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Research in the Teaching of Science

Introduction

IN COLLECTING, ANALYZING, AND INTERPRETING the
research in science education over the biennium July 1957 to
July 1959, the National Association for Research in Science Teach-
ing and the U. S. Office of Education sought to focus on some of
the areas of science education in which known problems exist. 9
What does the research over this period indicate? Has it been :
concentrated in some areas to the neglect of others? Are any
significant directions or trends indicated in the research findings
of this period? What was the nature and design of the studies? Do
they reflect some of the newer patterns and techniques of research?

It i8 clear that the Congress, through its support of science
education over the past several years, has identified the area of
science education as vital to the National welfare and security. If
a long-range movement to upgrade science teaching emerges, it is
certain that the improvements must be based on the findings of
research. To produce excellent research, science education as a
profession must become more critical<—both of the design and of
the findings of the studies within its of concern.

The present bulletin summarizes published studies discovered
through a careful search of the pamphlet and periodical literature
of the biennium, and also unpublished studies discovered through
a questionnaire jointly developed by the U. S. Office of Education
and the NARST and mailed to more than 1,200 institutions offer-
ing graduate work in science education.

The three committees appointed by the National Association for
Research in Science Teaching assumed responsibility for locating
the names and addresses of persons who had published research
in science education during the biennium. This information was
assembled by each committee chairman and sent to the U. S.
Office of Education. An inquiry sheet containing space for a 500-
word abstract was then mailed to the author of each published
study, In this way, responsjbility for abstracting both the pub-
lished and unpublished studies was on the author rather than on
a committee member. o '
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2 RESEARCH IN TEACHING OF SCIENCE -

The studies reported in this bulletin were carefully evaluate] |
and selected by means of criteria drawn up by the National Asso-
ciation for Research in Science Teaching. In most cases the |
abstracts were evaluated by at least three committee members any f§
by one or more of the science specialists at the U. S. Office of E
Education.

The criteria, originally published under the title “What (op. |
stitutes a Research Investigation in Science Education,” ! are the
following :

In order to be classed as a research investigation, a study must satisfy -

the criteria in one of three categories: A. Experimental studies, B
Analytical studies, or C. Synthetic studies.

A. KExperimental studies include comparisons of learning under dqif.
ferent methods or conditions of teaching and all other investigations thst

involve. pupils in one or more types of learning situations. They are
characterized generally by the following steps or techniques:

1. A statement of a carefully and specifically defined and delimited
problem. .

2. A thorough study of the literature appertaining to the problem,
for the purpose of determining the need for the study and its
possible contributjon.

8. The development and use of &n appropriate experimental design.

4. The collection of data and their treatment by appropriate statis
tical techniques.

5. A presentation of the findings and of the conclusions that seem
justified by them.

B. Analytical studies are systematic attempts to determine from pub-

erally by the following:
1. A statement of a earefully and specifically defined and delimited
problem. )

2 Athomghltndyofthcliteutnnnpwniutothpmbhm.
for the purpose of determining the need for the study and its
possible eontribution. - )

materials, resource-use data, instructional suggestions, references, and
Mbmmwtwuhwamuumrnhhwnful

1 8cionce Educstion, 87:53-84, February 1068,




INTRODUCTION 3

in an educational situation. Synthetic studies are characterized generally
by the following steps or techniques:
1. A statement of a carefully and clearly defined need or objective.
2. The development of criteria for maintaining selectivity in the use
of materials and the consistent use of the criteria in thorough
studies of materials appertaining to the need or objective. '
3. The development of a practical pattern or technique for organizing
the materials that met the criteria.
4. The preparation of a substantial publication that summarizes the
results of the studiea.

The present report reflects the advantages accruing to a coopera-
tive project in which several individuals have participated. On
the other hand, it reflects the obvious limitations of such ventures
inasmuch as it permits a wide latitude within which individual
yudgments may be exercised. In addition, some studies had to be
left out of the report because they were poorly represented by the
abstract supplied to the committee.

The chairman of the three committees, together with the geneml
chairman and the cooperating science specialists in the U. S. Office
of Education, accept full responsibility for errors of categorizing
the studies and of interpretations resulting from the application
of the criteria.

It would seem advisable to make an earnest nationwide effort
to upgrade research in science education. Too many studies repeat
previous ones—at least in part—thus showing little awareness
of what has already been accomplished in the field. Likewise, many
of the problems chosen are too general, or have already been so
thoroughly explored and their results accepted, that the results of
the present-day research studies are almost predetermined. In
addition, many studjes are survey studies, basing the entire investi-
gation on an analysis of the present status of some aspect of science
education.

[




Challenges to the Improvement of Sclaneo‘ Educgtlon

W}{AT ARE THE POTE !\"I;IALS of a research resource center?
Of common concern is the improvement of research in science
education, and the question is this: How might Tesearch resource
centers help? To give my answer to this question I should like, first
of all, to point out a few major\dimculti@ with today’'s research
efforts, then try to define good research and suggrest possible ways
of producing it, and finally examine alternative proposals for im.
proving research in science education. ’

It would be easy enough to point out the technical shortcomings
of present research: poor research design, improper ».atistical
procedures, untenable assumptions, and hypotheses that cannot
be generalized. Such technical shortcomings are, however, merely
the result of fundamental difficulties. One of these difficulties is
the fact that we seem to have to rely almost exclusively on degree
candidates to conduct the research.? Such research is necessarily
hurried and harried—the candidates do not have time either to
design long-term research projects or to deyelop the technical
competencies needed to arrive at convincing, replicable results.

,Another fundamental difficulty arises from the fact that we
often attack issues or problems head-on, without sufficient atten-
tion to the frame-work underlying them. We ask specific \questions
such as whether or not the laboratory experience should precede,
accompany, or follow class discussions, rather than ask broad
questions about how children learn science concepts. Our behavior
i8 somewhat like that of the alchemista who wanted to turn lead
into gold. All their time and energy was expended on repeated
empirical head-on collisions. Today: by making use of the knowl-
edge about the nature of matter, the alchemists’ dream is quite
possible. Similatly, our own advances in science education wil]
come not from a direct attack upon the obvious issues and prob-

l%tMMh'M'.%.GMMM“MWUM.
!For example, of the 420 pages in vol. 44 (1960) of Sciewce Eduostion, only 70 pages (17
percvent) unmwmmh‘-—b-‘dNAm (National Association for
Mh%?s&iu).u&dhﬂ!d&o—ommmdmm&
sertations. hhtb-n{on..umtthtl.ﬁul.mtoflhoht.tvuh-.dm
o&dﬂ)oumdolﬁthomnlndonnMoerﬂ'mamhhlhm
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Jems, but by a slow testing of basic relationships which will become
useful, operating principles.

Finally, a third fundamental difficulty is the fact that our
discipline does not now possess a definite structure of criticism.
If research is conducted in an area where naive and inconclusive
vork i8 published along with the good, and if poor work goes

ncriticized, improvement cam hardly be expected. The natural
i*iences which we teach give us reliable and accurate accounts of
the world, in large part because of the system of checks and criti-
cism which these disciplines have evolved, yet we fail to recognize
this in our own research field. .

This lack of structure of criticjam in science education research
18 illustrated by those of our journals which have no section de-
voted to Jetters from readers criticizing specific reports for short-
comings. We all tend to deplore the general body of research, but
no one is saying what is wrong with what research, so that we
could slowly work toward research that inspires confidence. Also,
at our mbetings, we tend to march through a full schedule of
research papers with little or no time for discussion so that n'er:y-
one might be able to present his study. The frequent summaries of
research and the “implications” papers of our organization (which
made up about 20 percent of Science Education, vol. 44) would
seem to be one avenue for research evaluation; but here only gen-
eral Atatements are found, and criticism of specific efforts is only
through omission. If a paper that is below any acceptable stand-
ards of research gets into our literature or is_placed on our pro-
grams, the investigator must be told where he fell short. Otherwise,
incompetent research will continue to mask the valuable research
upon which our discipline should be building.

No doubt, other major difficulties might be pointed out, but if
vou agree that the three mentioned above are legitimate com-
plaints, that is all I need us background for the points that follow.

Before turning to possible solutions for these difficulties, per-
haps I shouid pause and try to give you my conception of good
research. This secms a reasonable preliminary to the question,
“What is needed to produce good research 7"’

In a recent yearbook of the Nationa! Society for the Study of
Education, Flftcher Watson and I attempted to delineate areas
which we felt contained worthy and researchable questions.® Im-
plicit in our article is our conception of good research. First of
all, good research utilizes knowledge from the frontiers of related

3 Needed Rescarch in Science Education. In Re-thinking Seiencs Education, Fifty-niath
Yearbook of NSSK. chapter XV1. 1960, v .




6 RESEARCH IN TBACHING OF SCIENCE
disciplines. Too many of the previously reported studies appear

to have been designed and conducted as though psychology, psycho-
metrics, and the other behavioral sciences did not exist. Nor do
the studies give much attention to philosophy in questions con-
cerning the aims ¢
research, then, i

iples and
nes, whenevar reievant.

ues developed in related

the proces

assessment, procedures in multivariate analysis
developed by statisticians within the last 10 years, sociology’s tech-
niques for measuring socipeconomic status of the family and
parental expectations for the son, and the engineer’s most recent
high speed, stored-program, digital computer. But all of this will
amount to very littie if research workers should fail to build upon,
derive specific hypotheses from, or confirm or modify a theoretical
structure of the career-choice procesa. This is not to insist that
all educational research must test hypotheses from the theores
of reiated behavioral sciences. The essential point is that our
research efforts should be directed toward a more fundamental
understanding of the basic processes that occur within the domain
of science education.

Having delineated a few of the characteristics of good research,
we can now ask what is most needed to produce the research that
seeks to understand the basic processes involved in teaching and
learning science, the research that will serve as a basis to develop
and improve specific methods and materials, the research that takes
advantage of developments in related disciplines? What is needed ?
i le: good people!
research is done by people. The most elaborate organization ever
conceived will not produce good research without good people doing
the research. What we might be able to do collectively, however,
is develop a program that will encourage competent people to focus
their attention upon the basic processes involved in science
education.

One approach might be to offer research grants to behavioral
scientists for examining aspects of science education. Even if
more behavioral scientists could be encouraged to use our domain
as testing grounds for their hypothesss, the extent to which their
efforts would modify our practice would nevertheless be question-

o 0 e s g
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able. Such men are usually more interested in contributing to
their own disciplines and publishing in their own literature: this
limits their usefulness to us within our existing structure. (We've
already observed that little use is made of the developments of
other disciplines. At least our published research does not reflect
familiarity with their literature.) This finally brings me to my
central point.

