers do not have
time (theyfbelieve) during the day to devote to science. In one large.district,
a field.observer reported, the last hour of each day (1:30 - 2:30) was used to
. accommodate arL, music, health, Py, E., and science (CSSE 5‘9)
The RTI Study reports,an average of 95 minutes per week -at grades ¥-3 and
175 minutes in grades 4-6. But, time repPrted by teachers and time observed by
the field observers are two differentbthings. Stake concludes, "at the elementary
level many teachers canngt teach science and many do not tryv " (CSSE 12:61).
There are many pressures competlng for tfje ba51cs, integratlon, naln—‘
streamlng, socialization, etg ) and teachers are not strong enough in thelr commit-
\ ‘ment to 1nqu1ry learning to, resist its erosion. The immedlaue problems of the day
; ‘were tco demanding, too challenging to permlt the attention and changed teaching
’ role that inquiry classgs fequire.

Althoigh science labordtories and equipment are wide-spread and many students
performed experients, the work was still guided by the textbook and the materials.
Instruction tended toward the formal and the didactic  (CSSE 2:6). Science was.

. taught as a rhetofic of conclusions rather than as a process of discover§
(CSSE 19:3). Even in the lab, the stggsnts were trained fo seek the right
answers (CSSf 13:59). The doing of the assigned text problems dominates over
the doing of science . (CSSE 5:5). The text becomes the inst;%men: of teaching

and learning  (CSSEF19:8).

N - , ’ '
6.. Teach2rs have not‘ had man} inquirv-type experiences tl.emselves and &appear

™




ERI!

Aruitoxt provided by Eic:

The primary actors in the Uuily classroom drama, student.and teacher., oc.u
exhibit characteristics that tend tu diminish inquiry learning. Students lack
the commitment to learn and teachers do not set very effective role models for
inquiring behavior. Several field observers noted sufficient student prohlems
to interfere with learning (CSSE 9:17, 2:10j3, and 19 percent of a national
student sample indicated student immaturity as a reason for dissatisfaction in
science classesg

The way teachers handled their classes suggests a lack of understanding of
the elements of true inquiry. Teachers tended toftell students about it rather
than have them become invoiVed in seeking solutions to problems. "Science was
sdﬁething teachers 'took' in coilegeg but it was nou something they exberienced as
a process of inquiry. It was net surprising then to find creative inquiry was
not what’ we found in those eleven high school laboratories - except in rare
circumstances " (CSSE.12:7). ) . N

Teaching science as inquiry is a demanding pedagogical task. Unlike
"science is facgs' approach, it requires an understandiné of the nature of
scientific kndwledge, of the developmentaifrharacteristics of learners, of a
varietv of pedagogical skills, and % capability of thinking as one i3 teaching.
It requires a consideraole expenditure of time and effort, and its perceived value

/1
appears minimal to most teachers. The Case Study report’ illustrates this point

_very well: / !

.4

\
: ."The teachers in those schools testified that it (inquiry) was
very difficult, the results come so slowly, they never seemed
to know just the right questions to raise. They stated they,
had to prepare so much more for inquiry lessons than for-*regular
teaching that only a small percentage of time could be spent on .
inquiry teaching " (CSSE 12:6). .

‘7

The perceived difficulty of such activity tends to diminish its appearance .

in science classrooms and probably explains the few instances noted in tze data.
>

Evaluatzion

Evaluation of student prograzss and of science programs was considered to
be a transaction. That is, it was'scmething that did or did not occur that may
have an effect on learning inquiry skills. Only a few reférences to evaluation
were found by the inquiry group and all tenoed to suggest the eva’uation activity
was prohibitive of inquiry teaching. ’ .
« The evaluétidn which is occurring tends to ignore the process goals oi

science. The testing movement concentrates, instead, on those easily measured

3 N
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outcomes: facts an;\ﬁnowledge

/
based programs, and natlonal acccuntabiiity movements, thus far, have not given

much attentlon to the process outcomes of instruction.

NAEP testlng represents a marked

important catalyst for improving

.

: ~9-15

{OSU 153) Teacher-made tests, competency-

The third cycle of
departure over prev1ous tests and may be an .

evaluation efforts in the 1nqu1ry domain,

.
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Student Outcomes . N
Evidéhce of the extent to which students currently are achieving the desired
outcomes with respect to’ Inquiry comes primarilv from the NAEP data and from some
of -the CSSE reports. In many instances the evidence is fragmentary, and we
necessarily have had to make certain inferences on the basis of only a few NAEP
exercises or CSSE site observations that we believe to be representative. This
process. is frought “with pitfalls, to be sures and we are well avare that many
\ _\exceptionslprobably exist somewhere in the U.S. regarding every general state-
ment we makesbelow.. In keeping with the safeguards and customs of inquiry, we
'.Aﬁ ‘% ‘offer the following statements as hyootheses, partiafﬁy supported, about the
current. status of Inqu1ry student outcomes. .
The status report organizes the demain of 1nqu1ry under the same three

