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FOREWORD:
Transforming Research Into Practice

The Research and Development Interpretation Service (RDIS) is a
project, sponsored by the National Institute of Education (NIE), whose
mission is to help bridge the gap between the worlds of educational re-
search and educational practice. The tangible outcomes of RDIS’
work—a series of publications called Research Within Reach—are de-
veloped on a foundation of seven tenets:

1

A corpus of research knowledge exists that can be used by
teachers.

. Teachers need both ‘‘broad’” and ‘‘deep’’ knowledge.

. Those who produce knowledge and those who use knowledge op-

erate from different value structures.

. Teachers use knowledge to improve performance if they see a con-

nection between the knowledge and their own situations.

Knowledge producers and knowledge users use different ‘‘lan-
guages’’ when talking about knowledge and school improvement.

Knowledge needs differ among knowledge users, which may re-
sult in knowledge being packaged differently.

. Users need different presentations of knowledge at different pha-

ses of knowledge use.
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The knowledge produced through research represents an important
resource for the improvement of education. Researchers are investigat-
ing literally every aspect of education, from how policymakers arrive at
decisions to how learning occurs within individuals. Unfortunately,
much of the research that holds potential for improving learning at the
classroom level has had little impact. Drawing from the research that
gives us the seven tenets described above, RDIS attempts to bring the
results of research into teachers’ reach.

Teachers work in complex environments and face challenges on sever-
al fronts. Not only must they understand educational psychology, in-
cluding motivation and learning theory, they must also be knowledgea-
ble in the content areas that make up the particular curriculum they
teach. In addition, teachers require training in the skills of pedagogy:
how to plan and present lessons, how to assess progress of students,
and how to meet the needs and strengths of the children they teach.

Of course, teachers do not face these formidable tasks unaided. Cur-
riculum specialists, instructional supervisors, textbook publishers, and
school administrators offer specific help as teachers chart the course of
learning to be undertaken. Moreover, a veritable army of researchers in
universities, educational laboratories, research centers, and in schools
themselves, study problems that affect teaching and learning. Never-
theless, it is often the case that research findings have relatively little
impact on the actual teaching and learning that occur in schools.

For several years, the federal government has engaged in sponsoring
activities that both generate new knowledge and that move research
findings into practice. The National Science Foundation; Teacher
Corps; categorical programs at the national, state and local levels; Re-
search and Development Utilization projects; the nation-wide Research
and Development Exchange (RDx); and federally funded networks of
special education, bilingual education, and other ‘‘special interest” ed-
ucators all attempt to help teachers use research knowledge to solve
problems.

The results of these two types of federally sponsored activities vary.
Research findings in teaching and learning processes, development and
sequencing of specific skills (reading, problem solving, writing), organi-
zation of social systems, decision-making, and other educational proc-
esses have increased the potential for solving educational problems.

Successful demonstrations of moving research findings into practice
have been less obvious. We know more theory about how change and
improvement happen, but examination of actual practice reveals that
those theories aren’t being used in many school improvement efforts.
The RDIS process, which is built on findings of research, helps move
theory into practice.

viii
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In the course of helping teachers adapt and implement research find-
ings, Teacher Corps discovered that what teachers do not want is sim-
plistic answers to problems that they have not defined, ‘‘but the ca-
pacity to think about teaching, to define their own problems, and to
determine the validity of their own classroom practices’” (1). In short,
teachers want research that relates to problems affecting them, but the
research must be presented in a way that acknowledges the complexity
of the teaching/learning process. Moreover, teachers insist on their right
to define the problem.

This is often a cause of tension because knowledge advocates, to bor-
row Gerald Zaltman’s term, and knowledge users often do not share
common values, and may have different perceptions about accepting an
item of knowledge (4). While people who produce knowledge typically
value the scientific soundness of research, users may be more interested
in the action orientation of the knowledge. This divergence of values is
clear when reading research reports. Typically, these end with a recom-
mendation that more research is required. This recommendation is of-
ten dismissed impatiently by teachers who want to know how they can
use the knowledge on Monday morning.

This difference of values is similar to another difficulty for moving
research into practice. Connections between research and practice are
often not clearly articulated or immediately apparent. It is not uncom-
mon for teachers to examine regularly research in their own field. How-
ever, important research conducted by information processing special-
ists or psychologists may elude these teachers because they don’t read
widely. Therefore, disseminators ‘‘should clearly establish for users the
connection between the advocated knowledge and a felt need or con-
cern experienced by the potential use’’ (4).

Another problem for moving research into practice is that different
users need different knowledge. If a school system wants to improve sci-
ence learning, for example, a disseminator can provide
a wealth of research-based information on a variety of issues. It is critic-
ally important that the right information be provided to the right user.
“It’s important that administrators not be the only designated target
group for such curriculum materials. Training packages suited for school
board members, for teachers, for leaders of teacher organizations, and
for parents, for example, need to be provided’’ (2). Zaltman expresses
this same idea when he notes that ‘‘it may be necessary to design dif-
ferent versions of an item of knowledge to maximally satisfy different
user characteristics’” (4).

Because conditions differ from place to place, knowledge users need
to explore local factors that may affect knowledge use. Herriott and
Gross caution against unthinking installation of innovations simply be-
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cause they have proved to be successful in other schools. The assump-
tion that “‘it worked there; it will work here’ is tenuous at best (3?.
Knowledge users need opportunities to test the match betwegn their
own situations and the research findings, before they can commit to at-
tempting to put the research into practice.

The RDIS Process

The Research and Development Interpretation Service was estab-
lished with funds from the National Institute of Education (NIE) of the
Department of Education. Through its series of interpretive reports,
RDIS reviews and presents research findings, along with their class-
room implications, to teachers.

RDIS has devised a multi-step process that emphasizes the needs of
classroom teachers for current research-based knowledge. This process
involves the following steps:

Solicit questions from teachers. While these questions are collected in
a variety of ways (telephone interviews, workshop activities, etc.), the
important point is that the questions are posed by teachers. They
want the answers.

Present questions to consultant panel. For each RDIS project, a con-
sultant panel of experts in the field is convened. The panel’s first task
is to review the teachers’ questions to decide whether or not a
research-base exists that can be used in answering the question.
Also, the panel prioritizes the questions so that the most important
will be included in the interpretive report.

Review the R & D literature. Once the questions are selected, RDIS
staff begins accumulating research reports, journal articles, and other
documents. These are abstracted and catalogued in annotated bibli-
ographies, which are ancillary products of each project and are avail-
able for use in answering the questions.

Prepare interpretive report drafts for review. The interpretive report is
prepared, which includes a review of the relevant research, a discus-
sion of classroom implications, and recommendations to teachers for
classroom implementation of the research. The drafts are circulated
to members of the consultant panel, to a variety of reviewers at
schools, to colleagues in educational laboratories that make up the
nationwide R & D Exchange, and to researchers in universities.
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Incorporate review comments and publish final product. Revisions
based on the reviews are made before the final product is printed.
Regional Exchange (Rx) programs at the educational laboratories play
a key role in the dissemination of the reports, either through work-
shops or through state departments of education. Further, the pro-
fessional associations (e.g., International Reading Association and Na-
tional Council of Teachers of Mathematics) have published and
marketed the earlier reports on reading and mathematics to their
memberships.

This report, Research Within Reach: Science Education, has
undergone much the same process as the other publications. The Re-
gional Exchanges have played an important role in the development of
this document. This involvement has resulted in a shared sense of own-
ership of the publication and has enabled RDIS staff to benefit from
the expertise of individual staff members at the Regional Exchanges.

Development of This Book

In 1983, RDIS was asked to develop an interpretive report of the re-
search in science education. To emphasize the importance of this task,
the directors of Regional Exchange projects at several regional educa-
tional laboratories agreed to provide support from their own staffs to
help. The Exchanges helped by collecting questions from teachers, by
attending meetings of the consultant panel, and by reviewing (and or-
ganizing field reviews) of the various drafts. Most importantly, Ex-
change staffs have actively worked on developing dissemination plans.

How Questions Were Generated

The first task of the Regional Exchanges was the collecting of practi-
tioner questions. Because each Exchange works somewhat differently
with the states it serves, the mechanism was left to individual Ex-
change preference. The approaches varied. One Exchange secured
names of teachers in several states, who were interviewed by Exchange
staff. The interviews provided important background on the individual
and helped set questions into a context.

Another Exchange conducted a two-day workshop on research in
science education. After each presentation or activity, workshop partici-
pants were invited to record questions or comments in a journal that
each person kept. Also in a workshop setting, one Exchange invited
practitioners to discuss issues in research and practice. These discus-
sions, then, led to questions.
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In all, more than 550 questions were gathered from teachers, curricu-
lum specialists, instructional supervisors, and other educators.

How Questions Were Selected

Clearly, with that many questions, some had to be selected over oth-
ers. The existence of a series published by the National Science Teach-
ers Association (NSTA) made that task somewhat easier. The four-
volume series, What Research Says To The Science Teacher, provides
research information to teachers on a variety of topics, many of which
are not covered in this document. For example, this volume contains no
chapter that specifically and exclusively talks about the value of labora-
tory work. An excellent article on this subject by Gary C. Bates appears
in What Research Says To The Science Teacher, Volume 1.

The business of choosing which questions to answer was the focus of
the first consultant panel meeting. Before the meeting, all the questions
were typed, exactly as received. Then participants at the panel meeting
reviewed the questions, sorting them by two criteria:

® Was the question of interest to several practitioners?

® Was the question answerable from a research basis?

Once the questions were sorted by these criteria, the panel reviewed
them again, placing them into categories. These categories were then ex-
amined and questions were selected because they appeared to be of pri-
mary importance to teachers, because they were answerable from the
available research, and because, taken together, they provided a co-
herent picture of science education. Finally, participants at the panel
meeting suggested research resources that should be considered when
responding to the questions.

Collecting the Research

The RDIS staff spent a large part of 1983 collecting resource materials.
The books, journals, and micro-fiche were annotated and compiled into
a bibliography, which became the first tangible result of the science
education synthesis. The bibliography currently includes more than
300 items.

At this point RDIS staff confronted the issue of what constitutes re-
search. We asked: Should we confine ourselves only to primary reports
of empirical experiments? Should we include anecdotal reports from
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practicing science educators who described promising classroom work?
Should we include the views of experienced science educators, re-
viewing long careers in education and commenting on their experiences?
In short, we found ourselves squarely in the middle of an epistemologi-
cal debate that has raged since the days of Plato. We decided to draw
from a wide variety of materials that we put under the heading of
“‘knowledge.”” Some of that knowledge is research in the strictest sense
of the word. Some of our sources, however, represent other kinds of
knowledge. Throughout the book, we make clear to the reader, either
in text or in the citation, what part of the knowledge base is being used.

At the same time that work on the bibliography was progressing, we
contacted the science educators who were to become the authors of
the chapters of this volume. We hoped to enlist the efforts of educators
who were uniquely qualified to describe specific aspects of the research
base and who also had demonstrated a commitment to communicating
with teachers. We were fortunate in our choices.

By the end of 1983, a sufficiently strong first draft had been prepared
to warrant returning to the consultant panel and to RDx colleagues for a
review. During a second meeting of the consultant panel, all aspects of
the draft were discussed and weak points, needs for further research,
and suggestions for improvement of presentation were noted. Lengthy
conferences with the writers followed, and a second draft was ready for
review during the summer of 1984. Based on the results of that review,
final modifications were made in the manuscript.

Overview of the Book

Each chapter is constructed along the same model. The chapter
opens with a question posed by a teacher. In some cases more than one
question is presented; in other cases several questions were collapsed
into one. A discussion of research and practice is then given, which in-
cludes examples and implications for teachers and classrooms. Each
chapter concludes with a summary and a list of references. The refer-
ences are numbered and listed alphabetically by author. This number,
when found in parentheses within the text, refers the reader to the ap-
propriate citation. All references are brought together and presented al-
phabetically in a master bibliography, which may be found in the back
of the book.

Each chapter is written so that it may be read in isolation. While this
creates some repetition, it also allows the reader to read the chapters
that are of particular interest in whatever order seems best to the in-
dividual.

The two chapters that close the book are different from other chap-

xiii



Foreword

ters. Each of these chapters presents the authors’ perspective on as-
pects of science learning. In the first of these ‘‘perspectives’’ chapters,
Wayne W. Welch discusses characteristics associated with science and
scientists and relates these characteristics to science learners. The final
paper, written by Audrey B. Champagne and Leopold E. Klopfer, offers
a look at science teaching from the perspective of cognitive psycholo-
gists. We include this paper because the work of cognitive psychologists
offers a decidedly different view of learning and the relationship of the
learner to a body of knowledge and skills. For readers interested in
learning more about this research perspective, we recommend that the
work of Lillian McDermott of the University of Washington; James
Minstrell, Mercer Island High School, Mercer Island, Washington; Jack
Lochhead, University of Massachusetts—Amherst; and Frederick Reif
and Joan Heller of the University of California, Berkeley, be consulted.
Each of these people has made significant contributions to our under-
standing of how learners process information.

The remaining chapters of the book are grouped into three sections.
Of the two papers in the first section, one looks at what we know about
and have learned from the curriculum development projects of the
1960s: the other talks about the goals of science education. Issues of in-
struction are discussed in the four chapters found in the teaching and
learning section. Here we find information about effective instructional
strategies and systems appropriate for science classrooms, issues to con-
sider when assessing students’ science learning, effects of and activities
that promote the integration of science and other school subjects, and
the use of the microcomputer in science education. School and home
factors that affect learning and teacher preservice and inservice training
are discussed in the third section, a Context for Science Education.

Next Steps

This volume brings together some of the questions teachers raised
when we began our work well over a year ago. While the questions are
answered here, we realize that much more has to happen before re-
search can be applied in classrooms. Furthermore, this book will begin
to be out-of-date the day it is finished. Research is progressing on many
fronts and new knowledge is being generated, tested, and confirmed. In
a sense, this book is a starting point. It should be thought of as a semi-
finished product that needs further shaping before its core—the ideas
and knowledge—can become finished. That finishing process can only
be completed by teachers.

After you have read this book, how can you use it? One way is to dis-
cuss the ideas presented with your colleagues. Whether you are an ele-

.
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mentary school teacher, who needs to find time in a crowded schedule
to teach science, or a secondary school teacher looking for ways to im-
prove your teaching, you will probably find that a discussion of this
book with your colleagues will yield new ways of thinking about science
edu.cation. Another way to use the information here is in inservice edu-
cation programs, since some aspects of this book can be used for profes-
sional development. In addition, a study committee looking at curricu-
lum reform may find useful information here.

You may also want to search out other resources. The books and arti-
cles cited in the master bibliography contain much helpful information.
Several publications of the National Science Teachers Association can
also be recommended. These include Teachers in Exemplary Programs:
How Do They Compare; Centers of Excellence: Portrayals of Six Dis-
tricts; Exemplary Programs in Physics, Chemistry, Biology and Earth
Sciences; the Focus on Excellence series; and the previously mentioned
What Research Says to the Science Teacher series. In addition to these
printed documents, human resources can be obtained from the science
supervisor of your state department of education, the National Science
Teachers Association, the National Science Supervisors Association,
and the Regional Exchange that serves your state. These individuals
and organizations can provide ideas and information that will help im-
prove science teaching and learning in your school.
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PREFACE

The research on science teaching is sometimes not easily accessible to
those who actually teach science. It should be. Such research enables
science teachers not only to learn new and effective teaching methods but
it also enables them to analyze the methods of the past—it gives teachers
a chance to make their teaching as effective as it can be.

At the National Science Teachers Association we have tried to bridge the
gap between research finding and practice by publishing the monograph
series, What Research Says to the Science Teacher, and special columns
devoted to research in The Science Teacher and Science and Children. Now
NSTA is proud to present to you this excellent summary of science educa-
tion research written expressly for science teachers.

If you teach elementary or secondary science, you should find this vol-
ume most useful in learning how to supplement and improve your science
teaching skills. The topics included in the book are those about which many
of you have voiced concern. The format of the book incorporates specific
questions which are clearly answered for you chapter by chapter. These
questions are not of the “yes” and “‘no” variety, and their context gives you
a strong foundation in good educational practice. In addition to giving
answers to current research questions, this book provides you with an
invaluable overview of the major issues in teaching science today.

Dorothy L. Gabel
Chair, NSTA Research Committee
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CURRICULUM AND GOALS
IN SCIENCE EDUCATION

The curriculum used in science classrooms is a pri-
mary determiner of what a student is taught. The
two chapters in this section discuss the curriculum
development projects of the 1960s and the goals of
science education.



Curriculum Development Projects of the 1960s

What became of the curriculum development
prajects of the 1960s? How effective were they?
What did we learn from them that will help
teachers in today’s classrooms?

The scientific literacy of American youth—that is, their mastery
of the basic knowledge and skills of communication in science and
technology—is a problem of grave national concern. In fact, this prob-
lem has been viewed by science educators for some years now as a
crisis in science education (18, 29, 39, 52, 56, 59). At the outset of the
curriculum reform movement in the 1950s, science and mathematics
achievement scores of American students compared unfavorably with
those of students in other industrialized nations. Since that time, scores
have declined substantially. Almost paradoxically, our understanding
of how knowledge and skills are acquired has increased dramatically
(49). During this same period of time, we have also formulated a clearer
image of what the goals should be for science education as a discipline
(57). Thus, we currently have sufficient information to develop an initial
concept of what is needed, what works, and what is effective in teach-
ing science. We must now begin to use that knowledge to articulate a
sound science education curriculum for all students. It is within the
power of our existing educational system to improve the quality of the
science education provided students. This enhanced instruction will
improve the scientific/technological literacy for both the common and
individual good.

As we approach the mid-1980s, it is extremely encouraging to find
teachers at all grade levels, science coordinators, and school adminis-
trators asking such questions as: What became of the curriculum devel-
opment projects of the 1960s and early 1970s? How effective were these
science programs? Should the ‘‘process-oriented’’ courses have been
tossed aside in favor of the ‘‘basics’’? What are some characteristics as-

William C. Kyle, Jr., The University of Texas at Arlington
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sociated with ‘‘exemplary’’ science programs? How can schools im-
prove their science programs? )

Recent research clearly provides answers for each of these questions
and many similar concerns. This chapter will synthesize and interpret
such research findings. First, however, it is important to look briefly at
events in the recent past that have led teachers to ask these questions.

A crisis in science education was identified by the mid-1950s and was
fueled by the Soviet Union’s launching of Sputnik I on October 4, 1957.
This event drew attention to the disparity between existing science
courses and the rapid advances in science and technology. The edu-
cational system was neither keeping pace with advances in science
nor with the demands of society. If the country wanted, and needed,
more and better scientists then something had to be done regarding
the nature of science education in the schools. The launching of Sputnik
aroused public interest, awakened a ‘‘sleeping giant,”” and ignited a
crash program for curriculum reform in science education. This burst of
activity resulted in some of the most current, innovative, and spectacula'r
changes in the history of American public school education. The'perl-
od that followed has come to be known as the Golden Age of Science
Education (1955-1974).

The curriculum reform era was nurtured by a society that demanded
improved science education and more rigorous science. The demand
was for more scientists, technologists, and engineers who could .meet
perceived societal needs. Although dozens of ‘‘alphabet-soup’’ science
curricula were developed during this era, the following curricula were
perhaps the most well-known and widely adopted:

Elementary Science Curricula:

Elementary Science Study (ESS)
Science Curriculum Improvement Study (SCIS)
Science - A Process Approach (S-APA)

Junior High Curricula:

Earth Science Curriculum Project (ESCP)
Individualized Science Instructional System (ISIS)
Interaction Science Curriculum Project (ISCP)
Intermediate Science Curriculum Study (ISCS)
Introductory Physical Science (IPS)

High School Curricula:

Biological Sciences Curriculum Study (BSCS)
- Yellow Version
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- Blue Version
- Green Version
Chemical Bond Approach (CBA)
Chemical Education Materials Study (CHEM Study)
Harvard Project Physics (HPP)
Physical Science Study Committee (PSSC)

The new science curricula were similiar in several ways. They were de-
veloped by teams that included scientists, educators, psychologists,
and teachers. Unlike earlier texts, written by one or two authors, the
new curricula benefitted from the combined expertise of people with a
variety of perspectives. The curricula that emerged embodied both sci-
entific processes and the nature of scientific inquiry (20, 21, 38, 43).

The teaching methods and strategies advocated in the teacher
guides, and during project inservices, were based upon the most up-to-
date theories of how children and adolescents learn. Earlier textbooks
contained a mass of disconnected facts and generalizations, presented
almost entirely as description, which seemed to require rote memoriza-
tion (20, 21, 43).

The new science programs emphasized learning by doing while fo-
cusing on current concepts in science. Laboratory activities were an inte-
gral part of the class routine. Thus, higher cognitive skills and an appre-
ciation of science were emphasized. Traditional science courses had
emphasized a knowledge of scientific facts, laws, theories, and applica-
tions. Laboratory activities had been used as verification exercises or as
secondary applications of concepts previously learned in class (16, 21,
38, 43),

Finally, the new science curricula were organized according to the
structure of science disciplines (similar to the traditional science courses
of the 1940s and 1950s). The emphasis upon the structure of the disci-
pline was much more apparent, as was the emphasis upon the nature
and processes of science. Much time and effort were devoted to identi-
fying the central themes, the conceptual schemes, the unifying ideas,
and the patterns of thinking of each of the science disciplines. Efforts
were made to distinguish between science and technology. The empha-
sis was on pure science, doing what scientists do—not on applications of
such knowledge (16, 20, 38).

As we entered the 1970s, the United States seemed to have estab-
lished a preeminence in science education that matched its status in ba-
sic scientific research (41). Many people felt that the primary objectives
of the 1960s had been met and that the job had been accomplished.
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After all, there was now a surplus of scientists and engineers, and the
United States had surpassed the Russians in various space projects,
including landing the first person on the moon. A small cadre of science
educators realized that only part of the job had been accomplished
(41). Although science education had achieved its goal of producing
more scientists and engineers, science was still not a meaningful and use-
ful subject for all students. The National Science Foundation (NSF) was
urged to continue its work in the area of science education.

The early to mid-1970s, however, was a period of disillusionment for
science educators. Political, economic, and social pressures were not fa-
vorable to science or technology. Society’s interest in science education
rapidly diminished. Yager notes that ‘‘(t)he changes of the 1970s re-
sulted in major problems with respect to public and Congressional sup-
port for science education’” (53). By the mid-1970s, significant numbers
of citizens felt that the continued support for curriculum development
and teacher education in science was misdirected and, perhaps, in er-
ror (54). Thus, in 1976, all teacher education funds that had been avail-
able from NSF were terminated. The second crisis in science in twenty
years was underway.

A flurry of activity immediately followed the 1976 cutoff of funds. A
new NSF program to support science education was created, and NSF
funded three large status studies. The status studies were designed to
assess the impact of the 1960s curriculum development activities and to
identify continuing needs and possible new directions (6, 54).

One study, directed by Helgeson, Blosser, and Howe, reported on
the impact of activity in curriculum development, teacher education, in-
struction, and needs in science education (14). The second study, co-
directed by Stake and Easley, was a collection of case studies designed
to provide a picture of the current conditions of K-12 science classrooms
(47). The third status study, directed by Weiss, was a demographic
survey from which national estimates were made of curriculum usage,
course offerings and enrollments, and classroom practices (51).

Also in the 1970s, The Third Assessment of Science was undertaken
by the National Assessment of Educational Progress (NAEP). NAEP ex-
amined science knowledge, skills, attitudes, and educational experi-
ences of precollege students (24).

In 1978, Harms synthesized and interpreted the three K-12 status
study reports and the NAEP data. This research effort, called Project
Synthesis, examined K-12 science education from five perspectives: bi-
ology, physical science, inquiry, elementary school science, and science/
technology/society. The research procedure Harms used was to de-
scribe a desired state for each perspective and then to compare this
ideal state with the actual state. The analysis, then, identifies discrep-
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apcies between the two conditions. The major results of Project Synthe-
sis and recommendations for future actions are included in a recent
NSTA monograph edited by Harms and Yager (13). This monograph is
“plust reading’’ for teachers of science at all grade levels, science coor-
d}nators, and school administrators. It provides the most comprehen-
sive analysis of where science education has been, where it is now, and
the direction in which it must move.

Finally, in an attempt to increase the scope of the three K-12 status
study reports, NSF selected nine professional organizations, with differ-
ent responsibilities and perspectives, to analyze the studies (27). By
1981, the verdict was in. The three K-12 status study reports, the re-
sults of Project Synthesis, and the professional reviews of the status
study reports all agreed: a crisis existed in science education.

‘Y‘ager has synthesized several conditions that illustrate the current
crisis:

1. Nearly all science teachers (90%) emphasize goals for school sci-
ence that are directed only toward preparing students for the next
academic level (for further formal study of science).

2. Over 90% of all science teachers use a textbook 95% of the time;
hence the textbook becomes the course outline, the framework,
the parameters for students’ experience, testing, and world view of
science.

3. There is virtually no evidence of science being learned by direct
experience.

4. Nearly all science teachers ‘‘present’’ science via lectures and/or
question-and-answer techniques; such lectures and question/
answer periods are based upon the information that exists in text-
books chosen.

5. Over 90% of the science teachers view their goals for teaching in
S:onnectlon with specific content; further, these goals are static,
1.e., seldom changing, givens (54).

These conditions are directly contrary to the goals established by
the curriculum committees during the Golden Age. However, Yager's
findings are similar to those of Goodlad and his associates who recently
completed a study of our nation’s schools (12). They conclude that stu-
dents in their sample did not appear to develop any of the abilities com-
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monly listed under *‘intellectual development’”: thg ability to thll:lk ra-
tionally, the ability to use and evaluate knowledge, intellectual curiosity,
creativity, or the desire and ability to pursue furthgr knowyledge. Only
rarely did Goodlad find evidence to suggest that instruction goes be-
yond students’ mere possession of information to a level of unQerstand-
ing the implications of that information and either applying it or €x-
ploring its possible applications. These findings were true even for
science classes. At a time in our history when the development and en-
hancement of such skills appears to be imperative, thgy were and are
being neglected. Developing and enhancing thesg higher mtelleptual
processes should be among the primary objectives of the science
curriculum. )
Fortunately, each finding synthesized by Yager (54) relates .to an ‘“‘al-
terable variable’” (2). Teachers and administrators are cgnvmced that
scientific and technological literacy are essential for living 1n modqrn so-
ciety, and that action should be taken to reverse th_ese trends‘. Cries for
revitalizing the science and technology educgtlon in the. United States
are again being heard. Science teachers, science coorfimgtors, schgol
administrators, as well as the public in general, are beginning to realize
that the nation that dramatically led the world into the age of technolo-
gy is failing to provide its children with the intellefztual skills necessary
for the 21st century. There is a realization that we indeed must return to
the basics, but that the ‘‘basics’” of the 21st century are not only reaq-
ing, writing, and arithmetic. The “‘new basics”’ must 11'1c1u.de communi-
cation and higher problem solving skills, as wgll as scientific gnd tech-
nological literacy—the thinking tools that will allow‘ our c?nldreq to
understand the technological world around us (26). This goal is so vital-
ly important that the National Science Board Commission on Precollege
Education in Mathematics, Science and Technology has stated that, by
1995, our nation ‘‘must provide, for all of its youth, a level of rpathe-
matics, science, and technology education that is the finest in the
world’’ (26).

Does research indicate that the 1960s curricula were more
effective than the ‘‘regular’ textbook programs'? Did student
mastery of science concepts and process skills increase? Are
the goals of science education the same as in the 1960s? To
what extent should societal issues be included in the science
program?

During the past ten years, it has become popular to discard the sci-
ence programs developed during the curriculum development era. At
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the elementary level, there is evidence that science education is being
displaced by an emphasis on ‘‘basic skills’’ (47). Critics of the new sci-
ence programs maintain that students did not acquire science concepts,
that declining enrollments indicated the programs were ineffective, and
that basics needed to be stressed over process skills. The critics’ con-
tentions are not supported by the research.

A number of recent research syntheses have investigated the effec-
tiveness of the new science curricula. The researchers who conducted
these syntheses have integrated primary research results available in
the literature through an empirical research perspective called meta-
analysis. Glass coined this term in 1976 to describe the process of ana-
lyzing the results of a collection of studies on a related topic (10, 11).
Translated literally meta-analysis means an analysis of analyses.

Meta-analysis involves calculating a common measurement for each
defined variable within a study. This common measurement compares
the magnitude of the difference between groups and is referred to as an
“‘effect size.”” Thus, the effect size measures the difference in perform-
ance of two groups on a dependent variable such as general achieve-
ment, student attitudes, or problem solving skills.

In the studies reported below, effect sizes have been converted into
percentiles. Thus, results are referred to as either percentile points
gained (for example, the average student in the treatment group per-
forms 20 percentile points better than the average student in the control
group); or, as percentile equivalencies (for example, the average student
in the treatment group performs at the 70th percentile of the control
group, thus, the student who performs at the 50th percentile of the
treatment group exceeds the performance of 70% of the students in the
control group).

Shymansky, Kyle, and Alport recently completed a comprehensive
review of twenty-five years of research comparing student performance
in the new science curricula at all grade levels to student performance in
traditional science courses (20, 21, 43, 44, 45). In synthesizing the results
of 105 experimental studies involving more than 45,000 students, they
report that the average student in classes using the new science curricula

exceeded the performance of 63% of the students in traditional science
courses.

Strikingly similar results have been reported by Weinstein, Boulanger,
and Walberg in synthesizing secondary student performance (grades
6-12) in the new science curricula (50). They report that the average sec-
ondary student in innovative courses exceeded the performance of 62%
of the students in traditional courses on all learning measures.
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If you wish to calculate the effect .of 'research results ‘ratt'ler than mereiy
accepting the author’s reporting of significance or non.-SIgmﬁcance; 51tmp ty
subtract the control group’s mean score on .each varlal?lq from the treat-
ment group’s mean score for the same variable and divide by the stan-

dard deviation of the control group:

- X .
ES =Xtreatmentgroup control group

D
control group

Effect size units are equivalent to standard deviation units. Since one stan-
dard deviation is equivalent to the 84th percentile of a normal dlStI‘ll?u-
tion, then an effect size of 1.0 is also equiyglent to the 84th percentile.
Figure 1 provides a convenient way of visualizing such results as two over-

lapping normal distributions.

1SD = 1ES

N

Control Group Treatment Group

1 84th percentile of control group
50th percentile of control group

Figure 1
Overlapping Normal Distributions

If, for a given variable, an effect size of +1.0 was cal.culated then the av-
erage student in the treatment group would be exceeding the performance
of 84% of the students in the control group. As you can see, using effect
sizes and their percentile equivalents i§ an extremely powerful way of
visualizing the ‘‘real effects’” of a collection of research results.
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Bredderman has also synthesized research that examined K-6 ele-
mentary school science programs and found that the average elementa-
ry student in the new science programs exceeded the performance of
63% of the students in traditional courses (4). The consistent pattern of
positive effects for the diverse performance measures analyzed in each
of the above syntheses clearly establishes the superiority of the new
science curricula over the courses they were designed to replace.

Table | shows that students in the new science curricula performed
well at the elementary, junior high, and secondary level on a composite
basis. Of special interest are the data for student achievement. Much
criticism regarding the new science curricula focused upon the apparent
decline of general science knowledge among students exposed to the
new programs. At the height of the curriculum reform movement, and
even today, the prevailing notion was that the process goals of the new
science curricula were being achieved at the expense of the content
goals. The data in Table | show clearly that students exposed to new
science curricula performed better on achievement measures than did
students in traditional courses that primarily focused on content. Across
all K-12 curricula, the average student in a new science curriculum ex-
ceeded the performance of 64% of the students in a traditional science
course on achievement measures. Similarly, student attitudes were
enhanced, as was performance in areas involving higher cognitive
skills (e.g., critical and analytical thinking, problem solving, process
skills, creativity, and logical/spatial relations). Further, when students in
kindergarten through 9th grade were simultaneously tested for perform-
ance in related areas such as reading, mathematics, and communication
skills, their performance was also positively enhanced (20, 21, 43,
44, 45).

Kyle also was concerned with the problem of testing bias. One would
naturally expect students in new science curricula to perform better than
students in traditional courses on tests emphasizing and assessing proc-
ess skills. Each test, then, was analyzed to determine whether the
treatment group or the control group was favored, or whether there was
no testing bias. Students in new science curricula performed better than
students in traditional courses regardless of the direction of test bias.
That is, even when the control group was favored by the testing bias,
students in new science curricula performed better (20).