§  We need to develop a core of men who will serve as the missing
link between the frontiers of the study of human behavior and
our own specific concerns. Today the universities prepdaring most
of the doctorates in science education number only about 12. I
believe that their programs tend to be staffed with men whose
primary interests and responsibilities lie in the realms of action
and service: directing teacher training, conducting inservice in-
atitutes and summer workshops, writing textbooks, and preparing
other mew curriculum materials—certainly worthy enterprises.
But missing are any faculty members—to speak of—who devote
primary attention to research. We cannot expect the research in
our field to improve without such persons. As the recent Presi-
dent’s Science Advisory Committee Report ¢ on basic research and
graduate education pointed out, competent graduate research is
done in an atmosphere of active faculty research. Research is not
something that one sandwiches in between a multitude of other
activities. It is a full-time job, and we cannot expect to get the
competent research we sorely need until faculty researchers are
on the staffs of every graduate program in science education.

Some of you are no doubt thinking that faculty researchers are
neither possible to obtain nor necessary to have—-impossible be-
cause of the lack of money for extra ataff, and unnecessary because
your university faculty has behavioral scientists to Wwhom your
candidates can turn for special help as problems arise in their
dissertations.

The question as to the néeessity of having a research position
on a science education staff is not easily answered. If there is .
general agreement that our research efforts should not continue
to rely almost entirely on the work of students, and if most grad-
uate school faculty members are already overly committed with
the school’s necessary and important action-service functions, then
the need for additional staff seems to follow. What may not seem
necessary is my plea for the performance of basic, behavioral
science investigations. :

:J

e 7 e e e o ey

€ Solentific Progress and the Fuderal (Qovernment Scioncs, 132:1802-15, December 16, 1960.




8 RESEARCH IN TEACHING OF SCIENCE

There are two main reasons why I believe basic research to be
necessary. [Kirst, we cannot expect to utilize the frontiers of
knowledge in the applicable sciences if none of us is familiar with
those frontiers. The best way of knowing the frontier is to work
there. The emphasis is on frontiers because the scientific advances
in any field involve a process of successive approximations, so that
the most recently developed principles of human behavior are
generally the most reliable.

The second reason is that much needs to be done in terms of
adaptation and development before the fruits of psychology and
sociology become useful in the educational setting. We must be
concerned with the sciences of human behavior because it is
human behavior we are dealing with in the schools. A part of
this basic research task is ours. Although the study of pigeons
pecking for food or of rumors circulating in wartime may yield
basic psychological or sociological principles, the task of selecting,
testing, and refining such principles into educational operations
involves -a type of basic research not now common in our field.
I call it “basic” because the focus is upon building a science of
human behavior in the educational setting. It is not a disorganized
empirical attack (in the manner of the alchemists) upon the
obvious and immediate concerns of educators.

My remarks thus far seem to have taken me rather far afield
of today’s topic. How do research resource centers fit into the
scheme I've presented? I believe they are potentially useful for
improving the dissemination of research results, but they will not
solve some of the basic problems described above. The current
plan is to set up centers around issues or prbblem areas. This focus
might serve to entrench even more firmly the head-on empirical
attack on the obvious problems in our research methodology..

Another major shortcoming of the proposed center concept is
the emphasis on resource rather than research. I am whole-
heartedly for research centers, but differently conceived. Each
research center should evolve specific areas for research. These
areas should not be assigned from the outside, nor should the
center assign itself any preconceived areas. But evolving areas are
a different matter: they will necessarily reflect interests and
strengths of each local faculty. I say “evolve” because research
is not a process during which someone identifies a problem, defines
it, compiles a relevant bibliography, performs an experiment, and
thus solves the problem. It sometimes appears as though we have

come to believe the all too-frequent general science textbook defini-
tion of the scientific method.

00 LA 0L oL L0 0000 L
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Although it is easy to be negativistic toward sincere and
thoughtful proposals, it is quite difficult to develop better ones. We
seem to have a common concern and desire: to improve research in
science education. Research resource centers will no doubt be
useful, but I would prefer not to see us place too much faith in
them as a panacea. Just 8o much time and energy is available, and
we must decide what approaches are most likely to yield the great-
est improvements. The following four suégestions might be con-
sidered along with the proposal for research resource cqnters.

1

. We should identify the more definite, organized research operations

at universities preparing doctorates in education. Our research
coordinator could compile and make available a summary of these
activities. Only centers having a going program of research should be
listed. The listings, which could be published in Science Education,
would be useful for stimulating the establishment of more definite
programs at other institutions. The listings would also make it
possible for prospective graduate students to identify institutions at
which they might profitably study particular aspects of science
education. It is not too clear today who is doing what. This sugges-
tion is not an attempt to establish a research elite, but rather to
provide a means for recognizing those areas currently being researched
on an organized basis, so that the practitioner can know where to seek
competent advice and emerging centers can decide where to place
their own emphasas.

We should improve our official journal through establishing an edi-
torial board which could pass for publication only competent research.
I suggest a board because the improved screening of papers is too
much to ask of any single man. If more careful editing results in too
few papers, invitations should go out to behavioral scientists who are
conducting research related to science education. This would bring
their work into our literature and would tend to assist us in setting
standards for research.

The official organ of this association should contain a section devoted
to constructive criticism. A “Letters” section suffices in the journals
of many other disciplines. If such criticism is not received on a
voluntary basis, it should be actively sought—not simply for the sake
of criticism, but because we have generally agreed that too much of
our current research is poor. The incompetent, irrelevant, and im-
material aspects of existing studies must be clearly pointed out. We
won't get anywhere until we become more specific in our critiques.
This is an integral part of any scientific enterprise.

The Association, together with the U. S. Office of Education, might
wish to sponsor special summer conferences at which the men now
actively engaged in research would meet to discuss specific research
problemnnndhoshsretheireompmduwnhotherlwishin‘to
become more active in research. We don’t seem to have much difficulty
setting up big conferences for general discussions or workshops to
write new textbooks. Perhape a 6-week session on concept formation
would be a good place to start.




!

10 RESEARCH IN TEACHING OF SCIENCE

The National Association for Research in Science Teaching no
doubt might do many other things to stimulate and improve
research in science education. We should remember, however,
that any action must be related to people doing research and not
to peripheral activities, which are only substitutes. To improve
science education, much needs to be done in basic research; and
to accomplish this, leadership and action are required. NARST
is the only organization devoted to research in science education

~ and only its membership can provide the necessary stimulus to
conduct competent research. This is the challenge we face.




Avenues to the Improvement of Research
in Sclence Education’

rN A POPULATION s0 dependent on research, it is sad to reflect
how few people perceive what it is all about.

“Research,” as the late Palmer O. Johnson ? once defined it, “is
an approach to a comprehension of the universe along a broad
thoroughfare of organized knowledge solidly established on obser-
vation and experiment imbedded in a matrix of theory. It is a
highway that is continuously being lengthened, widened, and
mended.”

Whether or not we agree with Professor Johnson's definition of
research, his definition contains the essentials upon which good
research must be based : (1) organized knowledge, (2) observation
and experimentation, (8) theory. These three essentials con-
stitute a void, or a formidable roadblock preventing the free flow
of good research. All are generally necessary to the production
of good research; none is sufficient in itself. How a particular
academic area or discipline views them is dependent to some extent
on the nature of that discipline: its breadth of coverage, its level
of theory development, and its views on observation and
experimentation.

In education and in science education, it is most difficult to
achieve a blending of these essentials in the proper proportions,
since the area of endeavor is a complex of many things. Even a
casual study will show that the level of theory development in
science education is low and its breadth of coverage extremely
wide. These in combination have led to an arm-chair approach
to the problems of education by many self-appointed experts in
and outside the fiel§ whose repertoire is lacking in one or more
or all of these three essentials. Experts, otherwise well equipped,
have avoided observation and experimentation as a source of
truth due to the remarkable breadth and complexity of educational
measurement. A haphazard or arm-chair approach to the un-

| Contributed by Kenneth E. Anderson, Dean, School of Eduecation, University of Kansas

? Prefesser of Education, University of Minnesota. The queotation is from bhis i{ntreduetory
remarks at the First Annual Phi Deita Kapps Sympesium on Edueational Research. Report pub-
lished by Phi Deita Kanpa. Ine.. 1960. p. XV. :

11




12 RESEARCH IN TEACHING OF SCIENCE

resolved issues, 8o typical of efforts in the past, i8 not enough.
An organized and concentrated effort such as the research resource
center may be the answer to our vagueness. If properly structured, §

it will have the potential we are looking for.

In science education it is imperative that the researcher have 3
sound grasp of the organized knowledge in some scientific area,
such as physics or chemistry, in which he proposes to research.
He should have more than a nodding acquaintance with the
philosophy of science as represented by such men as Herbert
Feigl, Morris R. Cohen, Ernest Nagel, and P. W. Bridgman.* These
in combinatiord will add to the rigorpusness of the researcher's
work in terms of. method of science and afford a theoretical
basis for his exploration of pertinent problems.

The above might be sufficient for the researcher in science, but
there is another dimension crucial to the science educator in which
the three essential conditions must be repeated if he is to conduct
good research. This is the complex of education involving perti-
nent applications from the organized areas of knowledge, such as
economics, sociology, psychology, and statistics. A fair grasp of
these disciplines, coupled with a sophisticated understanding of
educational philosophy, learning theory,' educational measure-
ment,® and techniques of educational research,® are essential to
the production of goed research in education.

Research is needed also in educational measurement, since edu-
cational research has been handicapped by inadequate methods of
measurement, and since the absence of feasible methods of
measurement may block off entire areas frfMsignificant inquiry.
Adequate methods of measurement are as essential to progress in
education as they have been for prog:ress in the scientific dis-
ciplines. Thus, the road to good research in science education is
a complicated highway and the equipment must be good if one is
to reach the end of the road and deliver his cargo of usable goods
intact.

What constitutes good research in the field of education? Good
studies are essential if research is to be implemented by action in

—

2 Herbert Feigl amd May Brosdbeck. Resdings in the Philosophy of Selence. New Yorh:
ADDMMM.MIN. 811 p.

¢ Ernest R. Hilgerd Theories of Learning. New York: Appleton-Century-Crofta, Ine., 1954,
SE. F. Lindquist. Edueational Measurement. Waskington: Ameriean Council on Edueation,
1981. 819 p.

' 'AHH&MH,!ML&V&MPMO. Johneon. Educational Research and Ap-
praisal. Chieago: J. B. Lippinsott Ca, 1888, 862 p.

T e
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the educational process. Nicholas A. Fattu ' discusses the\gharac:
teristics of good studies in some detail :

A good study puts us ahead of where we are now, tackles probiems not
handled by peers, solves problems that others have failed to solve. A good
study makes a difference in educational practice if the potential applica-
tions are taken seriously. A good study is imaginative, ingenious, and
productive of new approaches, new ideas, and new data. A good study
fits into a pattern of long range work. It has antecedents and conse-
quents, and the total result is increased understanding of a fleld as a
result of the accumulation of studies.