. T subd1v151on51as 1% the. des1reo state report,

~

Observing and Measuring .-

/

7

»

1

Elementary school children appear to:acquire skill in making simple obser-
vations of objects and phenomena. On\NAEinpaper—and—pencil exercises (e.g.,

204064, 204083, and C56C04) which assess aspects of this skill, between_
82 percent and\§8 percent of nine-year-olds generally choose the correct alter-
native.” There are no data on junior high and high school students' skill in
making observations. With regard to the related skill of describing cbservations
they have made in appropriate language, elementary school students appear to per—
form quite creditably when the object or phenomenon to bé’described is relatively
simple, but they do not perform so well when the phenomenon is complex. For -
instance when observ1ng obJects through a tube fitted with a convex lens (NAEP )
C56C03), between 9gépercent and 96 percent of the nine-year-olds correctly described
the appearance of the objects as smaller, farther away, and right side up.
Similarly, 90 percent of the nine-year- -o0lds oave an acceptable verbal description
(NAEP "204001) . :
22 percent of the nine-year-olds gave an acceptaole verbal description of their

: (NAEP 204007).

of their observation of a photocell On the other hand, only

observation of the turning gear wheels of a hand- -operated eggbeater
On this same exercise, 37 percent of thirteen-year-olds gave an acceptable vefbal
response, showing some increase with increasing age. ¥We have no data concerning
high school students' skill in describing observations in appropriaté language,

but students presumably continue to,improve in this skill after age 13 as their

' 4
. g
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verbal proficiency matures. * ,

When students are tested for aspects of measuring skills by means of paper—
and-pencil exercises, they generally perform better than when their measuring .
skills are assessed by means of manipulative exercises. TFor example, 93 percent
of the inine-year-olds correctly réad the scale on a drawing of a thermometer in’

a NAEP paper-and-pencil exercise (NAEP C54Cl3). SimilarIV, when ;shown a drawing
of a rock being immersed in water in a graduated beaker, 58 percent of' the nine-
year—olds chiose the correct value for the volume .0f the rock (NAEP 202081).. In.
another NAEP paper—and—penc1l exercise (NAEP C54C09), a draws ing of the face of

a pressure gauge is displayed, and this gauge was read correctly by 57 percent

of the thirteen—year-olds and 75 perceat of tﬁe seventeen—§ear—olds. By contrast,
. when, students were glven a manlpulatlve exerczse (NAEP 204004) .on,measuring temp-

'erature, only 72 perceg{ of the nlne—year-olds said that they knew hoa to read a

’ laboratory thermometer (in contrast w*th 93 percent who correctlx read a ther-

_ mometer 'in a drawing). Among the thlrteen—year—o;ds, 82 percent said that they
knew how to read the thermometer, and so.did 88 percent of the seventeen-year-
olds. Whén required to measure the volume -of water in a graduated cylinder

(NAEP 204046), only 18 percent to 19 perceng of the thirteen-year-olds made

acceptable measurements. The seventeen-year-olds did.somewhat better.in this

'task-witﬁ 46 percent, correetlv measuring the volume of water. The finding here

is consistent with the data in NAEP exercise C09L01 where 32 percent of the

th1rteen—year—olds reported that they had ever used a graduated cylinder and

64 percent of the seventeen-year-olds sa1d so. Nonetheless, this is not a
particularly strong showing for the high school senibrs on a rather rudimentary
measuring skill.

4 Regarding the practice of "averaging a set of measurements to obtain the
best value (NAEP C54C04, C54C07), approximately half of the thirteen-year-
olds appear to be acquainted with the prastice and so are between 60 percent
and 70 percent of the seventeen—yéar—olds: Oniy 29 pertent‘of the seventéén—

’ year—oids know about the additional trick of dropping an obvious outlier from the
set of obserVations before averaging (NAEP C58C16)\ When asked to make an estimate
of the length of a 10—cn line or drawing of a pencil in a multlple-ch01ce exercise
(NAEP cs4c01, C54C08, C54C12), 38 percent of the nine-vear-olds, approximately
55 percent of the thirteen—year—olds, and aoproximately 60 percent of the seventeen- .

‘year—olds do so successfully. Estimation of the length of a 7-cm line in a
fill;in;exercise (NAEP 204061) was accomplished successfully by 18 percent ol the

' niﬂeéyear—olds, 21 percent of the thirteen-vear-olds, and 21-percent of the
®
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seventeen-year-olds. Overall, it is clear that many students at every age level are

not too accurate in estimating length in metric units.