Another quantitative synthesis conducted at the secondary level by
El-Nemr studied inquiry teaching in biology (8). Many of the inquiry bi-
ology courses in EI-Nemr’s study used the BSCS materials, so his con-
clusions are similar to those of Shymansky, Kyle, and Alport. EI-Nemr
found that the average student in inquiry-oriented biology classes per-
formed at the 64th percentile of the traditional group on achievement

11
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S measures, at the 67th percentile on problem-solving skills, and at the
8 59th percentile in increased perception of science.
s Research also indicates that the kind of science taught has a great in-
Fé’ fluence on students’ attitudes toward science. Kyle- and Bonnstetter
B have recently conducted a study of student attitudes toward science in
3 5 SCIS versus non-SCIS classes. Their work has shown that process-
-gg approach science produces students whose attitudes toward science
: E: ~ are different from those of students not following a process-approach
'% S g . course. After only one year of this hands-on, inquiry-oriented science
2 :‘«j ' curriculum, Kyle and Bonnstetter observed drastic attitudinal differ-
3 o8 ,f ences between SCIS and non-SCIS students. Almost half of the SCIS
" §§, students chose science as their first or second favorite subject com-
£ o ;‘é Ee pared to 21% of the non-SCIS students. Only 7% of the SCIS students
2 Cal & SH indicated that science was their least favorite subject compared to al-
77] Eal=] L
S < i &€ most 20% of the non-SCIS students. SCIS students overwhelmingly
cEn «~ bt o) A - . . . . ;
Z < 4 — - L s " wanted more science, desired more Kinds of science, and found their
= TS . .. . ; .
=2 o School science to be fun, exciting, interes ing, and intellectually
2 .§m hool to be fi ti terest d intellectuall
£k 2l = 2 5l =2 52 stimulating. *
o 2 @ > & ~ ) g . . . . . .
30 g2 °3 In comparison studies, then, the hands-on, inquiry-oriented curricula
s E O o o © S <} developed during the Golden Age of Science Education were effective
- i.g A Z 2 =2 2 i N‘Sé in enhancing student achievement, attitudes, and higher cognitive
2 § - & - skills, as well as performance in other areas. The results of student per-
E E &= - l—é 2 o 5 S Q8 formance in these programs are quite impressive in light of the original
'g_s -§ N 2 o goal of that era: the development of an improved and more rigorous sci-
“; E = o _ ~;‘§ ence education that would produce more scientists, technologists, and
":=E E- <| Z - - o =2 engineers. Ironically, while achieving this goal, the curriculum develop-
:.‘38 %é ment activities of the Golden Age, in conjunction with changing societal
L E 2 T o 3 3 EQ needs and concerns, actually contributed to the current crisis. With all
S et . . . . . . .
@ EI® <3 of their apparent accomplishments, the new curricula failed in bringing
§ 3 < - - = § § about mass scientiﬁc/technological literacy among our citizenry (16, 18,
ﬁ E Zl o = w = — 3 55, 57). Support for science education ceased when change was again
8 = 2 most needed. The job wasn’t finished—in fact, it should have just be-
g el 2 %) @ 2 @ g gun. Overall, student achievement and interest in science have been
§ RS 2R declining since 1969 (17, 24, 60). To many, the current crisis is more se-
> & - S vere than the crisis of 1957.
& E 00 d s - = . . .
S1Z] = &= = - S Teachers should recognize that the goals for science education have
g changed. Because society’s needs and goals have changed since the
Sl § 32 3 2 1960s, we cannot simply resurrect the old “‘new’’ science curricula. Not
» | o =] [ D=}
LlE B 5 ‘£ o
> | § T3 & |éa = Ko W ————— .
S IEQE &~ T S - © *Kyle, W. C., Jr. and Bonnstetter, R. J. July 1984. An analysis of student and
S KTIN g = - b teacher attitudes toward science in SCIS versus non-SCIS classes. A report
Olus ST XTC ~ submitted to the Division of Planning, Development and Evaluation, Richard-
son Independent School District, Richardson, TX.
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Table 2

of the 1960s Goals of Science Education
‘the Goals of the 1980s and Beyond

During the 1980s and Beyond

1. The needs are related to current
_social problems rooted in science
and technology, e.g., depletion of
' energy sources, fear of nuclear
energy, genetic engineering.

he demand was
more scientists and engi
solve perceived problems. .

2. Programs were designed to meet 2. There is an urgent ne.edt tlo
the goals of past times in each of rec%%mze (':Il‘l;l’re{(l:l ;\(;/cl:i ;e hat
. o e
he science disciplines. ) problems. ! .
:Acquisition of knowledge was still should be considered important

i is that which will be useful and
mportant relevant to the solution of social
problems.
3. Science was taught as a means of 3. Scier_lce and technology ar:

‘ advancing knowledge and conmdqred to }Je a means for
explanation. Science education improving soc1etfy. SCI?’lr:)(fld be
was, therefore, preparing future educatyon,tlt]hefrstgiz,csitizens

ienti reparing the .
scientists. - p
4. Science and science education 4. Science and science tlzldu;:attlll(r)él -

' were oriented to the present and must be_ oriented to the futw

immediate past. light of its potential impact In

helping to resolve societal
problems and concerns.

5. Science education concentrated 5. Sc}ence educgatt.ic;nsrlgllllsst ft())lftulsl ;1(;){:
velopment of only on cognitiv , :
upor?ittit:/ee c;ic(ills P affective, ethical, and aesthetic
o8 ' understandings as well.

6. Science was viewed as value-free, 6. Today’s Tmencte 1§/ ergo;: value
. iri i ortra -
cience. accurately por' :
empirical laden science in which there are
moral and ethical dimensions.

7. Science demanded linear 7. Science must bp concerned wi’th
thinking and emphasized inquiry systemic thinking apd emphasize
skills. decision-making skills.

8. The goals of science teaching 8. The goals of science teaching are

derived from the interaction pf
science, technology, and society.

were internal to the various
disciplines of science.
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only has scientific knowledge increased since 1960, but society faces
problems today—acid rain, nuclear energy, in vitro embryos—that were
unimagined then. We must develop science curricula to meet the current
demands for scientific/technological literacy, while integrating those
successful methods and strategies of the previous era. In Table 2, some
useful comparisons between past and present goals have been synthe-
sized from the work of Hofstein and Yager (16). The comparisons can be
used to guide our future curriculum development.

Science has always had an impact on society. Science and society
have become increasingly interdependent during the past fifty years.
Many authors have been urging that a major goal of science education
should be to reflect the interaction of science, technology, and society
(7, 13, 16, 18, 28, 34, 36, 37, 38, 55, 56, 57). We can use the knowledge
that we gained from the curriculum development era as we strive to meet

the current societal needs—the educating of a scientifically and techno-
logically literate citizenry.

What are the latest and best programs and materials
Jor teaching science?

The latest and best changes all the time. So while we cannot con-
clusively and specifically answer the question, we can look to several
sources for direction.

The results presented in this chapter and in recent National Science
Teachers Association (NSTA) publications provide us with information
to develop an initial concept of what is needed, what works, and what
is effective in teaching science (3, 5, 13, 22, 30, 31, 32, 35, 36). The Na-
tional Commission on Excellence in Education has reported that for the
first time in the history of our country, the average graduate of our
schools and colleges is not as well educated as the average graduate of
the preceding generation (25). What should be even more disheart-
ening to science educators at all levels, kindergarten through college, is
the knowledge that within the context of the modern scientific revolu-
tion ‘‘we are raising a new generation of Americans that is scientifically
and technologically illiterate’’ (25). It is apparent that sweeping and
drastic changes are necessary in all science curricula if, by 1995, we are
to meet the goals for the 2Ist century proposed by the National Science
Board Commission on Precollege Education in Mathematics, Science,

and Technology (26).
It appears that we are about to enter a cycle of educational reform not
only for science education as a discipline, but for education as a whole.
This reform should rival, in expectations and ideas, the reform era of

15



Curriculum Development Projects of the 1960s

the 1960s. We must, however, ensure that the 1990s do not become a
period of disillusionment and regression as was the 1970s. We must usc
our knowledge to articulate a sound science education curriculum for all
students, especially those who may not become scientists.

In searching for excellence, Penick and Yager note that knowing what
works is a considerably more direct route to success than knowing a lot
of things that don’t work (37). Thus, the 1982 NSTA Search for Excel-
lence in Science Education was a logical next step to the status studies
of the 1970s. The goals and the general description of the desired state
for each of the five focus areas identified in Project Synthesis were used
as criteria in defining excellence in school science programs (13, 37, 58).
Fifty-four examples of excellent science programs were identified
throughout the U. S. in 1982.

Penick and Yager report that certain characteristics are common to eX-
emplary programs (37). They are all designed to be excellent. Exemplary
programs do not simply rely on routine textbook selection. A considera-
ble amount of time is spent on developing the curriculum, on organizing
how it will be presented, and on encouraging teachers to work as teams.

There is often a single person who can be identified as providing the
methods for the curriculum development. These leaders are able to
bring about the desired change by stimulating the active participation
of other faculty members. The administration is supportive of such ef-
forts and many teachers receive release time to develop the curriculum.
State-level science supervisors, university faculty members, and commu-
nity leaders are frequently consulted.

In exemplary programs, the teachers are involved heavily in staff de-
velopment activities. Several years of inservice effort, including exten-
sive summer sessions, have helped in developing and organizing the
curriculum.

The courses focus on process skills although content is also stressed.
The courses are directed at the majority of students, not just the college
bound. The courses are designed with science applications in mind.

Finally, the curricula used in exemplary programs are often locally de-
veloped. Many are adaptations of national curricula of the past two dec-
ades and/or use activities from a combination of such curricula. Text-
books tend to play a secondary role as resources and references.

Elementary schools are an essential component of a sound science ed-
ucation program. The process of developing a student’s understanding
of science must begin early. Further, unless children and young adoles-
cents are exposed to science early, often, and favorably, they will not
develop the interest or knowledge necessary to be scientifically literate.
Penick and Johnson have generalized characteristics of exemplary ele-
mentary science programs:
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1. Science is taught—and, it is taught more, in terms of time, wh
compareq to national norms. Nationally, schools report an a,ver oo
of IOO.mmutes of science per week. Exemplary programs averzge
145 minutes per week, and the teachers maintain that they negz

even more tlme..These same schools also spend more time in math-
ematics and social studies.

. These programs em i i
phasize hands-on science, inqui i
and student decision-making. , inauity strafegics,

. Teachers are enthusiastic; they claim ownership of the programs

. :"ﬁzchers kread professional journals, attend workshops and confer-
es, take college courses, and present at professional meetings.

. Many of these programs use activities from ESS and SCIS.

6. Societal issues are frequently a focus of study; rarely is the class-

room a boundary (33).

vir?:rl;é nttheptre;ar::ll:t:ési:lz l::i)lf;:’m:rlle(ljrypl[;rograms‘ provilde a stimulating en-
r L, « s y a major role in developing th
curricula; students actively do science: they identif’ b o ke
decisions, and learn how to learn; admir.listrators g lt?mS, ma'ke
volved, and provide resources; a\,nd finally, the o Sllppomve, enincs
the importance of good quality science pro)gj,rams :r?én gl;ggitsr:i?:ﬁngzs
f(r:';l;llii.ﬁzll);z:aiactors are posnivel){ re!ated to students developing the
ey y necessary to function in the technological age of the fu-
e . urthgr, Penick nqtes that the size of the budget, the school
teaChz community are r}ot'hmiting factors (31). He says, initially, the:
rs are the most significant factor. Teachers in each of the exem-
5::er)l'gp;rtolglrarrr1ts want to teach science. They are dynamic, thoughtful
. -at-heart, eager to learn with their students, and the, are fe ’
sional educators. He also notes that administrativé and corl%nlmunitp .
Eicr);tdarte tesstf:ntlal: While Projgct Synthesis offered a picture of tl);esgg-
state for science education, the Search for Excellence provid
examples of exemplary programs in real schools. proviess

Are. thfre any quick and easy solutions for
designing an effective science program?

Str’ﬂeaghers, .curriculum coordinators, and administrators are currently
ggling with the problem of how to improve the quality of the science
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education provided all students to ensure a scientifically and techno_log-
ically literate citizenry in the future. Sqme commonly as}<ed C!’UCSUOIIS
are: Should we increase the amount of time for school science’? Shoulfi
we increase the amount of laboratory work? Should we require more sci-
ence courses at the secondary level? Should we be emphampng process
skills or science content? Should we be including societal issues in the

ience curriculum? .
SCIgchools will not, and cannot, change overnight. Sigda notes that it
takes four to six years to totally develop and revise a program before it
can be used in science classrooms (46). Once in place, a program must be
constantly monitored and updated. Schools can, however, §lowly re-
vise, develop, and update existing curricula—as part of 2 logical devel-
opment plan—so that improvements are not delaypd uptll 1990. .

Merely increasing the number of hours spent in science classes, the
amount of laboratory work, or the number of required science courses,
by themselves, will produce neither exemplary programs nor smgntlﬁ-
cally literate graduates. A well-articulated and well-coordmateq science
curriculum that balances process skills and content; that provides stu-
dents with opportunities to identify and solve problems; that enl}ancesf
higher intellectual processes; that goes beyond _mere possession O
information to applications; that incorporates societal issues; and tha}t
maintains a proper continuum from kindergarten through 12th grade 18
required. _

It must be emphasized that exemplary programs integrate a batlance
of science processes and content. Finley indicates .that students’ per-
formance of science processes is dependent upon their kn_owledge of rel-
evant concepts (9). Laboratory activities are also essential c.alemgnts of
exemplary programs since they enhance the development of inquiry and
problem-solving skills. Hofstein and Lunetta note thgt laborgtorles as-
sist in the development of manipulative and observa'flonal Skl”S,. of sci-
entific concepts, of positive attitudes, and of skills in cooperation and
communication (15). . '

This balance between processes and content 1s also likely to enhance
student attitudes toward science. Steinkamp and Maehr note that §tu-
dents are ‘‘most likely to feel positively toward science as one actualizes
one’s ability through science achievement’ (48). Thus, as in any en-
deavor, it is primarily the acquisition of proficiency that leads to positive
attitudes. ‘

A substantial body of interesting, imaginative, and educgtlona]ly
sound material was developed by the science curriculum committees of
the 1960s; most of these materials are not obsolete (1). The research
syntheses of Shymansky, Kyle, and Alport; We_instein, Bpulanger, and
Walberg; Bredderman; and El-Nemr support this contention (45, 50, 4,
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8). Arons cites two primary causes for the apparent failure of the new sci-
ence curricula: inadequate logistic support (i.e., administrative support,
individuals responsible for the maintenance and re-supply of materials,
financial resources); and the lack of properly guided inservice for teach-
ers. The Search for Excellence reports indicate that exemplary pro-
grams provide the necessary logistic support, as well as provide and
encourage extensive and comprehensive inservice opportunities for
teachers (3, 30, 31, 32, 35, 36).

Since 1957, science education programs across the nation have suc-
cessfully prepared future scientists and engineers for further study and
careers in those disciplines. It should be apparent, however, as evi-
denced by a steady decline in student achievement and attitudes to-
ward science, that science presented in the way it is known to scientists
is not inherently interesting to all students (16, 17). For over twenty-five
years now, science educators have adhered to a goal that is appropriate
for only 3% of the high school graduates. During that time we have
failed the majority of the citizenry whose lives and work are affected
daily by advances in science and technology. Jackson maintains that
science educators should focus on two goals in developing exemplary
science programs: more science instruction and a different kind of sci-
ence instruction. He asserts that science instruction must become ‘‘sci-
ence for all,”” as opposed to ‘‘science for future scientists’’ (19). In effect,
then, new courses should model the previously cited exemplary pro-
grams and teach science in a way that brings relevance to daily living
and to current social issues. Similarly, Miller states that for scientific lit-
eracy to become truly relevant we should not only focus on the tradi-
tional understanding of the norms of science and knowledge of scientific
constructs, but also foster an awareness of the impact of science and
technology on society (23).

Finally, Mary Budd Rowe maintains that a full science program
should consist of four interdependent parts: ways of knowing (i.e., What
do I know? Why do I believe it? What is the evidence?); actions/
applications (i.e., What do I infer? What must I do with what I know?
What are the options? Do I know how to take action? Do I know when to
take action?); consequences (i.e., Do I know what would happen?); and
value (i.e., Do I care? Do I value the outcome? Who cares?). In all but
exemplary programs, the primary focus of science instruction is on
“ways of knowing’—with most of that attention on what we are sup-
posed to know. Yet, the three missing components ‘‘are precisely what
are of greatest interest to the majority of students’’ (40). Exemplary pro-
grams of the future must follow the lead of existing exemplary programs
and integrate the missing ingredients in order to improve the quality and
appropriateness of science instruction.
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Summary

Recent research syntheses demonstrate the effectiveness of the
hands-on, inquiry-oriented science curricula developed during the
1960s and early 1970s. Evidence shows that students in such courses
had enhanced attitudes toward science and scientists; enhanped
higher-level intellectual skills such as critical thinking, analytical think-
ing, problem solving, creativity, and process skills; as well as, a better
understanding of scientific concepts. Inquiry-oriented science courses
also enhanced student performance in language arts, mathematics, so-
cial studies skills, and communication skills.

With information gained through investigation of the effectiveness of
the new science curricula and by looking at exemplary science programs
today, we can develop a concept of what’s needed, what works, and
what’s effective in teaching science. Educators at all levels are struggling
with the problem of how to improve the quality of science education to
ensure a scientifically and technologically literate citizenry.

Exemplary programs of the future can examine what we currently
know about effective science programs and instruction to improve the
quality of science education for all.
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Goals of Science Education

Is there substantial agreement on the goals for
science instruction? If so, what are they?

The last major shift in science education goals occurred some twenty-
five years ago. Goals espoused then—to meet demands for more
scientists—were justified by the social conditions of the time—the
Soviet’s launched Sputnik I in 1957. Since then, social expectations of
schooling and of science have changed greatly. However, the goals es-
poused by today’s science programs are essentially the same. Even in
the face of the ‘‘information age,”’ a set of goals reflecting current social
conditions has not yet emerged.

While there is no agreement on the goals of science education, a con-
sensus appears to be emerging. It is important that the schools of today
be responsive to the society they serve and that schools try to anticipate
the world in which students will live.

In support of this position, let us examine some current goals of science
education and who holds them, the emergence of a new consensus on
science education goals, and how school practices can be changed to
reflect this new consensus.

In examining some of the current goals of science education, the find-
ings of the National Science Teachers Association’s Project Synthesis
are particularly illuminating (10). The purpose of the project was to ex-
amine the status of science education at the elementary and secondary
levels in the 1960s and 1970s and to make recommendations regarding
future practices in science education. Four comprehensive data bases
were examined to ensure the validity of the recommendations (11, 17,
28, 32). For the purposes of the project, science education goals were di-
vided into four broad categories. Goals regarding individuals’ prepara-
tion to use science to improve their own lives and to live in an increasing-
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ly technological world were grouped under the category of personal
needs. Goals pertaining to preparing citizens to deal responsibly with
science-related social issues were grouped under the category of social
issues. Goals pertaining to acquiring academic knowledge of science re-
quired by individuals likely to pursue science academically and profes-
sionally were included in the third category, academic preparation.
Goals pertaining to the acquisition of knowledge and utilization of
knowledge regarding the nature and scope of scientific and technologi-
cal careers were included in the fourth category, career education. The
desired state of science education was described using this framework.
The desired state was then compared with the actual state of science
education, resulting in a description that could be used prescriptively.

The most striking finding of Project Synthesis was that goals that
could be included within the third category, academic preparation,
were almost the exclusive focus of science teaching in our schools (10).
Goals pertaining to personal needs, societal issues, and career education
were largely ignored in classrooms and in textbooks. The reasons for
this can be found by examining common school practices, the influence
of textbooks, and societal pressures.

Teachers, for the most part, determine the goals of science education
pursued in their classrooms. They make the most important decisions
about course content and instructional methods (28, 32). Teachers’ in-
volvement in the selection of curricular materials far exceeds that of ei-
ther district supervisors, principals, superintendents, school boards, or
parents (32). Even though most decisions about text adoptions are
made by representative committees at the school or district level,
teachers still have considerable autonomy in the way these materials
are used to teach science (28). Within the limits set by the administra-
tion, this autonomy may be expressed in teaching style, in selection of
text and text supplements, in assignment of grades, and in many other
ways,

In day-to-day practice, teachers fail to consider the ultimate utility of
the science knowledge and skills they teach (37, 39). Preparing students
for specific examinations and later coursework appears to be the primary
goal of most science teaching. Little regard is given to preparing students
to use science in the personal, societal, and career decision areas 3, 8,
10, .27). Teaching practices are guided by factors that contribute to the
socialization of students (e.g., teaching students to learn from books,
to attend to directions and lectures, to prepare for later coursework).
These practices, for the most part, are encouraged by parents and
school administrators, but conflict with the practices encouraged by
the science education leadership (16). Such practices may well be
caused by the lack of sufficient numbers of properly trained science
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teachers. They also may be the reason why a majority of students be-
lieve the things they learn in science classes are dull, are no fun, and
have little relevance to the real world (37, 39).

Interestingly enough, there is a major gap between teachers’ stated
expectations for their students and their teaching practices. Teachers at
all grade levels, when responding to questions posed by John Goodlad
and his colleagues, stated that they wanted students ‘‘to be able to
compare and contrast phenomena, explore the interrelationships among
living things, interpret environmental changes, make inferences from
data, formulate hypotheses, observe and classify, develop habits of
inquiry, and so on’’ (9). However, observations in classrooms led Good-
lad to conclude that ‘‘teachers were not able. . .to square their perform-
ance with their theory’’ (9). Other researchers contend that classroom
practices reflect neither an emphasis upon inquiry and problem solving
nor a concern for technical and societal issues. Further, they find that
these practices are not viewed as important by teachers and school ad-
ministrators (10, 39). Observations by Stallings and her colleagues sup-
port this contention (27). They further observe that students in general
science courses receive more workbook and reading assignments and in-
teract less with materials than students taking advanced courses. These
practices persist despite research findings that suggest that ‘*hands on”’
activities should precede more abstract experiences and that science
taught in this manner is likely to present a distorted picture of science
learning. These are but some factors that cause fewer students to take
advanced science courses.

Current science teaching is marked by the almost total reliance on
textbooks that present science as ‘‘fundamental knowledge’ (37). Stake
and Easley found that teachers rely on textbooks at least 90% of the
time and that the typical method of lesson presentation is ‘‘assign-
recite-test-discuss’’ (28). The reliance on textbooks is also verified by
student responses to affective items, which were part of the National
Assessment of Educational Progress (NAEP) in 1978 and included in a
survey administered by Hueftle and her colleagues (13, 17). Students
believe that the textbook is the major determiner of content studied. In
other words, the curriculum infrequently ventures beyond the bounda-
ries set by textbooks. Stake and Easley further suggest that reading is
the primary mode of science learning in our schools. Parenthetically, it
may be useful to think about the impact on poor readers of this reliance
on the textbook. Because poor readers are unable to process the infor-
mation printed in the science book, they are ‘‘punished’’ twice for the
lack of reading skill.

Several analyses of textbooks have been conducted. Since the text-
book is central to science education practice, it is interesting to note
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what is included—and excluded—in widely used texts. The textbooks
most frequently used in all science disciplines at all levels are, for the
most part, devoid of the characteristics representative of any goals oth-
er than academic preparation (16, 23, 37). For example when the most
widely used biology textbooks were examined, possible learnings
about insects that seem particularly useful in peoples’ everyday lives
(e.g., damage done by insects, ways of controlling harmful insects) were
not included. Similarly, activities that would reflect the societal rele-
vance of insects (e.g., economic impact of insects on food supplies, ne-
cessity for the use of insecticides in agriculture) were not evident. Like-
wise, learnings to foster career awareness (e.g., job description of insect
exterminator or entomologist) were not found (16). Taxonomical informa-
tion, the description of insect body parts, and the behavior of social in-
sects represent the breadth of information presented in most biology
textbooks.

The insect example appears to be representative of the content found
during reviews of most other secondary school textbooks (2, 33). In
these reviews, places in the textbooks where information or activities
pertaining to the other goals could be easily and logically integrated
were noted.

Elementary textbooks fitting the categories ‘‘widely used texts,”
“NSF funded curriculum,” and ‘‘new generation texts’’ were also
reviewed (23). The general description of the ‘‘widely used texts”
matches that for biology textbooks described above. The textbooks
included in the categories ‘‘NSF funded curriculum’’ and *‘new genera-
tion texts’’ emphasized the goals of personal needs, societal needs, and
career education better than elementary textbooks widely used (23).

Personal, societal, and career education goals seem, then, to be given
little consideration by authors and publishers when developing science
textbooks. The scarcity of information and activities found in science
textbooks at all levels relevant to these goals is evidence of the low pri-
ority that is given to learning experiences that will help prepare students
for the problems they will face in the future.

Textbook authors and publishers cannot be held responsible for the
lack of information and activities pertaining to the personal, societal, and
career education goals. They respond to the market: what teachers
want to teach and what the public believes should be taught. Our na-
tional concern for ‘‘keeping up with the Russians’’ and “‘meeting the in-
dustrial challenge of Japan,” has recently been reflected in several doc-
uments that report on the status of education (19, 24, 29). Among the
recommendations are calls for at least three courses of high school sci-
ence for all students, more time for the teaching of science at the ele-
mentary grades, and more rigorous content in textbooks and other cur-
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riculum materials. Unfortunately, increased rigor is being interpreted in
much too narrow a fashion, namely as science that concerns itself with
only the concepts, laws, and theories of science. This current interest in
improving science education seems to be founded on the wrong prem-
ise; it does little to foster the goals of personal needs, societal issues,
and career education.

In concert with the mood of these recent reports, parents and school
personnel recognize the need for minimal competencies in science; how-
ever, these competencies are given low priority when compared to read-
ing, spelling, writing, and mathematics (10, 28). The decline in financial
support for education in the sciences and the diminishing time allocated
to science in the early grades suggests that funding agencies and the
public place little value on science education. Conferees at the Exeter
Conference on Secondary School Science Education contended that
this is because the public sees what is being taught in science classes as
not relevant to today’s problems (22). However, some science courses
are given high priority; for example, chemistry and physics for brighter
students are protected tenaciously by teachers responsible for those
courses and these courses are viewed by the public as necessary for
preparing future scientists (37).

In summary, then, the school practices in science education that are
most evident today reflect goals that were established in the late 1950s.
The primary goal of that time was to produce more students who would
pursue further studies in engineering and science when they went to
college. The future engineers and scientists, then, would help regain
America’s position of prominence in scientific applications. The other
three goal areas we have indentified—personal needs, social issues, and
career education—were largely ignored in classroom practices, in text-
books, and by society, except as they fit into the national press for more
scientists.

However, as early as 1962, the Educational Policies Commission pub-
lished this statement:

The schools should help to realize the great opportunities
which the development of science has made apparent in the
world. They can do this by promoting understanding of the
values on which science is everywhere based. Although no
particular scientist may fully exemplify all these values, they
characterize the enterprise of science as a whole. We believe
that the following values underlie science:

1. longing to know and to understand,
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2. questioning of all things,

3. search for data and their meaning,
4. demand for verification,

5. respect for logic,

6. consideration of premises, and

7. consideration of consequences (5).

Clearly, if these values were imbedded in the science curriculum
studied by all students, we would expect to see educational objectives
similar to those reported by teachers to Goodlad. Moreover, we would
€xpect to see practices related to the values enumerated by the Educa-
tional Policies Commission.

Nevertheless, science as general education shows no sign of either
being considered as one of the ‘‘basics’’ or of gaining substantial public
support (11). ““The low amount of time (allocated for science) in the ele-
mentary schools and relatively low percentage of teachers in the sec-
ondary schools suggest some lack of certainty about the importance of
science as a field of precollegiate study’’ (9). However, the leadership of
science education as a profession has consistently worked to overcome
this perception of science as an elitist subject. While there is no unanimi-
ty of form or content in the goals statements that have been articulated
by various groups and individuals who constitute the national leader-
ship, there is clear evidence of a growing consensus. Consider, for exam-
ple, this statement by Paul D. Hurd about the goals of science educa-
tion. He identifies four large purposes of science education:

® sensitizing students to expect and anticipate change;

® recognizing that the future of human beings and the quality of life
are not capricious;

® enhancing students’ self-concept so that, as individuals, students
can use knowledge of science to make decisions that can lead toa

more desirable world; and

® helping students to acquire capacities to cope with changes, as well
as to shape changes (14).
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Hurd wants to see science taught as preparation for life in a changing
world. More specifically, he wants schools to prepare children for life in
a democratic society in a changing world.

Simpson and Anderson, in a textbook intended for use in university
classes preparing students to be teachers of science, offer a description
of the ‘‘scientifically literate person.”” This description can easily be
converted to goals statements congruent with those of Hurd and of the
Educational Policies Commission.

The scientifically literate person:

® has knowledge of the major concepts, principles, laws, and theo-
ries of science and applies them in appropriate ways;

® uses the processes of science in solving problems, making deci-
sions, and in other suitable ways;

® understands the nature of science and the scientific enterprise;

® understands the partnership of science and technology and its in-
teraction with society;

® has developed science-related skills that enable him or her to
function effectively in careers, leisure activities, and other roles;

® possesses attitudes and values that are in harmony with those of
science and a free society; and

® has developed interests that will lead to a richer and more satisfy-
ing life and a life that will include science and life-long learning
(26).

Does research give us a picture of the current thinking about
what today’s goals for science education should be?

As identified by the National Science Teachers Association’s accom-
plishments and needs study, the appropriate setting for any consnd;ra—
tion of science education is the interdependence of science and society
(21). As a young discipline, science education should be con_cerne.d
with the relationship between science and society, with interpreting sci-
ence to society, and with interpreting and studying the effects of science
on society (34, 35, 38).
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Part of the emerging consensus, then, suggests that the most signifi-
cant influence upon science teaching at all levels should be current soci-
etal issues and problems. From such a frame of reference, values, goals,
and objectives of science education can be formulated to meet the
needs of our society and of students.

Science process skills and general inquiry processes are essential and
generalizeable intellectual procedures. Students need to have the op-
portunity to experience science as inquiry, as well as to learn about the
products of inquiry (33).

Goals need to be generalized in the area of problem solving. Problem
solving should not be restricted to solving problems that are bound by
specific science disciplines (35). Problem solving, in a more general
sense, should involve the use of scientific knowledge in making deci-
sions in a real-world context (3, 13). In such a context, problem solving
shifts from uncovering correct answers to discipline-bound problems to
investigating less-than-perfect alternatives to science-related problems.
Students then make choices that will increase positive outcomes and
minimize negative side effects. Students need practice using problem-
solving skills in the context in which these skills are likely to be used;
they cannot be expected to transfer problem-solving skills learned in a
restrictive scientific discipline to new situations that demand both sci-
entific information unknown to the students and problem-solving skills
different from the ones they know (18).

Career awareness needs to become an integral, rather than incidental,
component of science learning (6, 35). Career awareness activities can
provide opportunities for students to learn about scientific and techno-
logical careers that will be in demand in the future. The biographies of
historical people do not adequately represent current career opportuni-
ties; thus, they are of little benefit to students in making career de-
cisions.

Science education has traditionally emphasized its value-free con-
cepts and activities., However, students need to learn that science and
applications of science influence social issues that are value laden. Of ne-
cessity, thinking about and studying value laden, moral, and ethical is-
sues must be a part of science courses (4, 7, 30, 37).

This need, of course, cannot be met by prescriptive, dogmatic presen-
tation of the ‘‘answer’’ to complex issues about which reasonable peo-
ple disagree. In fact, the inclusion of societal issues in science courses
will lead students to an understanding of the limited but important help
that science provides in forging solutions to important societal issues.

Perhaps the most extensive and necessary change in the goals of sci-
ence education is the addition of attention to the relevance of scientific
knowledge to societal issues and human needs (3). Goals pertaining to
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the nature and structure of the discipline must be balanced by other
premises for selecting the content to be included in science courses (10).
More attention must be directed toward the impact of scientific and
technological advances on a variety of societal issues, including human
engineering, use of natural resources, environmental quality, and energy
availability and use.

Attention must also be directed toward preparing individuals to use
science and technology to improve their lives and to adjust to changes
taking place in the world around them (35). This can be done by organ-
izing science programs around themes like the human being, human po-
tential, human advances, and human adaptation (3, 34).

In sum, those goals that reflect the emergent consensus contribute to
the development of scientifically literate citizens: citizens ‘‘who under-
stand how science, technology, and society influence one another and
who are able to use this knowledge in their everyday decision making”’
(20, 36). Such a citizen is the foundation of our democracy.

To be sure, widespread debate is to be expected and welcomed be-
fore the goals of science education are established in a definitive way.
Redefinition will only come about ‘‘through the involvement of science
teachers, other educators, scientists and technologists, and the public
as a whole’” (3).

How must school practices change to reflect current thinking
about the goals of science education?

The application of science to problems of personal and societal rele-
vance must be a common theme at all levels of science education. Con-
cern for personal and societal relevance is not likely to evolve from a
science curriculum that treats personal needs and societal issues as
problems to be solved by others. Nor is concern likely to evolve when
personal needs and societal issues are not regularly included in science
programs or when they are treated as things to hear about rather than
as things to be acted upon. The solution is rethinking what is important
and relevant to the student.

A useful way to begin a consideration of relevance is offered by Mary
Budd Rowe. She has proposed a list of questions that adolescents ask
themselves and those around them. These questions are:

1. What kind of country is this?

2. What values control activities?
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3. Where do I fit in?

4. Do they expect me to succeed or fail?

5. How much effort do I need to make?

6. Is success worth the effort?

7. Can I get help?

8. Do I have the energy and endurance?

9. What happens if I do not make the effort?

10. What am I up against? What is the competition?
11. What difference can I make?

12. Do I care? Does anybody care? (25)

While the questioning process described by Rowe may not be overtly
conducted by adolescents, it seems clear that much adolescent be-
havior can be understood with reference to this search for meaning. If
we compare these questions to the school curriculum, do we find a
match? In what ways do school practices help adolescents answer
these questions?

In order to use science to resolve personal and societal problems, stu-
dents must understand the problems and how science is related to
them. Furthermore, students must have a chance to learn appropriate
methods of problem solving. Producing student outcomes such as these
is possible by using one of at least two general curriculum designs. In
one, science would be presented in the context of personal needs and
societal issues (15). Using these themes as organizers, the curriculum
may vary from location to location, reflecting community desires (12).
The second alternative would be to organize science courses around the
structure of the particular science discipline, but with content energized
by frequent reference to relevant personal and societal problems (2).
This new curricular focus would emphasize the utility of science
knowledge in resolving persistent real-world problems and would *‘pro-
vide students with opportunities to participate actively in such
applications”’ (10).

Teaching basic science knowledge should also be considered a com-
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mon theme of science programs at all levels (3, 37). A basic understand-
ing of the knowledge of science products and processes is necessary not
only for those students intending to pursue careers in science and engi-
neering, but for all students. Such basic science knowledge is necessary
to enhance the general societal welfare and to meet the future personal
needs of students. Moreover, the need to understand the knowledge of
science products and processes can be enhanced through knowledge of
science-related issues (3). Only when students reach the point of using
knowledge of science can more and better acquisition be expected.

Specific changes in the science practices at the elementary, middle
school/junior high school, and high school levels must also come about
if a new consensus on science education goals is to be realized (10). At
the elementary level, science outcomes must be valued and considered
worth pursuing by teachers, principals, and parents. Misconceptions
that inquiry has been tried and does not work and that discovery-
learning, hands-on demonstrations, and field study are unproductive
must be dispelled. Many of the barriers to a successful elementary sci-
ence program stem from a lack of support from school administrators
and the community. These barriers must be overcome. In many in-
stances, available elementary curriculum programs could be imple-
mented to match the goal shifts suggested by the new consensus.