A good study is carefully designed and planned. It identifies a definite
problem. All parts of the procedure are reievant to the question being
studied—data collected, analysis of data. The interpretation of findings
or meanings of results is directly related to the organization of the study
and the procedures used. The results are also directly related to the
conceptualization used, and may suggest new data and new concepts.

A good study is aimed at discovering truth, not at supporting a current
or proposed practice. It deals with more general and universal aspects
of questions that concern education. The goal is not to find a quick
solution, but to develop tested principles. Results of a good study can be
communicated to peers working in the same area.

A good study is appropriate to the level of development of its field and
to the questions asked. Education is an enormous public enterprise
engaged in 8 form of mass production. It is impossible to operate on this
scale without systematic quality control, for without quality control we
don’t know where we stand, and we canpot correct the weak spots. A
program of quality control involves systematic and continuous collection
of facts on pupils, including long term follow-up of graduates. Data
would include tests but would also include data on motivation, socioeco-
nomic background, level of aspiration, emotionality, etc. Operatious
research tells the school about its raw material and about its output.
Operations research and quality control methods could be applied to
operationa] data.

Although educational research studies run the gamut as to
problems studied, good studies are characterized by the identifi-
cation of definite problems to be investigated. No 'doubt there are
a host of identifiable problems needing solution. Some of these
are represented in the nine fields of investigation which should be
assigned to research centers. But should not the central and
underlying purpose be to improve instruction in science? If this
be the primary purpose, then the real problem is to evaluate the
outcomes of learning in science. Evaluation then must involve
objectives and an appraisal of whether or not these objectives have
been reached.

What are some important objectives or criteria of learning?

T8ee his “A Survey of Educstional Research at Selested Universities.” PFiret Annusl PM
Deits Keppa Symposium on Educational Ressareh. Bloomington, Ind.: Phi Delta Kapps, Ime,
1960_p. 15




. 1
14 RESEARCH IN TEACHING OF SCIENCE

These may be stated in many ways, but are not the following
almost all-inclugive?
Has the lsarner:

1. Acquired and retained useful and pertinent information of a factual
nature ’ )
Acquired and retained a workable understanding of the principles or
big wdeas of an academic fleld

Lo

The purposg of this discussion was to point out that -

- - . evaluation must be geared to objectives along & continuum from
simple understandings and skills and limited adaptability to more com-
plete understandings and complex skills and greater adaptability. Where
we as students and teachers are on this contingum determines the evalu-
ation procedurss to be employed. As long 85 we operste on a rather low
level of understanding near the lower end of the continoum, the ordinary
evalustion procedures will sufce. A little thought and ingenuity, how-
ever, can lift us off the lower levels of evslustion and place us a bit
higher on the sontinuum. As we and our students continue to move
upward in sn anderstanding of what we sre trying to sccomplish, the
simpler procedures will no longer evaluate adequately the transfer of
understandings and abilities of the pupils.®

Regardless of whether or not you subscribe to the four criteria
of learning stated above in terms of a continuum or spectrum, it is
imperative that the purposes of a research study be couched in
terms of sound learming objectives if the research study is to
have a chance of being implemented into action.

In & previous paper entitled Implementing Research Into Ae-
tion,* the writer emphasized that school personnel must be made
a real working part of the research team and acquire some psycho-
logical ownership of the research process if research is to be im-
plemented into action.

Paychologica! ownership cannot be acquired in full by active
participation in the research process. Before or along with par-
ticipation there must be some solid sxposurs to: (1) formal in-
struction in the discipline or in the area where the educational
research is to be conducted ; (2) the psychology of learning, both

in psychology of learning per se and in psychology of learning as

'MI.AM&JMH:LM; “‘vﬂ-th.!d..e"rnouu." Scionce
lwrw.au..(nwmrmau.wan-.unwm
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applied to & particular academic area; and (8) methods of educa-
tional research and the applications of statistical methods to
research in education.

The first point need not be labored upon too long. It should be
obvious that one cannot do much real educational research unless
he knows his academic fleld well. The researcher must be well
'rourided in his discipline at the undergraduate level and in addi-
must have pursued real graduate work in the area. Programs
teacher education must demand real academic attainment in the
major or minor teaching field.

The second point need not be treated at length in this discussion.
Pertinent, however, is the following statement :

Education is an integral part of modern life. Modern individual and
social life encompasses a great complexity of phenomens. Systematic
and orderly investigations of the “great buszing econfusion” of life
require conceptualizations; that is, views of what to look for, how to ..ok
for them, and what kinds of structures, processes, and relationships are
involved. If, when one entered a classroom, he had no prior conceptusaliza-
tion of teaching and learning, he would see children and an adult, he
wotld hear several children and the adult epeaking, he would note physical
items in the room, movements of people, and ‘the like. What givea it
meaning for the investigator of classroom instruction is a model which
he conceives, a simplified picture of the structure and process of class-
room instruction. This model usually includes such elements as a teacher,
pupils, objectives of instruction, learning cutcomes. If he holds such a
model in mind, he has a basis for focusing his observations and for
arranging and analyzing his data. This development of a formal model
provides a way of viewing the complex phenomens in a fashion which
permits scientific study.

Models serve to simplify a process which appears on the surface to be
too varied or complex or haphasard to be understood. But models must not
only simplify complex phenomena; they must provide a means for ex-
plaining and predicting the variations and regularities observed in the
phenomena. Hence, cohceptualizations change as research indicates that
earlier models fail to explain or predict many of the observations noted.
For example, a common model for research in instruction in the 1920'a
included a teacher, a group of pupils, methods of teaching, learning
cutcomes.

This conceptusalization recognized variations in the intelligence of
pupils, various methods of teaching and variations in the degree of
achievement by the pupils of the learning outcomes. Since that time,
a number of things have been added to this model, such as variations in
the skills, preparation, and personalities of teachers, variations in the
initia] achievement of pupils, in the kinds of pupil motivation, in the
content and intensity of pupil interests; and variations among several
major kinds of educational outcomes, such as knowledge, skills, attitndes,
and problem solving. Effective educational research is commonly guided
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by conceptualizations which provide ways of viewipg the complexity of
educational phenomena in orderly and meaningful patterns.*

The third point is particularly important, for it is in this area
that the real break-through in educational research may occur.
I quote:

An is 80 often the case, a study of a particular problem in education is
Riven a stamp of approval or is labeled respectable, because the study
contains a number of tables which are statistica) in nature. Actually,
statistical analysis of data is only in order provided the researcher:

1. Selects the appropriate statistical technique for the data at hand,
and in addition tests the assumptions basic to the technique. This
implies an adequate background in the fleld of statistics and
measurement. Even the coroner conducting a post-mortem
examination selects appropriate tools and techniques, but even
then his examination more often than not fails to produce addi-
tions to the knowledge of medicine. :

2. Applies the Golden Rule of statistics. This in, essence means that
consideration is given to statistical techniques early in the study,
which ia often a controlled experiment, before the data have been
gathered. Too many studies supposedly experimental in nature
are like corpses—all that one can do is hold a post-mortem exami-
nation. An experimental study should be: carefully planned in
advance under conditions which will afford a secure basis for new
additions to knowledge.

In most investigations other than the descriptive type, the two chief
problems are: (1) testing statistical hypotheses, and (2) estimating
population parameters. Tde first involves an exact test of significance,
or a test which is based on a known probability distribution. Usually
this involves setting up the hypothesis as a null hypothesis, applying the .
appropriate statistical tool, referring the final result te the appropriate
model or distribution, and last of all a rejection of the null hypothesis or
its acceptance (failure to reject it).

It is essential in an experiment that the principle of randomization be
observed. Otherwise, a test of significance has no validity. It is important
that groups of students who are to be treated differently, have the same
probability of being so treated. In other words, the educational treat-
ments should be randomized. In addition, the students should be assigned
at random to the various groups receiving different educatiopal treat-
ments. Only when samples are obtained in this manner and only when
the experiment makes it possible to secure a valid estimate of the experi-
mental errors, is statistical inference permitted."

It is important in setting forth the plans of an experiment to
answer the questions that prompted the research and to list all
the variables that might conceivably influence the results. In an
experiment based on the assumption of controlling all factors

10 Ralph W. Tyler. ‘“%Mﬂ&ﬂ*mm&hmm.”
MAMPNN“MBM..I’WM Bloomington, Iad.: Phi
Delta Kappae, Ine., 1960. p. 57-58.

11 Kenneth E. Anderson. *“The Statistical Approach to Problems in Science Education.”
MM”M—”.M!M
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except the one under investigation, it 18 often observed that
results will change from one experiment to another of the same
kind. {f all the essential conditions are varied simultaneously
rather than one at a time, one can observe the effecta of the factors
in a nearly natural setting. Factorial design is appropriate because
the effects of the interactions of all combinations of factors under
consideration are measured. The chief advantages of factorial
experiments are: (1) greater efficiency, (2) greater comprehen-
siveness in that effecta and interactions are estimated, and (3)
that the conclusions have a wider inductive basis. [ quote again:

It is possible to partisl out in & factorial design, such as the above, the
effects of pre-acience information and intelligence. This would call for a
factorial design involving analysis of covariance.

Consideration of designs of the factorial type before the investigstion
gets underway might make the research efforts more fruitful

... the research worker in science education should: (1) use adequate
and reliable statistics when the research calls for description, (2) use
statistical techniques properly by testing assumptions basic to the tech-
niques, and (8) select apd use statistical tools in the early stagea of an
investigation. In addition, the research worker in science education
should be aware of new statistical tools and sampling distributions avail-
able for exact tests of significance and think of problems in science
education not only in terms of tests of significance but in terms of prob-
lems of estimation.

Finally, the science researcher should use the powerful tool of analysis
of variance and covariance to bolster the controlled experiment in acience
education, and insofar as possible consider in future studies the possibili-
tiea of varying all the essential conditions simultaneously by designs of
the factorial type so that our findings will reflact natural settings and
thus have wider applicability in our science teaching. When this becomes
an accomplished fact, science teaching via realistic research will improve
immensely."

When the statements quoted above were written (in 1954),
some references to multivariate analysis were appearing in the
literature. Today, there is not an abundance of space devoted to
the topic, but nevertheless many scholars in the area believe that
multivariate analysis may trigger a real break-through in edu-
cational research. To quote Johnson and Jackson:

As a general rule—in fact, any phenomenon under observation—is, or
may be, affected by the influence of numercus factors, and these facters
may be related among themselves—sometimes operating in the same
direction, and sometimes in opposition. One of the tasks of the researcher
is to identify and describe these relationships and interrelationships.”