Appropos of measuring skills in relation to Goal Cluster I cfé?gshal Needs), ¢
NAEP exercise no. CO9D08 resulted in these data:- ot

/ Age 9 Age 13 Age 17
) Percerntage of students who- report having 38 70 85
taken their own temperature -
Percentage of students who report having 28 67 T 83
*  taken -their own pulse - ’ ¥ '
. (}_133 .;';* R § .--l . .
This reflects ‘a salutory ifcrease in exposure to the particular measuring skills .
with increasing age. There is no ev1dence here, however, about how well students
at each age can measure the1r body temperature or pulse. Data from other evercises !
suggest that the percentages for skilled performance would be much lower than the ’
percentages for exposure which are shown here. | ~—~
\ This last point is worth pondering in relation to the student outcoées for
_the entire range of Observing and Measuring skills. It appears that students :
have inéeed been exposed (either in science classes or in school or elsenhere) to
many .of these skills. However, when skilled performance or somewhat sophisticated
. . application of'Observing anc Measuring skills is assessed, relatively few students
. are generally successful. ' . ' e
Seeing a Problem and. Seeking Solutions .
. ' ‘ L :
This section of student outcomes related to the processes c¢f scientific
- inquiry,goes beyond the skill behaviors of the previous section to the intellectual

processes associated with inquiry in science. We have no data in our sources
concerning the students' ability to.recognize a prohlem (which is where scientific
inquiry usually begins), but we do have some data as to how well students of
different ages can formulate working hypotheses, select suitabie tests of hypo—
theses, and design approprlate procedures for performing exper1nenta1 tests.

In NAEP exercises (e.g., NAEP 204001, 204004) where students have observed
a particular physical phenocmenon and are asked to formulate a worklng hypo-
thesis concerning it, only a Snall minority of students at each age level ‘come

up with acceptable hvpotheses. Approximately 5 percent to 7 percent of nine-

"

vear-olds, approximately 17 percent to 21 percent of thirteen-vear-olds, and

approximately 26 percent to 36 percent of seventeen-year-olds do thls intellectual

E [ERJ}:‘ . . I Z?{)J . .
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task successfully. In another NAEP exercise (NAEP 204107), seventeen-year-
olds were asked to suggest four working hypotheses for the. observed differencee
in yield of two fields of corn. One acceptable hypothesis was.suggested by
79 ﬁercent of the high school seniors, two by 75 percent, three by 69 percent,
and four by 60 percent. The evidence from these several NAEP exercises suggests
that only a small minority of nine and thirteen~year-olds.can formala%e accep;;
table working hypotheses. For seventeen~year-olds, success in formulatiné'hyto-
theses seems to depend to a large degree on their familiarity Qith the phenomena
they are asked to hypothesize about. About three-fourths of the seveﬁteen-year-
olds, rormulate acceptable hypotheses concernlng a rather famlllar phenomenon,
whereas only about o6ne-third do "so in the case bf a less famxilar phenomenon
*Séveral exerc1ses (e.g., NAEP 204070 204090, 204137, CS/CO3) presented a

—.certain hypothesis concernlng some biological or physlcal event and asked the
student to’select or specify aniapprqpriate test of the hypothesis. This type
of exercise was used with students at all three age levels, though those exer-
cises which were designed solely fer the seventeen-year-olds (e.g., 204104,

\ . C58C14) generally were more worﬁy and complew " The findings are that, on the
average;—approx1mately 64 percerit of .the nine-vear-olds correctly select aopro—
priate tests of hypotheses (the range for four exercises is from ‘48 percent to
76 percent); and, approximately 75 percent of.the thirteen-year-olds also do
this successfully on thgtaverage‘(the range for five exercises is from 63 percent
to 82 percent). For the seventeen-year-olds doing generally more complex exer-
\eises than the younger students, the mean percentage who correctly select appro-«“
priate tests of hypotheses is 73 percent, with a range for six exercises from
56 .percent to 89 percent. Based on our understanding of chlldren's intellectual

) development, we would .expect all nine-year-olds to be suceegéful in performing
the mental operations associated with selecting an appropriate test of an hypo-
thesis, and this is indeed borne out by the finding that approximatel& one-third
(on the average) of the children in this age group do not succeed on exercises
which reqaire'such lntellectual processing. Although thirteen~year-olds are
developmentally more capable of doingﬁthis intellectual processing, we still
find that approximately one-fourth ‘(on the average) of the students in this

age group do not perform successfully on exercisés in which they are asked to

select appropriate tests of hypotheses..iﬁxactly the same remark applies to the




seventeen-year-olds. ,

The ability of students to.design orocedhres for performiné exper}dents or
experimental tests was assessed in a sizable sample of NAEP exercises. ‘At least
17 different exercises assessed aspects of this behavior in various science assess-
ment years, and students at all three age levels had several opportun1t1es to
demonstrate their proficiency on this type of exerc1se. The‘exerglses covered a
) goodly number of different exper1mental situations and procedures, ranging from a
» prooedure for finding the poles of an irregularly shaped magnet‘(NAEP 201048), to

a procedure ‘for removing salt from salt water (NAEP 204073), to determine how ~

. much a person grows in one year (NA£P1204090), to an experimental procedutre for

testing the effect of sugar on mice's teeth (NAEP C57C0l1), and man