The primary goal of science education at the middle school and jun-
ior high school level must shift from the preparation of a few students
for future coursework to education of all students for future life. Science
learning that could be defended only because of its ‘‘utility in ad-
vanced courses or in specialized fields’’ would be given lower priority
(10). In conjunction with this shift, problem-solving skills and laborato-
ry activities that make clear the implications of scientific principles and
technological developments for problems faced by individuals and by
society would receive increased emphasis (1).

At the senior high school level, general science education courses as
well as college-preparatory courses would be offered. The physical sci-
ence and introductory biology courses—because they are taken by the
majority of college bound and non-college bound students—would
stress topics of personal and societal relevance (35). Emphasis would be
placed on the human species and how the human species interacts with
the physical and living world. In addition, new courses would be of-
fered that would not stress the structure of a particular science disci-
pline but, rather, would focus on the applications of science and tech-
nology to daily life and would prepare students to participate more
effectively in the affairs of a scientific and technological society. Such
courses would offer attractive options to students who now take no sci-
ence beyond introductory biology.
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Academic college-preparatory courses in biology, chemistry, and
physics would continue to be offered at the senior high school level.
However, intertwined with the principles, facts, and processes required
for further study would be learnings designed to emphasize the rela-
tionship of scientific and technological advancements to life and prob-
lems of the future.

Summary

Science education programs are under considerable pressure for a
change in the direction of the utilization of knowledge. Analyses of ex-
isting programs reveal that discrete knowledge, in and of itself, contin-
ues to be the emphasis of all programs. While advocacy groups of the
past have urged that science course content be revised and updated, it
is now the basic goals of science education that are being reassessed.
Using the interdependence of science and society as a frame of refer-
ence, the goals of science education can be reformulated to meet the
needs of our changing society. The new science curriculum would be a
demonstration of the realization that scientific knowledge is made con-
crete when it influences career choices, helps to solve social problems,
and results in a richer life for the individual. It is this mixture of goals—
for academic, personal, social, and career applications—that appears to
define the new consensus.
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TEACHING AND LEARNING
IN SCIENCE EDUCATION

Teachers feel a great sense of responsibility for
seeing that their students learn. Chapters included
here provide information about instructional strate-
gies and systems, evaluation, the integration of
science and other school subjects, and micro-
computers.



Instructional Strategies in the Science Classroom

What can teachers do to increase their effectiveness
in the science classroom? Are there methods and
instructional strategies that are more effective than
what teachers currently use?

The current crisis in science education in our nation’s elementary,
middle, and secondary schools has received widespread publicity
throughout 1982 and 1983. The crisis is made more apparent by the re-
sults of three National Science Foundation (NSF) studies conducted in
the late 1970’s that characterized science teaching practices (6). These
NSF studies and other reports describing science teaching practices,
relatively unchanged since the 1950s, indicate that:

1. The predominant method of teaching observed was recitation
(discussion), with the teacher in control, supplementing the lesson
with new information (lecturing). The key to new information was
the textbook.

2. The secondary school science curriculum was ordinarily organ-
ized with the textbook at the core. The textbook determined the
course content, mode of instruction, and evaluation. The most sig-
nificant curriculum decision that teachers made was their choice
of a textbook. Once chosen, teachers attempted to cover all the
content in the book, mostly in the order determined by the se-
quencing of the textbook, with instructional aids provided or sug-
gested by the teacher’s guide.

3. The next most frequently observed activity, the demonstration,
was conducted in two out of five classes once a week or more.

Clifford A. Hofwolt, George Peabody College for Teachers, Vanderbilt
University
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4. Student reports and projects were used once a month or more in
half of the classes. Other teaching techniques were used infre-

quently or not at all.

5. The textbook’s dominance of the curriculum tended to discourage
the use of inquiry techniques that require students to do more than
look up information in the text and then to recite or record it. Stu-
dents were found to engage rarely in activities for which the an-
swers were not provided by the textbook or the teacher. Many ac-
tivities in science classrooms were nothing more than workbook
exercises in following directions and verifying information given by
the textbook or teacher.

6. A principal justification for science at every level was the prepara-
tion it provided for the next level. The goals of instruction were
commonly limited to specific knowledge and specific processes.
Evaluation of success in science emphasized definitions and

knowledge dimensions.

7. Time spent in various instructional arrangements did not differ sig-
nificantly for the various grade levels. Approximately half the
time, the entire class was arranged as a group; one-sixth of the
time, it was divided into small groups; and about one-third of the
time, students worked individually (11, 22, 23).

These characteristics continue to be present in many classrooms to-
day. Wise and Okey analyzed current research reports to give us a de-
scription of the typical or traditional classroom (21). In such classroqms,
students are not aware of the instructional objectives. Most questions
asked in the classroom are posed by the teacher, are primarily fact-
oriented, and do not reflect any preplanning on the part of the teacher.
Students usually have few opportunities to manipulate materials or plap
activities that interest them. The teacher generally follows the book, is
in control, and utilizes the lecture and discussion method. Any evalua-
tion or testing is summative in nature for the purpose of reporting student
progress. Formative testing (feedback-oriented) for the purpose of de-
termining progress or performance to date is rarely used. On the whole,
the typical classroom reflects very little planning on the part of the
teacher, apart from the sequencing of the textbook. Input from students
appears to have little impact on class planning. _

This view of a typical or traditional science class is reflected in what
students have to say about science teaching and science teachers (24).

Instructional Strategies in the Science Classroom

From The Third Assessment of Science by the National Assessment of
Educational Progress (NAEP) conducted in 1978 and from a replication
reported in 1983, we find that student perceptions, opinions, and inter-
pretations regarding science classrooms, their study of science, and
their teachers provide a corresponding view of current practices.

Student perceptions of their role in determining instructional practices
are most revealing. Most students perceive that they have limited, if
any, input into determining the content to be studied. They also feel
that they have no choice in the way they learn the science the teacher
selects, the order of topics considered, when assignments are due, or
when tests are to be scheduled. Most students feel that the textbook is
always or often the only determiner of the order of the study of science.
Students feel that they are encouraged to state their own opinions in less
than half the science classrooms, and that they are actually discour-
aged in such actions in nearly a third of the classrooms. Nearly half the
science teachers are perceived by students as seldom or never admit-
ting that they do not know ‘‘everything’’ related to a given topic of
study. Students feel that science teachers value students’ ability to
think for themselves; however, few science teachers are perceived as
taking interest in their students. As many students feel that they are sel-
dom or never encouraged to be creative as do those who feel their
teachers always or often provide such encouragement.

In summary, there is little student satisfaction with science classes.
Students generally see science class as dull, no fun, and a place where
they do not wish to be. Students do not like the typical or traditional
science classroom.

In order to increase their effectiveness in the classroom, science
teachers need to realize that they do have choices about which meth-
ods and instructional strategies they can use. Science teachers must also
be aware that they can make decisions based upon research to improve
the instructional effectiveness of their own particular context, if they
want their programs to succeed.

Through a series of case studies in science education, Stake and
Easley found that teachers ‘‘feel imprisoned,”’ as if no choices or deci-
sions are open to them (18). Stake and Easley also found that many
teachers feel they have little power to change things, see little more they
can do themselves, and are resigned to the status quo. One is given a
textbook; the textbook guides the course. Rarely do teachers attempt
to alleviate this feeling of powerlessness by making instructional deci-
sions based upon research evidence of what might be more effective.

The findings of current practice and the comments from students
themselves reveal that what science teachers do in the classroom pres-
ently does not reflect the decision-making power available to them.
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Realizing that choices are available and making decisions based upon
research evidence are first steps toward increasing the instructional ef-
fectiveness of the science classroom.

From a number of research studies, a picture of a more effective sci-
ence classroom is emerging. In this classroom we find instructional
strategies and instructional systems that yield greater effects on learning
outcomes than do typical or traditional classroom practices. In this
chapter, we will examine research related to instructional strategies and
instructional systems so that implications can be made for an emerging,
effective science classroom in which teachers have choices and make
decisions.

Does research tell us anything about the effects of various
instructional strategies on student achievement?

In this chapter, the generic term ‘‘instructional strategies’” will be
used to cover instructional strategies, teaching techniques, and meth-
ods. One may view instructional strategies as a limited aspect of a more
complex teaching plan that describes either the teacher’s or studer}t’s
role in the instructional process. By contrast, an instructional system is a
general plan, encompassing many aspects, for conducting a course over
an extended period of time. In this chapter, we will discuss instructional
strategies and then consider instructional systems. We will conclude
with implications for an effective science classroom.

Instructional strategies may be classified in a number of ways (16).
Strategies in which the teacher has direct control are referred to as
“‘teacher-centered.”” Common examples include lectures, demonstra-
tions, teacher-led discussions, and questioning. ‘‘Student-centered’
strategies allow students to play a more active or self-guided role. Com-
mon examples are laboratory activities, use of learning activity packets,
and student-planned activities. Instructional strategies may also be clas-
sified as ‘‘direct’” or ‘‘deductive,”” or as ‘‘indirect’’ or ‘‘inductive,”
each encompassing both aspects of student and teacher-centered in-
struction. The use of direct strategies implies that science is being com-
municated by the teacher to the student. The teacher is in control. In-
direct strategies suggest the teacher plays the role of facilitator, guide,
or catalyst. Science is being communicated through the materials to the
student. The use of different strategies may require shifting role relation-
ships and responsibilities for both teachers and students.

Research on the quality of instruction is extensive, diverse, complicat-
ed, and often appears to be inconclusive. Reviews of hundreds of stud-
ies have resulted in disappointment on the part of many reviewers who
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perceive a lack of substantive research in the quality of instruction and
its influence on student learning (18). Often, attempts at research synthe-
sis, based on the qualitative character of the research, give rise to dif-
fering views on the summative findings in a given research area. Long
narratives citing study after study provide little basis for objective com-
parison and accumulation of results. If study characteristics and out-
comes could be quantified, research synthesis might gain a new preci-
sion and objectivity, providing a finer measure of what is known, as well
as giving a better picture of the gaps and flaws in the accumulated re-
search (4).

A technique that allows quantitative synthesis of a large number of re-
search studies is meta-analysis (9, 10). Meta-analysis is proving useful in
translating the results of numerous studies on a particular topic into a
concise form that is understandable to those who may be in a position
to apply the results. (For a fuller discussion of meta-analysis, see
Chapter 1.)

From the results of recent meta-analyses of instructional strategies,
some clear directions can be indicated for constructing a working model
of effective classroom practices. The first major meta-analysis of instruc-
tional strategies was conducted by Boulanger (4). The purpose of his
study was to synthesize quantitatively the published science education
research conducted during 1963-1978 with students in the 6th through
12th grades. Through a simple count of independent variables (instruc-
tional strategies), he identified from fifty-one studies six instructional
clusters that related to cognitive outcomes.

The instructional cluster that produced the most significant gains in
improving student conceptual learning was the use of preinstructional
strategies such as behavioral objectives, advanced organizers, or set in-
duction. These studies compared the effects of using a preinstructional
strategy with a comparable instructional treatment, where no preinstruc-
tional strategy or placebo was used.

Preinstructional strategies may take any of several forms. A teacher
may communicate the behavioral objectives to the class prior to begin-
ning instruction. Set induction strategies prepare students for learning by
directing or focusing attention on what is to be presented or learned, by
frequently motivating students to attend to the lesson, and by encourag-
ing students to become interested. Set induction strategies may take the
form of questions that interest the student and can be answered later in
the lesson. Advanced organizers allows the teacher to relate what is to
be learned to what is already known. For example, this might be done
by comparing the circulatory system to a hot water system prior to a
presentation on the circulation of the blood. Advanced organizers relate
the unfamiliar to the familiar. Use of any or all of these preinstructional
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strategies can improve student conceptual learning, especially when
used with other instructional activities by classroom teachers.

Boulanger also found that greater realism or concreteness of sup-
porting instructional materials was associated with greater cognitive
achievement. Instructional materials may be placed on a continuum
from concrete to symbolic: manipulatives are more concrete than are pic-
torial stimuli, which, in turn, are more concrete than printed text materi-
al. Similarly a student’s lab experiment is more concrete than is a
teacher’s demonstration, and the teacher demonstration is more con-
crete than a lecture. All the studies Boulanger looked at showed that
greater realism or concretness in supporting instructional materials led to
greater cognitive achievement. When given a choice, those teachers
who utilize manipulatives, pictorial stimuli, or hands-on experiences in
appropriate instructional situations will be more effective in producing
cognitive achievement.

A second large meta-analysis was conducted by Wise and Okey as
part of the University of Colorado Science Meta-Analysis Project (21).
The purpose of this study was to synthesize findings concerning the ef-
fects of various teaching strategies on science achievement. Through
analysis of 160 studies, twelve categories of teaching techniques or in-
structional strategies were identified. All the categories represented a
variety of means researchers have used to bolster science achievement
by altering one or more aspects of the instruction situation.

The average impact of the teaching strategies analyzed in this report
was an increase in achievement of about one-third of a standard devia-
tion, or 13 percentile points. The most pertinent categories (those greater
than one-third standard deviations) will be discussed here to identify
their contribution to an emerging effective science classroom.

The most significant category identified is wait-time. Wait-time occurs
when a teacher pauses from three to five seconds after asking a question
and again after the student response is given. When teachers employ
wait-time, researchers have found the length of student responses in-
creases, the failure to respond decreases, the incidence of speculative
thinking increases, student-to-student interactions increase, and more
questions are asked by students. Wise and Okey found that use of wait-
time strategies increases cognitive outcomes, critical thinking, creatively
logical thinking, and affective measures by .90 standard deviations (21).

Another category of instructional strategies that proved highly signifi-
cant was the use of focusing techniques. Focusing occurs when students
are alerted to the objectives or intent of instruction before, during, or
after instruction. General examples include providing students with ob-
jectives, reinforcing objectives at various points during instruction, or
using advanced organizers. Focusing strategies help students focus their
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attention on what is to be learned, much the same as the preinstruction-
al strategies discussed earlier.

Another category Wise and Okey created is one that corresponds to
Boulanger’s cluster of realism or concreteness. Wise and Okey refer to
this as manipulation. Manipulative activities require students to handle,
operate, or in some way work or practice with physical objects as part of
the instructional process. Being involved with concrete manipulatives is
much more effective in producing large effects in achievement than hav-
ing students observe someone else performing an experiment, or merely
reading about it.

Wise and Okey reported a number of other categories in which large
effects in science achievement were shown (21). In all cases, teachers
had altered some aspect of the instructional situation. For example, by
modifying or revising instructional materials, teachers contributed to in-
creased achievement. Materials were rewritten for a specific reading lev-
el or were annotated. Directions were presented orally, pictorially, or by
audiotape.

Another attempt to alter the instructional process was through the use
of questioning strategies to improve achievement. By varying the levels
of questions asked or the positions of questions asked during instruc-
tion, teachers can help increase student achievement. For instance, at-
tempts might be made to ask more questions requiring comprehension,
application, or analysis skills instead of relying on knowledge-level ques-
tions. Or, teachers may ask questions during films, or before, during, or
after assigned reading. The use of questioning strategies represents a de-
liberate attempt on the part of the teacher to involve students in the in-
structional process and helps call the students’ attention to significant
facts or concepts.

Another category of effective strategies related to using tests to im-
prove achievement. Usually this involved a change in the frequency of
testing, the purpose of testing, or the level of test items. Examples of ef-
fective use of tests include formative testing, immediate or explanatory
feedback, diagnositic testing and remediation, optional testing, and
testing to mastery.

Two categories produced smaller achievement effects (around one-
third standard deviations). The inquiry-discovery category included
teaching techniques that were more student-centered and less step-by-
step teacher-directed learning experiences. When teachers utilized in-
quiry lessons, guided discoveries, or inductive laboratories, improve-
ments in achievement were noted. A similar category called
‘‘teacher-direction”” included variations in the extent to which the

learning task was spelled out for the student. Examples include situa-
tions in which students conduct experiments or activities given only
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sketchy direction, or when students sc;lgct_speciﬁc objectives and as-

onsibility for learning those objectives. .
Su{?nViz:te Silz importgnt about the results reported by Wise and Okey is
that a deliberate attempt was made by teachers to alFer some aspect of
the instructional environment to produce ggins in achievement. The cat-
egories discussed above have resulted in successful teaching and
learning.

The Wise and Okey study offers support for other recent research re-
views that have concluded that direct teaching strategie§ h'flve greater
impact than indirect ones (14). The large effect sizes pf wait-time anfi fo-
cusing are related to direct instructional strategws:. The relatively
smaller effect sizes of inquiry-discovery and teacher direction are relat-
ed to indirect instruction. .

While the results of these two meta-analyses are not deﬁnitn{e and
specific toward a particular instructional strategy, they do provide an
overview and suggest some directions for future research. A number. of
implications can be drawn upon which to build a picture of the effectl_ve
science classroom, which we will discuss later. Upon closer angly§1s,
these quantitative results agree fairly consistently with the qualltatlvg
summaries of research on instruction that have been reported in the sci-
ence education literature (13, 17). _

Inquiry-teaching and learning have been prevalent aspects of the sci-
ence education literature of the past quarter century. The results .of four
meta-analysis studies point to positive results from inquiry teaphmg (2).
Separate meta-analysis studies of elementary and secpndary science cur-
riculum projects found the use of curriculum materlals. developed with
an inquiry philosophy to be more effective in enhancing student per-
formance than most critics were willing to admit. Student achievement
scores, attitudes, and process and analytic skills were either raised.or
greatly enhanced by participation in the new science curricul?l. Wise
and Okey, in their analysis of instructional strategies, found an increase
in cognitive outcomes when the inquiry-discovery strategy was used_ in
science classrooms (21). In a study of the effects of inquiry teachl.ng
compared with inductive and deductive teaching approaches, positive
support was given to inductive teaching strategies (12). o

While the support for inquiry teaching and learning is not s1gn1ﬁcgntly
conclusive, inquiry teaching appears to be a viable strategy that science
teachers need to consider in any attempt to increase their effectiveness.

What is an instructional system? Are some more effective for
science teaching than others?
While instructional strategies may be viewed as a component part of a
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more encompassing teaching plan, an instructional system is a general
plan often encompassing many aspects of a course over an extended peri-
od of time. Consideration of instructional systems is necessary because
they provide a framework that can accommodate a variety of instruc-
tional strategies. Many instructional systems like team-teaching, pro-
grammed learning, individualized instruction, contract learning, and
audio-tutorial systems have been in existence for a long time. Others,
like computer-linked instruction, mastery learning, and personalized
systems of instruction, are new arrivals. Instructional systems can pro-
vide a coherence to various arrangements of instructional strategies.

A meta-analysis was conducted to determine the effects of different
instructional systems used in science teaching (20). In the analysis of 130
studies, two instructional systems generated significant results that set
them apart from the other instructional systems examined. The two are
mastery learning and personalized systems of learning (Keller Plan).
Compared with conventional instruction, both mastery learning and
personalized systems of learning were 0.64 standard deviations better
on all learning outcomes. (Specifically, both systems were 0.50 standard
deviations better on cognitive outcomes, 0.52 standard deviations bet-
ter on affective outcomes, 1.24 standard deviations better on measures
of scientific methods, and 0.89 standard deviations better on measures
of critical thinking). In contrast, instructional systems of individualized
instruction, media-based instruction, audio-tutorial learning, computer-
linked instruction, programmed learning, team teaching, and self-
directed study operate at a level only a little higher than the conven-
tional instruction they replaced.

The instructional systems mentioned above all represent a departure
from the day-to-day conventional teaching practices described earlier.
In all cases, teachers involved with instructional systems have made
commitments to alter significant aspects of their courses (how content is
presented, sequencing, testing, grouping, the materials of instruction) as
part of a total package. Teachers have invested time and effort in prepa-
ration and have sought out the details of how to operate in whichever
system is chosen.

For example, the personalized system of instruction (Keller Plan),
mostly found on the college level, contains the following features: learn-
ing is self-paced; learning materials are divided into small modules,
each of which must be mastered before going on to the next; students
are used as graders and tutors; there is a lack of reliance on live lectures,
with printed materials being the primary form of communication: and a
detailed study guide is available. A key factor to the success of the per-
sonalized system of instruction is frequent testing with immediate feed-
back (20). This feature is also found in mastery learning and may explain
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why these two systems of instruction have been more successful than
the others reported here.

Because mastery learning is a term often heard in educational circles
today and because its results were so significant in the meta-analysis
study of instructional systems, it is important to examine what mastery
learning is and what research is associated with its effectiveness.

Mastery learning may be viewed both as an instructional system and
as a technique of instruction that can be applied to many different in-
structional situations. While the term ‘‘mastery learning’’ is often associ-
ated with learning of material that is ‘‘mastered,’’ it is also important to
note that mastery learning can be viewed as a rubric or heading under
which a number of features of successful or effective instruction can be
grouped.

Bloom formulated the modern conception of mastery learning as a
teaching strategy that could enable most students to achieve at high
levels (3). His conception has been refined and elaborated on by others
over the past several years. Essentially, mastery learning is an instruc-
tional technique for the teaching and learning of hierarchical, sequential
material. The content areas compatible with mastery learning proce-
dures appear to possess several common characteristics. They require a
minimum of prior learning, are sequentially learned, emphasize conver-
gent thinking, and possess a finite set of ideas and cognitive behaviors.
A large portion of our middle and secondary school science curriculum
matches these characteristics.

In the science classrooms using the mastery learning approach to in-
struction, the material to be learned is subdivided into natural units or
steps, covering from one day’s lesson to several weeks’ lessons. Next,
student performance is specified and a level at which mastery is to be
attained is determined. This is called the criterion level, usually set at
80%. The science units are taught using group instruction, laboratories,
and the other usual activities that occur in science instruction.

Next occurs the most important feature of the mastery learning ap-
proach. Students are given help when and where they are having diffi-
culty. This step is frequently called the diagnostic remediation cycle.
Frequent diagnosis is given through formative testing (progress tests)
throughout the unit of instruction to identify learning difficulties and
provide positive reinforcement for those who master the material. The
progress tests reflect the objectives communicated to the students at
the start of the unit of instruction; mastery is judged according to the
criterion levels specified. The diagnosis is followed by feedback to the
student and may or may not be accompanied by remediation. Remedia-
tion may be either teacher- or student-managed. The student may
reread the text, do laboratory work again, use programmed materials,
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have private tutorials, etc. Importantly, additional time is provided for
students to learn material they missed or did not learn the first time
through the unit. The diagnositc remediation cycle—use of testing, fol-
lowed by specific recommendations for improvement and additional
time if needed—is the single most important feature of the mastery
learning approach.

The mastery learning approach emphasizes the achievement of all
students for a given science unit, and eventually, the science program.
The purpose of mastery learning strategies is to help practically all stu-
dents attain a level of achievement now reached by only a few students.
Most students can be successful with mastery-based instructional ap-
proaches. Mastery learning does not advocate lowering standards so
that fewer students fail, but rather giving students more appropriate op-
portunities to learn material, which resulits in fewer failures (8§).

Many researchers have found mastery learning procedures superior to
non-mastery methodologies (3). Other researchers are investigating var-
ious aspects of the strategy to improve its effectiveness with students
and to enhance its appeal to teachers. For example, Yeany and Miller
determined through a meta-analysis of diagnostic/remedial instruction
on science learning that it makes little difference whether remediation
follows feedback (25). Apparently, in the absence of prescribed remedi-
al activities, science students attend to their own remediation when pro-
vided feedback from the diagnosis of achievement deficits. Providing
only diagnostic feedback to the science student is far simpler and less
demanding than following up with complex remediation schedules and
cycles.

In another study, conducted by Dillashaw and Okey, the effects of a
mastery learning strategy modified to limit diagnosis to two cycles per
unit of instruction were tested with high school chemistry students (7).
The results were significant. The study indicates that high school sci-
ence teachers may be more willing to spend time constructing formative
or progress tests and using remediation activities with the knowledge
that only two cycles of diagnosis and remediation can increase student
achievement.

When mastery learning techniques, particularly diagnostic/remedial
cycles, are utilized in other instructional systems, a notable increase in
achievement occurs. Aiello and Wolfle conducted a meta-analysis to
compare the effects of different types of individualized instruction
methods (1). They then tried to determine the effectiveness of pro-
grams that incorporated mastery learning features into their instructional
formats. It was found that a category labeled ‘‘combination of meth-
ods’’ increased achievement 0.36 standard deviations. When mastery
learning techniques were incorporated into the ‘‘combination of meth-
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ods™ category, achievement increased to 0.67 standard deviations.

From the results of research into instructional systems, mastery learn-
ing emerges as a powerful instructional strategy or system when used
alone. In combination with other techniques, its power is increased.
These are results that are difficult for science teachers to ignore.

What does the research say about how an effective science
classroom looks?

The effective science classoom is one in which instructional objec-
tives are formulated and communicated to the students prior to the start
of a unit of instruction. The objectives are carefully planned by the
teacher and may have criterion-performance levels identified that are
needed for mastery. Throughout the process of instruction for each
unit, students receive feedback about their progress toward those ob-
jectives.

Teachers use set induction and advanced organizers to direct or focus
attention to the lesson and provide connections between new learning
and previous learning. These may take the form of questions that inter-
est the student and that can be answered later in the lesson, or they
may be short activities, demonstrations, or the presentation of familiar
ideas that are related to what is to be learned. In effect, students are
prepared for instruction either at the start of the unit or daily as a result
of deliberate planning and actions taken by the teacher.

Students interact physically with instructional materials whenever
possible through handling, operating, or practicing. Efforts are made
by the teacher to provide greater realism or concreteness with the mate-
rials of instruction. Greater efforts are made by the teacher to incorpo-
rate use of manipulative and pictorial stimuli along with printed matter.

Teachers alter instructional materials or classroom procedures when
they think that these alterations will increase the impact. For example,
materials may be rewritten for clarity or reading level. Alternative read-
ing materials may be provided for those students who have reading dif-
ficulty. Directions may be presented in other than written forms. Altera-
tions occur as the result of deliberate action on the part of the teacher.

Greater attention is given by teachers to the types and placement of
questions asked in the classroom. Attempts are made to ask fewer
knowledge-level questions and to ask more questions requiring students
to show that they comprehend, can apply, and can analyze what they
have learned. Questions may be asked to cause students to hypothesize
about what might happen, to make inferences about what is observed,
or to apply what they have learned in a different context. The teacher
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asks questions throughout the lesson at appropriate times so that stu-
dents attend to the instructional process. Yet, a barrage of questions is
avoided. Questioning is part of the instructional plan. Teachers give stu-
dents more time to respond to questions and wait longer before they act
on a student’s response. This action increases the length of student re-
sponse, decreases the failure to respond on the part of students, in-
creases the incidence of speculative thinking, promotes more student-
to-student interactions, and causes more questions to be asked by
students. In effect, the teacher bases verbal interaction with students
on a plan that is formulated to yield desired results.

Greater use of formative (progress) testing techniques is made in con-
junction with immediate or explanatory feedback, with possible reme-
dial activities. Students select from a ‘‘menu’ of remedial activities.
Whether mastery learning has been adopted totally or not, some of the
features of mastery learning will be utilized as part of a plan to assist stu-
dents with their learning.

The effective science classroom reflects considerable teacher plan-
ning. More thought and care are given to maximizing learning outcomes.
Teachers are aware of ways to utilize the time available in the classroom
to increase the amount of academic engagement time (time-on-task) on
the part of their students (5). Classrooms in science are better managed
by the teacher. All of this reflects considerable effort and planning on
the part of the teacher with the aid of the students.

Will science teachers still use lectures and recitation? Probably so.
Will the textbook still be the key to new information, determining the
sequence of instruction and what is learned? Probably so. But not to the
extent revealed in studies of current practice. Lectures will be shorter,
more interesting and meaningful; discussions more involved. A portion
of the textbook will be read very carefully. The students will learn more
and will find greater satisfaction in science classes.

The picture of an emerging effective science classroom is a vivid con-
trast to the typical or traditional classroom described earlier. In order to
achieve it, science teachers need to realize that choices are available in
terms of possible actions to take. Science teachers must make decisions
in light of their own particular instructional context about how to pro-
ceed to implement an effective science classroom based on research
evidence. The teacher is still the most important variable in the class-
room (6).

Summary

A probable cause for students’ failure to achieve in science classes is
the use of teaching strategies that are text-based rather than learner-
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centered. Meta-analyses have shown that several teacher practices are
associated with increased achievement. The use of pre-instructional
strategies (set-induction, advanced organizers), the use of thoughtfully
altered materials, and the use of more concrete experiences all lead to
greater cognitive gains.

Research also indicates that the diagnostic remedial cycle, and the
increase in time for learning, that is a feature of mastery learning leads to
increased learning. Thus, specific strategies for teaching an instructional
management system that permits feedback to students will lead to im-
provements in students’ learning.
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Evaluation of Student Progress

’

I spend a great deal of time designing a variety of
activities for use with my science classes. However,
DI’m not sure how to assess my students’ progress.
How can I tell if my students are really learning
Jrom my science classes?

Science has become a major focus in our lives. Increased attention is
paid to showing the public the role of science in everyday life. Weather
forecasters on television and radio explain the causes of weather pat-
terns and the consequences of shifts in wind or temperature. Recent
medical discoveries are explained and health advice is presented from
the perspective of the consumer. Space exploration reporting has made
many complex phenomena understandable to a wide audience. Today
the public is ‘‘doing science’ or watching scientific history being made
to a greater degree than ever before.

Teachers want their students to have positive attitudes toward sci-
ence and to value science’s contribution. Teachers know that not every
child who studies science will become a scientist. Most teachers don’t
develop their lessons so that all students will consider a career in sci-
ence. However, they would like their students to act like scientists and
to conduct active research in their classrooms. They teach science in
ways that help students become interested in science and learn how a
scientist thinks. Science teachers want students to learn that scientific
research must proceed according to a specified set of rules, but that
there is room for creativity, originality, and excitement in science. They
would like their students to gain insights into that excitement. By struc-
turing lessons to provide ‘*hands on’’ time and ‘‘messing around”’ time,
teachers hope to stimulate students’ understanding of science as a proc-
ess of discovery and not just a body of facts. They want to develop sci-
entific literacy so that their students will begin to think like scientists
and understand how scientific theories are constructed and tested (2).
Many teachers have been skillful at creating interesting lessons and at

Gail Marshall, St. Louis Public Schools, St. Louis, Missouri
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allowing students to experiment, and to work independently and active-
ly. Naturally teachers want to assure themselves that their lessons are
having an impact on students. They want to measure the effectiveness of
their lessons, especially lessons that are activity-based and not derived
from textbooks. However, many teachers are troubled that what they
teach isn’t measured by many of the tests available to them. They
would like to measure a broader array of student skills than is possible
with many traditional tests.

Measuring what students have learned is not easy. It is difficult and
time-consuming to assess how well students can generate hypotheses
on their own or how adept students are at writing operational defini-
tions. Few teachers have been thoroughly trained in testing and evalua-
tion. Many lack familiarity with the basic testing tools that permit the
measurement of many facets of students’ science knowledge. With care-
ful curriculum analysis and careful planning, teachers can measure stu-
dents’ knowledge of science facts and their ability to reason
scientifically.

Evaluating science learning is similar to teaching a good science les-
son: it takes thorough planning, skillful execution, and careful review.
Techniques for evaluating students’ science learning are available and
can be adapted to meet most science teachers’ specifications.

One of the first steps in developing a good science evaluation program
is to develop an evaluation plan. An effective plan for evaluating stu-
dents’ science learning takes into account all the goals and objectives of
the science curriculum, stressing the skills and knowledge the teacher
will emphasize during instruction. Once the curriculum is analyzed,
teachers need to choose an appropriate evaluation strategy, or several
strategies; test students; analyze the results of testing; and study the im-
plications of test data for future instruction. Each step is important. Un-
fortunately, teachers often skip over or combine one or more steps. Then
students complain that tests don’t really test what they’ve learned, or
teachers express concern that they can’t relate students’ test perform-
ance to their day-to-day classroom performance. By carefully planning
the match between curriculum goals and evaluation strategies, teachers
will be able to assess students’ progress more accurately and design ad-
ditional instruction specifically targeted to students (1, 6, 8, 31).

Why is it important to review the goals and objectives of my
curriculum when creating an evaluation plan?

Not all science courses are alike. Some are based on textbooks that
stress basic facts and terminology. Other texts present a history of sci-
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ence and are designed to give students an overview of the major mile-
stones. Some texts encourage teachers to present demonstrations of sig-
nificant scientific experiments or to conduct experiments that convey key
ideas in science.

In recent years many science programs—not based on textbooks—
have been developed with the goal of encouraging students to re-create
scientific experiments and to share the results of those experiments with
other students (9, 22). Innovative programs like Science—A Process Ap-
proach, the Individualized Science Project, the Intermediate Science
Curriculum Study, Elementary Science Study, and others were planned
as alternatives to conventional textbooks (38). At the elementary school
level, these programs emphasize students’ learning how to think as sci-
entists do. Students were encouraged to observe, record, analyze data,
and consider the meaning of the data. The goals of the innovative proj-
ects included developing students’ ability to infer, to generate hypothe-
ses, and to evaluate experiments. Not only do these science programs
differ from conventional text-based courses, they also differ from one
another. Just because two programs are described as innovative does
not imply that they share the same goals, use the same strategies, or
build the same skills. Indeed, the same program taught by two differ-
ent teachers may lead to different results in students’ learning. One
teacher may stress students’ mastery of the techniques of data collec-
tion, while another may stress the inferences students draw from the
data. Different programs and different instructional approaches will
yield differences in students’ scientific knowledge. Different evaluation
strategies may be the only way to measure what each group of students
has learned. In any case, a wide range of information and skills can be
evaluated. For example, among the skills science educators can measure
are:

® Acquisition of basic science facts. Do students learn the technical
terms, special vocabulary, and basic information?

® Recall of facts. Can students memorize and recall information?

® Application of basic facts. Can students use the basic facts to ana-
lyze a situation and tell how it is similar to another one they
learned about? Can students read about a situation and supply

missing information?

® Understanding the generation of scientific theory and its relation to
subject areas. Can students identify an operational definition? Can
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they distinguish between cause, effect, and accident? Can students
read about scientific discoveries and understand the processes
and products that result?