Multivariate analysis is a mode of statistical operation and may

18 [bid, p. 891.
13 Palmer O. Jobnson ond Robert W. B. Jecksea, Modern Statistical Methods: Descriptive ond
Indictivre. Chicago: Rand MeNally and Comapany, 19868, p. 871,

Q.
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involve such methods as partial and multiple regreasion and cor-
relation, factorial design involving analysis of covariance, and the
discriminant function. Illustrative of a very aimple application
of ’tbe method of multivariate analysis is a_study entitled An
Evaluation of the Introductory Chemsstry Course om Film by
Factorial design and Covariance With Method and Ser as the Main
Variadles.!*

In this study the problem was to test which method produced
superior results in measured achievement in chemistry during one
year of instruction: the conventional or the film method. The
design of the study was a 2 x 2 factorial type. The factors were
the two sexes, male and female, and the two teaching methodas,
film and nonfilm. Analysis of covariance was introduced im that
the pretest and the SCAT (School and College Ability Test) scores
were held constant. The factorial design employed permitted
stratification of the data and the testing §f three null hypotheses
as follows:

1. Students Wt by the ilm method did net diffet in achievement from
monuughtbythemﬂlmmﬂ.baod,ﬂprutgxrdSCATm
held constant. -

2. Male students did not differ from female students in achievement
with pretest and SCAT scores held constant

3. The sexes did not differ in achievement when taught by the flm
me(hodmd'hmhurbtbythenonﬁlmwﬁmpmm
SCAT scores held constant.

The primary hypothesis was the first, and hypotheses 2 and 3
helped make the first more meaningful than it would have been, if
they had not been introduced into the problem. From the stand-
point of the efficiency of the factorial design, it can be said that
we will have tested one hypothesis regarding interaction and
two hypotheses concerning main effects. If the asingle-factor plan
of experiment had been used, the two main hypotheses would have
required separate treatments and no information would have been
possible concerning the effect of interaction. The following four
groups could have been compared at once in one analysis of covari-
ance: (1) film-male, (2) film-female, (3) nonfilm-male, and (4)
nonfilm-female. However, six T-tests would have been subse-
quently required, and again the interaction effect would not have
been available.

In this study, 10 students were selected by means of random
numbers from each of the following groups: :

ua,x-..uxmmtlmy.-‘mr.msmm
45:900-74, Aprd 1961,
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Film Method—Male = U g , 79
Film Method—Female . = = _ . . I (]
Nonfilm Method—Male ST . 289
Nonfilm Method—Female L 178
Three scores for each student were plsced in one o{ Lhe cells of a

2 x 2 table as follows :

Male Feemale
Group X ) z® \ Yy'* 7
Film
Nonfilm

I Raw soores on the pretest (Amdsrsen (Momistry Tesf. Porm Am. Workd Rood Company,

Yonheroen-Huodson N Y .).
S Raw scores oo the BCAT (Ssheal and Callage Alksy T-u.g Ceoperstive Test Diviston Béw-

cattonal Testing Bgrvice, Princetan N.J ).
’ Raw ncores on Lhe pastiest (A aderwoa Chemistry Tasl. Foarm Am)

The sums of scores, sums of scorcs squared, and sums of cross
products were obtained for the three measures X, Y, and Z. From
these, the surus of squares of S8's (1x?, 3y?, 3z?, Ixz, Ixy, 1y3) were
obtained for: (1) total sample, (2) method, (3) sex, (4) in-
teraction, (5) wi , (6) method plus within, (7) sex plus within,
and (8) interaction plus within. The following regsession coeffi-
cients were used in obtaining the adjusted SS'a:

(3x2) (¥y*) — (2y1) (Ixy)
(xh (1y") — (3axy)?
(1x?) (3yz) — (3xy) (Ixx)
(xx*) (xy%) — (axy)?
The adjusted SS’s were obtained by using the following formula:
88 — (3* — bixz — byiyz) — (Adjusted SS for within) -
The final step in analysis of covariance appears in the following

'l =

2 =

table:
Analysis of Covariance

Source of Adjusted
variation df. SS MS Probability
Method 1 555 50 9.58 P« .01
Sex 1 1£7.08 219 P> .06
Interaction 1 1Q.65 0.18 P>.056
Within 34 1,970.64

Total 37 £,623.68

The uigniﬁcmce of the mean squares was determined by enter-
ing the F table with 1 and 84 degrees of freedom. The mean square
for method was the only significant one and indicates that a
significant difference in chemistry achievement occurred with

-
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pretest and SCAT scores held constant in favor of the nonfilm

group. The adjusted means were 48 49 and 41.06, respectively.

Since the F value for sex was not significant, no bias was intro-

duced by this factor. Also, since the F value for interaction was
not significant, the difference in achievement of the students in
the film and nonfilm methods cannot be accounted for on the basis
of being a male or a female, when taught by the film method and
when taught by the nonfilm method.

Factors other than sex can be introduced into additional fac-
torial designs. In this way, it will be possible to vary all the
essential conditions simultaneously rather than one at a time,

thus

results therefore have wider applicability than do single experi-
ments, since the ordinary analysis gives information only in
respect to a narrowly restricted set of conditions.

A similar study * was made, using a 2 x 2 design involving the
same types of scores for each student and using method and career
plans as main factors.

The problem was one of testing which method produced superior
results in measured achievement during one year of instruction :

resulting in greater efficiency and comprehensiveness, The

the conventional meth;t;:ger the film method. The design of the

study was a 2 x 2 facto

type. The factors were the two methods

of instruction (film or nonfilm) and plans of going to college for
a science career and nonscience career. Analyggis of covariance
was iftroduced in that the pretest and SCAT scores were held
constant. The factorial design permitted stratification of the data
and the testing of three null hypotheses as follows:

1.

2.

Students taught by the film method did not differ in achievement in
high school chemistry from the students taught by the nonfilm method,
Students who planned to go to college for a science career did not
differ in achievement in high school chemistry from students who
planned to go to college for a nonscience career. '

The science career students did not differ in achievement in high
school chemistry when taught by the film method and when taught by

the nonfilm method from the nonscience career students when tanght
in the same two ways.

The following conclusions were made on the basis of the data
obtained : . '

ik

2.

The film and nonfilm groups achieved the same with pretest and SCAT
scores held constant. This was our primary hypothesis.

The science career students achieved significantly more than the non-

l‘Knne&lAuhwn.m&lmw.MD-hP.ham “Arn Bvaluation of the
an&wﬁyO&mM&MmmlﬂnhW%MMwﬁiw.ﬂ )
Carear Phu-thlc}; Vlﬂablq."!chmlm 45 :276-278, April 1961.
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science career students with pretest and SCAT scores held constant,
since the F was significant at the b percent level and the adjusted
means were 53.35 and 45.96, respectively. Since the F values for
method and interaction were not significant, the conclusion was not
biased by the factor of method nor influenced by interaction between
method and career. But since the F value for career was significant,
control of this factor by stratification was justified.

5 Perhaps of most importance to the problem of implementing

research into action is an all-out commitment to the worth of the
research process. The following is pertinent as a conclusion to
my remarks:

Research can serve education in the same way that it serves such
fields as medicine and agriculture. It can test the effectiveness of new
programs; it can establish principles which will suggest new procedures.
Changes are being proposed and made in our educational programs
because of the current concern that all citizens shall achieve their full
educational potentials. We would be delinquent in our duty if, at the same
time, we did not strengthen and extend the program of evaluation,
whereby we might know whether the new programs are producing their
intended results.

Research is needed today to resolve the heated, and often bitter, contro-
versies regarding educational policies and methods. Many of these dif-
ferences in views stem from a lack of basic knowledge regarding learning
and learners. Only when we know what various educational programs
produce, and when these results are attested by objective scientific evi-
dence, can we settle upon the better programs.

It is mot enough to urge classroom teachers to put more effort into
teaching subjects by traditional methods. Many current methods are the
product of years of traditional practice and they are not necessarily the
most effective in terms of current needs and knowledge. Over a period of
years research has shown repeatedly that traditional methods are often
based in part upon false principles of learning and that new methods can
be devised to replace them.

We need research not only on educational methods, but we need a great
deal of research on the problems of motivation; we need to know far more
about aptitudes and their development; we need to know more about the
social forces which encourage or discourage youth from staying in school
or entering a learned profession. Research has already provided insights
and techniques for making better use of our human resources, but we
shall remain comparatively ineffective until we know far more than we
do now.

Research on educational problems and on problems significantly related
to education is increasing in amount and in coverage. Funds from the
Federal Government, foundasions, and institutions have steadily in-
creased. But, in relation to the need for improving education and to the
importance of educational efficiency, the present investment in educa-
tional research is totally inadequate.

Organizations of professional educators and groups of specialists are
independently promoting many kinds of research. The results are often
fragmentary. Too little opportunity exists for the ablest research leaders
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In summary, the title of this paper, “Avenues to the Improve-
ment of Research in Science Education,” means just this: that our
research workers in science education must be so trained that
they (1) are well grounded in their academic fields, (2) know the
academic areas related to and important to education, (8) know
the psychology of learning, (4) are sophisticated in the applica-
tion of research and statistical methods to problems in educational
fields, and (5) will be given an opportunity to pool their resources
in an interdisciplinary effort via a research center.

In addition to these demanding requisites, time must be taken
and effort made to improve educational measurement, and multi-
variate analysis must be employed with increasing frequency. The
two in combination may well represent a crucial approach to
problems in education, and if well done may constitute the break-
through so desperately needed in educational research.

Die Wahrheit liegt in der Bewdhrung—Truth is what stands the
test of experience. )

15 Kenneth B. Anderson, “AMM&WMWMM&
President.” AERA Newsietter 10:1-8, October 1959
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Research Studies in Elementary School Science

Intre y

AETITOU&H THE STUDIES in this section deal with science in
the elementary school, they hold implications for science teach-
ing at other levels. The increased emphasis during recent years
on developing a coordinated program in science from kindergarten
through grade 12 suggests that these studies be examined by com-
mittees and curriculum leaders for their contribution to such a
program. More than ever before, science education leaders at
every level of instruction need to keep abreast of acience education
at the elementary school level. The studies in this section should
therefore be of intersst not only to elementary science educators,
but also to those at the secondary school and college levels.

This section contains abstracts of 26 of the 43 studies on ele-
mentary science reviewed by the committee and a complete list
of all these studies.!

Analysis

A majority of the research studies on elementary school science
dealt with (1) problems of learning involving problem solving,
scientific inquiry, scientific concepts, and pupil learnings; (2)
problems related to the curriculum; (8) problems related to
teacher education, both preservice and inservice; (4) trends in
placement and allocation of science content and time allotment;
(5) learning or teaching aids.

Probloms Releted %= Loarning

A number of the studies were concerned with the different as-
pects of problem solving. Carpenter contrasted pupil learning by
mofaeompnrhonotthefgmﬂhruxtbook-dinuulonmethod
with that of the problem-solving method. He concluded that prob-

1“&“&”&*.&““0.9..&‘&
list ca p. 36.
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»

lem solving with the use of classroom experimentation resulted in
higher test scores; and that, as a method, it was preferred by both
teachers and pupils.

Garone, Jones, and Neal emphasized the anecdotal record of
children’s behavior as a basis for determining growth, not only in
problem solving, but also in the ability, through use of the problem-
solving method, to inquire and to organize inquiries and discoveries
into concepts and skills. Ramsey used a similar technique, that of
sharing experiences, as recorded by the tape recorder, to discover
that younger children were more likely to share their experiences
than those in grades 4-6. The science experiences were then classi-
fied according to the science odncepts to which they contributed.

Nelson studied the development of. concepts in two areas of
physical science—light and sound. Neal studied procedures which
promoted ability in children to utilize science inquiry methods.
Jones discovered through the development and use of the problem-
solving method, resulting in the ability: of first-grade children to
organize their learnings into simple concepts, that the elementary
science texts for this grade level were not sufficiently challenging.
Davis studied the teaching to intermediate grade children of con-
cepts of time and space relating to geographic time zones. He was
concerned about the problem of grade placement of these concepts

and concluded that rigid grade placement of understandings about
time and space is impossible, if not undesirable,

Other studies in this group emphasized pupil inquiry, pupil
learning, and pupil interest in science. Bizler attempted to corre-
late the classroom teacher’s attitude towards science with the
learnings of his pupils, while Boyer compared scientific achieve-
ments of elementary school pupils with criteria of achievement
established by leading science educators. Neal was interested in
the development of scientific inquiry in children of elementary
grades; Preston compared the learnings of American and German
children; and Young contrasted learnings of 8d- and 6th-grade
children, boys as compared with girls, in the area of atomic energy.
She found that television played an important role in these extra-
curricular learnings, particularly for boys.

The use of the outdoors as a laboratory and learning tool was the
core of a study by Hollenbeck. She employed the school camp as
her medium.

Problems Related to Curriculom

Curriculum studies varied, ranging from those analyzing exist-
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ing curricelum guides to those developing new ones which empha-
size grade placement of important science topics. The advisability
of integrating elementary science with other subjects was also
explored. Bryant and Challand examined the content of science
guides or courses of study. They found little uniformity. Ashley
emphasized integration of elementary science and found that learn-
ing was improved when subjects were integrated. Notkin out-
lined a guide to serve as an aid to teachers in New York City.
Hone analyzed State and city curriculums in order to determine the
status of conservation education.

Probiems Related to Teacher Edvestion

The preservice and inservice preparation of teachers for ele-
mentary science was an area of major emphasis for research.
Examination of preservice and inservice courses across the country
revealed little similarity. Studies by Berryessa and Tyndall at-
tacked the problem by attempting to evaluate classroom science
teaching in terms of the courses taken by teachers while in college.
Bryant evaluated curriculum guides in order to assay the science
understandings expected of children and recommended that the
understandings thus derived be part of the preservice training for
teachers.

Sostman demonstrated that inclusion of nutrition materials in
the inservice education of teachers brought about an improvement
in the eating habits and nutrition of the children they taught.

Various methods were propounded for inservice assistance and
training of teachers. One method was to prepare teaching aids
elaborating on areas in which teachers were generally deficient.
Such studies undertaken by Branley in astronomy and by Caruso
in oceanography could serve as a form of individual inservice as-
sistance. Inservice training throigh workshops was utilized by
Nelson and by Sims. In these two studies pupil gains were used as
the criterion of the effectiveness of this method of teacher training.

Guides or courses of study could be considered as another form of
inservice assistance to teachers. The study by Notkin previously
mentioned was based on the development of such a guide. Ashley
and Kerr conducted studies showing how to utilize the consultant
as an inservice aid.

Tronds Reveeled by Studies of Sclonce Guides

Trends revealed by research studies by Blanc, Low, and others
indicated that science curriculum development now includes ale-
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mentary school science, that the K-12 program is generally ac-
cepted as an ideal and that guides or courses of study assist a
science program by suggesting subject matter, science experiences,
objectives, and principles. However, there seems to be little agree-
ment as to grade level of specific science experiences. The study by
Challand indicates that the textbook still serves for many teachers
as the determining factor in choice of sequence of science topics.
She found that early elementary grades tend to integrate science
to a greater extent than upper elementary grades, that there is
usually a specific time allotment for science in the upper grades,
and that this time allotment averages two hours per week.

Leorning or Teaching Alds

Learning or teaching aids have been previously mentioned as one
method of assisting inservice programs by Branley, Caruso, Dunfee
and Greenlee, Jones, and Notkin. Teaching aids also help the in-
experienced teacher by giving her information, and suggesting
activities, scientific objectives, and principles to stress. This is
particularly true in such areas as astronomy, geology, chemistry,

° and physics.
Young found that television can indirectly assist the classroom

science program. Current televised science programs will doubtless
be the basis for future research studies.

Other Studies

Garone reported research on the ability of children of superior
intelligence to develop understandings, interpretations, and con-
- cepts. Carpenter found that method of presentation had less in-

fluence on the learning of students of high scholastic ability than
on those of low scholastic ability.

A study by Mallinson and Holmes of teachers’ ability to estimate
reading difficulty of science materials concluded that readability

formulae tend to be more consistent than estimates by ejther
teachers or reading experts.

interpretation

Examination of the research studies reveals existing deficiencies
or areas of need for future research consideration. Some of these
are the following: (1) criteria to determine adequacy of both

%
|
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preservice and inservice science courses; (2) identification of ways
by which children can transfer to home and community the skills
and attitudes developed through problem-solving experiences; (3)
criteria to determine readiness of children at different grade levels
for science experiences; (4) better evaluative procedures for exist-
ing elementary science programs; (5) selection and development of
science interests: (6) a comparison of the adequacies of elementary
science programs for girls as compared with boys; (7) a compari-
son of the emphasis on a few science areas and principles at each
grade level with the emphasis on many science areas and principles
repeatedly covered in each grade; (8) the reasons for diminishing
science interests of children as they progress through school and
into college; (9) means of evaluating children’s growth in problem-
solving skills; (10) evaluation of televised science programs.

A few of the studies deal with children’s science learnings in
relation to the total learning situation in the classroom. That is,
observations were made of the growth of children’s science skills
and knowledge in ;ituations where science learning opportunities
were not limited to a brief specific science instruction period. They
give attention to a wide range of factors which are important if
the objectives of science teaching are to be achieved. Such research
may seem unwieldy, but it points up the importance of supporting
procedures and practices that will unify, rather than fragment, the
science learnings of children.

With only limited resources and time, most graduate students
find it difficult to study the many factors that may influence
children’s learnings throughout a week, a month, or a year. It is
almost impossible to make continuous longitudinal studies of
children’s changing attitudes, skills, and knowledge. Yet such
studies are badly needed.

The evidence is growing that a problem-solving, inquiry-oriented
approach to science teaching enables children not only to learn the
skills of investigation, but also to gain a greater understanding of
science concepts. Longitudinal studies would giv4 us a further
basis for judging the soundness of this inference. Kven this one
conclusion, if applied generally by elementary teachers, would
redirect science teaching significantly from a limited, fact-learning,
reading approach to an inquiry-centered approach. This, in the
view of many scientists and science educators, is the direction
which science teaching should take.
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IWAM.~WWW
Probdiem.—To identify some factors which dif-
lemd-bdmﬁm-mtmmmb-
mvhmruunnkuhrbduﬂwm
programs from generally competent teachers
Mmmmubmﬁes‘
Procedures.— -five teschers who earried on
eeoeunuhummmm
umm,wmm Per-
somal interviews, the Kuder Preference Reeord,
and the Minnesota Teacher Attitude Inventory
m-edtemhalwném.

medioere. Adequate room space facilities, and
umrqcanmedmhtm!nm&g
velopment of effective science programs. Finally,
8 teacher's imterest in science appeared to be
an important factor in the kind of science pro-
gram she developed.

BixLer, JAMES Epwarp. The Effect of
Teacher Attitude on Elementary Chil-
dren’s Science Information and Science
Attitode,

Problem.—To investiyate the effect om papil
m::-r:wam-mw
science, tescher degree of suthoritariantem
tagemtn«wddnbhw
relations, children’s intelligence, and children‘s
sex.

Procedures.—It wss hypothesized that grester
munmnp@ummuhm
would be Brought ebout by (1) teachers who
possessed more faversble attitudes toward
sclence, (2) teschers wbo were relatively non-
nm&ﬁ.&,uﬂﬂ)mwl%
mmaatﬂﬁ&siﬂ:&mm*
tionships. The effect of children's intelligence
-edahﬂdm’-mmhanlum'un-
plored. -
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(ii Both science information and science stti-
tode were inversely related to childrem’s inted-
igence. Ths differences were significant {n favor
of the Jower intelligence of any two groups eom-
pared.

BoYEr, DoNALD ALLEN. A Compara-
tive Study of the Science Achievement
of Pupils in Elementary Schools.

Frobiem.—To survey midwestern school systems
(o determine sclence mchievements of eleméntary
studentsa.

FProcedures —A survey of 1I midwestern seboo!
syitema was conducted to determine science
schievements of elementary pupils In sddition,
(he literature relative to science tesching was
analysed A series of estatements regarding
science temeching .ﬁﬁk:. was produced = o
result of this analysis. The statements were then
rombined to produce five sets of pattern state-
ments relstive to science tesching programs,
which were evaluated by leading sclence od
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included in the study were the following: Change
is eontinpous in the universe, motion is univer-
sal the universe is extremely large, and man
obtains knowledge through his senses. Bailt
around these coneepts an inservice course for
elementary teschers was given st the Planeta-
rium

BRYANT, PauL PaYNE Science Un-
derstandings Considered Important for
Children and the Science Required of
Elementary Teachers.

Problem — To determine the smount of stienUon
Lhemulmdwbnumm!nig-e&etedc&
leges for tescher educstion give to the selence
anderstandings considered important for ehil-
dree.

Procedures. — Twenty ecurriculum guides recom-
mended by s committes of the Association for
Rupervision and Curriculum Development were
snalysed to ascertain the selence anderstandinge

tors me sdequate or inadequate Twenty-four
school systems thea participated in sn sttempt
m.ﬂ;‘&drwewpwhm-
tnwnmmunﬁs&.mﬂhm
pupils in these school systems were tasted as 8
{url.hﬂcrnraﬁoadthnéeggpwh-
tluded in the study.