Activity-based or process-approach science programs, stressing the way
scientists think, emphasize other skills in addition to basics. These
programs are predicated on the notion that scientists handle objects,
analyze the properties of those objects, and examine the relationships
among objects. Analyzing a curriculum to see which skills are empha-
sized will help teachers develop evaluation tasks matching instruction.
While different curricula stress different skills (and even call the same
skill by different names), the following skills are important:

® Naming. Given an object, a student should be able to tell what it
is. For example, ‘‘That is a large, round brown sponge.”’

® Comparing. Given two or more objects, a student should tell how
they are alike. For example, ‘‘Both the red one and the yellow one
are round.”

® Discriminating. Given several objects, a student should tell what
sets one or more of them apart. For example, ‘‘Only the green circle
is big.”’

® Analyzing. Given a situation, a student should be able to tell
which are the relevant variables and which are irrelevant. For ex-
ample, ‘“The black beads are not all the same weight but all the
large beads weigh the same.”

® Designing. Given a problem, students can design an experiment
that will test hypotheses. For example, ‘‘To test which beads
weigh the same, construct a balance beam and weigh the beads
alone and in combination.”

® FEvaluating. Given a report, students will study it and tell what
could have been done differently. For example, ‘‘Instead of just
planting seeds and watering them, the class should have checked
the effect of different kinds and amounts of light. Maybe the
seeds received enough water but not enough light.”

® Predicting. Given information about relations among variables, stu-
dents will be able to predict if a situation will follow the pattern of
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other situations. For example, ‘‘Grass usually doesn’t grow under
trees. Since there are many trees in a forest, 1 wouldn’t expect to
find much grass in the forest.”

These cognitive skills are but a few that can be developed by science
instruction. Their acquisition and use is important if scientific thinking is
to occur. Taxonomies of cognitive skills are available and can be a valua-
ble guide to teachers assessing their science programs (5, 9).

Once teachers have decided which skills are fostered by their pro-
grams, they can match their evaluation strategies to those skills. But
teachers must be careful. Not all evaluation strategies are equally appro-
priate. For example, it would be inappropriate to use a true/false test to
assess students who have been following a curriculum like Biological
Sciences Curriculum Study or Physical Science Study Committee. Stu-
dents who have been taught to analyze, compare, and evaluate would
not use those skills to answer the question ‘“Whales belong to the class
mammalia. True False .”> They would call upon those skills,
however, to answer the question ‘‘Whales are similar in some ways to
man and in some ways to fish. Write an answer defending that state-
ment.”’ The strategies of thinking that have been fostered by the pro-
gram should be evident in the answer. If not, either the student hasn’t
learned or the student knows the answer and is unable to express it. In
either case, some additional instruction would be appropriate. The im-
portant point to remember is that there are many strategies for testing
students’ skills. Some are more appropriate for one curriculum than an-
other and some will be easier for students than others. Some typical
strategies are:

® Short-answer tests (true/false, multiple choice, completion). Short-
answer questions are best used to assess students’ knowledge of
basic facts and their ability to make simple discriminations.

Examples: Whales are mammals. True ____ False

The largest planet is:
(a) Pluto

(b) Neptune

(c) Mars

(d) none of these

Sponges belong to the phylum
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® Essay questions. Essay questions can test basic factual information,
students’ ability to compare and contrast, or students’ ability to
do higher level critical thinking and problem solving. However,
caution should be exercised when using essay questions. Teachers
often reward writing skill as well as scientific knowledge on such
tests. The teacher needs to ensure that the test measures what it
sets out to measure.

Examples: What indicators do weather forecasters use to predict
changes in the weather?

Which is more important in conducting scientific ex-
periments, recording data carefully and accurately or
relying on hunches?

If you landed on a remote star in the solar system,
what clues could you use to tell its history?

® Practical tests. Practical tests are usually more appropriate for test-
ing students’ ability to think critically and to predict outcomes by
means of problem solving.

Example: Do tulips need light or heat or both to bloom?

Design a simple experiment to answer the question.

® Projects. Projects can help students acquire basic facts as the ba-

sis for making inferences or can allow them to do original problem
solving.

Examples: Collect information on the vegetation of rain forests,
deserts, and mountains. Analyze the data and com-
pare the results.

Collect leaves from deciduous trees and from ever-
greens. Compare.

Can robots think? Define what you mean by thinking
and then see if you can design a thinking robot.

® Oral Reports. Oral reports can be used to communicate facts. Stu-
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dents can apply their knowledge and draw conclusions from the
information,

Examples: Present a brief biography of Charles Darwin and state
his major contributions to science.

Discuss recent science events and tell how they affect
our lives.

® [Lab Reports. Lab reports can be used to help students practice ru-
dimentary record-keeping. They can be used to help students
draw inferences from the data.

Examples: Summarize the major points of today’s experiments
(goals, procedures, equipment, etc.).

Contrast the results of this week’s experiment with the
results of last week’s experiment. Discuss why the re-
sults of the two experiments differed.

These applications are but a few of the ways to assess students’ learn-
ing. Discussions of science evaluations and other types of program evalu-
ations are resources for such strategies (1, 3, 6, 19, 34, 39). The important
point is that there should be a match between what has been taught
and how, and what is being measured and how. If texts emphasize
facts, teachers can write multiple-choice items, which measure stu-
dents’ ability to recall facts; if a program encourages students to com-
pare and contrast objects’ properties, then multiple-choice items,
which test students’ ability to make those comparisons, can be written.

Students’ skills also are affected by the way teachers present the cur-
riculum. A teacher who consistently shows the relation between facts,
who explains why whales are like man and like fish, will likely receive
high-level answers to essay questions. A teacher who teaches facts in
isolation will receive essay answers that parrot information, but fail to in-
tegrate it into a coherent whole. The key to successful evaluation is to
decide what students need to learn, how the information will be pre-
sented, and how an accurate assessment of students’ strengths and
weaknesses can be obtained. Differences in implementation of science
programs in different classrooms is to be expected and occurs (31).
Some teachers emphasize group instruction regardless of the content;
others prefer to have students working independently regardless of the
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skills or content to be mastered. While group tests are always appropri-
ate to measure how well one student’s progress compares with another,
group tests shouldn’t be used to the exclusion of other forms of assess-
ment. If students often work on their own in class, they ought to be as-
sessed on the basis of their work in that setting. If students habitually
do group projects, then an evaluation of those projects is appropriate.
Relying exclusively on group-administered standardized tests when stu-
dents often work under other conditions conveys only a partial picture
of students’ competence.

To match instructional strategies to evaluation procedures, the sugges-
tions in Figure 1 might be useful.

When planning for assessment, knowing how the information will be
used is as important as analyzing the curriculm’s goals. For example,
teachers can use test results to help answer these questions:

Demonstration
A student can take responsibility
for studying an experiment and
presenting a demonstration of it

to the class.
discussion on an interesting topic

to the class or school.
important event in the history of

responsibility for preparing and
presenting an experiment or

A class might dramatize an
science.

Students can share the

® Do students need more instruction in this topic before we go on to
another chapter? If teachers say ‘‘yes’ to this question, then they
might want a more informal assessment that lets students comment
on where they think they need more help. This formative type of
evaluation allows students to pinpoint their own weaknesses and
ask for additional help.

Evaluation Process
Written
written comments and critiques of

science experiments and provide
each other’s work.

A student can be asked to write a
A class might keep a log of their

brief report of research he/she

A student can be asked to write a
conducted.

review of a science program

shown on television.
Students can collaborate on

producing a bibliography of
important books or articles.

® Am I going to give this test to assess how much students have
learned and then go on to the next topic? If teachers say ‘‘yes’ to
this question, they will want straightforward, summative evalua-
tion of students’ knowledge. They will want to touch on all the ma-
Jor points of instruction. They will probably want a comprehensive
test that is easy to administer and easy to score.

Figure 1 )
Examples of Evaluation Procedures

Oral

The purposes of formative and summative evaluation have been dis-
cussed by evaluation specialists. Reading their rationale for choosing
assessment strategies helps to define the goal of evaluation strategies
(1,9, 3.

Whether teachers adopt a formative approach, and use tests to tailor
subsequent instruction to students’ needs, or a summative approach,

assembly on a topic of interest or

A student can be asked to critique
an experiment conducted by a
concern to the entire school.

fellow classmate or critique a

class to give a brief summary of
published study.

basic information discussed in

class that day.
presenting a summary of the key

A student can be called on in
Students can collaborate on
concepts studied in a unit.
roundtable discussion of an
A class might conduct an

Students can conduct a
important topic.

and use tests to measure how much students have learned, they should El | |
be aware of constraints on students’ understanding. Students will learn 23 2 5 25

. . . .. o 89 Q 8 o g X
according to their level of conceptual development and their ability to E22 = % 3 E 52
4 . .. . . - o = -
Integrate what they already know through untutored primitive scientific BN E56 a0

discovery and the formal rational instruction provided in science classes
(26, 27).
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Once I have decided on a plan for evaluating my students’
science learning, what resources are available for selecting
tests?

Unless they must restrict themselves to school district-approved
tests, science teachers have a wide range of options. Even teachers
whose district or state department of education require using approved
tests will want to conduct periodic assessments of student learning for
their own purposes. Weekly or monthly checkups or spot quizzes, class-
room observations, or lab-book checks are assessment tools that every
science teacher can use to keep track of how well students understand
their science. Given the number of published and unpublished science
tests and the number of ways to observe and record students’ perform-
ance, teachers can easily check students’ skill development and stu-
dents’ knowledge of concepts and technical terms (4, 7, 9, 24, 25, 30, 36,
37). Samples from formal testing programs like the College Board can be
obtained (7). The National Assessment of Educational Progress (NAEP)
periodically measures students’ science knowledge (29). From time to
time NAEP releases samples of items used in previous testing. By send-
ing for sample items, teachers can review the typical science items used
by NAEP. Teachers can compare what students in a class or school
know with what the national NAEP results show. However, in making
those comparisons, teachers should remember that differences in cur-
riculum, teaching strategies, and type of student will mean that the stu-
dents tested may differ widely from the national group. The use of test
items from NAEP or similar groups should never be done as a summa-
tive assessment. Such testing should only be done to answer the ques-
tion: ““How are my students performing on these questions compared to
the national sample?”’ If the test results are unsatisfactory, you might
want to review your curriculum, or your teaching strategies, or both.

State- and locally-mandated tests exist, and students’ performance on
those measures can be analyzed for clues about what students have
learned and what needs to be taught. However, in administering those
tests, teachers should remember that many are designed to test *‘mini-
mum competencies,”’ the lowest level of skill or information students
should have mastered. Those tests should not limit instruction. Teach-
ing to the tests by drill-and-practice methods usually reduces the
amount of time available for learning other, equally important informa-
tion and skills not featured in the tests. So teachers shouldn’t review
test items, survey the skills and information tested, and say: ‘‘Well, if
that’s all they’re going to test, that’s all I'm going to teach.”” The aver-
age science course is much richer in content and skill development than
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any test or set of tests; teachers should use as many strategies as they
can to evaluate students.

Many of the paper and pencil tests I’ve seen seem limited to
measuring how much science students know. I’'m more
interested in tests that can tell me how my students are
thinking. What types of measures are available?

When the innovative science curricula were being evaluated, tests de-
signed to measure the unique features of those programs were devel-
oped. The Test of Logical Thinking (TOLT) is one example of an instru-
ment that measures students’ ability to translate theory into practice.
Items like the following are part of the test:

Which of the following would be an appropriate measure of the size of
a spot of light from a flashlight pointed at a screen?

diameter of a flashlight

size of battery

size of screen

radius of spot on the screen

AW N —

To measure students’ proportional reasoning, items like the following
were written:

Four large oranges yield six glasses of juice. How many glasses of juice
would be produced by six large oranges?

1. 7

2. 8

3. 9

4. 10

5. Other

These tests, developed by Karplus and his associates, as well as similar
tests not only measure students’ knowledge but also help teachers un-
derstand the way students think about relations among variables and
the students’ ability to make inferences (17, 18).
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The Test of Integrated Process Skills (12), the Basic Science Processes
Test (4) and the Understanding in Science Test (35) also measure stu-
dents’ ability to respond to a relatively novel situation, apply the princi-
ples they've learned to specific situations, and think like a scientist.
However, these tests, and other tests developed as part of the innova-
tive movement in science education, should be used with caution. In
many cases, the standard psychometric procedures that characterize
good test construction and that mark standardized tests as different
from other teacher-made tests were not followed (15). As a result, we
don’t know how well these tests predict future success in science. Since
the tests were not administered to a wide range of students, we don’t
know how well the tests discriminate between students who know sci-
ence and those who don’t. As a result, the tests might be appropriate
for formative evaluation, where teachers want to assess topics in which
students need additional instruction, but might not be appropriate for
summative evaluation. Teachers might like to adapt one or more of these
tests to their own needs.

Alternatively, teachers might decide to construct their own test to
measure the specific objectives of their own curriculum and/or lessons.
They also might like to design tests for lessons based on conventional
textbooks for which commercial tests seem inappropriate. Teacher-
made tests can be among the best means of assessment since, when
properly constructed, they reflect the unique content and processes that
students and teachers bring to the lessons. Caution is advised; care
should be taken in the construction of teacher-made tests (1, 6). They
must be both valid and reliable (15). A recent survey of teacher-made
tests showed that many are weak, since they did not reflect the level of
difficulty of the concepts taught. Others did not measure what the
teacher intended them to measure. Inspection showed many tests con-
tained ambiguous items; others failed to discriminate between students
who knew the skills or concepts and those who didn’t. Teachers
should make sure the tests measure what the teacher intends to meas-
ure (validity) and that a student who receives a high score on the test
one day would receive an equivalent score on that test or a similar test
on a subsequent administration (reliability). Since many teacher-made
tests don’t hold up to scrutiny when checked for ambiguity of items,
the results of those teacher-made tests should be interpreted
cautiously.

Tests can be put to more than one use. One technique allows students
to read sample test items but, instead of answering them, commenting
on what they think is being tested. This allows teachers to discover
whether or not students have missed the point of a lesson. It allows
teachers to gain insights into the reasons why students might be having
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difficulty learning concepts or techniques that Karplus, McDermott, and
Minstrell, among others, have cited as a major issue science teachers
must undertake in assessing students’ science knowledge (26, 27, 31).

Other types of evaluations, classroom observation schedules, ques-
tionnaires, and checklists also can be adapted from instruments de-
signed for classroom use (3, 9, 25, 31, 32). Many instruments, although
not specifically developed for use in science classes, would be suitable
for evaluating some of the typical instructional processes used in teach-
ing science.

Once I’ve evaluated my students’ performance, what is the best
use I can make of test score information?

Once teachers have assessed students’ learning, they can use the in-
formation to decide whether the lesson goals have been met. By re-
viewing assessment results, teachers can ask themselves if, having set
goals for students, those goals have been met. They can ask:

e Have the major concepts been understood?

® Do students understand the special vocabulary and the scientific
terms? Can they apply them appropriately?

® Do students understand the relation between the new information
they learn each day and what they learned a day, week, or month
before?

e Can students apply to new situations the scientific procedures they
have learned?

Teachers should be the first ones to analyze students’ scores since
they will need to think about the implications of students’ test perform-
ance for future instruction. They will want to know: “‘Did all the stu-
dents master the topic?’’ and ‘‘Are there any students who need addi-
tional time or practice before they move on to another topic?”’
Assessments for each of the following purposes can be made:

® Diagnosis. By using both pretest scores and posttest scores,
teachers can judge what students knew when they started work-

71



Evaluation of Student Progress

ing on a topic, what they have learned over the course of instruc-
tion, and what they still need to learn for optimal understanding.
A teacher might say: ‘‘1 was going to teach students how to com-
pare and contrast different objects before teaching them about
the plant kingdom, but since they already know about those com-
parisons, I will go directly into the unit on plants.”

® Comparison. By comparing the scores of all students in a class,
teachers can ask if one group of students achieves at a higher level
than other groups. A teacher might say: ‘‘The higher-ability stu-
dents know more of the basic concepts but the lower-ability stu-
dents really profited from our use of the three-dimensional models
and our reviews of the technical vocabulary. With another review
they should be able to master most of the information in this
unit.”’

® Prediction. By relying on test information, teachers can tell stu-
dents how well they are progressing. Reviewing a student’s test
performance the teacher might tell a student: ‘‘Unless you study
harder you will have difficulty with the next unit. The work in
that unit builds on what we are studying in this unit and you will
need a better understanding of the concepts and vocabulary than
you have shown on this test.”’

The instruments that teachers use for these objectives should be
considered carefully. A true/false test might yield easily scored answers
but might not give a complete picture of a student’s understanding (or
lack of understanding). Essay tests, or lab work, might give teachers
more opportunity to assess students’ knowledge. The myth that essay
tests or lab work cannot be quantified should be dispelled. If a teacher
knows what concepts and skills are being tested and devises a grading
system to analyze the students’ work, then essays or lab work can be
quantified, and quantified consistently, from student to student.

Having decided which purposes should be met, teachers should
communicate test results and the consequences of testing to students. In
doing so they need to consider how they are going to communicate the
testing results. If teachers plan to report back to students and only to
students, they have a wide range of choices. They can comment direct-
ly on the student’s work. They can write a critique or give suggestions
for improvement. Alternatively, they might simply assign a letter grade
or a number grade. Then they should explain their criteria for assigning
each grade. If scores are to be reported to parents, fellow teachers, or
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principals, teachers will want to make sure that the audience under-
stands what has been measured, what standards were used for as-
signing grades, and what followup is planned. Students who need spe-
cial help should be identified and students who have made a special
contribution should also be noted.

Whatever choices a teacher makes, it is important that those choices
be governed by a match between instructional goals and assessment
methods. It is also important to realize that teachers have some control
over what they measure and how they measure it. Finally, it is impor-
tant that students (and parents and principals) receive comments on the
assessment results. It is important not to let students fall farther and far-
ther behind in their work as the school year progresses. If teachers ex-
plain carefully the reasons for evaluating students’ work and help stu-
dents prepare for their tests, then all students will show some progress.
If teachers explain the purpose of testing—that it is designed to help the
student learn—then students will come to view testing as a way to help
themselves and not as a process designed to frighten or frustrate them.

I want to measure more than students’ achievement. How can I
assess students’ interest and their attitudes toward science?

Measuring students’ science achievement is not the only way to evalu-
ate students. Attitudes and interests play a major role in students’ learn-
ing (14, 21). Currently there is concern that girls’ science and math
achievement is not as high as boys’. Fewer girls take advanced science
and math courses and elect careers in science (13).

Concern has also been expressed because students’ knowledge of sci-
ence and scientific processes differs from scientists’ perceptions (13).
Preconceptions are not easily changed, and gifted, creative students
who perceive science as a series of sterile, rote memory tasks may be
deterred from choosing science as a career.

Surveying students’ attitudes and interests plays a major role in creat-
ing a climate where good science teaching can take place. In surveying
students’ attitudes toward science, the following topics should be in-
cluded:

® perceived usefulness of science;
® confidence in learning science;

® perception of science as a male domain;
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® perceptions of parents’ interest, attitudes, and support of science
and science careers;

® perception of science ability;
o liking for science; and

@ anticipated success in science or science-related careers.

Several student attitude/interest surveys have been developed (7, 20,
23, 24). Attitude is even more difficult to measure than achievement (1,
6, 28). Discussions and sample attitude surveys are available for teach-
ers to review (1, 6, 25). However, researchers and practitioners question
the values of those surveys and advise caution when interpreting the re-
sults (1, 28). In spite of careful development, it is not clear that current
attitude surveys are valid, that is, they may not measure what they pur-
port to measure. We don’t know if current attitude surveys measure stu-
dents’ attitudes or if students are responding because an answer seems
to be socially acceptable. We also don’t know how today’s scientists
would respond or how they responded when they were students.
Sometimes, in answering that type of survey, students often deceive
themselves. For example, not knowing that scientific careers can be in-
tellectually challenging, a talented student might circle ‘‘strongly disa-
gree’’ to the question: ‘“Would you enjoy a career in science?”’ Since
words have different meanings for different people, two students, each
with different attitudes and values, might circle the same answer.

Because we can’t be sure what attitude surveys measure, teachers are
advised to interpret survey results with the same caution they would
use in interpreting teacher-made tests. Whatever the method of assess-
ment chosen, and whether its intent is to help students learn more ef-
fectively or measure what they’ve learned, teachers should remember
that the goals of evaluating students’ science knowledge and ability are
to help students recognize their level of science literacy and to help
them learn the power of science and scientific training.

Summary

Evaluation of science teaching and learning can be conducted in a va-
riety of ways for a variety of purposes. In order for students, teachers,
and administrators to benefit from evaluation data, it is important that
evaluation of science learning be planned and conducted as carefully as
are the science lessons themselves.
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Many educational decisions depend on evaluation data. Are students
learning the skills and knowledge presented? Can a course be restruc-
tured to allow emphasis on different topics? Do students know the req-
uisite skills that will allow them to be successful in this class?

A sound evaluation plan will capture a large sample of the skills and
knowledge taught. Thus, a number of evaluation strategies will be re-
quired, depending upon teaching methods, course structure, and learn-
ing objectives and goals. Many science tests have been published and
can be adapted. The key, of course, is in adapting the test to the partic-
ular situation.
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Is there a relationship between science and other
subjects taught in schools?

Science has always been given little attention in elementary schools; it
has even been omitted from the curriculum of many. There are several
reasons for this unfortunate state of affairs. One is that elementary
teachers lack the requisite knowledge and background in science con-
tent (9, 10). Another is that elementary teachers generally harbor nega-
tive attitudes toward science and science instruction (9, 10). In addition,
many people, including teachers, feel that science at the elementary lev-
el is a frivolous, superfluous subject and should be excluded from the
instructional day.

Few people view science at the secondary level as frivolous. In fact,
biology, chemistry, and physics are viewed by many as the spring-
boards to future occupations in medicine, engineering, and agriculture,
occupations important to a healthy and prosperous America. However,
science at the secondary level is taught in a manner that, for the most
part, depicts the structure of the discipline, not its usefulness to future
citizenry. Teaching as they were taught, secondary teachers don’t know
how to blend science with other subjects.

Because of these attitudes, science education has experienced a
steady decline for a number of years at the elementary level and has be-
come further removed from reality at the secondary level. Results from
the science assessments conducted by the National Assessment of Edu-
cational Progress (NAEP) reveal a continuing decline in science achieve-
ment scores (80). Attitudes toward science also have become progres-
sively more negative over time. John Slaughter, former director of the
National Science Foundation, underlines the danger of this trend when

Thomas R. Koballa, Jr., and Lowell J. Bethel, The University of Texas at
Austin

79



Integration of Science and Other School Subjects

he says, ‘“The decline in student achievement in mathematics and
physical sciences at the precollege level has reached a point where this
country’s strength in science and technology may be affected’ (23).

Neuman proposes that highest priority be given ‘‘to those subjects
and activities that clearly provide students with unique opportunities for
intellectual and emotional strengths’’ (78). He points out that science de-
velops useful attitudes and knowledge that enable students to make in-
formed decisions as adult citizens in a democracy. Scientific activities
develop rational thinking skills, as well as communication skills. These
process skills (e.g., observing, comparing, classifying, inferring) are re-
quired for survival and success in life’s pursuits.

There have been several attempts to combine science with other
disciplines within recent years. Ost states that these changes in the
school’s curriculum at all levels are a reflection of the ‘‘needs of society’’
(90). Many of these curricular attempts at combining science with other
disciplines are described using various terms such as interdisciplinary,
integrated, unified, correlated, coordinated, and core (90). While there
are subtle differences in the use of these terms, the main point is that
science is taught in some combination with other disciplines.

The integration of science with other disciplines (e.g., language arts,
social sciences, fine arts, mathematics) has potential for improving both
the quantity and quality of science instruction and learning. Cohen and
Staley say that:

. .integrating science in the general curriculum can help reflect
the relationships between science and other disciplines, in-
crease or sustain student interest in science, increase teachers’
confidence in their abilities to understand and teach science,
increase students’ science achievement, and increase students’
awareness of the role of science in everyday life and the role of
scientists in society (23).

Many concepts, process skills, and problems found in science are also
part of and central to other disciplines. For instance, concepts such as
interaction, system, interdependence, and interrelation are important to
science, as well as to the humanities and the social sciences. Integrating
science with other disciplines gives students a more realistic view of sci-
ence. Its separation from other disciplines presents science as an isolat-
ed subject and fosters incorrect perceptions of its true nature. Teaching
science as an integrated or unified subject with other disciplines is a de-
sirable goal (24, 66).
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This chapter explores the relationship of science with other school
subjects. Two kinds of information are presented. In the reading and
mathematics sections, research is cited to show that the integration of
science with these subjects has produced positive effects on student
learning. In the social studies, health, and fine arts discussions, activi-
ties or curriculum materials are described that can be used to integrate
science with these subjects. In these sections, no claim for increased
student achievement is made. Integration in these subjects is more phil-
osophically based. That is, students develop greater appreciation of
and increased awareness of science’s relationship to society, health,
and music and art.

What can teachers do to integrate science with
language arts programs?

The current emphasis on teaching the basic skills of reading and writ-
ing combined with state mandates for minimum competencies in these
areas have reinforced school administrators’ and teachers’ inclination
to stress language arts instruction. Because science has not been identi-
fied as a basic skill, science programs have received less emphasis.
However, research indicates that a strong experienced-based science
program, one in which students directly manipulate materials, can
facilite the development of language arts skills (124).

What is the relationship between reading and science?

Reading and activity-oriented science emphasize the same intellectu-
al skills and are both concerned with thinking processes. When a
teacher helps students develop scientific processes, reading processes
are simultaneously being developed (75, 110). Furthermore, science in-
struction provides an alternative teaching strategy that motivates stu-
dents who may have reading difficulties (124).

Processes and content are the concerns of both reading and science.
Content can be thought of as specific concepts, the accumulation of de-
tail, and generalization of particular learnings. The reading skills and sci-
entific skills necessary to acquire and apply the content constitute the
process (118).

The hands-on manipulative experiences science provides are the key
to the relationship between process skills in both science and reading
(71). Science process skills have reading counterparts (17). For instance,
when a teacher is working on ‘‘describing” in science, students are
learning to isolate important characteristics, enumerate characteristics,
use appropriate terminology, and use synonyms. These are all, of course,
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important reading skills, too. Furthermore, when students have used
the process skills of observing, identifying, and classifying, they are
better able to discriminate between vowels and consonants and to learn
the sounds represented by letters, letter blends, and syllables (78).
Children’s involvement with other process skills enables them to recog-
nize more easily the contextual and structural clues in attaching new
words and better equips them to interpret data in a paragraph. Science
process skills are essential to logical thinking, as well as to forming the
basic skills for learning to read (7).

Do we know whether teaching science enhances reading
readiness?

Reading readiness is defined as a skill-complex by Guszak (42). As a
skill-complex the component skills of reading readiness are, therefore,
teachable. Of the three areas within the skill-complex, two can be di-
rectly enhanced by science process skills. The two are physical factors
(health, auditory, visual, speech, and motor) and understanding factors
(concepts, processes) (7). When students see, hear, and talk about sci-
ence experiences, their understanding, perception, and comprehension
of concepts and processes may improve (7, 8).

Evidence suggests that early experiences in science help children of
all socioeconomic levels in language and logic development (118). For ex-
ample, studies by Kellogg and by Renner and his associates found that
experiences gained by first graders when involved in the Science Cur-
riculum Improvement Study (SCIS) unit ‘‘Material Objects’ improved
children’s scores on the Metropolitan Reading Readiness Test (MRT)
(59, 100, 101). The scores on all subtests except copying exceeded those
obtained by other first graders who used commercial reading-
readiness programs (99).

Other studies that evaluated the effectiveness of SCIS units used to
promote reading readiness report similar findings. Experiences with the
SCIS first-year program greatly enhances children’s ability to conserve
quantity, an essential indicator of reading readiness (100, 101). In anoth-
er study, Maxwell used measures from MRT and the Marianne Frostig
Developmental Test of Visual Perception to assess the effect of selected
SCIS activities on reading readiness (73). Maxwell provides evidence
that SCIS activities produce significant, positive effects on kindergarten
children’s reading readiness scores (73).

Neuman also argues persuasively for providing inner-city kindergarten
children opportunities for experiences with natural phenomena to im-
prove reading (86). Using the MRT to measure the effectiveness of the
experiences, Neuman found that science activities provide opportunities
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for manipulating large quantities of multisensory materials. This manipu-
lation promotes perceptual skills (e.g., tactile, Kinesthetic, auditory, and
visual) (86). ‘‘These skills then contribute to the development of the
concepts, vocabulary, and oral language sKkills (listening and speaking)
necessary for learning to read’ (124).

Other studies have tested the effectiveness of Science—A Process
Approach (SAPA) on reading readiness. Ayers and Mason investigated
the influence of SAPA, Part A, which emphasizes observation and
communicating with others, on kindergarten students (6). They found
that kindergarten students who used SAPA outgained those who
didn’t. Ayers and Ayers concluded that the SAPA affected students’
reading readiness by enhancing their ability to perform six conservation
reasoning tasks (5). The conservation tasks performed were number, lig-
uid amount, solid amount, length, weight, and area. The work of Ayers
and Ayers substantiated the earlier finding of Almy that the ability to
conserve is an important factor in beginning reading (1, 5).

These studies and others clearly indicate that the nationally-funded
science curriculum projects, as well as other science programs that em-
phasis hands-on manipulative experiences, enhance the development of
process skills in young children (88, 102, 105, 112). The attainment of
process skills developed by such science experiences are positively cor-
related with the development of reading readiness.

Can science instruction increase reading skills in the
intermediate and upper elementary grades?

Improving reading skills through activity-oriented science programs is
not limited to preschool or primary-grades. When testing the effective-
ness of SCIS on S5th graders, research conducted by Webber and by
Renner and his colleagues found that SCIS was effective in developing
the science process skills of observation, classification, and communica-
tion, which enhance reading skills (100, 122). Using SAPA activities for
one hour a day for a period of twelve weeks, Esler and Anderson found
significant improvement in Sth graders’ ability to identify story out-
comes, as measured by the California Test of Basic Skills, when com-
pared with students not using SAPA (29).

Other studies, by Campbell, Kraft, Olson, Quinn and Kessler,
viewed cumulatively, suggest that science instruction at the intermediate
and upper elementary grades does improve the attainment of reading
skills (15, 63, 89, 95). The findings reveal that students have derived
benefits in the areas of: ‘‘vocabulary enrichment, increased verbal flu-
ency, enhanced ability to think logically, and improved concept forma-
tion and communication skills’* (124).
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How can teachers use science activities to
enhance reading skills?

Reading is a means to extend our own experience. Through reading
we experience—albeit indirectly—things that are not present in our im-
mediate environment. An obvious answer to the question, then, is to
read about science. Library books can serve as a valuable science re-
source. In keeping records of the books children checked out from the
school library, a librarian in Rochester, New York, found that science
books were the second most popular category (40). Science books were
surpassed only by fiction books, many of which were science fiction or
in science fields (40). Library books also increase the possibility that
materials at the reading levels of students will be used.

Teachers can integrate reading activities in their science classes to
augment students’ hands-on experiences. After students have experi-
enced hands-on manipulative activities, words and terms can be ‘‘in-
vented’’ for what they have been doing. ‘‘Operational definition’’ is the
term used to describe the new words or terms that evolve from stu-
dents’ experiences (117). As students handle materials, they invent new
words or terms to describe what is happening, such as ‘‘evidence of in-
teraction.”” Follow-up activities, presenting the same concept in new situ-
ations, can then be used to reinforce the concept. For example, when
dropping an Alka-Seltzer tablet in water a teacher could say: ‘‘The
bubbles are ’evidence of interaction’ (new invented term) between the
Alka-Seltzer tablet and water.”” Next, another activity could be per-
formed using interaction—mixing colors, pasting a collage, or conducting
a small group discussion. Students could then be asked to identify the
similarities and the differences in the original task and the others.

Textbooks also can be used to enhance students’ hands-on, manipu-
lative experiences. There are many ways that science textbooks can be
used to expand an activity-oriented science program. They are a reliable
resource of science facts, concepts, and principles. In using textbooks, it
is important that the textbook matches students’ cognitive levels. To
ensure that each student gets the maximum benefit from using science
textbooks, individualizing textbook assignments may be necessary (77).
In addition, helping students learn to locate and organize information
from science textbooks provides them with study skills (127). Reading
can be used as one of science’s processes to find and share other
people’s information and to check the validity of students’ own
findings (16).

Do science experiences enhance oral and written
communication skills?

As with all process skills, only through actual practice does compe-

Integration of Science and Other School Subjects

tence in oral and written communication develop. The learning of dis-
crete grammatical facts and practice at giving speeches are insufficient.

Involvement in activity-based science programs provides learners
with a multitude of experiences to draw from when they think and write
(110). Teachers can exploit science experiences that occur as a result of
activity-based programs by encouraging students to write. A written
record can easily become the culmination of almost any activity-based
science experience. This written record can, of course, take several
forms. First, students can be taught to use the styles and forms used by
working scientists when they prepare lab reports. Teaching the special
conventions of scientific reporting will lead to an increased understand-
ing by students of the influence of subject, audience, and purpose for
writing.

Students can also write their science experiences in more anecdotal
forms. Short stories in the form of science fiction, journalistic reports of
class activities in science, and students’ own reflections about a science
class, recorded in a personal journal, are all ways to record the out-
comes of a science class while simultaneously providing practice in
writing. With all the natural conjunctions between writing and science, it
is surprising that a recent survey of teachers reveals that teachers of sci-
ence seldom use writing to stimulate or to reinforce creative thinking.
More than teachers of any other subject, secondary science teachers
rely on writing only for testing how well students have mastered
content (3).

Studying the relationship between creative writing and science expe-
riences, Jenkins notes that, when children write their own reading ma-
terials, their writing scores improve significantly (57). The major things
they write about are science and social studies. One study revealed that
40% of the words beginning writers chose to use were related to science
experiences. Furthermore, Knight found that science demonstrations
presented as stimuli prior to student writing sessions resulted in signifi-
cantly more creative writing than other stimuli (62). The reason for such
findings, suggest Mechling and Oliver, is that learners are motivated to
write about things they know and like (75). Realizing that the words
they are using are not found on their spelling list or in their reading book
seldom hampers the creative efforts of elementary students (75).