Findings.— (1) Teachers i schocls having in-
:deqﬂussimpwmmwhﬂ
facility is using the best ecombination of scienee
teaching procedures. (%) The teschers bhad o
deficiency in seience education. This lack along
vi&mnﬁaoum@npm&i&
ferfor results. (83) More than balf the schools
hﬂulmmm’wuw
programs adequate becsuse of

given ss part of the school testing program.
(4) Apajwiuduhoohwfth'oo‘m
pw“nﬂhﬂrwnm
for science materials or fer special science per-
sonnel. These schools earried on imservice pro-
mh&am&nguedtmum
sive msaterials.

BRANLEY, FRANKLIN. Astronomy for

_the Elementary School Teacher.

Problem.—To develop & teaching aid to serve
as & basis for an clementary teschers’ ecurse in
m.\mnmmmrh-hn"
York City.

in astronomy important to teach children. Thus,
a series of activities was developed by which the
concepts eould be taught. These activities were
m-ﬂmuwu.mm
out need for elaborate equipment.

M—-mmwmm.u

reec *‘mp.uxaommm
mndlnncmcuhowmamdm
guides were included. Persons of recognised
-Hltyh&'téutﬁdﬁd.é&ann*‘
te syntbesize them. The resulting 98 science
onderstandings were assumed to be important
to children and to the science education of ele-
meatary school teschers.
sm@pmdmmmu
MAmAmésdadeuw
Education were studied A guestionnaire-rating
scale containing the science understandings eom-
Mthmmmthm
tors of science eourses required of elementary
education majors. The instructors were asked
u&umm-mmun-‘hm—
ecourses to each of the understandings.

Findings— (1) Although there was Bo agree-
utaMMMtdw
ings, there was some agreement as to their
wmmmmumm&
drea. (l)‘l\cﬂllxsﬁwﬁmm&dm
s mean of 11.7 quarter bours of science for ele-
mentary eduestion majors. (8) Biological and
pwwmmudd-hn
school science methods are the courses mast fre-
quently specified. (4) Course content was use-
ally determined by the instructor and based o»
students’ needs, but inmstructiomal astivities gen-
erally centered asround the imstructor. (§) A)-
MUMDMM*Mh
Mmﬂmmsdﬁomd
the science courses required for elementary eduv-
uﬂu-}a‘uuu'uﬁbﬂhm
children.

CARPENTER, REGAN. A Study of the
Effectiveness of the Problem Solving
Method and the Textbook-Discussion
Method in Elementary . Science Instrue-
tion.
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FProblews. —To compare the effectivensss in sle
mentary science (nstruction of a tesching metbod
based wpos demonstrstion and dsssroom experi-
meatation (problem method) with that of a
tesching method based ucpon reading snd dis
catsing o basle texthbook (tertbook-discussbon
method ) .

Frocedures —All of the (thgrade pupl (823)
of thres monpebile elementary mchools in Hemo-
hiu were &ivided feto two groups (A snd B)
These groups were eguated upon the basis of
intelligence test scores. age, and sex. The taneh-
ma-mmcrﬁummmuum
basis of education, experiencs. and reting by
sdministrators. Comprehensive. detalled teseh-
lq‘nih-"-“d-“mdeg'\h&mt#u
of animaks excluding man. " were comstructed
The group-A pupils studied “magnets.” using
&ctﬂthﬂAhe-seam-iﬂommr
B popils studied the same suhject. the same
length of tisse, using the problem method An
ldentical objective teat. previsusly constructed
and validated by the experimenter, was sdmin-
istered to both groups. and the mesn scores were
compared by the (-technigoe Later, the twe
sToupe studied “the sdaptstions of animals es-
coding msn." The same conditions prevalled for
MM-f-mpr-mmM
the two groups switehed methods Agsin, toa
the mesn scores om an ohjestive test were eom-
pared by the (-techaigue. ~
M—‘l)hﬁhd&(('ﬁmlk@
mmk,&.mmm-
mesn scote significantly superior to that sehieved
by the group tsught by the textbook-diseussion
method (3) The pupils ranking highest in gen-
eral scholastic abllity were less inflcenced by the
change in temching methods than were other
pupdls. (3) The puplls renking lowest in gen-

M—Mﬁrﬁsﬁnbw
and suitable for development in the upper ele-
mentary grades were identified by consulting
soographers end reading the Mtersture. These

MMN&M-.NMW

duced fer uppergreds puplls will serve also
& & resoures for teschers with little heekground
in this ares.

CHALLAND, HEIEN J. An Appraisa)
of Elementary School Science Instruc
tion in the State of Illinols.

Prodlem —To appraise the status of ehemestary
x&dﬂh“PWilmmdem
Procedures —Questionnaires were sest o ws
=eniary tsachers leguiring asbout the Frade
placement of stience eomtent, the methods =sed
to determine aress, the oontext of elemesntary
science in termas of the total rurriculum. and the
Ume allotimeat for the solence progrem.

M.smmdm. physielagy, asd
sstresomy were found to be stressed the mast by
Leachers. [e genersl s majorfty of the teschers

mentary grades allocsted a specific period of time
o seience m such Time aliotment did not vary
widely, the aversge being spprevimately tws
hours per week.

Davis, Ozmo Lrke, Jr Learning
About Time Zones: An Experiment in
the Development of Certain Time and
8pace Concepta.

Maser Adwiser. —Harwid D. Drommeond.

FProblem —To determine whether children tn the
éth, Sth, and §th gredes can prefit from instroe-
tion in comcepts of time and pace relsting ts
geographic time somen.

Mnfﬁd&.dfmmﬂklﬁ.
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srnders. The experimental classes made » sig-
ribcantly grester gais im understanding than
4 1he contrel classes (4) There was =s dif-
(erevece in the guwims of cnderstanding among
{ede levels during the time the preiest wes
the sdministrution of the test of

cimsped  (3) Obps mouth sfter the lesching
+d ihe experiments] classes bhad » higher
s than 4 the ocomtrel classes There
sgeifcant differemce in retestiios
ng grede rveln

DUNFEE, MAXINE and JULIAN GREEN:
.x¥ Elementary Schoc! Bcience: Re-
.earch, Theory, and Practice.

} coblewn —-To brimg together is & conciss Dok -
et research fndings authoritative opieioma, snd
s of suecesaful practice in sclence oducs-
i the elemestary sebool

Frocedures. — The guestions that eclementary
cepchers in college classes sshed about the tesed-
ing of eb tary schoal b sorved t= help
organise the eontent of the bookiet Questions
were organised snder the following tophes : (1)
jdentifying the role of sciesce odueation s the
clementary sebai (1) Explaring ihe nsture
of the elementary science pragram. () Teseb-
ing schenes in the eclementary sehoal (¢) Im-
proving the clementary seience program.

Ope hundred seventy-six professionsl beaks
sriicles in edueatiosal pohlications, master's
{beses, doctera] dissertstions, snd resesrch stud-
ies were examined by the authors.

The results of pertinenmt ressarch, astharitative

RESEARCH STUDIES —ELEMENTARY SCHOOL SCIENCE 81

Pindings.—Childres peresive and Ly 8 organise
(heir perceptioms to form understandable eon-
repta. Experience oppertusity W explore Whens
through trisl asd errer metbods and preps
guldance are feciory i=fcescing coneept develop-
mesl

Howieneeck, E. IkENg. A Report of
an Oregon Camp With Program Em-
phasis on Outdour Science Experiences.
Mater Adwissr ~Harcld Anderson

Frebicwn To meceriain the smoow! snd iinds of
4ot eaclemce experiences mow provided fer
Uregor thilddres Ly schock srd olber sgencia
and (o investigele i(he femsibility snd valoe of
presestling oculdoor schenee experieaces Bt &

Procedurer laformation os the sstdoos sche Bos
experiences of 68) M.lndod.esmhnmd—
&eénn&o--&ggghd()rﬁ-m.é@“
sbtained by goestionnaira The Endings were som-
pgnsé-iuxhnudnd-&:lurmd&ﬂad»
lege freshmen made two years esriber Flaos
were made for the orgssisation spd ade=inistre-
1h-d-m-ﬂ§iﬂxmmmﬂl&-
and 6th-grade children. The effectivenems of the
camp wes messared by precamp and posicamp
sockometrie tewta. interest iBvestorbes, asrtistie
presestations opinion guesticnnaires o pareots
ssd participants, snd interviews with classToom
teachers snd camp rescuree people

Fendings — (1) Teo few childrea in Oreges have
had an opportunily te participate fe outdasr

&odings, and expert opinicms are g 'y
aw&éumu‘hl&mmh&t.ﬂ-
questions of clementary teschers.

Fizndingse —The Iinterpretstions indicate thsat
wm-ﬂ-nwum:-u
in the clementary currieulum bul moch remaine
tc be dome fn buflding pregrem: more effective
than the presenl onea

GARONE, JOEN E. Acquiring Knowl-
edge and Attaining Understanding of
Children’s Scientific Concept Develop-
ment.

Mejor Advisrr.—Willsrd J. Jacohson.

Problems. —Te present and iBustrsts a geveral
npﬁe&éhe&m‘ll‘-t&ewm
ment by stody snd ssalysis of thelr percepts.
interpretations, and problem sciving.
Procedurcs. —Twenty-nine 16-to-12-year-old ehil-
mumm-mwh&-
study. Anecdotal records of their perespta, ilo-
terpretstiops, problem solving, and comeepts
mpmnthumdnwu
their verbalised group setivities were made, and
thelr written msterials were ocoliected eond
analysed.

Ehiu(lhinps.édthbﬂdhdnmb-
ﬁﬁékﬁ%uﬁé-ﬂlwhm
4 and outdoor Hving, exhibited desirable
sititudes toward werk and conservation prse-

Mejor Advissr —Ragmeond C. Perry.
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Frocedures - Pristed curricelums of the publc
mm&-mmmwhmf
ton edomstion C(rom bindergurtes througd high
schoal were analymed Dats were tabulated ge
mtuumm‘x%sghdw
edacation. The findingy ware substantisted by
8 jury of erperta, who sorrobarsted the findingy
dmum‘muvu{mum
mwﬁhnmm:‘mth
FPindonge — More conservation materia] oarme
frv-anlhnrmduu&odmta‘lh
mmwmmmm:?f:gm
riculem suggestions. la geseral there was cas-
mm-—mnumu-gmw
d .- |‘.‘_ A ] e T " . “
Conservetion wws taag®t mast fregueestly ta
m.w&wm*

JoNes, Mary Eriror. A Study of the

Poasible Learning Resulting from Sci-

Experimentation by a Class of
t-Grade Children.

Probiowm.—To tevestigete and determine the
mwnsmmm_rm-

concepts: (1) Expertmentation s o way eof
fading out. (1) As experiment consists of eer-
tain elements. (3) Bome experiments need coo-
troda

'hm&-‘dﬂb-nut&hx

hm(l)nﬂmmdm
M(l)m&mdﬁ-
nﬂ..u.m-u.mmu-_
uwn‘.mmm
m&.ma&.w-m
mmmmw»c—n‘

experimental proc! before believing o statemeny
and (1) resslving diferencas of apinton throggd
1 perimen tet ban

The childres alse gained oertais attitodes Moast
significanidy ft was focnd (hat whes ek(idren
ml‘mvdwyi*é.mumhﬁ;uﬁ-
mentstion, developmest oeeary ia aress Oother
Lhan science

Kem, ELEARETH FEENEY. The Role ef
the Consultant in Elementary Science.

HWAMM&\;‘

Prodom —To defire the qualifestions, fenetions
%&Mﬂmmdmi n clemen
tary sclenoce.
mkAlu}y‘hdq’hm-{d’-‘mhn
mmuggmmw
m.kmmﬁdmu&hh&-ﬂu@.
MWWMMWH&Q
D LAy schence consultasts

sultant are the fhllowing ; (1) Lives chilMdren snd
enjore thelr sompanionship (1) Ceta abong wei
with adulta (1) Has o good bachigrosnd ta el
ence  (§) Som childrem™s selence expariemcss e
muﬁ&-mmwumm
il)h'ﬂubwﬂmmbm
m&mm--ﬁ--mmm
sram. (I)MW‘M& (1)
Som science ummhmwm,
(I)Cﬂbﬁcﬁ.h%c@dm-
ity relsticnships U)Bd’.beﬂdwﬁnﬂ
mm.-&u»‘-—qmm.
a system. Hl)(hni.cnubuﬁiam
for teschers
l-tﬁt&_mmtﬂ-mh
wm-m.wumwn
od-c.mfatnd—nhn*d.

MALLINSON, GRORGE GREISEN end
Roma H. HoLums A Study of the Abil-
ity of Teachers to Estinmate the Reading
Diffculty of Materials for Elementary
Science.

Problem.—To determine whether the meassre
—-hdﬁ.n-lh'm-(mm
fn-&-:ﬂahfud—.hry-d-num-u
wmmbhm&mm
clementary taachers.

amTmpiion thet any clementary teacher eould
mmmua-mm
o texthosk, 199 sample reading passages from
ht“dnd.u!an“-‘“lm
mbbﬂd““.&ch
Mmmww Paciets
dﬂd&..n-d-m—ﬁhn-b-w
mumu—&.mm
Mm&-mhu“ﬂw
-m‘nmu%hn*d
large midwesters cities These specialists and two
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cemestary temchers tn essd & wev ashed w
sttty the kvl af resfing £Seouldy for essk
PEassge.

Fondengs — The menscresments mads by messe of
reading formelss for level of resding Efesity is
cemen tary sclenee terthanks tand @ be mare aom-
pstent ther (he miimete mede by reafing -
perts of chermentary schonl teschearw U resfisg
formules are losceurste, helr tnesrerestes tend
w bt comsistesl The mediss Sferencs for mess-
uremests by reafing formulne v 10 yemrs for
rending experta £ ¢ yenrs, and for cemestary
wachorn, .0 yeurs Henos 1t sosms that the wee
of resdieg formuiss b justifed for ectimeting (s
resding &Sty of demestery sclence Geythaoks

Neal, Loviss A Techniques for De-
veloping Methods of Sclentific Inguiry
“hildres in Grades 1-6
Frobicwm — To attemp! o determicse sdsyssts
metbads of pcdense tsguliry tn ahlldres (m sradss
1A wning Use ebharetary schosle 8t Calorede Btate

Colinge
Frocodures —8i1ty one tetching tembuigues e
nthoctnd s0d tested to promote the growth of &b
srade chilirem tn éovadoping the 0¥ty o o
methods of selentife tagulry, Lo, @ resaspoive snd
stels poroblecs, scdpet pertinent end adeguste date.
formulete and cvaluets hypotheses, form s oo
cuten ar » ameeyt and apply concepla or aee
redsthonebipe. The techniques regeirad the ok
fren to meake overviews of probless demoneirete
asnoerds, (abe exploretary srcurvions sales: rasd-
ingy, de svperimenta, chesrve tiects snd prac
evaluation of thedr ged! vitien.
mmhwmm
through 8 stody of the children’s written re
rponses and crestive expreasion. and througd ob-
jective tasting and cleervstion of cverd bohsviors
which ocould justifiably be sssnciated with he
ability to ume the methods of sciextifhe toguiry.

M_ium-.n-mww
% ing prossfures to hMentify and state prob-
loma, formulcte plame to osllect and evaluste deta
frem a pember of scurem, formulats hypstheses
sad comeepts, and apply conespts sxd methads to
sew situstions. Abffties basic to tha development
of intelectmal maturity thaet mey be sxpectad st
cach grade lovel were revesled

Testing data ladicsted 3 consistest pattern of
srowth for each methed of sslentific tnguiry frem
grodm { threugh €& The diferemem botweoen Wt
sédministretions were signifieant st the b-perget
level of confidemee.

NELsoN, PRARL AsTiD. The Acquisi-

tion of Concepts of Light and Bound in
the Intermediate Grades.

Majer Adeiasr ~—Joha O. Bead
Problem.~—Te investigete the learuing of asies-

.

Uy sonorpts and prinsipler iv Ube arese of Hght
snd pound by istermeliste § rode shildres
Procedewm —An inservice eorhshop for the tasch-
ey was plaaned [ndividusl islerviews were con-
Sucted Lo esaertate the childres's preconoetved
idons of Bgdi end esced Tewte were gives befare
snd after ccmpleiies af the undita and the goims
s vaderetanding reccrded The (we sshasls pesr-
Uepsting ip the stady varied widely a to the
pupil sosbomsonotnis bachgTeund
Pindings -~ Galns tr principleonderetasding asd
in comcspli gais were signifoast in ke sobock
having workphops far the teschore Thess temeh-
ere trassferred (heir warning and twterest bosk &
ihe simmrocm  The papib’ sesiesconemic badk-
grostd vt of Be sigeifheance & fa & puine werw
\’Y‘Fﬁlk JescwE Fiperiences to lm-
the Course of Btudy in Science
J:se Flementary Bchocls in New
Kindergarten through Grade

Naser Adviaer Wi Dard ] Jsocheon
Frobom — Te écvciop o tasching remecres thet
eould tmphemest t2e New Yerk (Oity coutree of
stody in miemes 8 porpase war @ provide o
sxibar of 188 shearross eupertencee fer kindee-
parten (hrewst grode & ocoveing 7 astanse arans!
el and tta resonrec: wanibee (remsportstion.
sommunboriies. aarid (8 epece, tukgnetiom e
elartricity, end plasta

Prossdures — Experiescess and sctivities were
warked ovt for eesh of the sslected sclesocr srome
Some were adepied from sclones remoures bonks
thes dewsicpad by the swthar  Hach activity wes
tasted with shildres ic classroom mitustiens
Pimdings — Thin tesching aid will assist ehemen-
tary teschary with weager heckgrounds in science

PresToN, Ratrr C. A Comperison aof
Knowledge of Direction in German and
in American Children.

Probiem. —To determine whether or not Sth-grade
Germas and Amertons childres were dforent in
regsrd to their kaswiedge of (=terrelationshipe
between boddly pesition (right e=d left). the four
sardine éirections, and the pesition of the rising
and petting sun.

Procedurcs. —Four qoestions, selected becsuse of
thelr oultzre-free sharscier, were answered by &
random ssmple of ¢80 Gih-grade pupid v Ham-
burg, Germary, and a stmllar group of 338 Oth-
greders in Philedelphis snd Baltimere Half of
the childrem of both matiomalities ingloded in the
stody were in the highdst $7 percest and balf were
in the lowast 27 parcest with regard to intellicence
(based o pational morms in esch eountry e
6h-grede childres ).
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Findings.—Resultsa showed concistently higher
scores by the American children. Their abesiute
knowiedge, however, wzs not impressively higher.
This beliaz the oftem =coepted statement that
American children are educstiomslly imferics to
those of Buronear countrics.

Mzny bright Ameripan sod German ohildrenm in
grade § evidently do not have & grasp of dives-
tional relstiopships. This fundamental is prob-
ebly meglectad in both countries. with the result
that children sre thrust ints the use of direetion
symbolism with insdequeie preparetion.

Ramsey, IvIN Ler. Children’s Con-
tributions in Sharing Experiences and
Their Potentialities for the Elementary
Science Program.

Probiem. —To resord and ansiyse the sharing ex-
periences of children In grades & &, and § in arder
to find their potential for the elementary sclemes
program.

Procedures.— A sampling of the oral reports and
conversations of 883 children in grades 2. 4 =nd §
were tape-recorded juring their experience-shar
ing time. The resordings were znsiyned to discover
the frequency with w=hich experiences reporied
were relzied to scimmce topics and prinaiples.

Findings. —A wide variety of cut-of-schoo! experi-
ences wer: deseribed by the childres. For 2zss.
pie, they mentioned iripe, communisstios astici.
Though the children mentioned experiences with
salmmwﬁﬂwmh.h
tended to talk less about biological-science
hmm.uqm-wpwm
topics. The children did not mention sany science
principles 28 such. The investigator, bowever,
identified 194 selemce soneepts and 376 sclence
clues related to 17 seience soroepts.

Sims, WARD L. The Development and
Evaluation of an Inservice Education
Program in Elementary Science.

Problem.—To develop and evaluate an inservice
science program for elementary teachers.

M—Amduﬂnnvamﬁw
to provide informatiem =2nd essistapes to the
teachers. Their partisipation was voluntary., At
sdmﬁumwmkeeé%pbm
to science in the elementary school was discnssed,
and demonmstrations were given. Pupile of the
participating teachers, as well as pupfls of nom-
participating teachers, wers tested at intervels
a3 were the teachers. Comtirols, participating
classes, 2nd teachers were mstshed Both pre-
tests and post-tests were given.

FPindings—Pupils In the experiments! classes
achieved signifieantly more on the post-tests.

SosTMAN, EDNA RUTH. An Evalus-
tlon of the Methods, Techniques, and

m

Findings Used During a Six-Year Nu-
trition Education Program in a City
School.
Major Adviser.—Clars Mas Taylor.

—To bring about Improvemssé iz ohil

Babits, to improve their health (ap.

pearance, growth, zud genern! slertness), sad to
bring sbout surrfeulum changes as & rescit of an
inservice teacher—<4ueatisa procrase.
Frocsdurvs. —Scheeis in the Puerte Ricsn seation
1(Nﬂi"ﬁ:t@uw About §¢ pereent
of ibe parents spoke omly Spanisk. A mutrition-
sducetion program was imangursisd in the cless
oom as 2 part of the regular surricalem. Inserv-
ice workshops for the teachers gave them the
necemsary background in nutrition. Meeting: were
held with parents ts give them infermetics re
garding food and food sqlectien.