Guidance in selecting science-related topics about which students
can write may be obtained from many sources. The more than thirty
theme ideas to foster creative writing suggested by Reid and McGla-
thery range from ‘‘sluething’’ to ‘‘visit to another planet’” and can be
adapted for use at the elementary or junior high school level (98). Addi-
tional suggestions for stimulating creative writing based on the science
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topic ‘‘machines’’ are presented in an article by Cacha entitled **Chil-
dren Create Fiction Using Science’” (18).

Strenski suggests that teachers present a ready-made data set of sci-
ence facts from which four or five bits of information can be chosen and
pulled together into a paragraph. As part of Project Write, which uses
this approach, a list of science-related writing activities was prepared for
use in grades K through 12. Some of the suggested writing activities in-
cluded: keep a journal of class experiences, criticize a science news arti-
cle, and investigate and report on a science-related career (32). Having
students construct narratives to be recorded on cassettes to synchro-
nize with film strips is another way to stimulate science-related creative
writing (68).

The interpersonal communication between teacher and student can
also be improved through science-related writing. Stulp suggests using
index cards as communication tools when it is difficult to personally talk
with each student each day. By communicating in writing on the index
card, students can benefit from practice in written communications and
the teacher can find out more about students who may avoid oral com-
munication in science class (115).

Work with children from inner-city schools by Bethel and by Huff
and Languis found significant gains in children’s oral communication
skills when they participated in SCIS and SAPA activities (8, 53). In
tests of language output; vocabulary; sentence structure; and classify-
ing, transmitting, and receiving oral communication skills, children who
were exposed to SAPA out-performed students who were not (53). A
similar finding was reported by Rodriguez and Bethel. Bilingual stu-
dents who participated in hands-on inquiry activities scored significant-
ly higher on the Test of Oral Communication Skills than students who
did not (103).

In studying spontaneous and student-initiated speech, Rowe discov-
ered that spoken language in science classes exceeded that in language
arts classes by more than 200% (106, 105). She also noted that when
teachers paused for between three and five seconds after asking a ques-
tion and following students’ responses to the question, language and log-
ic development were enhanced (107).

Does involvement in science experiences enhance the
language development of students with special needs?

Research has shown that science can enhance the language develop-
ment of children of limited English proficiency, of children from other
ethnic backgrounds, and of physically handicapped children. Ameri-
can Indian children scored higher on Stanford Achievement Tests after
being exposed to the process skills of Elementary Science Study (ESS)
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(64). Other studies have shown that Spanish-speaking first graders ex-
perienced an increase in their ability to form complete sentences, in
their attention span, in auditory discrimination, and in listening ability
after exposure to SAPA (51, 114).

Science experiences also help students who are physically handi-
capped. The oral communications skills of deaf children were found to
improve when involved in ESS and SCIS (14). When exposed to SCIS
and SAPA units providing hands-on manipulative experiences, visually-
impaired students developed science process skills and concepts
(69, 70).

Deficiency in the acquisition of categorical systems that underlie lan-
guage was also found to be eliminated when deaf students were in-
volved in inquiry lessons structured toward the development of classifi-
cation skills, and based on the physical manipulation of objects (13).

Several science programs designed specifically for physically disad-
vantaged students also stress hands-on manipulative experiences vital
for the attainment of science process skills and concepts. The Lawrence
Hall of Science of the University of California, Berkeley, with federal
support, has produced a science program for the visually impaired
called Science Activities for the Visually Impaired (120). It was devel-
oped by many of the original SCIS team and reflects many of the origi-
nal SCIS ideas. Other programs for the physically disadvantaged are
Adapting Science Enrichment for the Blind and Science Enrichment for
Learners with Physical Handicaps.

A language development program that includes active science experi-
ences serves a dual purpose (52). The science experiences appeal to stu-
dents’ curiosity, and they provide something concrete and stimulating
to read, write, and talk about.

What is the relationship between science and social studies?

Many of the decisions concerning the societal problems that we face
today require a basic understanding of science and technology. Science
and social studies are clearly related. Both have a specific mandate
with regard to the development of an informed citizenry, which is the
sine qua non of a democracy.

Studies of secondary students and their science experiences reveal lit-
tle to no growth in science concept mastery over the secondary school
years. Indeed, factors other than school contribute significantly to stu-
dents’ science knowledge (76). In investigating students’ attentiveness to
science, Miller and Voelker found that 90% of the college-bound high
school students and 96% of the non-college-bound high school stu-
dents were unattentive to science (76, 121). Responses to surveys ci pub-
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lic awareness reveal that a majority of 13- and 17-year-olds have no un-
derstanding of the relationship between science, technology, and
society in the areas of energy, food production, population growth, and
environmental problems (80). Similarly, fewer students than ever under-
stand the functioning of the U. S. Congress, know that the Senate must
approve the appointment of all Supreme Court justices, and are able to
explain the basic concept of democracy (79).

These results cannot be viewed with much optimism. They suggest
that science and social studies educators are not preparing students ca-
pable of making informed and responsible decisions regarding social is-
sues, science, and technology. Further, questions arise concerning the
students’ future participation in democratic processes. The discrepancy
between current societal issues and the knowledge and attitudes of stu-
dents helps to delineate the educational crisis and to illuminate the
needed direction of change.

Science and social studies educators alike have made an impressive
case for the extensive infusion of science-related social issues in the
general education of students. Both groups are critical of the controver-
sial curriculum patterns that isolate the study of science from the study
of society; both groups stress that students must be taught to under-
stand, appreciate, and appraise the impact of science and technology on
society (20, 25, 56, 111). Pollution, drug use, euthanasia, biological and
chemical warfare, weather control, and many other areas are seen as in-
tegrative themes around which instructional activities could be devel-
oped (37). Moreover, both educator groups see common goals in the
broad areas of knowledge, values, and beliefs, and in decision-making
skills’ development (37, 81, 83, 92, 111).

Are there programs available to assist teachers who are
interested in dealing with science-related societal issues?

Several science programs have been developed that attempt to teach
values clarification in conjunction with science content. Biological Sci-
ences Curriculum Study (BSCS) has developed junior high and senior
high school programs that explore human sciences and genetics and
that emphasize values clarification regarding politics and issues that
have been raised by scientific and technological advances (11, 54, 55,
74). Curriculum materials and instructional films have been developed
with funding from the National Science Foundation Ethics and Values
in Science/Technology Program. These materials present basic ethical
theories and help students develop and defend their ethical
positions (108).

Three programs that help students think about the environment and
science-related social issues are Project Learning Tree, Project WILD,
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and Project SCATE, or Students Concerned About Tomorrow’s Envi-
ronment. Project Learning Tree activities place the use of natural re-
sources in a cultural context, providing opportunities for students at all
levels to explore the historical and present-day effects of these re-
sources on people and people’s effects on them (2). Issues concerning
people’s interaction with their environment are also a part of Project
WILD. The materials help students acquire the knowledge, skills, and
commitment to act responsibly in decisions concerning wildlife and
habitat, ‘‘beginning with the recognition that the earth is home for peo-
ple and wildlife’” (125).

Project SCATE was designed as an environmental investigation/
political participation program for use with lowa students (45). Investiga-
tions force students to consider both the ecological and social ramifica-
tions of a variety of problems (e.g., thermal pollution of the Des Moines
River) in proposing solutions.

The National Science Teachers Association (NSTA) is one of several
groups sponsoring the development of curriculum materials to assist stu-
dents in clarifying their values about the use of energy (31). Another is
BSCS, which has developed a nine-week instructional unit in which
high school students learn about decision-making skills and energy is-
sues (11). During the course of the unit, Energy and Science: Investiga-
tions in Decision-Making, students discuss basic information about en-
ergy, explore some possible consequences of energy decisions, and
select an energy-related research problem to investigate (49). Through
consideration of empirical data and through examination of personal
and community values, students attempt to arrive at energy ‘‘recommen-
dations”’ for their community (11).

An innovative program for elementary students that teaches decision-
making skills regarding societal issues is Man—A Course of Study. The
program presents an intensive study of man in society—as culture-
builder, ethical creature, tool-maker, and dreamer (30). The Netsilik
Eskimos of the Canadian Arctic are studied in-depth, because their so-
ciety is small and technologically simple, yet the problems it faces are
universal.

A more recent attempt to identify still other programs that foster the
science and technology in society theme is the NSTA Search for Excel-
lence in Science Education. The national search was for programs in five
areas, each of which focus on one aspect of science education: elemen-
tary science, biology, physical science, inquiry, and science and tech-
nology in society. In looking for exemplary efforts that deal with the in-
teraction of science, technology and society, programs were identified
that used either energy, population, human engineering, environmental
quality, use of natural resources, national defense and space, sociology
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of science, or the effect of technological development as the integrative
thread to link learnings in science and social studies (92, 94). Ten such
programs were identified as exemplars of the science-technology-
society focus (93).

Whether these exemplary programs are used or not, incorporating
the science-technology-society theme into the curriculum is relatively
easy in many elementary schools, since the same teacher is responsible
for teaching both science and social studies. In schools where the same
teacher is not responsible for both courses, teachers can team teach
(104) or, at a minimum, plan their courses together. Such team planning
allows teachers to coordinate the curriculum by identifying common
skills and concepts that advance the science-technology-society theme.
Then these common skills and concepts are stressed in both
classes (61).

How can teachers use science experiences to teach health?

The traditional approach to health education has consisted largely
of a list of ‘““don’ts’’ that quickly become tedious. “‘Don’t drink;"’
“don’t smoke;”’ *‘don’t use drugs.”” Today that list has been expand-
ed: ‘“‘avoid caffeine; limit cholestrol intake;’ ‘‘add more fiber to
your diet;”” and so on. While it is true that each of these rules has some
health benefit, the poor impact of this approach to health education
has been well documented (44).

Further contributing to the shortcomings of health education today
is the way that topics of health are taught. At both the elementary and
secondary levels, these topics are presented by textbook reading or lec-
ture only (123). Moreover, students report that the same topics are stud-
ied year after year (50). It is no wonder that students assert that health
is boring and repetitious.

Health courses need not be boring and repetitious. By developing an
acceptable scope and sequence for health concepts and by reinforcing
health concepts through science manipulative experiences and labora-
tory activities, students will see the relevance of health education to
their lives.

Health is obviously a sub-set of science. A great deal of the content
that one normally associates with health is also the content of science.
Health topics such as food and nutrition, human genetics, health and
diseases, and human body systems are common to all elementary sci-
ence and biology programs (123, 128). The distinctions between the two
disciplines become hazy when such topics are considered. The impor-
tant point is not whether this commonly-shared content is taught in sci-
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ence or health class, but whether it is taught in an educationally sound
manner (75).

The content that is common to science and health can be taught in ei-
ther science or health class. Involving students with science processes
and teaching them thinking and decision-making skills applicable to
their own health makes the common content more than an exercise in
reading or listening.

Curriculum materials that take the perspective outlined above are
being developed for elementary and secondary students. One such pro-
gram is the Teenage Health Teaching Module (12). Another, being de-
veloped by BSCS, is a comprehensive health education curriculum for
students kindergarten through 8th grade. The curriculum materials be-
ing prepared will emphasize individual responsibility for health, im-
proved health decision-making, and attitudinal and behavioral
changes regarding health-promoting lifestyles (12).

A third example, designed to help students sharpen their science
process skills and practice their thinking and decision-making skills ap-
plicable to their own health, is Health Activities Project (40). Devel-
oped in the late 1970s, the program involves elementary, middle school,
and junior high school students with their own health and safety
through discovery activities. Students learn how their bodies function,
what their bodies can do, and how individuals can make changes in
the way their bodies perform.

Is it possible to integrate science and the fine arts?

The relationship between science and the fine arts is not as well de-
scribed in the literature as that between science and other subject areas
such as mathematics, social studies, and language arts. Nevertheless,
obvious relationships do exist between science and the fine arts, partic-
ularly art and music. The literature indicates that when science and the
fine arts are integrated, both curricular areas profit (43, 75).

How can art be used in science classes to enhance
learning?

Science and art share common learning experiences and procedures.
Manipulating, describing, and demonstrating are integral to the process
of learning in both disciplines. In both science and art, a body of infor-
mation exists that is presented and comprehended primarily through
the “*student’s own participation and production’” (43).

Integrating science and art has several specific benefits for students. It
facilitates learning about the importance of mental concentration and
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careful observation involving all the senses. It helps students to recog-
nize that there is beauty associated with science. Furthermore, the in-
tegration is another demonstration that information learned in science is
relevant beyond the confines of the science classroom and the school
building, or that learning in one subject can be used in another subject
area.

The practice literature—teachers writing from their own experience—
describes the integration of science and art, not as a contrived and un-
natural overlapping of disciplines, but as a beneficial partnership. For
example, Chetelat describes how science and art can be integrated at
the elementary level (21). Karen describes a program that integrates bi-
ology and art so that both courses retain their individual integrity (58).
Matray and Knorr describe how biology and art can be incorporated
into an existing curriculum using a team-teaching approach (72). Their
effort resulted in the preparation of attractive, accurate renderings of ani-
mals and plants. Another benefit of the integration was the enhanced
student awareness of career possibilities in biological illustration. These
teachers’ efforts not only demonstrate how art and science can be inte-
grated, but also represent efforts by teachers to construct learning expe-
riences appropriate for their students.

Aside from the programs designed by teachers at individual schools,
few large scale programs have been developed that integrate science
and art. One such program, designed for the elementary grades, is Out-
door Biology Instructional Strategies (OBIS). In one OBIS activity, chil-
dren create ‘‘animals’’ by painting vegetables to camouflage them. They
then hide them in the school yard for others to find. In another OBIS
activity, students use clay, pipe cleaners, construction paper, and other
materials to ‘“‘invent’’ plants, which are adapted to certain environmen-
tal conditions.

Another resource for teachers is a volume presenting a series of labo-
ratory science and art lessons for mainstreamed classes in kindergarten
through 6th grade (43). The lessons presented in the volume are appro-
priate for use with deaf, blind, or emotionally disturbed children of
normal intelligence, as well as with children without learning difficul-
ties. Throughout the volume ‘‘match boxes’ serve to help the user re-
late science and art learnings (43).

What are some activities to show the relationship between
science and music?

The study of vibrating systems offers an opportunity to emphasize the
relationship between science and music. By using simple musical instru-
ments made from paper drinking straws, rubber bands, string, or soda
bottles the relationship between physical and musical vibrating sys-
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tems can be demonstrated (75). Investigations using a hacksaw blade or
rules fastened to the edge of a table top, a swinging pendulum, or an
electronic sound synthesizer can be used to demonstrate physical
vibrating systems that are ‘‘damped’’ or ‘‘sustained’’ (126). With the
knowledge gained in the investigation, elementary and secondary stu-
dents classify musical instruments as either damped or sustained ac-
cording to the vibrations produced by playing the instrument.

Other experiences that relate science to music can be found in ESS
(27, 28). Two ESS units afford elementary students the opportunity to
create vibrations and sounds and to alter the pitch and intensity of
sounds they create. These units also provide directions for constructing
musical instruments from a variety of commonly found materials.

Does integrating science and mathematics enhance the learning
of mathematical skills and concepts?

Science and mathematics are integrally related. One cannot speak of a
viable science curriculum without considering the integral role played
by mathematics, and vice versa. Mathematics, to a great extent, is the
language of science (84). The development of skills in logical mathemat-
ical reasoning and problem-solving is a goal of both science and mathe-
matics instruction (82, 85). In the learning environment, science and
mathematics reinforce each other, thereby facilitating better cognitive
development (1). Through the use of mathematics in investigations, stu-
dents gain better insight into scientific concepts and principles.

Mathematics is a discipline based on abstractions. Integrating science
and mathematics experiences is commonly recognized as a means of
helping students learn abstractions by relating abstractions to meaning-
ful experiences (69).

Reports of individual teachers’ attempts to integrate science and
mathematics in their classrooms have appeared in the literature for
some time (26, 60, 91, 96). These and later attempts to integrate science
and mathematics were based on the intuitive assumption that such an
arrangement would produce better learning outcomes. However, other
than an inconclusive investigation by Gorman in the early 1940s (39), no
attempts to empirically test the intuitive assumption of enhanced learn-
ing outcomes through science and mathematics integration were under-
taken until the 1970s.

In 1976, Kren studied the abilities of 4th and 5th graders to interpret
and construct linear graphs and to construct and measure angles to em-
pirically establish the efficacy of the integration of science and mathe-
matics (65). Using lessons drawn from SAPA and from Modern Mathe-
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matics: Structure and Use (1976 edition), Kren's study indicated that
the integrated science-mathematics curriculum was as effective as the
traditional mathematics curriculum in teaching the construction and
measurement of angles. Furthermore, it was found that the skills of con-
structing and interpreting linear graphs can be taught with equal effec-
tiveness using either the science curriculum, mathematics curriculum, or
the integrated science-mathematics curriculum. The results of Kren’s
study suggest that science activities are just as effective in teaching se-
lected mathematical skills as mathematics instruction alone. They do
not, however, conclusively prove whether science and mathematics
should be taught separately or as integrated subjects.

In a related study, Shann evaluated the effectiveness of Unified Sci-
ence and Mathematics for the Elementary School (USMES) on the
learning of selected mathematical skills and concepts (109). Her findings
suggest that using USMES to supplement a traditional mathematics pro-
gram results in students learning more mathematical skills and concepts
than students not using USMES. Shann hypothesized that the cause of
the difference in performance was that mathematical skills and concepts
had more meaning for those students whose mathematics program was
supplemented by USMES.

More recently, another investigation to empirically establish the effi-
cacy of science and mathematics integration was undertaken by Friend
and others (33). The investigation attempted to determine how integrat-
ing science and mathematics in a 7th-grade physics unit affects stu-
dents’ attitude toward science and their acquisition of specific physics
facts and principles. Their results indicate that students, whose stand-
ardized mathematics scores classified them as being at least two years
above grade level and who were taught the physics unit integrated with
selected mathematical skills, scored significantly better on the Test of
Physics Facts and Principles than similar students who did not have
such integration between disciplines. No significant difference in atti-
tude toward science was found between the groups.

The results suggest that enhanced learning outcomes can be realized
when selected science and mathematics topics are integrated.

Does teaching science enhance achievement in
mathematics?

Research has demonstrated that a variety of science experiences can
facilitate the transition of students from one level of cognitive develop-
ment to the next (1, 5, 6, 34, 99, 113). A relationship between science
and mathematics is suggested by the fact that one’s achievement in
mathematics is related to one’s level of cognitive development.
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Oblivious of Piaget’s research, many elementary teachers assume that
if students can count, they are conservers of number and should be
able to add and subtract. However, this is not the case; knowing the
meaning of “‘number’” is a quantum cognitive leap from being able to
count. Preoperational children who can count are doing nothing more
than repeating a memorized sequence of names.

One of the first indicators that a child can engage in operational think-
ing is when an understanding of number is demonstrated. To attempt to
involve children in experiences requiring an understanding of number
prior to having learned the significance of number through working
with objects is a futile exercise (4). Involving students in ‘‘hands-on”
science activities, where they count and manipulate objects, provides
experiences that contribute to their understanding of number. In addi-
tion, science experiences contribute to the development of other opera-
tions basic to the study of mathematics. Some of these operations are:
conserving substance and length, one-to-one correspondence, ordering,
seriating, and classifying (16).

The contribution of science experiences to the development of opera-
tions basic to the study of mathematics is substantiated by research. In
studying the relationship between students’ ability to conserve number
and quantity and mathematical performance, Almy found that students
having the ability to conserve experience greater success in learning
mathematical skills and concepts (1). In a subsequent investigation,
Almy tested the effects of the Greater Cleveland Mathematics Program,
alone and in conjunction with either SAPA or SCIS, on students’ ability
to perform a series of conservation (e.g.. number, weight, class inclusion)
and transitivity tasks. Her results indicate that students who had
mathematics-science programs performed better on the conservation
and transitivity tasks than did those who received only mathematics in-
struction (1).

Other studies substantiate the findings of Almy. Renner and Stafford
found that SCIS caused significant gains in conservation of number and
length and other related operational abilities among kindergarten and
first grade students (99, 113). Further study by Kellogg revealed that
the ‘“Material Objects’” unit of the SCIS program was the main cause of
the increase in operational abilities noted by Renner and Stafford (59).

In another study, Ayers and Mason found that kindergarten students
using curriculum materials from SAPA scored significantly better on the
number section of the Metropolitan Readiness Test than kindergarten
students not using SAPA materials (6). A similar study done with kin-
dergarten students from the Appalachian mountain region concluded
that the operational abilities of the students were significantly improved
by using SAPA curriculum materials (5).
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Research further indicates that science experiences not only enhance
the operational abilities of kindergarten and first grade students, but
also facilitate the transition from one level of cognitive development to
the next among older students and among adolescents with hearing dif-
ficulties (34, 116, 119). In studying the effects of certain inquiry-oriented
science curricula on formalistic reasoning, Froit found that the Introduc-
tory Physical Science; the Earth Science Curriculum Study; and the
Time, Space, and Matter programs caused significant gains in the num-
ber of students capable of performing tasks of formalistic reasoning (34).
Further substantiating the effect of science instruction on formalistic rea-
soning, are the findings of Tipps. Studying 5th through 8th grade stu-
dents, Tipps found that, other than age, the strongest predictor of form-
al reasoning was achievement in science (119). Studying the effects of
science learning on students’ formal reasoning abilities is important be-
cause formal reasoning is a precursor for adequate student performance
in many forms of higher mathematics, including algebra.

The effect of science instruction on the cognitive development of
hearing-impaired adolescents was reported by Sunal (116). The dramat-
ic difference in cognitive development noted between hearing-impaired
adolescents and peers of normal hearing ability seems to be significantly
reduced by sustained exposure to science instruction characterized as
high in activity, variety, and amount of feedback.

What is the relationship between science and mathematics
regarding problem-solving skills?

Research suggests that one of the skills considered essential for
achieving success in science-related problem solving, especially at the
secondary level, is mathematical aptitude (35, 36, 67). Work by Cham-
pagne and Klopfer resulted in a causal model of students’ achievement
in physics courses (19). The model suggests that mathematical aptitude
is a factor that significantly influences problem-solving skills. Compo-
nents subsumed by the mathematics aptitude variable include mathe-
matical calculation and manipulating skills, and mathematical experi-
ence.

Research has also shown that science can be used to broaden the
current approach to teaching problem solving in mathematics (22, 109).
Replacing contrived problems with real-world science problems has the
potential to enhance the problem-solving abilities of students, while
promoting a greater appreciation of the usefulness of problem solving in a
multitude of circumstances.

Studies suggest that the innovative elementary science programs
developed during the 1960s and 1970s enhance the mathematical
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problem-solving abilities of elementary students. Coffia studied the ef-
fect of SCIS on 5th grade students’ ability to solve mathematical prob-
lems (22). He found that students who had been taught science using
SCIS for five years significantly outperformed students who had been
taught science using a traditional textbook approach in their ability to
apply scientific knowledge in a problem-solving situation.

In a related study, Shann tested the effect of USMES on the mathe-
matical problem-solving abilities of elementary students (109). Her find-
ings reveal a significant difference in problem-solving ability, favoring
those students whose mathematics program was supplemented by
USMES.

Research also suggests the benefits of science instruction on the
problem-solving abilities of older students. Gabel and Sherwood stud-
ied the factors that facilitate problem solving in high school chemistry
(35). Their findings indicate that supplementing problem-solving activi-
ties with less mathematical, more visual activities will enhance the per-
formance of mathematics-anxious students on problem-solving tests.

Further research by Gabel and others clearly shows that few stu-
dents use reasoning skills in solving problems of an algebraic nature (36).
Most high school students rely exclusively on algorithms and frequently
try to make algorithms fit problems in inapplicable situations. Offered as
a solution to help students overcome this ‘‘algorithmic mode’ is in-
volvement in science exercises whereby the concepts upon which a
problem is based can be understood before the problem is quantita-
tively presented. High school chemistry and physics courses afford
students many opportunities to qualitatively solve problems and, in so
doing, prompt the identification of systematic problem-solving ap-
proaches (i.e., including the units next to each measurement). Such ap-
proaches have proven to be invaluable to students in solving quantita-
tive problems (36).

What can be done to foster the integration of
science and mathematics?

Science and mathematics educators favor the integration of the two
disciplines. They agree that one of the primary justifications for teach-
ing both science and mathematics in the schools is their usefulness in
enabling students to solve real-world problems (82, 85). Too frequently,
however, the approaches used to teach mathematical problem solving
are narrow in focus or restricted. Often, the selection of problems has
been limited to story problems, where the solution lies in choosing the
appropriate operation and then performing the computation. Most real-
world problems involve more. For example, many real-world problems
involve formulating the problem to be solved, ignoring irrelevant data,
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or collecting new data. Moreover, efforts to compartmentalize mathemat-
ical problem-solving skills have, in effect, minimized their potential use-
fulness in solving real-world problems (41).

Through science experiences, students can apply mathematics to real-
world problems (75). One example is when students are provided with a
variety of materials to determine which are better insulators. The stu-
dents are responsible for deciding the steps included in the procedure,
the instruments to use for measuring the insulating quality of the materi-
als, and the conclusions. These are but a few of the processes students
use to solve such a problem.

Integrating science and mathematics in the curriculum is possible. In a
number of instances, integration is made easy because considerable
overlap exists between a number of concepts taught in science and
mathematics classes. At the elementary level, since the same teacher is
responsible for teaching both science and mathematics, coordinating
the two subjects is easily accomplished. For example, the teacher can
provide hands-on science activities that facilitate the learning of ab-
stract arithmetic concepts such as number sequencing, regrouping, and
fractions (75). Activities in ESS, SAPA, SCIS, USMES, and Minnesota
Mathematics and Science Teaching, or MINNEMAST, can be used and
can serve as models for the development of additional activities by
teachers interested in integrating science and mathematics at the ele-
mentary level. Among the specific activities that provide mathematics
learning experiences are: light and shadows, tangram, and measuring
from ESS; material objects, populations, and relative position and mo-
tion from SCIS; and using space-time relationships from SAPA (97).

At the secondary level, where the same teacher is not responsible for
teaching both science and mathematics, little integration of related con-
cepts can be accomplished without interdepartmental cooperation. Co-
operative course planning between science and mathematics teachers is
a way to avoid duplication and to ensure consistency. Teachers consid-
ering interdepartmental planning would be wise to consult the summa-
ries of work describing similar efforts of science and mathematics edu-
cators in England (46, 47).

Along with the work being done in England, the secondary science
programs developed with funding from the National Science Founda-
tion during the 1960s and 1970s warrant a close examination. While such
programs such as Harvard Project Physics, Chemical Education Materi-
als Study, Biological Sciences Curriculum Study, and Chemical Bond
Approach were not specifically designed to foster interdepartmental
planning, their developers recognized the utility of mathematics to sci-
ence. To them, mathematics was viewed as the language of science.
Consequently, mathematics became an integral part of these programs.
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Summary

The integration of science and other school subjects can improve
both the quantity and quality of science instruction and learning. This
integration increases students’ interest in science, teachers’ confidence
in their ability to understand and teach science, students’ achievement
in science, and students’ understanding of science’s relationship to eve-
ryday life.

The concepts, processes, and methods found in science are used in
other disciplines. Many science-class activities are predicated on stu-
dents’ reading and writing skills. Students read textbooks, read direc-
tions for conducting experiments, and write their own reports of obser-
vation. Science’s integration with mathematics also requires little effort,
since the development of logical mathematical reasoning and problem-
solving skills is a goal of instruction in both disciplines. Many decisions
concerning societal problems require a basic understanding of science
and technology.

Relationships between science and the fine arts and science and
health are not as well described in the research literature. Opportuni-
ties for integration exist, however. Integrating science and art helps stu-
dents learn the importance of mental concentration and careful observa-
tion involving all the senses. Science activities also can be designed to
demonstrate the relationship between science and music. Teaching
health concepts through science manipulation experiences and labora-
tory activities helps students sharpen their science process skills and
practice their thinking and decision-making skills applicable to their
own health,

Integration of science with other school subjects benefits all curricu-
lar areas. This integration demonstrates the value of each discipline
area, as well as provides students with examples of the interdependence
of knowledge.
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What role do computers and other technological
advances play in science teaching?

Classroom teachers have always employed technology to initiate and
expand teaching and learning. The root of the word technology indi-
cates an art or skill relating to a human behavior. A formal, dictionary
definition, drawn from the 1971 edition of the Random House Diction-
ary of the English Language, states that technology is ‘‘the sum of ways
in which a social group provides themselves with material objects of
their civilization.”” American educational institutions, constituting a pri-
mary ‘‘social group’’ in modern society, have historically done just
what this definition suggests: surrounded and provided to the schools
the material objects of the society’s efforts in technology. Some previous
innovations, such as the introduction of the printed page, provided a
source of distilled expertise on topics to be addressed in the classroom.
Meanwhile, the bound text tended to limit somewhat the application
and generalization of knowledge (one tends to believe what one reads).
The introduction of a more current technological tool, the microcomput-
er, may provide a means of overcoming the relative rigidity of a text-
book. Opportunities exist for the introduction of many different instruc-
tional applications of the microcomputer in science education, although
current uses appear to center mainly around simulation-type exercises (2,
7, 36, 53). Overall, computers show great promise as a means of aug-
menting the classroom instructional process, under the guidance of the
teacher.

Research that specifically addresses microcomputer applications in
the science classroom is not abundant. In addition, the reporting done
in most of these research efforts may be anecdotal in nature, or so nar-
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row in focus as to be questionable when attempts are made to apply the
information to specific teaching situations (4, 9, 25, 28, 34). It is important
to recognize that the microcomputer is one tool in a rank of technological
resources that a teacher might use in science education. In order to inte-
grate responsibly so powerful an instrument as the microcomputer into
the curriculum, teachers require information from current and reliable
sources regarding such integration. This chapter addresses some basic
issues surrounding educational computing in the science classroom. Is-
sues discussed include: computer literacy for science teachers and their
students; the effects of current technologies on curriculum and the need
for reform; the effectiveness of the microcomputer applications in sci-
ence classrooms; and the implications for the future of microcomputing
in science education.

What does “‘computer literacy’’ mean to science education?

A large body of information on the topic of computer literacy may be
found in journal articles, magazines, newsletters, and books (24, 33, 46,
53). Material on the subject is widely available at whatever level the
professional educator requires. Many journals and microcomputing mag-
azines have published entire issues devoted to the subject of the intro-
duction of microcomputers into the schools. Many of these articles do a
good job of outlining key terminology and concepts in language that is
familiar to educator audiences. Lipson cites several professional publica-
tions for principals and administrators (34). Technology-based maga-
zines, such as the Instructional Innovator, a journal of the Association of
Educational Communications and Technology (AECT), are particularly
useful. Many people in a variety of institutions have outlined their own
definitions of computer literacy and the impact that the information will
have on the schools (32, 46, 55, 60, 42).

Teachers, when asked what sort of information was needed when es-
tablishing microcomputers as a method of instruction, responded that
resources in the following were needed:

1. how to use computers in a content area;

2. how to increase the use of computers in the school;

3. where to obtain help in using computers in instruction; and

4. where to obtain information about computer systems and instruc-

tional software (11).
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All of the above influence a teacher’s role; each should be ad-
dressed by anyone considering use of the microcomputer as an instruc-
tional aid. As with similar questions, the level of understanding and so-
phistication of the questioner will influence the kind of response that
will be helpful. The depth of the information sought by the teacher
and student also depends on what role the microcomputer is filling in
the classroom. As experience with the technology increases, more
meaningful information on microcomputers and science education will
become available (1, 29, 51, 57). This is as true for individual users as it
is for a society of users. Attitudes of teachers and students toward mi-
crocomputers can influence the degree of literacy acquired as well (5, 7,
18, 31). It is important to eliminate the reluctance to include microcom-
puters as learning tools.

What is the significance of microcomputers in the science
curriculum and what are the implications for change?

The significance to students of becoming ‘‘computer literate’ is
greater in many respects than the average educational institution sup-
poses. Schools require much more of students today than they required
during the back-to-basics movements of the past decade. Literacy now
includes many factors other than the ability to read and interpret print,
or to perform mathematical computations. Students must now be able to
sort, analyze, and synthesize vast amounts of information in a variety of
media (print, video, radio and computer). The traditional skills necessa-
ry for access to information and the ability to use that information effec-
tively are still components of literacy. Technological literacy is a
step above simple literacy, including the ‘‘necessary abilities to engage
in complex thinking, i.e., the possession of an appropriate fund of knowl-
edge and the skills to tap a continuously changing information base’’
(19).

For a science classroom to be technologically impoverished is to in-
vite ‘‘factual obsolescence,”” (59) particularly in the areas of applied sci-
ence and engineering (19, 40, 50, 59). A nation of individuals who cannot
read or write well and who have little control over a technological study
will be ill-equipped to deal with competitive groups in trade and de-
fense. According to Clifton Wharton, the ‘‘educational infrastructure
must accommodate this economic reality’’ (59).

In response to reports such as the 1983 report of the National Commis-
sion on Excellence in Education, A Nation at Risk: The Imperative for
Educational Reform, congressional and local school efforts are currently
being directed toward the improvement of science, mathematics, and

111



Computers and Science Teaching

computer science curricula. Rather than developing a new set of stan-
dards for schools, the science and mathematics reform movements
consist, more often than not, of an add-on type of change in curricular
approach. The traditional liberal arts programs have not stressed
higher-level academic skills (those centered on process, rather than
content), and are deficient in teaching logic and critical thinking (12, 32).
These deficiencies become obvious in light of reports of declining stu-
dent achievement in all tested areas. It is a widely accepted view that
technological illiteracy is symptomatic of an overall lag in teaching and
instructional content in all areas of the curriculum, not just in mathemat-
ics and science (15, 18).

The National Science Foundation (NSF) was formed in the late 1940s
as a coordinating group for research, development, and improvement of
educational programs in mathematics and science. Further prompted
by the Sputnik revolution, federal money was allocated on a large scale
for curriculum development in these areas. The outpouring of funds for
the formulation of new science curricula was not sufficient, however.
Teachers received inadequate training on new materials, and were over-
burdened with too-large classes and too-full teaching schedules. This
combination of concerns resulted in the ‘‘discovery’’ two decades later
of a math and science problem in the schools (10, 13, 22, 44). The NSF
has funded projects recently that have been more successful in pointing
out areas of change that could affect science teaching. Project Synthesis
explored five topic areas in relation to needs and recommendations for
science education improvement: biological sciences, physical sciences,
elementary school science; science and technology; and the effects of
science education on society (16). The project explored the relationships
between the actual state of science education in the schools and the
desired models of instruction. The status and needs of the science and
technology linkage were discussed in the context of elementary and
secondary education practices. Another report, a synthesis of three
NSF studies, (17) revealed additional links between science education
practices and the potentials of technology. The learner outcomes in the
projects studied are described in relation to the impact on curricular
content on students’ academic achievement, as well as their career se-
lections. The need for changes in teaching methods and materials also
is highlighted in a 1983 report delivered at a hearing organized by the
Federation of Behavioral Psychological and Cognitive Science for the
National Science Board Commission on Pre-College Education in Math-
ematics, Science, and Technology (15). Major advances and recommen-
dations for uses of technology were discussed in the report, including
areas that might be addressed, if adequate funding should become
available. Gaining consensus on locating funding for the most effective
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means of improving curriculum and instruction in science is a current
concern at both national and local levels. More than two dozen bills
dealing-with science, mathematics, and training in technology are cur-
rently before Congress. However, efforts of funding agencies would be
best directed toward encouraging total school effectiveness, rather
than toward upgrading criteria only in science and mathematics as a
means of increasing overall student achievement and literacy (18). In
brief, computer technology cannot be expected to solve all the prob-
lems associated with education that were identified in the reports men-
tioned above.

What are the effects of computer applications
in science classrooms?

One major role—perhaps the major role—of classroom computers is to
allow students and teachers to work with content in ways that are not
possible with conventional means of instruction. Practical examples of
abstract concepts (mathematical probability, or chemical reactions, for
example) can be demonstrated over and over again, in endless combina-
tions. Students are free to explore a topic as thoroughly as they like,
with no time limits or need for constant teacher-intervention. Critical
thinking skills (those skills on a higher order than rote memorization or
simple generalization of concepts) can be introduced through the use of
microcomputers (41).

Several pieces of commercial software that are currently available can
help in developing higher-order thinking skills. ‘‘Rocky’s Boots”
teaches logic and organization; ‘“The Factory’” promotes complex rela-
tional thinking skills; ‘‘Gertrude’s Secrets’” and ‘‘Gertrude’s Puzzles™
introduce deduction and inference; and ‘‘Taxman’ helps in the con-
struction of numerical strategies and sequence.

Teachers can get help in the process of both hardware and software
selection. Numerous articles and reports available through journals and
abstracts describe student achievement in relation to use of the micro-
computer as a learning tool. Sources of evaluations for software used in
general curricular areas include MECC (Minnesota Educational Comput-
er Consortium), MicroSIFT (Northwest Regional Educational Laborato-
ry), and EPIE/CU (Educational Products Information Exchange/
Consumers Union). More specific evaluations of science software exist.
However, these reports are not common in the literature and tend to be
content-oriented. Doyle and Lunetta describe three different areas of
computer applications in science education and their relative effective-
ness as compared with traditional methods (8). They also outline prob-
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lems in hardware/software selection, and the prospects for the future of
microcomputing in science education. Mandell suggests that the powers
inherent in microcomputers (rapid calculation, word processing, data
storage capabilities, graphics, color, animation) can be used effectively
in a variety of instructional modes (37).

Three instructional uses to which microcomputers are often put in
science education are general computer-assisted instruction (CAI); simu-
lations and games (a type of CAl, geared toward student-described out-
comes); and specific problem-solving activities. Literature on computer-
assisted instruction (CAl) is abundant in current research on classroom
computing practices. The process of introducing the computer into the
science curriculum, and the effects on student achievement and literacy,
along with different methods of applying the computer’s capabilities to
the teaching of science content, are areas of study that are receiving at-
tention in the research community (11, 36, 38, 43, 56). Simulations and
games are an increasingly popular application of microcomputers in sci-
ence education (6, 12, 30, 45, 47). A simulation is a dynamic display that
is based on a model or a simplified version of the actions and reactions
of a system over time (48). A simulation can be a powerful teaching tool,
because many daily experiences are formulated mentally in much the
same manner as simulations are designed. Aside from the realism of sim-
ulated experiences, the advantage of computerized games and displays
is the ability of the microcomputer to increase the difficulty and com-
plexity of a task (35). Problem-solving skills are the third area of comput-
er application to science education. Cox and Berger reported that stu-
dents could learn problem-solving skills through the use of the
microcomputer and group dynamics techniques (7). Advances in science
curriculum reforms that focus on applications of techology include the
use of technology to teach systems logic and problem-solving skills.
Microcomputer-directed lessons are a natural avenue for the support of
such learning schemes (39). A useful discussion of the role of classroom
instruction and the integration of problem-solving activities in science in-
struction is found in What Research Says to the Science Teacher, Volume
4 (61). Hurd links science and technologies as factors relating to the
changes in science education curriculum (2I). Priorities for knowledge
acquisition are approached from both a historical and a futures perspec-
tive. Student adaptability and problem-solving skills necessary for cop-
ing with information overload and rapid advances in both good and
bad technological influences in the classroom, are discussed.

One positive direction in science education that is beginning to re-
ceive attention is the potential of the microcomputer for teaching the
handicapped student. Researchers have given attention to science edu-
cation for handicapped students, highlighting the serious gaps in ex-

114

Computers and Science Teaching

isting science curricula that can be remedied by microcomputer integra-
tion (3, 20, 23, 27, 54). Science educators can become familiar with the
philosophy of mainstreaming handicapped students in science, as well
as with the concept of using an individualized education plan or pro-
gram (IEP) as a tool for responding to students’ needs. Lazar outlines
appropriate uses of IEPs and classroom techniques that allow the sci-
ence teacher to apply the most useful elements of the existing science
curriculum to the student’s program (31). Lazar’s recommendations on
learner needs assessments, task analysis, choice of instructional materi-
als, and management objectives met and/or levels of achievement, could
be applied to a microcomputer management system. Methods of in-
struction for the handicapped student (particularly physically
handicapped) have also been explored using the microcomputer. Ex-
tensive work with LOGO programming and communications devices for
physically disabled and educationally impaired (blind, deaf, autistic)
children has been reported (43). Goldenberg has prepared one of the
definitive resources on the subject of special education and computer
technology (14).

What are the implications of microcomputers for science
education and the future?

Computers represent an enormous resource for the enrichment of sci-
ence education practices. The use of microcomputers may change the
relative emphasis on and importance of certain skills. For example, more
emphasis may be placed on problem solving than on memorization of
sequences and formulas for computation. More emphasis may also be
placed on the students’ verbal skills and the precision of language used
in science classes, since students need to be accurate when communi-
cating with a computer. Simulations will create an important role for mi-
crocomputers to fill, but they will probably never fully replace the real-
life laboratory (12). Sparkes outlines uses for the microcomputer that
will give this technology a leading role in the classroom of the future
(52). Electronic blackboards for distance transmission of images, notes,
simulations, and other graphic data presentations, represent a way to
expand teacher capabilities and to provide advanced instruction to
sites that normally would not be able to access such information (13,
52). Other computer-managed functions such as data analysis and trans-
mission; management of student materials and records; and applications
of computer-assisted instruction (CAI) may also play a role in future sci-
ence education settings. Discussions of new and future directions for
computers in science instruction are found in recent literature (22, 26, 49,
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58). Links between industry and schools would involve employees of
business in the classroom. This resource-sharing could involve scien-
tists and engineers from industry and the university system in planning
and implementing educational programs in the public schools (16, 17,
22, 49).

Alternatives exist for enhancing instructional practices in the science
classroom through microelectronics. Students are facing an increasingly
complex education process that, it is to be hoped, will prepare them for
an increasingly complex workplace. Educators can take part in
introducing students to this technological boom in communication and
learning. In recent months the U. S. system of education, from kinder-
garten through higher education, has come under rigorous appraisal
from federal, state, and local groups. Dynamic developments in electron-
ic communications and microcomputer technology are rapidly altering
what teachers do and how they do it (50). According to the U. S. Of-
fice of Technology Assessment:

The so-called information revolution, driven by rapid ad-
vances with communication and computer technology is pro-
foundly affecting American education. It is changing the nature
of what needs to be learned, who needs to learn it, who will
provide it, and how it will be provided and paid for (42).

Strategies are being developed to deal with the future-oriented sci-
ence curriculum. Issues to be addressed include computer-assisted in-
struction and similar techniques, as well as management of student prog-
ress and records. Teacher training is essential for understanding and
effectively applying new techniques in the classroom. Future-oriented
curriculum content in all areas of instruction (not just science); adminis-
trative policies concurrent with growth and advancement to meet socie-
tal transformations; instructional practices and training in appropriate
skills for teachers and students; and links between school and the com-
munity, home, and other educational agencies are essential for the suc-
cessful implementation of a science education system of the future.

Summary

The development of low-cost, relatively easy-to-use microcomputers
enables schools to prepare students for their future in the information
society. Unfortunately, the potential of this new technology is blem-
ished by problems. First, the development of hardware and software
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has been unequal. While hardware is relatively sophisticated, instruc-
tional software is often of poor quality technically and/or pedagogically.
Technology users in schools need to think of themselves as pioneers,
forging a trail into often uncharted lands. Some evaluation and anecdo-
tal literature exists and should be consulted. However, in many cases
the teacher using technology would be well-advised to function as a re-
searcher discovering, hypothesizing, and testing ideas for computer ap-
plications in his/her own classroom.

It is important to realize that many current applications of microcom-
puters are answers to old problems. The potential of microcomputers to
solve problems of which we are only vaguely aware or to extend our
capabilities in new ways is great. While microcomputers can help sci-
ence students simulate natural phenomena in controlled settings, this
technology has much broader and deeper applications for all aspects of
education.
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A CONTEXT FOR SCIENCE
EDUCATION

Science education is influenced by the values,
goals, and norms of larger contexts: school, home,
and community. While these values and goals influ-
ence the learner directly, they also influence the ed-
ucation of science teachers. Chapters in this section
illuminate these points.



Influence of School and Home Factors on Learning

What implications for science education can be
drawn from research on effective schools and
classrooms? What school and home environmental
factors influence student achievement and attitudes
toward science?

During the past fifteen years a great corpus of educational research
has identified a variety of factors that directly influence and enhance
student acquisition of knowledge and student achievement. While our
understanding of how knowledge and skills are acquired has increased
dramatically, this impressive accumulation of findings seems to have
gone unnoticed by many educators, as well as by the general public (52,
54). Perhaps much of this information has been ignored because of the
negative findings of some earlier research. During the late 1960s and ear-
ly 1970s, educators were told by researchers that: most educational
techniques seem to hinder as often as they aid learning; learning is spon-
taneous; maturational forces within the student cause learning to pro-
ceed at a given rate, notwithstanding wide variations in educational con-
ditions; a lack of relationships exists between educational conditions
and student learning; and, improvements in schooling do not make a
difference in the achievement of poor and minority students (12, 25, 50).

Statements such as the above severely hurt, and continue to haunt,
the education profession. Such statements also initiated a new genre of
research: effective schools research. This research is based on the idea
that schools can be organized to improve student achievement, espe-
cially achievement of poor and minority students (3, 14, 15). Although
reports such as that of the National Commission on Excellence in Edu-
cation and Goodlad’s study of schooling accuse schools of mediocrity
and paint a grim picture of the current status of education in the United
States, recent research findings, combined with the desire to develop
exemplary programs within effective schools, should provide encour-
agement for the future. Further, it is essential for educators and the gen-

William C. Kyle, Jr., The University of Texas at Arlington

123



Influence of School and Home Factors on Learning

eral public to realize that school personnel, particularly teachers and
principals, are a vital factor in improvement efforts. Teachers are signifi-
cant in the successful implementation of programs (13). In fact, Purkey
and Smith note that change will not take place without the support and
commitment of teachers (42). In addition, principals must be effective
instructional leaders (1). In this chapter, we will focus on characteristics
of effective schools, classrooms, and other factors contributing to the
success of exemplary science programs. In addition, we will look at
home factors that enhance student achievement and attitudes in
science.

Are there effective school practices that are not widely used
that should be encouraged for more widespread use?

Recent growth in school improvement activity is phenomenal. Most
states currently have a school improvement program underway that re-
flects features of the effective schools literature. Similarly, the National
Science Teachers Association, in 1982, conducted the Search for Excel-
lence in Science Education (7, 33, 34, 36, 38, 39, 40, 58). The criteria for
this research emerged from the findings of Project Synthesis (22).
There are a great many schools around the country where careful,
thoughtful, and well-planned efforts to improve have been extremely
successful. Benefits have accrued to students, teachers, administrators,
the school as a whole, and to the community. However, these successes
are not accidental. Effective schools and exemplary programs are de-
signed to be excellent, involve several years of development, and are
still evolving (29, 35).

Research on educational improvement has been conducted from
two distinctly different perspectives: micro-effectiveness and macro-
effectiveness. The micro-effectiveness perspective uses the classroom as
the unit of investigation and analysis and contends that individuals con-
cerned about improving schools must address the question: ‘‘What are
characteristics of an effective classroom?’’ The macro-effectiveness per-
spective contends that an abundance of classroom research exists and
that, by using the school as the unit of investigation and analysis, we
can address the question: ‘“What are characteristics of the school as a
whole that influence student cognitive and affective performance?”’

In synthesizing research from both perspectives, Squires, Huitt, and
Segars have identified five school and classroom indicators that are as-
sociated with student achievement: school leadership, school climate,
student behaviors, teacher behaviors, and supervision (48, 49). It
seems clear that a comprehensive look at the factors affecting student
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achievement must encompass both research perspectives. Using the
Squires, Huitt, and Segars school and classroom indicators as organi-
zers, let’s look first at the macro-effectiveness perspective.

The primary finding of effective schools research is that ‘‘active lead-
ership creates a school climate in which success is expected, academics
are emphasized, and the environment is orderly” (49). In other words,
effective schools have effective leaders, both principals and teachers.
This point is extremely important for science educators because, al-
though the new science curricula of the 1960s were highly successful in
enhancing student performance (27, 28, 45, 46, 47), the influence of the
principal was overlooked in our efforts to improve the quality and quanti-
ty of science education (31). As a result, many principals did not under-
stand the significance of these new curricula. When pressured to ‘‘re-
turn to the basics,”’ teachers and principals often abandoned them.

Six conditions related to school leadership have been found in the
schools whose students excel (1, 10, 14, 15, 31, 44, 48, 49, 51). In effec-
tive schools, achievement is emphasized. High priority is given to activ-
ities, instruction, and materials that foster academic success. The prin-
cipal, as an instructional leader, is involved in school and classroom
activities. Teachers are aware of the school’s commitment to academic
excellence. Further, excellence is stressed in all academic areas—not
just reading and mathematics. Although standardized tests are used as
a basis for evaluating a school’s minimum obligations, an instructional
emphasis is also placed on the development and enhancement of
higher-level intellectual skills.

In effective schools, instructional strategies are set. Principals and
teachers are actively involved in instructional decision-making, espe-
cially decisions about the selection of content, materials, methods, and
evaluation procedures. Plans are developed for resolving students’
learning problems and/or deficiencies. The instructional strategies are
selected to ensure that students master the content and develop the
requisite skills, thus providing students with the cognitive and affective
prerequisites for each new learning task.

In effective schools, an orderly atmosphere exists. The school climate
is conducive to learning. Effective schools recognize a universal stan-
dard of discipline, which is enforced by administrators, teachers, and
students and is fair. Classroom routines also promote an orderly environ-
ment: lessons start and end on time, students are prepared, teachers
give and correct homework. An orderly environment helps keep stu-
dents on task and, therefore, actively engaged in learning.

In effective schools, students’ progress is evaluated frequently using
both formal and informal strategies. The results of these evaluations in-
fluence teachers’ decisions about re-teaching, supplementing, and en-
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riching students’ understanding of the subject. All students are ex-
pected to master the content, and the students’ need for success is
considered in lesson planning. Standards for achievement are high, but
attainable.

In effective schools, instructional programs are well articulated and
well coordinated. There is an interrelationship among course content,
sequences of objectives, and materials within each grade and across
the grades. What transpires in the classroom is related to the overall
goals and program of the school. Instruction also has practical applica-
tion beyond the school.

In effective schools, teachers receive the necessary support for im-
proving teaching. Teachers are encouraged to attend professional meet-
ings, workshops, and inservice sessions. The principal monitors class-
rooms, supervises instruction, and provides time for teachers to plan
together. The tone and focus of the school is established.

In studies of schools where exemplary science programs have been
developed, we find similar conditions (7, 31, 33, 34, 35, 36, 37, 38, 39,
40). In these programs, teachers are the critical factors in designing and
creating an environment conducive to inquiry. These teachers are in-
cluded in developing curricula for their grade/course; they do not have
a textbook-oriented program; they integrate more laboratory investiga-
tions and spend less time lecturing than teachers in general; and, they
find that other teachers, coordinators, university faculty members, in-
service programs, professional organization meetings, and journals are
good sources of information. Teachers in exemplary programs have high
expectations of themselves; they provide a stimulating environment and
an accepting atmosphere, while encouraging student action, decision-
making, creativity, and excitement. They challenge students, expect dif-
ferent students to achieve differently, and develop effective communica-
tion skills, all while stressing the development of higher level
intellectual skills. It should be evident that these teachers put in far
more than minimal time and they do make a difference.

Teachers are encouraged by strong administrative support. The ad-
ministration views itself as an integral part of successful curriculum de-
velopment and implementation. At the same time, teachers in these pro-
grams gain the support of, and work closely with, the administration,
parents, community leaders, and business and industry representatives.

The programs are designed, developed, and implemented by
teachers who intend the programs to be exemplary. Further, the pro-
grams are organized in an orderly, sequential manner in which the quali-
ty and quantity of science instruction is known.

Inservice training is viewed as a long-term effort, which is never-
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ending. Inservice is relevant and designed to meet the needs of individ-
ual teachers in their classrooms.

Principals support good science programs. Principals are actively in-
volved with the program, they demonstrate positive attitudes toward
the program, they communicate their interest in science to teachers and
members of the community, and they observe classes when science les-
sons are being taught. Principals also provide the necessary materials
and provide inservice opportunities in science that address the needs of
individual teachers. Finally, principals recognize that science is a basic
part of their curriculum.

Thus, effective schools and schools with exemplary science programs
are characterized by strong teacher and principal leadership in a school
climate that emphasizes academics and success in an orderly environ-
ment.

In turning our attention to the micro-effectiveness view, we see that ef-
fective classrooms can be examined from three perspectives: student
behaviors, teacher behaviors, and supervision. While each of these di-
mensions influences student achievement, student behaviors are most
directly correlated with student achievement scores. Student and
teacher behaviors will be the primary focus of the discussion that
follows.

Squires, Huitt, and Segars maintain that three specific areas of stu-
dent behaviors have the most potential for affecting student achieve-
ment: involvement, coverage, and success (48, 49). Involvement is the
amount of time a student actively works on academic content. The key
term here is ‘‘actively works.”” This is often referred to as engaged
time—when the student is concentrating on an academic task—in con-
trast to ‘‘allocated time,”” or the amount of time scheduled or planned
for instruction. Success refers to how well a student performs on class-
room tasks. Coverage refers to the amount of content covered by a stu-
dent during the school year. Each of these variables is measureable
and each of these variables is alterable (4, 5, 49). It is for these reasons
that Squires, Huitt, and Segars believe that measures of involvement
(engaged time), coverage, and success should become the focus of
school improvement efforts. It should be remembered that these three
behaviors are interdependent. In the following discussion, however,
each will be treated separately, before the interdependence is consid-
ered.

Student acquisition of the content and skills, as well as the ability to
apply such knowledge, will be enhanced if teachers attend to both allo-
cated time and engaged time (17). First, it is clear that time must be allo-
cated to teaching and learning a specific skill if that skill is to be mas-
tered. Many elementary schools simply do not allocate time for science
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in their curriculum plans. If time is allocated, it may amount to so little
that meaningful activities cannot be pursued. Goodlad states that ‘‘the
amount of time spent on a given subject is a powerful factor in learning’’
and that this influence appears to be greater for subjects such as science
that are not usually taught outside of school (21). It is, therefore, imper-
ative for teachers and principals to become more aware of, and efficient
in, their allocation of time for school science. This is in addition to as-
suring that student engaged time leading toward successful experiences
in science is maximized. Thus, teachers and principals must be innova-
tive in their time allotment and classroom planning.

Elementary teachers often struggle with the problem of how to inte-
grate inquiry-oriented science activities into traditional 25-35 minute dai-
ly science classes. Similarly, junior and senior high school science
teachers are frustrated in their attempts to complete extended investiga-
tions in 45-55 minute lessons. A few simple schedule modifications
would ensure that students have the necessary time to engage in mean-
ingful, productive inquiry-oriented science activities. In elementary
classrooms, rather than teaching science approximately 30 minutes per
day, science could be scheduled for two or three 60-90 minute periods
per week. Realistically, up to five minutes may be spent organizing activi-
ties, getting supplies and material organized, and engaging students in a
science activity/lesson. Similarly, up to five or seven minutes may be
spent cleaning up, returning supplies, and ending the activity. What re-
sults in the traditional setting is that less than 66% of the allocated time
is available for students to engage actively in learning. With two or three
60-90 minute lessons, however, preparation time and clean-up time re-
main constant while the amount of potential student engaged time has
been increased to about 90%. An additional benefit for elementary
teachers is that with extended periods and alternate daily scheduling
of disciplines such as science and social studies, there are fewer daily
preparations. At the junior high and senior high levels, science courses
should be scheduled with at least one double laboratory period per
week. Such allotment changes would significantly increase student en-
gaged time, assuming the coverage issue has been resolved. Effective
schools are noted for their flexibility in time and scheduling. Similarly,
many of the exemplary science programs identified by NSTA use flexi-
ble scheduling.

One high school, recognized by the Secretary of Education as part of
the U. S. Department of Education’s 1982 Search for Excellence pro-
gram, schedules English classes and chemistry classes together. A
sample schedule might call for a two-hour chemistry class on Monday
and Wednesday (with no English class on those days), a two-hour Eng-
lish class on Tuesday and Thursday (with no chemistry class), and one
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hour classes for chemistry and English on Friday. Following this pat-
tern, chemistry teachers can organize and conduct labs and English
teachers can engage in extended activities during their two double peri-
ods per week.

While allocated time refers to ‘‘official time,”” ‘‘engaged time’’ refers
to the amount of time within the allocation that the student spends ac-
tively learning. Different students learn at different rates, so the amount
of needed engaged time will vary by individuals. Moreover, different
learners prefer different types of learning activities. The point is, howev-
er, that unless the student is actively working at learning, learning will
not occur. Time allocations will need to be different for different stu-
dents in the same class. A student will spend a portion of the allocated
time engaged in working on the task, e.g., manipulating materials, read-
ing, thinking, interacting with students or the teacher, or processing in-
formation.

Student learning, however, is influenced not only by the amount of al-
located and engaged time, but also by the match between the task and
the student. If the task is so difficult that the student experiences few
successes, then student motivation and attitude decrease and little
learning results. If students encounter many experiences leading toward
success, then learning is more likely to occur.

The term coverage does not imply that ‘‘the more content covered the
better’’; or, that science teachers should be concerned about ‘‘finish-
ing the book.”" It is the quality of the science and technology education
that students are actively engaged with that is important—not the quan-
tity. Thus, coverage refers to the amount of meaningful content that
each student is engaged with throughout the year. The integration of
relevant content, scientific processes, and applications of the content to
societal contexts should become the focus of the coverage issue for sci-
ence teachers. It is far better to have all students actively engaged 90%
of the time with content that is interesting to the student, appropriate for
the learner, and able to be applied by students in their daily lives, but
which may not be in the book, than to have less than half of the stu-
dents engaged approximately 60% of the time while ‘‘covering the text.”
The coverage issue is one that personnel in effective schools and exem-
plary science programs have thought through extremely carefully as
they designed, developed, and implemented well articulated and se-
quential instructional programs intended to be effective for all students.

Teacher behaviors also have an impact on student behaviors and stu-
dent achievement. Squires, Huitt, and Segars maintain that teachers
have the most influence over student behavior and that they support
student achievement through planning, instruction, and classroom man-
agement (49). Hunter defines teaching as ‘‘the process of making and
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implementing decisions, before, during, and after instruction, to in-
crease the probability of learning’ (24).

Planning for instruction involves identifying specific tasks or activities
that will be presented in the classroom. Planning for student involve-
ment, coverage, and success in effective classrooms, however, involves
much more. It encompasses identifying instructional/performance objec-
tives, diagnosing learner characteristics, and selecting appropriate in-
structional and management strategies (49). In planning for instruction,
teachers should take into account students’ prior learning. Bloom esti-
mates that 60-80% of the difference in student achievement scores is
due to differences in students’ past learning (4). The successful comple-
tion of science activities and acquisition of scientific skills and processes
may depend as much upon the cognitive and affective characteristics
that students bring to the class as upon the teacher’s planning and prep-
aration for instruction. Diagnosis can be accomplished by pre-testing
students at the beginning of a new course and using feedback-corrective
procedures to enhance students’ knowledge of the prerequisites they
missed. Then, throughout the course, continued use of a feedback-
corrective approach will ensure that each student has the cognitive and
affective prerequisites for each new learning task. Again, it should be ev-
ident that in order to implement such procedures successfully a well ar-
ticulated and sequenced curriculum is necessary within each grade and
across all grade levels.

All students can learn most of what they are taught. Teachers, how-
ever, can enhance this learning in a number of ways, as we have shown.
One way in which learning can be promoted is related to whether the
teacher establishes an environment that is supportive of cooperative
learning, or one that reinforces individualistic or competitive learning.

In science classes, research indicates that cooperative learning expe-
riences promote greater mastery and retention of the material being
taught, as well as more positive attitudes toward the experience, when
compared to student performance in competitive or individualistic learn-
ing experiences (23, 26). The average student in cooperative learning en-
vironments performs at the 79th percentile when compared to other
learning environments (6, 53). Thus, the way in which science teachers
structure instructional goals determines the nature of student-student
interactions, which also affect instructional outcomes (26). A brief
synthesis of these three modes of student-student interaction seems
appropriate:

1. Competitive. Students perceive that they can achieve their in-
structional goal if, and only if, their classmates fail to achieve their
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goals. Students are instructed and encouraged to work faster and
more accurately than their classmates. Grading is based on a
norm-referenced system. Most students perceive school competi-
tively. Competition among students is caused by negative goal in-
terdependence.

2. Individualistic. Students perceive that their ability to achieve in-
structional goals is unrelated to the goal achievement of their class-
mates. Students are instructed to work on their own, at their own
pace, without interacting with other students. Grading is based on
a criterion-referenced system; the achievement of one student has
no affect on the achievement of others. Individualistic instruction
has been offered as an alternative to competition. Individualistic
instruction contributes to student loneliness and alienation and ad-
versely affects social and cognitive development.

3. Cooperative. Students perceive that they can achieve their instruc-
tional goal if, and only if, the other students with whom they are
working achieve their goals. Students work together to achieve a
group goal. Grading is based on evaluating the quality of the
group’s product on a criterion-referenced system. All members of
the group must master the material. Thus, cooperation is encour-
aged by positive goal interdependence with individual accounta-
bility (26).

Science classes, by virtue of the nature of science and scientific in-
quiry, offer an ideal environment for students to learn cooperatively. A
current goal of science teaching is derived from the interaction of sci-
ence, technology, and society. This goal emphasizes preparing future
citizens to recognize and resolve societal issues and concerns rooted in
science and technology. The goal emphasizes not only cognitive skills
but also affective, ethical, and aesthetic understandings of science and
technology. We have a better chance of helping students reach these
understandings if we structure learning situations cooperatively.

Thus, ‘‘effective teaching involves the considered selection of a
teaching approach to attain a desired educational outcome with a par-
ticular type of learner’’ (41). It should be clear then, that, despite recent
outcries from back-to-basics supporters and direct instruction propo-
nents, an emphasis on basics and direct instruction is not effective in all
disciplines or for all students (18, 20, 43). This point is extremely impor-
tant for science teachers and administrators to realize. The objectives of
effective science classes focus on higher level processes and cognitive
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skills (e.g., ability to identify and solve problems, inquiry skills, analytic
thinking) in addition to acquiring scientific content. Thus, teachers
should implement a variety of instructional techniques (e.g., lab work,
demonstrations, group work, projects, simulations, independent study,
brainstorming, role playing, questioning, classroom discussions) that
bear a logical relationship to the instructional objectives. It must be re-
membered that the appropriateness of an instructional technique is con-
textual. That is, it must be judged in terms of the instructional objec-
tives it is supposed to help students master—and, whether or not
students master those objectives. Under such learning conditions, all
students have equality with regard to learning outcomes (4). Another
major goal of education must be to provide all students equal access to
knowledge and learning outcomes, not merely equal opportunities to
learn (4, 21).

Effective classrooms are, therefore, characterized by a diversity of in-
structional strategies being implemented, depending upon the objec-
tives and student needs. Wise and Okey characterize an effective sci-
ence classroom as one in which:

Students are kept aware of instructional objectives and receive
feedback on their progress toward these objectives. Students
get opportunities to physically interact with instructional mate-
rials and engage in varied kinds of activities. Alteration of in-
structional material or classroom procedure has occurred
where it is thought that the change might be related to in-
creased impact. The teacher bases a portion of the verbal in-
teractions that occur on some plan, such as the cognitive level
or positioning of questions asked during a lesson. The effective
science classroom reflects considerable teacher planning. The
plans, however, are not of a ‘‘cookbook’ nature. Students
have some responsibility for defining tasks (57).

Finally, Squires, Huitt, and Segars maintain that supervision that sup-
ports classroom teachers’ efforts to increase student involvement, suc-
cess, and coverage can lead to increases in achievement, especially if
supervisors help teachers plan, manage, and instruct toward those de-
sired outcomes. Thus, every supervisor should be proficient in observ-
ing classrooms, in conducting conferences, and in planning with
teachers to improve performance in those areas. Successful, positive su-
pervision can be rewarding and productive (48, 49).

Systematic innovation in science instruction has been found to pro-
duce positive improvements with regard to science learning and attitude
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(9). Schools can be effective in educating most students and science pro-
grams can be designed to be exemplary. When instructional methods,
techniques, and activities match the inquiry-oriented nature of science,
students not only enhance their performance on higher level skills, but
they acquire more scientific knowledge while developing more positive
attitudes about science (27, 28, 45, 46, 47).

Finally there is another area that, while not controlled by teachers,
does affect teaching and learning. Class size is a factor that affects cogni-
tive, affective, and instructional outcomes. Other things being equal,
students learn more, are more actively engaged in learning, and have
more positive attitudes regarding school and learning in smaller classes
(19). Under the most extreme learning conditions (1:1 tutoring), the av-
erage tutored student exceeds the performance of 98% of the students in
conventional group methods of instruction. More impressive is the fact
that 90% of the tutored students attain a level of achievement reached
by only the highest 20% of the students under conventional conditions
(6). Although exclusive one-to-one instruction is obviously not possible
in classrooms, there are two important messages to be gleaned from
such knowledge:

1. Most students do have the potential to attain the highest levels of
learning (6).

2. Measured ability does not account for a great amount of variance in
science learning. The primary factors that do influence learning
and thus compensate for ability differences are the quality and
quantity of instruction; student motivation; and, the home, peer,
and classroom environment (6, 8, 53).

The issue now becomes how does the teacher operationalize these
two points in classes marked by whole-group instruction? What varia-
bles that most influence learning can be altered so that students attain
the same level of cognitive and affective performance in conventional
class groupings that are attainable with one-to-one instruction? Recent
evidence appears to suggest that this goal may be attainable. Bloom and
his associates believe that when two or three alterable variables involv-
ing different objects of the change process are used together their ef-
fects appear to be additive (6). The four direct objects of change
identified by Bloom and his associates are:

1. the learner,
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2. the instructional material,
3. the home environment or peer group, and

4. the teacher and the teaching process.

By attempting simultaneously to alter variables associated with the
learner and with the teacher, for example, the results may be greater
than if we attempted to alter two variables associated with the learner.
A number of possible combinations leading toward enhanced perform-
ance in science classes can be envisioned. For example, teachers might
use the methods, techniques, and strategies of the new science curricu-
la (which is a change in Object 2) in conjunction with:

1. Learning feedback-corrective methods (Object 1). Bloom esti-
mates that with this combination, the average student would ex-
ceed the performance of 90% of the students in conventional sci-
ence classes.

2. Cooperative learning (Object 4). The average student, according to
Bloom, would exceed the performance of 85% of the students in
conventional science classes.

3. Home environment intervention (Object 3). The average student
would exceed the performance of approximately 80% of the stu-
dents in conventional science classes, according to Bloom.

In addition to the school environment, what home factors can
be identified that affect student achievement and attitudes in
science?

The home environment is one of the most important influences in the
development of a child’s cognitive abilities and affective characteristics
(5, 6, 30, 53, 55). Parental involvement is a key factor in influencing a
child’s desire to learn. Many teachers find it useful to involve parents in
learning activities with their children at home (2). Direct ‘‘parent in-
volvement in learning activities is a strategy for increasing the education-
al effectiveness of the time that parents and children spend with one an-
other at home”’ (2). Teachers should stress the importance of the home
environment and out-of-school peer groups. Parents should be encour-
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aged to provide opportunities for their children to learn outside of
school; to stress the importance of learning; to establish a regular study
schedule; to review their children’s homework; to limit the time al-
lowed for television viewing; to support out-of-school peer groups with
learning interests, goals, and activities.