Findings.—A deftnite imeres=s oceurred im the
number of children eating hreakfast. The bresk-
fast pattern improved and partigipstiem in the
school lunch program imeressed from: 35 pereest
to 42 percent. Signiflcadt differences appeared in
the growth patterms of the partieipating ehildren
a3 sompared with thess of nanpartisipating =hil.
dren in other scheols of similar setting.

T¥NDALL, JessE PARKER. The Teach-
ing of Science in Elementary Schools by
Recent Graduates of Atlantic Christian
College z2: Related to Their Science
Preparzatioyg.

Msjer Adviser.—Aleyne Haines.

Problem.—To investigate and scvziuste the science
teaching of recemt elementars sradustes of At-
tantle Christian College 2nd 1o examine the seisnce
program provided at the college for pee tive
slementasy teachers.

Proeedures.—An ocbeervation chesklist, == inter
view checklist, and a questicanzire were developed
undnlld.todastmﬁagfw(l)n:hndu
sciénes teacking practiess of 49 elementary tesch-
ers recemtly graduated from Atientie Christian
College, and (2) determining the ackievemment of
these teschers in high schoo! and college seiemce
courses. Five besic questions wers emplored:
What part of college belped you in carrying owt
a colence program? Whet experiences in eollege
would bave helped you? What inserviee experi-
snces have been halpful? What other sxperiments
have been helpful? How importent do you think
seience is in the elementary school?

The chi-square wes used to determine the rele-
tionship of teaching to streagths snd weaknesses
in the college sclemce preparaticn of the elemen-

Persons! attention te, and sajoy werking with
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children. They encourage investigation im solv-
ing problems, aid children in arriving at tentative
conclusions. The teachers were judged unsatis-
factory in relation to six eriteria of good teaching.
For example: They lack an understanding of the
importance of a laboratory-like eclassroom for
teaching science. They do not encourage children
{0 see the relationship between the physical and
hk;lo‘iuluk?cﬂ.nwdothuhdpehﬂdmn-
derstand inelusive seientifie prineiples.

There was a high degree of relationship between
grades made on science eourses and performance
as el tary teachers of scienece. There was no
significant relationship between courses taken and
ihe quality of science teaching, mor any between
teachers with or without imserviee experiences
snd the guality of their secience teaching.

YouNG, Doris. Atomic Lknergy Con-
cepts of Children in Third and Sixth
Grades.

Problem.—To analyse the atomic emergy conespta

-
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of 84- and 6th-grade children through interviews
and questionnaires.

Procedures.—Seventy-five 84-grade children were
interviewed about the subject of atomic energy.
A guide sheet, pictures, and diagrams were used.
The same information was solicited from 68 6th-
grade children by means of a questionnaire con-
taining pictures snd diagrams. The children were
questioned regarding the sources of their infor-
mation. Responses for both grades were scored
by identifying three levels of response for esch
question.

Findings.—The investigation indicated that many

_3d- and 6th-grade children have developed oobd-

cepts of atomie structure and the use of atomie
energy, and at least a fourth of both groups were
ready to pursue further study. The girls showed
less understanding of atomic energy than did the
boys. Television was the main source of infor-
mation. There was & wide range of individual
differences in readiness for science and in miscon-
ceptions.
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Research Studies in Secondary Schoal Science

introduction

'HIS SECTION contains abstracts from 40 of the 67 studies on
secondary school science reviewed by the committee and a
complete list of all these studies.!

Analysis

The studies reported here were classified in four broad groups:
(1) programs, (2) the teaching process, (3) learning, interests,
and attitudes, and (4) the teacher. No brief is offered for the
categories. It was difficult to avoid an element of arbitrariness in
the selection of the categories and the distribution of the studies
among them, since several studies had more than a single problem
and it was thought desirable to reduce the number of categories to
a minimum. The present state of research in science education
makes it difficult to apply research criteria vigorously to the selec-
tion of studies to be included in a summary review. Inevitably, a
greater degree of uncertainty enters into the selection process than
is desirable.

Pregrams

About 40 percent of the studies included in this review were
related in one way or another to the science program and its de-
velopment in the secondary school. Several were concerned with
content and its organization for teaching purposes. Stone and
Pierce, with the help of a group of interested and competent
teachers, worked out elaborate courses of study in biology and
chemistry respectively, which stressed the inclusion of new findings
from scientific inveatl/gations and the conceptual unit of each of
the two fields. y

Seeking to find out what should be taught about nuclear energy

lmcu.ahd’wnm,m.mu-mu-p.nmm
complste lst on p. 64.
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in the high school, Atkinson developed a list of principles of nuclear
energy (ranked in order of importance) and a validated test for
evaluating the teaching of these principles. Tyrell, using a large
group of biology teachers, ascertained their opinions as to the most
important areas in high school biology and the achievement of their
students in these same areas. He reported that the average score
of the students taking the test was less than 50 percent. In an
attempt to assess the effectiveness of the science and mathematics
work in vocational instruction programs, Shoemaker sent out a list
of science and mathematics principles to on-the-job supervisors,
who were asked to judge whether or not the high school graduates
under their supervision understood these principles and were able
to apply them to their jobs. Finding that the high school instruc.-
tion apparently had not been adequate, he recommended revision
of plans for vocational instruction,

A checklist of physiology topics was submitted by Henderson to
relatively large groups of students, teachers, and parents and to a
small group of physicians for their evaluation as to potential in-
terest and importance. He discovered that teachers and parents
were better judges of students’ interests than were physicians, that
parents felt sex education should be part of the achool program,
and that students were more interested in practical than theoretical
information. Seeking to improve the selection of supplementary
reading materials for the gifted high s¢hool student, Barnes and
others developed a list of 28 criteria which were submitted to a
group of respondents for their evaluation. These respondents rec-
ommended that the list of 12 criteria should be used by teachers,
parents, and others to upgrade the reading level of gifted high
school students. .

A comparison of current objectives and content in high school
biology with those prevailing 40 and 80 years ago was reported
by Howard. He found that purely factual information objectives
were largely replaced during the period studied by functional in-
formation objectives, and that mental discipline and religious
objectives had disappeared from current texts and courses of study
in high school biology. In an investigation of the advantages and
disadvantages of offering biology at the 9th grade and physical
science at the 10th grade in two schools, Heidgerd reported that
achievement in biology for 9th-grade groups was somewhat in-
ferior to that in schools where biology was taught in the 10th
grade; but when adjustment was made for mental age, achievement
was about as good as would be predicted. Achievement in physical
science was found to be high in the experimental groups.

FRIC e
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Schenberg analyzed the records of 27,766 seniors in 56 academic

high schools in New York City. He concluded: (1) Guidance and
testing programs were needed to identify interests and aptitudes

of gifted pupils. (2) Homogeneous grouping of specially interested -
and gifted science and mathematics students should be established.

(8) Increased attention should be given to the possibilities in
science careers for girls. (4) Three years each of science and math-
ematics should be required of college preparatory students. (5) A
well-trained core of teachers was needed for these students.

Roper repo n the nature and scope of the utilization of
industry-spon ' teaching materials in Colorado high school
chemistry cou

The activities of science supervisors and State agencies, and
surveys of curricular and teaching practices, attracted several in-
vestigators during the period under review. Using survey, jury,
and statistical techniques, Lee investigated the relationship be-
tween the rank order of importance of supervisory activities as
judged by a jury of experts, and the actual practices reported by a
selected group of State and local science supervisors. The “o-
efficients of correlation between the jury rankings and frequency
of practice were moderate for both State and local supervisors.
Interestingly, the category with the lowest ranking in practice was
research.

In a study of critical areas in the science programs of Negro
schools in Louisiana, Rand and Brazzill recommended that learning
opportunities in the physical sciences should be increased, that
science facilities should be expanded, and that-a systematic and
continuous attempt should be made to encourage students to take
science courses and to choose careers in science and technology.

A study of the status of science teaching in the United States 'y
was undertaken by the Research Division of the National Ed ;
tion Association. The data in this study were provided by 1
questionnaires completed by principals and science and math
matics teachers. An analysis of the data obtained showed: (1)
In general, mathematics and science teachers of large secondary
schools are better prepared and more likely to be teaching their
subjects full time than are their counterparts in small schools.
More than three out of four of the mathematics teachers are teach-
ing their particular subject full time. About 82 percent of the
mathematics teachers and 98 percent of the science teachers in
large high schools have had at least 20 hours of college study in
their respective flelds. (2) Nurlyiqwteroftheumpleinall

three categories of schools had three and four years of
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both mathematics and science. Large high schools have added new
science courses at a rapid rate. The rate of adoption of new courses
has increased somewhat in medium and small high schools, it has
increased less rapidly there than in large high schools. Again,
large high schools showed their superiority in science teaching, and
the adequacy of facilities and equipment in these schools seemed
to be in proportion to the enrollment. (8) In the opinion of the
administrators, teachers need to obtain up-to-date knowledge of
the field they are teaching. Here again, principals of large second-
ary schools stress this need more than do principals of small and
medium-size ones.

The Teoching Process

The teaching process is a major concern and responsibility of
the science teacher and an object of frequent criticism by many
people both inside and outside the formal school. The improvement
of science teaching has always been a major goal of science edu-
cators, although the relatively few studies available for inclusion
in this review seem to indicate a lessening of interest in studies
focused on the teaching-learning process than was the case in
former years.

In a comparison of the inductive and deductive methods of
teaching high school chemistry involving a relatively large group
of students and teachers, Sister Ernestine Marie found that in-
ductively taught classes showed significant superiority over deduc-
tively taught classes in achievement for the year’s work as a whole
and also for a special unit on the balancing of chemical equations.
The use of reflective thinking in high school chemistry was com-
prehensively explored by Fonsworth and further studied by
Newman, who compared the effectiveness of three teaching ap-
proaches in biology.

During the last 10 years there has been an accelerated emphasis
in science education on the use of teaching aids, particularly the
motion picture and television. A few studies were reported for the
period under review. Garside, working with 60 physics classes in
Wisconsin, made a comprehensive study of the influence of the
“White Physics Films” on learning in mechanics and heat. He
found that the level of achievement of students of high and low
intelligence respectively in the experimental (film) group was not
significantly different from that of comparable students in the
control (nonfilm) group, but there was significant difference in the
level of retention, favoring the control group. .
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In a study of the effect of a special motion picture on the learning
of biological principles related to the control of poliomyelitis and
on attitudes toward the National Foundation and the March of
Dimes, Bichler found that the use of the film produced no significant
difference in changed understandings and attitudes from those
achieved in comparable groups where the film was not used.

Schulman investigated the relative effects of positive and nega-
t1ve introductory sequences inserted in a selected instructional film
on the immediate and delayed recall of factual information learned
{rom the film by two similar groups of pupils in 9th-grade general
science. By means of appropriate testing techniques, he discovered
that the group viewing <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>