Many parents indicate a willingness and desire to help their children,
but they don’t know where to begin. Bloom has synthesized some
home environment factors that influence school learning, which
teachers and administrators should share with parents. Such factors in-
clude:

1. monitoring work habits in children;
2. allocating times to study or read;

3. placing a priority on schoolwork, reading, and other educational
activities over television and recreation;

4. providing academic guidance and support;

S. encouraging activities that have educational value e.g., family dis-
cussion of news, current events, TV programs, as well as the use of
libraries, museums, and cultural activities;

6. providing opportunities for the enlargement of vocabulary and sen-
tence patterns;

7. supporting and encouraging the child at each stage of educational
and cultural development; and

8. assisting the child in establishing academic aspirations and expec-
tations (5).

Ware and Garber note several home environment variables that pre-
dict student achievement (55). The availability of materials in the home
seems to be the most important variable for predicting school success.
Parents should be encouraged to have books for school and leisure
reading, as well as games and supplemental materials to enhance what is
being taught in school. The remaining home environment variables
influencing achievement are interactive processes that exist between the
parent(s) and child, e.g., awareness of child’s development; the system
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of rewards for intellectual attainment; expectations fqr child’s schooling;
and, the reading press the parent places on the child. Home-centered
activities that enhance these interactive relationships also have the po-
tential for increasing the child’s school success. ‘

Becker and Epstein have identified fourteen speciﬁc teagh}qg tegh-
niques that teachers can use to involve parents in learn_mg activities with
their children. The five major categories include techniques that:

1. involve reading and books;
2. encourage discussions between parent and child;
3. specify certain informal activities at home to stimulate learning;

4. involve contracts between teachers and parents that. specify a par-
ticular role for parents in connection with their children’s school

lessons or activities; and

5. develop parents’ tutoring, helping, teaching, or evaluation skills

(2).

Techniques within each of these groupings are effective regardless of
the educational level of the parent and/or socioeconomic status. Wal-
berg notes that ‘‘the ’alterable curriculum of the homg’ is twice as pre-
dictive of academic learning as is family socioeconomic status’ (53).
Family environmental variables can be altered by educators and par-
ents to promote a child’s cognitive and affective development. Many
teachers complain about the lack of interest some parents have about
education. Reality is that many parents do not know how to express
their concern or how to enhance the likelihood of their child’s school
success. Thus, for parental involvement to be successful teachers and
administrators may need to help parents create environments .that en-
courage cognitive and affective learning. Teachers and admimstra?qrs
will need to establish parental involvement programs and to bq familiar
with the socio-psychological dynamics of families (30). Techniques for
parent involvement in home-learning activities have far greater potent_lal
for actively involving parents in important educational exchanges with
the teacher than have traditional school visitation nights and/or parent-
teacher conferences (16). Castenell has noted differences among
achievement motivation in adolescents (11). Not all adolescents perceive
academic achievement as being necessary for success in life. Adoles-
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cents, however, are capable of perceiving achievement in home situa-
tions and/or peer relationships. Thus, it is imperative for teachers to rec-
ognize diverse life experiences of students and adjust the curriculum
accordingly. Similarly, teachers can provide parents with suggestions
that could originate at home and could lead toward academic success.
Castenell also asserts that traits such as cooperation, collectivity, and
interdependence are important in motivating students for academic
achievement.

Finally, with regard to the home environment, research on home fac-
tors indicates that the influence of television on achievement depends
on the amount of viewing time. Thus, television is neither the villain nor
the redeemer with regard to academic performance. ‘‘Up to 10 hours
per week of television viewing may actually enhance achievement slight-
ly. Beyond 10 hours, achievement diminishes with increased viewing
up to 35 or 40 hours per week’ (56). Parents then, should monitor the
quantity and quality of television viewing. Teachers, however, should
encourage parents to watch educational programs with their children
for the purpose of discussion. Teachers could even prepare a few open-
ended discussion questions for such viewing. The benefits derived by
students, parents, teachers, and society alike are extremely valuable. As
educators, we must not ignore the potential of the home environment.

Summary

Learning does not occur in a vacuum. Students’ progress is affected
by factors in the school and in the classroom, as well as by conditions
in the home.

Science teachers can profit from the research on effective schools
and effective teaching. Many programs reflect features of the effective
schools literature. This research can be viewed from two perspectives:
by looking at the characteristics of an effective classroom, and by ask-
ing what characteristics of the school as a whole influence student per-
formance.

Several factors in the classroom influence student achievement.
These include students’ use of time in the classroom; teachers’ plan-
ning, instruction, and management of the classroom; and supervisors’
support of teacher behaviors in the classroom.

Effective schools and schools with exemplary science programs are
characterized by strong teacher and principal leadership in a climate
that emphasizes academics and success in an orderly environment.

The home is one of the most important influences in the development
of children’s cognitive abilities and affective characteristics. Family en-
vironmental factors can be altered by educators and parents to promote
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chil

dren’s development. Teachers and administrators are encouraged

to establish ways for parents to be involved in their children’s learning.
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Is there a shortage of science and mathematics
teachers? Are new science teachers being prepared
to enter the profession?

There is a severe shortage of teachers in science and mathematics
now, and it will grow steadily worse over the next ten to fifteen years
(14). In 1982, on the average, teacher training institutions throughout
the country each graduated only three mathematics teachers and only
five science teachers, most in biology (23).

This problem of declining numbers of science and mathematics
teachers will be further exacerbated by the increasing numbers of high
school students beginning in 1985, by increased high school graduation
and college entrance requirements, and by the high number of science
teachers who will leave the profession for retirement, for higher-paying
industrial positions, and because of teacher burnout.

According to the National Center for Educational Statistics, there are
currently about 200,000 science and mathematics teachers in elementary
and secondary level classrooms (18). In 1980, thirty states reported
shortages in mathematics; sixteen states reported these shortages as
critical (8, 9). By 1981, the number of states reporting shortages in math-
ematics and science had grown to forty out of the forty-five responding
(25). A look at trends over the years 1972 to 1982 reveals that the num-
ber of secondary school science teachers decreased by 65%. The cor-
responding decrease for mathematics teachers was 75%. Moreover, al-
most five times more science and mathematics teachers left teaching in
1981 for employment in non-teaching jobs than left because of retire-
ment (15, 19). Overall the supply of individuals with science and mathe-
matics education degrees has been falling since 1972 (20).

Perhaps the most severe problem facing science education presently is
the critical shortage of gualified science and mathematics teachers, es-

Lowell J. Bethel, The University of Texas at Austin
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pecially at the secondary level (40). When one reviews science teacher
education programs nationally, it appears that science education at the
elementary school level is no better off.

While many reports identify critical needs for teachers in both sci-
ence and mathematics, some states are reporting no shortage of either
science or mathematics teachers. Since we know that universities are
graduating fewer science teachers and that enrollments are on the in-
crease in high school science classes, why is the shortage problem not
more severe”?

A review of data generated by one state department of education re-

veals that positions are being filled by people with emergency teaching
certificates (32). In these cases, teachers who have not fulfilled all of
the necessary requirements in science or mathematics are given an emer-
gency teaching certificate for one to three years. During this time, they
must complete the coursework to meet the minimum requirements of the
position for which they have received an emergency teaching certifi-
cate. If this practice is widely followed throughout the states, then
teacher shortages will appear to vanish. This practice has resulted in
decreased numbers of teaching vacancies, as well as decreased reports
of teacher shortages. However, it raises the important question of the
qualification of teachers.
_ The problem of adequate numbers of qualified teachers, at all levels,
is complicated by the quality of students drawn to the education field.
The average SAT scores for all students in the country have been falling
for over twenty years. Hurd reports that the average SAT verbal scores
for education majors has dropped from 418 to 330—a drop of 79 points
(15). Hurd also reports that education majors placed 17th out of 19
fields of study on the ACT math tests; they placed 15th out of 16 fields
on the SAT mathematics test (15).

There have been efforts to improve science teaching preparation pro-
grams. Several preservice science teacher programs were established in
the 1970s during the development of the innovative science curricula
supported by NSF funds. Examples include the Purdue and Iowa
U_PSTEP programs, funded by NSF (6). These two programs, together
with many other UPSTEP programs, resulted in new and improved
preservice science education programs. In addition, nine programs were
funded by the U.S. Office of Education for the improvement of elemen-
tary‘ teacher education. Helgeson and his colleagues report no research
fmdmgs to indicate that any of these programs had a significant
impact (12).

Other' new programs started in the late 1970s in order to improve
pre‘serV1.ce science education include the New Elementary Program,
University of Florida; A College School Cooperative Science Teacher
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Education Program, Richmond College of City University of New York;
The University of lowa Model and Project Assist, The University of
Iowa; and the Cooperative Teacher Education Program, University of II-
linois (12). Many of these programs were the result of a landmark survey
conducted in 1968 by Newton and Fletcher. Called the Research on
Science Education Survey (ROSES), it revealed that preservice science
teachers saw education courses as irrelevant to their future teaching ca-
reers (6, 12). Many felt that professional education courses were useless
or a waste of time.

Several states have begun to consider ways to improve methods for
selection of new teachers (30). Some states require higher admission
standards for preservice teacher applicants. These procedures have
taken three forms. Some states test for entry level literacy and computa-
tion skills. Others test the applicant’s general education background,
which covers the liberal arts program of the first two years of college. In
this approach, students wishing to enter schools of education must
achieve a specified minimum score or be denied admission into the pro-
gram. Another approach that is being instituted is the raising of grade-
point-average requirements for admission into colleges of education.

Some states are beginning to test teachers after the completion of their
undergraduate training. In these efforts, before a teaching certificate is
granted, candidates must attain a minimum score on a norm-referenced
test. High cutoff points are set to ensure improved teaching. The Nation-
al Teacher Examination is used by some states for this purpose; other
states have elected to develop their own examination. The state-
developed tests generally are of two types: basic skills tests, or tests of
specific competencies that teachers are expected to have mastered to
be effective teachers at either the elementary or the secondary level,
specifically in specialties such as science. Georgia has spent over $2 mil-
lion to develop a performance evaluation system for beginning teachers.
Florida has also developed an evaluation program to assess new
teachers’ skills before issuing a final teaching certificate. Similar proce-
dures are planned by other states.

What do we know about the training of science teachers
throughout the country? What is the effect of this training on
teachers’ attitudes and practices?

Many educators, including school principals, supervising teachers,
and science educators, agree that beginning teachers lack competence
in science subject matter. Often they have experience in one subject area
(e.g., life science, physical science, earth science), but are expected to
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teach several subject areas during the course of the year. Usually state
certification is based on course titles, number and distribution of uni-
versity credits, and grades earned (6). Certification is thus based on the
‘““‘approved program’’ approach, involving colleges and universities in
the certification procedure.

Undergraduate courses by preservice teachers are the same as those
usually taken by students preparing for graduate study or for profession-
al schools (e.g., medicine, law, engineering, etc.). Further complicating
the problem is the fact that secondary level science teachers receive
training in two major areas: general undergraduate academic courses
and professional education courses. Of the education courses, a small
number are in their major subject area, and few or none are in other sci-
ence areas. For instance, biology preservice teachers take, on the aver-
age, eight undergraduate biology courses, or an equivalent of twenty-
four credit hours (31). However, they are required to take few or no
courses in chemistry or physics. The same is true for earth science,
chemistry, physical science, and physics majors. Surveys reveal that
about 21% of the nation’s biology courses are taught by teachers with
less than eighteen semester hours in biology (31).

Elementary preservice teachers are rarely required to take more sci-
ence content than is required for the academic foundations component
of their undergraduate program (12). This usually amounts to no more
than two science courses, or six semester hours. Another problem in
teacher education at the elementary level is the certification process.
Certification of elementary teachers is a responsibility of each state and
. its department of education. There is a wide variance of requirements,
as reported by Fiestritzer in her state-by-state analysis of education
(10). Most state education department requirements for teacher certifica-
tion stipulate a science course with a laboratory and a science methods
course for all elementary preservice teachers (22). But some states are
beginning to eliminate this requirement. In order not to increase the
number of hours in a teacher education program, substitutions are al-
lowed or old standards are altered or changed. This has resulted in
some states certifying teachers without any credits in science (36).

There have been some improvements in the subject competence of
preservice teachers. Yet, the typical undergraduate sequence of re-
guired science courses is inadequate. A major problem noted by Hurd
1s that “‘the college or university major for science teachers is not typi-
cally based on a content analysis of (present) school science, or, in other
words, what the teacher is expected to teach’ (15).

In 1969 the American Association for the Advancement of Science
(AAAS), together with the National Association of State Directors of
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Teacher Education and Certification and the National Science Teachers
Association (NSTA), formulated and published guidelines for the pre-
service science education of elementary and secondary teachers (1, 21).
NSTA has recently issued another position statement on preservice ele-
mentary and secondary science teacher education (23). NSTA and
AAAS continue to endorse and support the guidelines. Most universities
and colleges, however, have not followed the guidelines. While the
guidelines have caused some science education courses to be changed,
the changes have had little, if any, impact on college requirements for
certification (10). While these national science education organizations
continue to refine their positions, there is no mechanism for translating
these positions and statements into science education courses that can
improve the preparation and quality of preservice science teachers at
both the elementary and secondary levels.

How teachers get trained in their profession affects both their teach-
ing practices and their attitudes. To cite but one example, use of inquiry
methods has been a major objective of science education at all levels
since the early 1960s. Several reports using meta-analysis as the major
research method have convincingly demonstrated strong empirical sup-
port for the use of inquiry methods for teaching science (29). The re-
ports conclude that this teaching strategy significantly affects students’
performance on seventeen out of eighteen performance criteria (29). Stu-
dents involved in the programs developed during the curriculum reform
era of the 1960s had the greatest gains in such areas as science process
skills’ development, attitudes toward science, and science achievement.
The new science programs that stressed inquiry methods appeared to
offer many avenues for improving science education (29). If more science
teachers were adequately trained in methods used in these programs as
part of their preservice science education, the quality of science instruc-
tion would increase dramatically throughout the country. However, as
shown by Helgeson and his colleagues in their study of various science
teacher preparation programs, traditional teaching methodologies—
lecture and verification laboratory exercises—are predominant in our
teacher-training classrooms (12).

Research indicates that inquiry-methods training can and does result
in significant changes in inquiry methods teaching (12). Evidence exists
to demonstrate that, in the development of process teaching skills, par-
ticipation in designing inquiry lessons is more important than knowledge
of science (12). But teachers at both the elementary and secondary lev-
els found inquiry methods to be difficult to establish and manage (31).
Some teachers felt that state guidelines for laboratory work were impos-
sible to meet (31). Approximately 20% of the teachers interviewed by
Stake and Easley stated that equipment and supplies were difficult to
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acquire; other teachers considered inquiry methods dangerous, espe-
cially in classrooms with many discipline problems (31).

Science taught as inquiry at the elementary and secondary level is
valued, however, by most teachers and school principals (12). A major
barrier to the teaching of science as inquiry is the preparation of science
teachers. A large percentage of teachers (about 78%) are ill-prepared,
by their own admission and in the eyes of others, to guide students in
inquiry methods (31). While one-third feel that they receive adequate
support for this style of teaching (36), their college and teacher training
did not emphasize or use such methods (12). There have been attempts
to improve process skills’ development in teacher training programs, but
not much has come of these efforts (12). The National Science Founda-
tion attempted to overcome this problem through summer institutes and
academic year programs during the 1970s (12). About half of all teach-
ers surveyed by Helgeson and his colleagues had attended at least one
NSF inservice workshop. However, only a few of these NSF programs
were specifically designed for elementary school teachers.

During the 1970s, three major status studies concerned with various
aspects of science education were commissioned because of national
concern about science education. The first was a literature search and
summary conducted by Helgeson and others (12). The second was a
collection of in-depth case studies carried out in several school systems
(31). The third was a comprehensive survey of teachers, school admin-
istrators, and curriculum supervisors (36).

The studies found that some teachers were using more inquiry-
oriented and ‘“‘hands-on’’ activities in their classrooms. Much of this
change away from didactic methods was due to NSF summer work-
shops and academic year institutes. Student-centered classrooms were
prevalent among teachers who had attended at least one NSF-
sponsored program. Yet a large percentage of classrooms relied heavily
on textbooks, recitations, and teacher-directed activities. Demonstra-
tion at the secondary level was used a great deal.

Not surprisingly, the three studies identified the teacher as being
central to science education. Concern was raised over the way teachers
are both trained and taught. Preservice teachers are poorly prepared in
several areas of science. The case studies by Stake and Easely revealed
that teachers were poorly prepared to teach many of the NSF-
supported science curricula and usually required inservice courses as
soon as they graduated (30).

There have been a number of studies assessing the attitudes of pre-
service teachers toward science and science teaching; many have inves-
tigated the relationship between attitudes and inquiry-teaching meth-
ods. Barufaldi and his colleagues investigated the changes in attitudes
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of preservice teachers as a result of experiences with inquiry methods
(2). After completing an inventory of attitudes toward science, students
took a methods-of-teaching course that stressed ‘‘hands-on’’ experi-
ences as well as inquiry activities. Results showed that significant posi-
tive changes in attitudes toward science and inquiry teaching methods
had occurred (2).

A similar study was undertaken with elementary teachers in order to
assess the effects of an inquiry-oriented, hands-on, all-day workshop on
attitudes toward science and inquiry teaching (2). The procedure gave
preservice teachers opportunities to handle materials, to do experi-
ments, and to interact in small groups. These activities significantly im-
proved attitudes toward science and science teaching that emphasized
inquiry methods (2).

Preservice elementary teachers are usually required to enroll in an un-
dergraduate science methods class. The methods course in science is
expected to do many things in one semester: teach science concepts,
develop a philosophical view of science, provide a refresher course in
educational psychology and learning theories, and provide the struc-
ture for development of science inquiry teacher strategies. However,
Renner suggests that research in science education has demonstrated
two important findings:

1. Science inquiry activities from the elementary science ‘‘alphabet’’
programs are effective in changing attitudes toward science and
science inquiry teaching.

2. Training models used to instruct preservice teachers are effective
in developing specific teaching behaviors such as observing stu-
dents, evaluating students’ classroom performance in science, de-
veloping effective questioning strategies, and other behaviors re-
lated to teaching science in inquiry (26).

Other studies have demonstrated a relationship between teaching
methods and attitudes. Yeany developed three procedures designed to
encourage and instruct preservice teachers to use inductive/indirect
teaching methods for science instruction (41). The first method consist-
ed of instructing preservice teachers in the use of the Teaching Strate-
gies Observation Differential (TSOD), a science teaching strategy analy-
sis method. The second procedure required preservice teachers to view
videotapes of model science lessons that demonstrated inductive/
indirect teaching methods. The third procedure was a combination of
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the previous two. Yeany found that the group receiving the combination
treatment adopted a more inductive/indirect teaching style than the
control group, which only viewed the films. The data supported the
hypothesis that activities can be planned and used with preservice
teachers and that these activities significantly affect teaching style as
well as attitudes (41).

Science educators at the University of Georgia have reported a num-
ber of investigations related to teacher performance in the classroom (5,
13, 33, 34, 35). Many of their studies have reported on the Teacher Per-
formance Assessment Instrument, which is used to assess teacher be-
havior and performance in the classroom.

Herron and his colleagues summarized several elementary science
teacher education studies conducted prior to and during 1974 (13). A
number of the studies focused on the development of science process
skills and their use in classroom teaching. It was reported that most ex-
perimental groups, when compared to control groups, improved signifi-
cantly in their development and use of these skills and exhibited im-
proved attitudes toward science (13). Apparently, however, attitudes
were unaffected in one case after science process skills instruction (24). 1t
would, therefore, appear that programs that stress the development and
use of science process skills not only improve these skills, but also tend
to improve attitudes toward science and science teaching.

It can be concluded that neither elementary nor secondary school
science teachers have been exposed to science courses where the
teaching methodology emphasized inquiry and the development of
concepts (31). Good, sound model interdisciplinary courses have been
nonexistent (31).

Another factor that affects, in particular, elementary teacher attitudes
toward science is the relatively small amount of required science content
coursework. Because elementary science teachers are required to take so
few courses in science, many feel they are not adequately prepared to
teach science. This lack of training in the science disciplines is believed
to be one of the biggest obstacles to improving elementary science pro-
grams (31). Weiss reports that only 22% of elementary school teachers
feel qualified to teach science, while 39% feel qualified in social studies,
and 49% feel qualified in mathematics (36). In another survey of elemen-
tary school teachers’ perceptions of their ability to teach science, she
found that 16% felt ‘‘not well prepared,”” 60% felt ‘‘adequately quali-
fied,”” and 22% felt ‘‘well qualified’’ (36). Stake and his colleagues
wrote:

Although a few elementary teachers with strong interest and
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understanding of science were found, the number was insuffi-
cient to suggest even half of the nation’s youngsters would have
a single elementary year in which their teachers would give sci-
ence a substantive share of the curriculum and do a good job
doing it (31).

Hurd reports that almost 51% of elementary teachers say that their
preservice training did not prepare them to teach the science they are
required to teach on a daily basis (14). Another 71% reported that they
had never had inservice science training, while 64% revealed that they
no longer had science consuitants to help (14).

Do teachers really need science inservice? If they do, how
effective is it? What is the current status of science inservice?

There is no question that today’s science teachers are better educa-
ted than were their colleagues of the 1950s and 1960s. But research re-
veals that teachers perceive inservice education to be of little or no value
(3, 4, 28). Teachers complain that inservice is irrelevant to the class-
room; that inservice is too didactic; that inservice provides few opportu-
nities to participate actively; that they have few or no opportunities for
input during inservice planning; and that there is a lack of a continuous,
long-term inservice plan. These complaints have a large measure of
truth.

Gardner and Yager identified the late 1950s and early 1960s as a criti-
cal period in science education (11). This was the time of Sputnik and
the growing realization that our elementary and secondary school sci-
ence programs were out of date. We also realized that science teachers
were poorly educated in science. These conditions resulted in the NSF
funding a series of summer institutes. The institutes were designed to as-
sist science teachers in subject matter competence and to upgrade their
science content knowledge (27).

The NSF program grew rapidly in popularity and size. Science courses
were designed for science teachers. The courses emphasized the latest
developments in various science fields. NSF also funded new science
curriculum programs (e.g., CBA, CHEM study, PSSC, BSCS, etc.) in or-
der to update the content of science classes. The new programs reflect-
ed more closely the nature of the scientific enterprise and reflected
what scientists do. It was hoped that these new science courses would
cause more students to pursue careers in science. However, little or no
attention was devoted to the development of instructional strategies or
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teacher behaviors necessary to successfully implement many of the new
science materials and programs.

The summer institutes were popular and successful. To get more young
science teachers involved in science inservice during the school year,
Academic Year Institutes were initiated during the early 1960s, also
with NSF funding (27). These gave science teaching professionals an op-
portunity to concentrate on science studies during the academic year.
Many science teachers took advantage of this opportunity (27).

Many more science teachers (at both elementary and secondary lev-
els) attended one or more NSF-sponsored workshop, conference, or in-
stitute than did social studies and mathematics teachers. More than
46% of the elementary teachers responding to the Weiss survey and 56%
of the secondary teachers responding reported having taken at least one
inservice science course prior to 1976 (36). At least 50% of the elementary
teachers and 42.5% of the secondary teachers had enrolled in at least
one inservice science course during 1967 to 1977 (36). A large percentage
of teachers earned one or more degrees beyond the bachelor’s degree.
Obviously, many teachers were striving to keep abreast of new develop-
ments and to stay current in their science knowledge (36). Significantly
more secondary teachers earned one or more graduate degrees than
did elementary teachers (52% and 29% respectively) (36). In addition,
secondary teachers were exposed to more science courses than were el-
ementary. teachers because of their assignments.

Weiss’ survey showed that more and better science inservice oppor-
tunities for elementary teachers are required. Her analysis showed that
elementary teachers’ perceptions about their qualifications for teaching
science were consistent with the amount of time spent teaching it. On
the average they reported teaching science nineteen minutes a day in
kindergarten through 3rd grade and thirty-five minutes a day in 4th
through 6th grade (36).

Who profits most from local science inservice efforts? Weiss reported
that elementary teachers felt local science inservice was more useful
than did secondary level teachers (40% and 22% respectively). She
found that elementary principals rated local inservice higher than
did principals at progressively higher grade levels (from 47% to a low of
25%) (36).

The NSF-funded surveys also reveal some disturbing facts concern-
ing federally-supported science inservice. The majority (over 50%) of
teachers surveyed in 1977 reported that they had never participated in
NSF- or U.S. Department of Education-sponsored science institutes
(36). Science inservice for teachers in kindergarten through 9th grade
appears to be critically needed. When we realize that the majority of
science teaching occurs in these grades, since over 50% of the students
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enrolled in schools today are not required to take science beyond 10th
grade biology (12), this need becomes particularly acute.

Funding of science inservice programs by the NSF was curtailed dur-
ing the early 1970s, thus precipitating another crisis in science education
(40). All federal funds for both curriculum development and science
inservice were denied. This retreat on the part of the federal govern-
ment was, in fact, a retreat away from the views of the leadership in sci-
ence education. Paradoxically, however, NSF did agree to fund science
education research through a program entitled Research in Science
Education (40).

Currently, as a result of the findings and the wide dissemination of
the three large science education status studies, the National Assess-
ment of Educational Progress science assessments, the NAEP results,
and the NSTA Project Synthesis study, together with prominent posi-
tions taken by the National Academy of Sciences, the American Associ-
ation for the Advancement of Science, NSTA, and a host of individual
science educators, the federal government has resumed some of its
leadership role. A major program, the Presidential Awards for Excel-
lence in Science and Mathematics Teaching, has been launched to
identify outstanding science teachers from every state.

It is important that the federal government assume some role of lead-
ership in science education, particularly through the funding of science
education programs, including inservice. It is virtually impossible for
any state to assume the major leadership of science education through
the funding of innovative science programs and inservice. Most states
are doing well to maintain their current funding levels in education. The
resumption of funding from NSF offers promise for the future.

A major overhaul of the inservice program must be made if it is to as-
sume its rightful position in improving the quality of education. Educa-
tion personnel must define the mission of inservice education. It must be
viewed in different terms. For instance, if large numbers of our science
teachers at all levels are not adequately prepared to teach science when
they graduate, then inservice science education must be viewed and
treated as continuous with preservice science education. Teachers must
have meaningful input into inservice planning. If necessary, incentives
should be offered to sustain interest and attendance. Inservice must be
relevant to teachers’ needs, concerns, and interests; it must also meet
the needs of teachers and students. Finally, there must be adequate fi-
nancial support from both federal and state sources, and adequate com-
munity support from both administrators and interested parents.

There are some excellent plans and models for improving the quality
of inservice and staff development. Many of these are applications of the
effective schools and teaching research (3, 4, 16, 17, 37, 38, 39). Most of
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them can be adapted for the local delivery of quality science education
inservice.

Summary

As more opportunities for science educators open up in business and
industry, we can expect to see more people leaving classroom teaching.
This situation is exacerbated by relatively low numbers of students
electing science education majors in college. At the same time, many
states are increasing the science credits needed by high school stu-
dents to graduate. Taken together, these factors add up to a significant
and growing problem in education. Assigning teachers without science
certification to science courses is, at best, a short-term answer to this
problem.

The real issue, of course, is the quality of teacher education in sci-
ence. At the preservice level, students must be given adequate prepara-
tion in the “‘content’’ areas of science and in the process skills that form
the basis of teaching methods classes. Students who experience
inquiry-teaching methods courses are more likely to adopt such meth-
ods in their own classrooms than are students who follow lecture-and-
discussion courses in the university. The lack of success of the alphabet
programs that feature inquiry methods is probably due more to the re-
luctance of teachers to use them than to any other single factor.

Inservice education also needs to be strengthened to continue honing
the skills of practicing teachers. However, the focus of inservice sessions
needs to shift from theory-building lectures to hands-on experiences so
that teachers can become accustomed to more active science teaching
methods.
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PERSPECTIVES ON SCIENCE
EDUCATION

The final two chapters are unlike previous ones:
These are ‘‘perspectives’’ papers, which give the au-
thors’ views about some aspect of science learning.
In the first paper, we read about learning science as
science is practiced. If the methods for learning sci-
ence were the same as the methods for doing sci-
ence, how would the classroom look? The final
chapter presents recent research by cognitive psy-
chologists. This research offers teachers a new way
to understand how people process information and
how what people already know influences what they
will learn.
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A PERSPECTIVE PAPER

A Science-Based Approach to
Science Learning

This chapter is based upon a simple assumption. The assumption is
that the techniques needed for effective science teaching are the same
as those used for effective scientific investigation. Put another way, it
says that the methods for learning science should be the same as the
methods for doing science.

The assertion that science education should imitate science is not
new. In fact, it was the basis for much of the curriculum development
activity in the 1960s. However, this relationship was more implicit than
explicit, and it influenced curriculum materials more than the behavior
of students and teachers in the classroom. In the discussion that fol-
lows, the assertion becomes the basis for prescribing an approach to
science learning.

Although there is some research evidence and considerable logic to
support this argument, it is not my purpose here to justify it (2). Rather, |
ask you to accept the assumption and examine the resulting implications
for science education. What is the nature of a science program that pat-
terns itself after the nature of the scientific enterprise? What are the ob-
ligations of science teachers and learners? How does a classroom look
that derives its essence from the key elements of scientific inquiry? In
the discussion that follows, I will address these questions and compare
several of the characteristics of the implied program with the science
program usually found in American schools.

Before we proceed, however, we need to identify the key elements of
the nature of science. Analysis of these elements will provide guidance
in determining the ingredients of the corresponding science classroom.
Unfortunately, there is no universally accepted description of the nature

Wayne W. Welch, University of Minnesota
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of the scientific enterprise. However, examination of several statements
on the nature of science processes reveals considerable overlap. There is
enough agreement to identify the key elements accepted by most au-
thors and study groups (3).

The practice of science is carried out by people and, thus, the human
factor is very important. Understanding science requires knowing what
scientists do, what they believe, and what personal traits they possess.
For example, scientists observe natural phenomena; they believe that
knowledge is tentative; they are, by nature, very curious. One can quick-
ly see how a science lesson would be structured to be consistent with
these characteristics.

Time and space do not permit a thorough description of all the as-
pects of science inquiry. However, 1 will list several widely agreed-upon
traits together with a brief description of each. Much of this discussion
1s based on previous writings in this area (3, 4).

Activities

The activities of scientists are procedures of investigation by which
knowledge of natural phenomena is gained. They are the tactics and
strategies of science: the ways scientists behave in their pursuit of un-
derstanding.

There are four major physical activities and a set of mental activities
or processes commonly found in the literature.

Observation. Science begins with observations of matter of phenome-
na; these observations lead to the asking of questions. Crucial to the
method of science is the ability to ask the right question and to make
selected observations relevant to that question. Observations are influ-
enced by past experience, often involve instruments (telescopes, oscillo-
scopes, etc.), and require careful recording and description. Surprising
or unexpected observations occasionally contribute new and important
knowledge. Observation is the sine qua non of scientific research.

Measurement. Measurement is the assignment of numbers to objects
or events that may be arranged in a continuum according to a set of val-
ues. Expression of observations in quantitative terms is desirable be-
cause such expression adds precision and permits more accurate de-
scriptions. In addition, the formulation as well as the establishment of
laws is facilitated through the development of quantitative distinctions.
Not all scientists are able to make quantitative descriptions of their ob-
servations, but measurement appears to be a broadly desired goal.

Experimentation. An experiment is a series of observations carried out
under special conditions. The distinction between observation and ex-
perimentation is slight. An experiment always consists of observations,
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but it is more than that because the observers usually interfere to some
extent with nature. They create events to observe that are favorable to
their purposes, e.g., placing a rat in a maze.

Experimentation is the hallmark of good science whether it comes at
the beginning—as a gathering of facts—or at the end, in the final test of
a theory or hypothesis. It is an essential ingredient of scientific activity.

Communication. A scientist is obligated to make the information from
observation and experimentation available to the scientific community
for independent confirmation and testing. Discussion and critical analy-
sis of findings are key means by which science advances. Scientists dis-
seminate their results in journals, professional meetings, seminars, and
through informal networks. This dissemination contributes to the com-
mon core of knowledge of the past and provides the vehicle for continu-
ous review of this body of knowledge.

Communication is the means by which purpose and usefulness are
given to scientific investigation.

Mental processes. Although the boundaries are hazy, it appears that
certain thought processes are part of the common pattern of scientific in-
vestigation. These include inductive reasoning, formulation of hypothe-
ses and theories, deductive reasoning, and a variety of mental skills
such as analogy, extrapolation, synthesis, and evaluation.

In addition to these traditional processes, scientific inquiry abounds
with approaches described variously as speculation, guess, intuition,
hunches or insight. The exact mechanisms by which these processes
function are unknown but they are commonly cited in the autobiogra-
phies of the great scientists. Perhaps Percy Bridgeman, who wrote that
““science is doing one’s damnedest with one’s mind, no holds barred,”
describes this set of mental processes most accurately.

Beliefs and Assumptions

Scientists appear to operate in accordance with a set of beliefs about
the natural world, their methods of inquiry, and the knowledge these
methods produce. For example, they believe that a real world exists
that can be understood. They assume that events in nature have causes
and that nature is not capricious.

Scientific inquiry is guided by a code of ethics imposed by the com-
munity. These professional standards of conduct have developed as
part of the success pattern of science and provide boundaries for the ac-
tions of scientists. The ethics one finds often in the literature are objec-
tivity, skepticism, replication, and parsimony.

Objectivity is the desire to make unbiased and impartial observa-
tions. Realizing that perfect objectivity can never completely exist, the
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scientist recognizes the existence of preconceptions and attempts to ac-
count for their influence on the conclusions.

Skepticism towards the conclusions of science is necessary because of
the tentative nature of these conclusions. Authority beyond the facts of
nature is rejected.

A scientist believes that the results of experiments can be replicated,
indeed, that they must be replicated and verified through independ-
ent confirmation. There is an obligation to provide a description of pro-
cedures used so others may check the results. Replication is the means
by which the skepticism of science is confronted.

Parsimony is the desire to explain phenomena in simple and far-
reaching terms. Activities are guided by the belief that simple explana-
tions are preferred to more complex ones.

The application of the methods of inquiry yield knowledge about the
natural world. This knowledge is characterized, in part, by the beliefs
scientists have about it. The knowledge is contained in a variety of
facts, concepts, hypotheses, theories, and laws. These structures make
it possible to communicate the knowledge, give it logical coherence, of-
fer explanation, and make predictions. However, a key aspect of the
knowledge of science is its tentativeness. Findings are not viewed as fi-
nal statements, but rather as probabilistic statements that represent a
series of successive approximations toward some distant, but seldom
reached, truth.

The extent to which scientists actually adhere to these assumptions is
problematic. However, those who write about the philosophy of sci-
ence report these tenets appear to guide their behavior.

Characteristics of Scientists

Science is a game played by people called scientists. Some of these
players are far more productive than others. Certain personality traits
seem to characterize the more successful scientists and may provide us
with additional guidance on the appropriate way to structure a science
program. Several of these characteristics have been identified and are
described below (1).

Curiosity. An intense wonder about the world around them is a uni-
versal characteristic of effective scientists. Their thirst for knowledge is
great and much of their life is focused on the seeking of that knowledge.
They are active physically and mentally, work in many different envi-
ronments, and tend to exchange views with scientists in diverse fields.

Usually, this trait appears in their youth and is retained throughout
life. The drive to learn is a dominant focus in their lives.

Creativeness. Creativity depends on an ability to generate ideas and
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the ability to distinguish good ones from trivial ones. Klemm suggests
that creativity is coupled with curiosity because curiosity leads to learn-
ing and one is most likely to be creative when one is learning (1). Fresh,
unbridled views seem to foster creativity and many scientists are most
creative when they enter a new field.

To be creative requires that one be sensitive. When pursuing the un-
known, heightened sensitivity is necessary to recognize the important
clues that emerge from careful observations or experimental results.

Commitment. There are three other traits that seem to characterize
successful scientists, which are largely personality traits. These are self-
centeredness, compulsiveness, and initiative; factors taken together that
represent commitment. The critical nature of science requires those who
succeed to be extremely strong-willed and confident. The constant
threat to their work demands a strong ego with a compulsive and per-
sistent desire to succeed.

The compulsion seems to arise, in part, from the joy of discovery. Suc-
cessful scientists find great excitement in research, and they seek re-
ward for their discoveries by communicating their results to other sci-
entists. The competition for discovery and the recognition that comes
from peers is a powerful factor in explaining the behavior of a scien.u?t..

Finally, good scientists are aggressive, and possess a great deal of initi-
ative. They do not sit back and wait for things to happen, but .rath.er
they take action based on their hunches and beliefs. The good scner}tlst
is hungry for knowledge and recognition and works hard to achieve
both.

These elements describe what scientists do, reveal some beliefs and
assumptions that guide their behavior, and identify several personali?y
characteristics of successful scientists. This description of the domain
of science inquiry, outlined in Table 1, provides a brief overview of sev-
eral key elements of the scientific process.

The Learning of Science

We turn now from the process of science to the learning of science.
The scientist who seeks to understand nature will be replaced iq our
discussion by the student seeking knowledge. The domain of science
inquiry, outlined in Table 1, suggests ways that the student should be-
have in this quest.

Note that the point here is not to instruct the student about the na-
ture of scientific inquiry, but rather to create an environment that per-
mits and encourages the use of the means of science to gain knqwledge
about science. The process of science becomes a model for learning.
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Table 1

Domain of Science Inquiry

ACTIVITIES BELIEFS PERSONAL TRAITS
Observation About Nature: Curiosity
Intelligible .
Measurement Causal Creativity
Experimentation Noncapricious Commitment
Communication About Method:
Objectivity
Mental Prqcesses Skepticism
Induction Replication
Deduction P pl
arsimony

Form Hypotheses .
Create Theories About Knowledge:

Analysis Structure
Synthesis Explanation
Extrapolation Prediction
Evaluation Tentative
Estimation

Speculation

The model suggests that successful students must participate in cer-
tain activities; be guided by a number of beliefs about the knowledge
sought, about the methods used, and about their perceptions of that
knowledge; and that they should exhibit certain personality traits. The
science-based learner must make observations, take measurements,
conduct experiments, communicate, and be given opportunities to carry
out the full range of mental skills used by the scientist. The effective
learner will deduce, analyze, speculate, and evaluate, and actively use
the rest of the mental skills listed in Table 1.

The conduct of these activities will be guided by various beliefs and
assumptions. For example, students will assume that learning is possible
(intelligible), will seek verification of knowledge gained (replication),
and will realize that this knowledge is likely to change as new activities
are carried out (tentative). They will believe that events have causes
{causality), they will critically examine new information (skepticism),
and they will use the knowledge to forecast future events (prediction).

The pursuit of knowledge requires the student to imitate certain per-
sonality characteristics. Effective students will be curious and creative
and they will possess a strong sense of self-responsibility. This respon-
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sibility will be manifested in their personal commitment and compul-
sion, as well as in their willingness to take the steps necessary to learn
(initiative).

Not only will the effective science learner conduct various activities,
but he or she will conduct these activities in a responsible and purpose-
ful manner, guided by a code of ethics that provides a system of checks
and safeguards on the pursuit. The science-based learner will be active,
respectful of the ethics of the discipline, and responsible for his or her
own learning.

The Science Program

An analysis of the scientific pursuit of learning calls for an active, rev-
erent, and responsible learner. An effective science program is one that
facilitates and accommodates this kind of learner. Opportunities and re-
sources must be provided for students to observe natural phenomena
both within and outside the classroom. Students must be taught how
to make relevant observations and must be sensitized to the importance
of these observations to science. These observations need not be limit-
ed to the four walls of the classroom but can be part of the life experi-
ences of children carried out in places children live: museums, zoos, the
backyard. Science takes place in a variety of settings and so does sci-
ence learning. The pursuit of science cannot occur while the learner sits
passively in a classroom.

A science program that fosters and supports the scientific pursuit of
learning will engage students in the activities of measuring, experiment-
ing, and communicating. Quantitative skills and techniques must be
taught and opportunities must be provided to practice these skills. Sci-
ence classrooms can be patterned after research laboratories. Perhaps
the outdoors will become a natural adjunct of the classroom. Students
will spend much of their time conducting experiments in the laboratory
or in their natural surroundings. These experiments will be designed to
yield the knowledge of science to the student. Through observation
and experimentation, students will learn such things as the laws of
motion, the behavior of butterflies, and the cause of a solar eclipse.

A science-based classroom will facilitate communication of ideas,
findings, and predictions among students and between students and
teachers. The class will be set up as a science research team is, with the
teacher serving as the principal investigator. Scientific journals will be
subscribed to and read, reference books will be available, and results
of class or student investigations will be written, referred, and pub-
lished for distribution.
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Students will attend meetings that are a facsimile of professional meet-
ings. New knowledge will be shared, findings will be criticized, and
ideas exchanged. Results of student investigations will be presented
and the abstracts of the papers made available to those unable to
attend.

At the same time students are participating in these activities, they
must also be carrying out the range of mental processes described earl-
ier. The science program must demand this of the students. They need
to formulate hypotheses to explain observations, learn to reason by
analogy, synthesize data, evaluate, speculate and perform all the other
mental skills used by the scientist to seek understanding. They must be
challenged to ‘‘do one’s damnedest with one’s mind, no holds
barred.”” They must become thinking and reasoning seekers of knowl-
edge.

Teacher Responsibilities

The environment of a science classroom that emulates the nature of
science will be shaped in part by the assumptions and beliefs of the
discipline. A code of ethics will guide the quest for knowledge. Effec-
tive teachers will be reverent to this code and use it to guide their ac-
tions. They will convey these beliefs to their students.

Among other things, these teachers will operate on the assumption
that nature can be understood, that events have causes, and that there
is a consistency to nature across space and time. Defeatism, pessimism,
magic, astrology, and dogma will not be found in this teacher’s class.
Rather, objectivity, verification, critical thinking, and simplicity are the
hallmarks of the methods the teacher instills in the class seeking sci-
ence knowledge.

Once knowledge is acquired, teacher and students realize that it
needs to be tested by its ability to explain and predict, and that knowl-
edge is always subject to change in the light of new knowledge. The
teacher does not make dogmatic announcements of truth. Instead, the
class and teacher together present their best estimation of knowledge
gained and continuously subject it to critical analysis and refinement.

The domain of science inquiry gives us some guidance on the personal
traits needed by a teacher in a scientifically-based science program.
These traits should be modeled by the teacher and also used in the re-
cruiting and selection of teachers. At the top of the list of such traits is
curiosity. Effective teachers wonder about their world and actively
seek to understand it. Their thirst for knowledge is great; their desire to
learn is strong. They are good role models and they seek to stimulate
this curiosity in their students. Sentences begin with, ‘I wonder. . .7’
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or “‘“Why do you suppose. . .?”’ Those sentences that begin, ‘‘There are
six steps in. . .!”’ or “‘“The cause of is. . .!”> are not used by effec-
tive science teachers. Their language is sprinkled with question marks,
not exclamation points.

Creativity characterizes these teachers as well. They are full of ideas
and give their students many opportunities to generate ideas. They are
sensitive to their world and to their students. These teachers are un-
afraid to take risks and they work hard to create an open, unobtrusive
environment for the science students. Brainstorming occurs more than
recitation. Students are taught that the only bad idea is the one not
expressed.

Coupled with the traits of creativity and curiosity is the more de-
manding personal factor of commitment. Commitment is a blend of com-
pulsion, self-confidence, and initiative. An effective science program not
only demands committed students, it requires the same of its teachers.
Seeking knowledge is a difficult task. It requires hard-working students
and teachers who are persistent in their quest. They must be confident
they will succeed and not be deterred by the many difficulties that will
be encountered. The reward for their persistence is the joy of discov-
ery. The successful teachers and students will be those for whom the
joy of discovery is a great reward. They possess the initiative to make
things happen and take the necessary actions to achieve their learning
and teaching goals.

Effective science programs are those with curious, creative, and com-
mitted teachers. Such programs reward students who exhibit these
traits and seek to instill them in students who do not.

An effective way, then, to pursue science knowledge is to imitate the
processes of effective science. This proposition is based upon the many
parallels between the scientist’s pursuit of understanding the scientific
world and the student’s pursuit of knowledge. Several key elements
of science process and scientists have been described and applied
to the elements of science education: students, teachers, and science
programs.

What emerges from our description is a portrait of students as scien-
tists. The model suggests that the most effective learners are those who
are active, responsible for their own learning, and reverent to a code of
learning conduct. Effective teachers are those who model these behav-
iors in classrooms and who encourage students to develop and practice
these qualities.

Discrepancies between this kind of science education and that prac-
ticed in many schools are apparent. Instead of actively participating in
observation and experimentation, students are passive listeners. Rather
than assuming responsibility for their own learning, many students wait
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to be taught—often seeming to resist learning. Instead of guiding their
behavior by a set of beliefs about the learning process, their behaviors
are guided by the latest fad, a TV ad, or a drive for instant gratification.

To be sure, there are some students who are effective learners in fine
science programs. The challenge that faces science education is to make
all students effective pursuers of knowledge. A scientifically-based pur-
suit should help us meet that challenge.
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Research in Science Education:
The Cognitive Psychology Perspective

A body of psychological theory is accumulating that will have major
impact on the practice of science education in the 1980s and beyond.
The theory developed by cognitive scientists—cognitive psychologists
and researchers in artificial intelligence and information theory—is
changing our conceptions of science learning and teaching (7, 22). This
cognitive perspective on learning stands in contrast to the behavioral
and developmental perspectives that have been influential over the past
quarter century in the practice of science education.

In this chapter, we discuss certain basic assumptions of the new cog-
nitive perspective on human learning and illustrate the relevance of the
perspective to science teaching and learning. The behavioral perspec-
tive, which is familiar to most science teachers, builds its theories on
data drawn directly from overt human behavior and regards the
human mind essentially as a black box. In contrast, cognitive science
builds its theories on models of cognitive processes and the contents
and structural organization of human memory.

Cognitive scientists theorize about human cognition using computa-
tional metaphors. To explain cognitive processes, they use the computer
as a metaphor for the mind, computing as a metaphor for thinking, and
data structures as a metaphor for the knowledge in memory. The notion
of thinking as computation is not new. In 1651, Thomas Hobbes ob-
served that ‘‘reasoning is but reckoning’’ (18). This view is quite consis-
tent with the perspective that associates human thought and machine
computation. Both are, in essence, symbol manipulation.

Researchers and practitioners in the behaviorist tradition character-

Audrey B. Champagne and Leopold E. Klopfer, Learning Research and
Development Center, University of Pittsburgh

171



Perspective Paper

ize learning in terms of permanent changes in observable behavior. In
contrast, researchers in the developmental and cognitive traditions de-
scribe development and learning in terms of changes in the contents and
structural organization of the mind.

One implication of this difference in perspectives relates to ways in
which objectives for science teaching are stated. Currently accepted
practice dictates that objectives should describe the desired instruc-
tional outcomes in terms of overt behaviors. Recently, cognitive psy-
chologists have proposed that it is both reasonable and productive to
specify instructional outcomes in terms of the cognitive processes and
knowledge structures that students ought to acquire. Cognitive objec-
tives of instruction specify cognitive structures, processes, and skills that
underlie successful performance of academic tasks. Overt behavior pro-
vides important data to cognitive researchers; however, their theorizing
is not limited to data from this source.

Objectives emphasizing overt behaviors and cognitive objectives are
contrasted in Figures 1 and 2. The first figure shows some typical be-
haviorally specified instructional objectives for a unit on the physics of
sound. The example of a cognitive objective shown in Figure 2 is for the
same topic. Here, the declarative knowledge structure for the physics of
sound that students should acquire from instruction is represented. One
way cognitive scientists specify declarative knowledge in human memo-
ry is in terms of propositions. In this diagram, the concepts are shown as
the links and the relations are shown as the nodes of a propositional net-
work. The diagram does not represent all that the students are ex-
pected to learn. The students also need knowledge of the procedures
that enable them to apply the knowledge appropriately in the solution of
problems. Nonetheless, this representation specifies the information
that should be present in some form in the student’s memory as the re-
sult of instruction.

The proposal to state instructional objectives in cognitive terms un-
doubtedly comes as a surprise to teachers who have been taught that
the description of learning in terms of unobservables is neither scientific
nor productive. However, the contributions of cognitive theorists to our
understanding of human cognition, and the development of formal
methods to assess and model human thought have made thinking
about science learning in cognitive terms both scientific and highly
productive.

The cognitive perspective differs from the behavioral in its view of
the nature of the learner, emphasizing both the active and constructive
nature of learning. Developing cognitive theory provides a new perspec-
tive on the role of prior knowledge in the learning process and helps ex-
plain the results of research by science educators and psychologists
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that documents the persistence and pervasiveness of naive theories of
the physical world. (We will discuss naive theories in some detail later
in this chapter.)

The emphasis by cognitive scientists on the role of prior knowledge is
quite consistent with the theory of David Ausubel (2), but differs in
some significant ways from the developmental theory of Jean Piaget (12).
This theory, as it has been interpreted and applied by North American
science educators, argues for a causal relationship between what a stu-
dent is capable of learning and the level of the student’s cognitive de-
velopment, expressed in terms of the mental operations or reasoning
processes available to the student. In this framework, the student’s gen-
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eral level of cognitive functioning determines the complexity of the sci-
ence content that the student is capable of learning. Although Piaget’s
theory recognizes that the student’s utilization of particular mental oper-
ations depends on the context, when the Piagetian paradigm is applied
to research on science learning, the emphasis is on the level of mental
operations available to the student. The Piagetian perspective has be-
come so familiar in science education that talk about levels of cognitive
development—Piaget’s preoperational, concrete operational, and formal
stages—has become commonplace, not only in reports of researchers,
but in discussions among practicing teachers as well. The new cognitive
perspective directs greater attention to the structure of the student’s
knowledge and to the influence of science-specific knowledge on the
student’s acquisition of science information and concepts. This view of
science learning is the principal new insight of value to science educators
that we want to discuss here.

Schemata: Form and Function

There is general agreement in both Piagetian and cognitive theories
that knowledge is stored or represented in memory in an organized
fashion. Both theories use the term schema to refer to a knowledge
structure in memory. It is useful to think of knowledge in memory as be-
ing of two types: procedural knowledge (knowing how) and declarative
knowledge (knowing that). In Piagetian theory, a schema is a ‘‘cognitive
structure which has reference to a class of similar actions’’ (12). If ac-
tions are assumed to be synonymous with procedures, a schema in the
Piagetian perspective is a procedural knowledge structure. In contrast,
the information processing perspective generally defines a schema as a
declarative knowledge structure that has reference to classes of similar
objects, situations, events, and relations.

David Rumelhart, the cognitive psychologist who has made major
contributions to schema theory, likens schemata to plays (24). A play
has characters. In different productions of the play, the characters are
played by different actors. By analogy, a schema has variables (charac-
ters) and, in different instantiations of the schema (productions), the
variables have different values (actors). For example, an expert physi-
cist has an inclined plane schema. The inclined plane schema is analo-
gous to a play. The inclined plane schema defines certain necessary and
inter-related elements (e.g., the inclined surface, the support that holds
the surface at an angle). These elements are analogous to the characters
in the play. A playground slide, a stairway, a ramp, a hill, and a wedge
are specific instances of inclined planes, although different objects are
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the elements that combine to form them (analogous to the actors in a
specific performance of the play). In addition to the schemata for ob-
jects, such as the inclined plane, expert physicists also have representa-
tions in memory of schemata for situations (e.g., objects in free fall),
events (e.g., decay of a subatomic particle), problems (e.g., conservation
of momentum problems), and systematic relations (e.g., F=ma).

Schemata also differ in their degree of abstractness and their range of
applicability. This aspect of schemata is illustrated by the following
analogy. Literary compositions are characterized by genre. Novels or
short stories are types of literary compositions; on a more concrete level
of abstraction are mystery novels and gothic romances, which are
specific categories of novels. While all novels have characters and situa-
tions, the types of characters and situations you would find in a mystery
novel differ from those you would find in a gothic romance. The
schema for a mystery novel would include what cognitive scientists call
slots for a detective, a criminal, a crime, and a solution, with typical rela-
tions among them. The criminal commits a crime; the detective finds
the solution. On the other hand, the gothic romance would include
slots for hero, heroine, romance, and mystery. The hero and the hero-
ine are driven apart by a mystery and drawn together by romance. Simi-
larly, a schema for Agatha Christie mysteries is less abstract than the
schema for a generic mystery, and is different from the schema for mys-
teries by Sir Arthur Conan Doyle.

As we can see, schemata have different degrees of abstractness and
ranges of applicabilities. We will use the terms microschema and macro-
schema to distinguish schemata along these dimensions. Microschema-
ta are less abstract and have a narrow range of applicability. A macro-
schema, in contrast, is a mental structure encompassing several
microschemata. The major conceptual schemes of science are examples
of macroschemata.

Schemata play a key role in cognitive scientists’ theories of text com-
prehension, learning, and problem solving. Schemata are seen to func-
tion in our interpretations of sensory data, both linguistic and non-lin-
guistic, and in the storage and retrieval of information from memory.
The following examples illustrate how schemata function. They are
drawn primarily from research studies on text comprehension. After
these examples, we will describe how schemata function in the interpre-
tation of non-linguistic data, specifically observations reported by stu-
dents of the motion of objects in free fall.

Our first example, called ‘‘Balloons,’” illustrates what happens when a
reader does not have the appropriate schema. Read the text, then ask
yourself: “‘Do I understand it? How do I interpret the paragraph?”’
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Balloons

If the balloons popped the sound wouldn’t be able to carry
since everything would be too far away from the correct floor.
A closed window also prevents the sound from carrying, since
most buildings tend to be well insulated. Since the whole op-
eration depends upon a steady flow of electricity, a break in
the middle of the wire would also cause problems. Of course,
the fellow could shout, but the human voice is not loud
enough to carry that far. An additional problem is that the
best situation would involve less distance. Then there would
be fewer potential problems. With face-to-face contact, the
least number of things could go wrong (3).

For most people, it is difficult or impossible to interpret the ‘‘Bal-
loons’’ text, even though they recognize the meanings of all the words
and can comprehend the individual sentences. The difficulty is that
the reader does not possess the appropriate schema. In this instance,
the necessary schema can be obtained from the drawing in Figure 3.

Once you have looked at the drawing of the electronic serenader and
returned to the example, the interpretation of the ‘‘Balloons’ text is no
longer obscure. Having the appropriate schema makes understanding
possible.

Our next example describes a certain procedure, using easily recogni-
zable words and sentences. This is an example of a situation in which,
although you have the schema, you do not have enough cues to call it
up, as they say in computerese. Read the text. Do you know what proce-
dure is described in this paragraph? How much of the information in
the paragraph can you remember?

The Procedure

The procedure is actually quite simple. First you arrange things
into different groups. Of course one pile may be sufficient de-
pending on how much there is to do. If you have to go some-
where else due to lack of facilities that is the next step, other-
wise you are pretty well set. It is important not to overdo things.
That is, it is better to do too few things at once than too many.
In the short run this may not seem important but complications
can easily arise. A mistake can be expensive as well. At first the
whole procedure will seem complicated. Soon, however, it will
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Figure 3

Tlustration for ‘“Balloons”’ Text
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become just another facet of life. It is difficult to foresee any
end to the necessity for this task in the immediate future, but
then one never can tell. After the procedure is completed, one
arranges the materials into groups again. Then they can be put
into their appropriate places. Eventually they will be used once
more and the whole cycle will then have to be repeated. How-
ever that is part of life (3).

In this illustration, the difficulty in interpreting and remembering the
text does not arise because the reader does not possess the appropriate
schema, because virtually everyone is familiar with the procedure in
question. When you are given a clue that lets you retrieve the needed
schema, you will both understand and even remember the information
in the paragraph without reading it again. (The clue is to change the
first sentence to read: ‘‘“The procedure for washing clothes is actually
quite simple.’’)

Our next comprehension example illustrates the case in which the in-
formation in a text is vague and can be associated with two or more
schemata. Read the example, ‘‘An Evening at Play.”” What do you think
the four people did?

An Evening at Play

Every Saturday night, four good friends get together. When
Jerry, Mike, and Pat arrived, Karen was sitting in her living
room writing some notes. She quickly gathered the cards and
stood up to greet her friends at the door. They followed her
into the living room but as usual they couldn’t agree on exactly
what to play. Jerry eventually took a stand and set things up.
Finally, they began to play. Karen’s recorder filled the room
with soft and pleasant music. Early in the evening, Mike no-
ticed Pat’s hand and the many diamonds. As the night prog-
ressed the tempo of play increased. Finally, a lull in the activi-
ties occurred. Taking advantage of this, Jerry pondered the
arrangement in front of him. Mike interrupted Jerry’'s reverie
and said, ‘‘Let’s hear the score.”” They listened carefully and
commented on their performance. When the comments were
all heard, exhausted but happy, Karen'’s friends went home (©
1977 American Educational Research Association, Washington, D. C.).

If you are a musician, you probably said they played music. If you are
a card player, you probably said they played bridge. When this text

179



Perspective Paper

was given to college music majors, they said it was about a'stri_ng quar-
tet. They had trouble even recognizing the existing alternative interpre-
tation even after it was pointed out to them.

Our last example, the cartoon in Figure 4, illustrates that our students
do not always associate information we give them with the schema we
intended. Undoubtedly, Sally’s teacher intended that she attach her
newly learned units of metric measure to a measurement schema. How-
ever, Sally associates the terms with her familiar and well-understood
relatives schema. In this way she constructs her own meaning for the
meaningless terms she has been asked to memorize. The example may
seem far-fetched, but evidence is accumulating that science students of-
ten associate information with schemata other than the one the teacher
intends (10, 23). This fact helps to explain both the existence of naive
theories of the physical world and their resistance to change under nor-

mal conditions of instruction.

KEEP GOING. I CaN
HARDLY waiT To StE
WHAT CoHES NEXT.

Figure 4

The Gram Schema in ‘‘Peanuts”

© 1972 United Feature Snydicate, Inc., used with permissiq L
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Naive Theories

Research conducted by science educators and psychologists in the
United States and other countries has yielded persuasive evidence that
students, young and old, have descriptive and explanatory systems for
scientific phenomena before they experience any formal science instruc-
tion (11, 13, 17, 19, 25). These naive theories differ significantly from
what students are expected to learn in their study of science, and these
theories persist in the minds of students even after they have success-
fully completed science courses taught by the customary instructional
methods.

One example of a naive theory many students bring with them to sci-
ence class concerns heat and temperature (29). The naive theory ex-
plains temperature change by the flow of heat into or out of objects. In
this naive theory, the process of heat flow is analogous to the process of
water flow into or out of porous objects, increasing or decreasing their
weight. This naive theory is very different from the present scientific
theory, which envisions a kinetic-molecular model of matter and heat as
a form of energy. Another naive theory held by many students concerns
inheritance (4). Before they have formally studied biology, many stu-
dents believe that acquired physical characteristics can be transmitted
to an organism’s offspring. An example of this is the belief that, if a fair-
skinned couple moves into a tropical climate where their skin becomes
darkened by long exposure to the sun, their child will be born with
dark skin. By contrast, current biological theory holds that only
genetically-determined traits are inheritable. This is the theory taught
in biology classes. Nevertheless, the students’ naive theory of inheri-
tance persists even after they have completed their biology courses
with high grades.

Perhaps the most striking instance of the tenacity of students’ naive
conceptions concerns their naive theory of the motion of objects (14, 20,
28). Research we have carried out demonstrates that the belief that
heavier objects fall faster than lighter objects is not readily changed by
instruction (6, 8, 16). In a study of beginning college physics students,
about four students in five believed that (all other things being equal)
heavier objects fall significantly faster than lighter ones. These results
are particularly surprising, since about 70% of the students in the sample
had studied high school physics—some for two years. Furthermore,
students in the sample who had studied high school physics did not
score significantly different from those who had not. Similar findings
about the persistence of the heavier-faster belief, and other naive con-
ceptions about the motion of objects, have been reported in studies of
physics students in countries on three continents.
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The students’ naive theory of motion derives from years of experience
with moving objects and serves the students satisfactorily in describing
the world. Nevertheless, this naive theory is quite different from the
formal system of Newtonian mechanics, which physics courses seek to
teach. The central principle of the students’ naive theory is that velocity
is proportional to force. By contrast, in the physicists’ macroschema,
the formal Newtonian system of mechanics, the central principle is that
acceleration is proportional to force.

Another characteristic of the students’ naive theory is the lack of co-
ordination and consistency among its components. We previously noted
that a macroschema is typically conceived as encompasing several mi-
croschemata. For example, three possible microschemata for a motion-
of-objects macroschema are those for free fall, the inclined plane, and
motion along the horizontal. In the Newtonian macroschema, these
microschemata and others are coordinated and internally consistent.
All are described by the laws of Newtonian mechanics. In contrast, in
the naive motion-of-objects theory, the case 18 quite different. The lack
of consistency among the several components is remarkable. The princi-
ples that apply in one situation (say, free fall) tend to remain localized
within that situation and are not applied to other situations (inclined
plane, horizontal motion). The expectation that an abstract rule or prin-
ciple could apply to a range of different situations is lacking or poorly
developed. Consequently, the various physical situations concerning
motion can be quite isolated from one another in the students’ naive
theory. A major result of this isolation is that the naive theory is able to
accommodate new information locally without producing conflict with
other parts of the system. In this way, the system can add principles
that may contradict other principles already present and yet not require
a major reconceptualization.

As we noted before, students do not readily change their naive theo-
ries. Schema theory helps us to understand why naive theories do not
change with customary instructional methods.

Earlier we illustrated certain functions that cognitive scientists hy-
pothesize for schemata. One function is related to the interpretation of
sensory data. Some interesting observations we have made of students’
interpretations of science demonstrations can be explained using sche-
ma theory. Our observations were made in the context of a study whose
goal was to investigate students’ interpretations of physics demonstra-
tions (8). The experimental strategy involved showing students some
simple physical apparatus and describing a manipulation of the appara-
tus. The students were asked 10 predict the outcome of the demonstra-
tion and to report the information they used to generate the prediction.
Then the demonstration was done and the students were asked to de-
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Even when students observed that the objects fell at approximately
the same rate, their naive free-fall schemata directed their thoughts to
alternative explanations for the observation. Frequently, when students’
observations do not fit their predictions, the students will criticize the
experiment. In the free-fall case, they argued that, if the blocks had
fallen a longer distance, the aluminum one would be observed to fall
faster. Students cannot easily give up propositions in their naive schema,
as the following scenario illustrates.

In this demonstration, the proposition that the greater the speed of
an object, the greater the force on it, leads the students to conclude
that an object’s weight increases measurably as the object moves about
50 centimeters closer to the earth. The students were observing the
motion of a block being pulled along the horizontal by a bucket sus-
pended over a fixed pulley (illustrated in Figure 6). The students ob-
serve that the block’s speed is about five times faster at point B than at
point A. They explain that the greater speed at B is due to the greater
pull of the bucket. This is an application of a proposition from their
motion schema that velocity is proportional to force. They reason that,
because the block moves five times faster when it is at B, the bucket
pulls five times harder when it is at b, and it weighs five times more at b
than at a. Asked how this was possible, the students noted that the
bucket was closer to the ground and called upon a proposition in their
weight schema that the closer an object is to the ground, the heavier it
is. The students were encouraged to weigh the bucket when it was at a
and b. They were genuinely surprised that the spring scale registered no
difference. Then they argued that there was no weight difference be-
cause the distance from a to b was so small. Only after comparing the
weight of the bucket, first when it was held near the floor and when it
was held near the ceiling, and then on the ground floor and ninth floor
of a building, did they decide that the bucket’s weight was not signifi-
cantly changed by differences in its distance from the earth. Only at
this point were the students willing to examine the validity of their
lower-is-heavier proposition.

Another interesting example from our study illustrates how an existing
schema influences the interpretation and remembrance of science text.
Several students who predicted that the aluminum block would fall
faster than the plastic block attributed their prediction to some infor-
mation they had read in a science book. They reported that Galileo
had proven that heavy objects fall faster than lighter ones. The stu-
dents recall, quite accurately, that Galileo asserted that a gold coin will
fall faster than a feather. They forget, however, the crucial part of the
argument where Galileo asserts that, in a vacuum, both would fall at the
same rate. They recall the part of Galileo’s argument that is consistent
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with the heavier-is-faster proposition in their free-fall schema. They for-
get the part of the story that does not fit into their schema.

One striking characteristic of naive science schemata is their accom-
modation to inconsistent information. Many students’ free-fall schema
contains the proposition that heavier objects fall faster because gravity
pulls harder on heavier objects. Once the students come to believe that
thg Plastic and aluminum blocks fall at about the same rate, a new prop-
osition appears—gravity pulls equally on all objects. These same stu-
dents agree that weight is a measure of the pull of gravity on an object.
They are, however, quite surprised with a logical implication that can be
dra.wn from these propositions—namely, that all objects have the same
weight. However, such contradictions are easily patched. In this in-
stance the students argue that mass is the magical quantity that explains
the troublesome contradiction. Not only is information within naive
schemata poorly coordinated, it is also poorly coordinated between
schemata. Once students are truly convinced that the aluminum block
and the plastic block take the same time to fall the same distance, we
a§k them to make a prediction comparing the times for two toy trucks of
dgfferent mass to slide down the same incline. They predict and argue
f\ilg(t)rously that the heavier truck will get to the bottom of the incline
irst.

These scenarios provide evidence about how schemata function in
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our thought processes and suggest some reasons why naive theories of
the physical world are so difficult to change.

Naive theories are derived from experience and have inherent validi-
ty. It is true, after all, that stones do fall faster than leaves. It is also the
case that we have few experiences that contradict our naive schemata.
We do not observe feathers falling in vacuums or bricks sliding on fric-
tionless surfaces. The naive schemata are functional and allow us to
function adequately in our daily lives. But most important, the naive
schemata are undetected by teachers.

When we teach, we assume students interpret text, lectures, and ex-
periments as we intended them to be interpreted. The evidence is ac-
cumulating that this assumption is often not valid.

Instructional Implications

The research results and ideas reviewed here have important impli-
cations for improving instruction in science classes (7). We will mention
but a few of these. Findings from research under the cognitive perspec-
tive demonstrate that students’ comprehension of science instruction is
greatly influenced by the students’ existing knowledge. Hence, the
teacher should have detailed specifications of the students’ relevant
knowledge as they begin to study a science unit. Using pretests to diag-
nose students’ knowledge before beginning a unit of instruction is not a
new technique, of course. What the cognitive research newly suggests,
however, is that the preinstructional diagnosis should be so designed
that it reveals to the teacher an accurate picture of the existing knowl-
edge structures and accessible cognitive processes in the students’
memories. The teacher needs this picture to plan science instruction
from which students will learn effectively. In teaching dynamics in in-
troductory physics, for example, when the students’ prior conceptions
associate forces only with animate beings, or when they believe that a
force is acting on an object moving at constant velocity, appropriate in-
structional strategies must be planned to take account of such existing
knowledge. Again, in teaching evolution in biology, when students
come to instruction believing that the characteristics accidentally ac-
quired by an individual organism in its lifetime are transmissable to the
organism’s offspring, the teacher must plan an instructional sequence
that takes account of this existing knowledge.

Information about students’ knowledge structures also provides the
teacher with a powerful tool for assessing the extent and quality of the
students’ understanding. All too often, achievement tests in science
manage only to assess students’ ability to recall specific facts or ideas.
We say that we are trying to teach for understanding in science, but we
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do not assess students’ understanding very well, if at all. The findings of
cognitive research offer a remedy, since an indicator of understanding is
the number and kinds of connections between concepts in a person’s
knowledge structure. When students produce a representation of the re-
lationships between science concepts in a given set, they are, in effect,
displaying their understanding of these concepts. Various techniques
for obtaining representation of science concepts from students are availa-
ble. One which we developed is called the Concept Structuring Analy-
sis Technique or ConSAT (5). Other techniques include concept map-
ping (21), word association tasks (9), and free-sort tasks (26). Any of
these techniques can be used to obtain representations of the students’
knowledge structures of science concepts.

Cognitive research uses various data-gathering and analysis tech-
niques, and teachers can apply them to obtain detailed specifications of
their students’ knowledge. The availability of these detailed descrip-
tions makes it possible for the teacher to specify with greater precision
the instructional tasks and strategies that will best aid the students’ sci-
ence learning and the extent to which students have achieved under-
standing.
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