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Foreword And Acknowledgments

HIS PUBLICATION CONTINUES the annual serivs of bulle-

tins begun in 1950 as 8 cooperative undertaking between the Na-
tional Association for Research in Science Teaching and the Office of
Educatioh. The present buletin summarizes and interprets the re-
- sewrch in science education from July 1956 to July 1957.

The improvement of teaching in science, as in all other subjects,
depends to a large degree upon the extent to which the findings of
research are translated into aotion by science consultants and_class-
room teachers. The purpose of this bulletin is_to- assemble tho re-
search findings in science education in such & form as to be most.
useful for this and other purposes. ° . ‘ )

-Over the years since 1950 the series of publications resulting from
the joint efforts noted above ‘has received favorable comment and
wide distribution. The bulletins have become sstablished documents
in the research !itmatunn»f\gmmml education as well as of science
education. R - ‘ v

At no other time in the history of science education in America has
there ever been a climate so favorable to the immediate and long-
improvement of the subject as now. Through the efforts of the Na-
tional Science Foundation and many independent iridustries and
foundations, millions. of dollars are being made available annually
for upgrading science teachers from all levels. The passage of the
National Defense Education Act by the.85th Congress has provided
- additional millioneef dollars over a 4-year period, part of which will
be available to State and local school systems for strengthening science
instruction. - ‘

-

_ In this framework the role of research in science education assumes .=

ever-increasing proportions. - Without the guidelines which sound
research can supply, the millions of dollars now available for improv-
ingscience instruction will not be able to yield their maximum poten- -

tial. It is hoped that this pablication and others in the series can
~ provide some basic findings to that end. ‘ ‘
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ANALYSIS OF RESEARCH IN THE TEACHING
) OF SCIENCE o

Introduction NS

What research in the teaching of science was coinpleted bsiween
July 1956 and July 1957 What findings and conclusions resulted

from these studies! What implications do these findings heve for

the improvement of science teaching in the schools? In whai areas
was the research during this period concentrated What important
areas appeared (o be neglected? What directions are indicated for
further research{ ’
To assist in getting answers (o thess and other questions, the 1.8,
Office of Education in cooperation with the National Association for
Research in Science Tesching continued the annusl study which has
been céirried on since 1950. The association maintains a standing com-
mittes to review and summarize the research. Sciance teaching at
the elementary, secondery, and college levels is represented by sep-
arals sections on the standing committee. ;
The committees made a meticulous scarch of the book, pamphlet,

and pariodical litsrature for the period July 1956 to July 1957, The .
issues of more than 60 magazines which have carried published re-

search in science education were reviewed. Frequent uss was also
made of other scurces such as the Fducation Index. In addition, the
committee members reviewed abstracts of unpublished studies in
science education which sre obtainad annually by the Office of Fdu-
cation. Inquiry blanks for thess unpublished studies were mailed to
over 304 institutions and individnals who have knowledge of current
research work in the fleld of science educat; ' poet
antheutwommhmﬁ&listofmrehmdhmm
The studies reported in this bulletin wers selected from this master
list by applying a set of criteria (see Pp- 33-34) which the National
ooiati forBuurohinSeiumehinghumblhhdﬁmﬁi
avdgstionofmwhinmimeetudning. £




2 , mumwmmmmm

The work of the committees was handicapped by the fact tht, in
both the published and unpublished studies, they were for the most
part working with secondary sources, such as abstracts and articles,
rather than with original documents. The chairmen of the three
committees, the chairman for the National Association, and the chair-
man for the Office of Education accept full responsibility for any
errors of category or interpretation in applvmg the criteria for select-
ing the studies.

Some studies were eliminated by this evaluation process, because
they failed to meet the criteria. It is entirely possible that these
would have met the criteria if the abstracts and published articles

had been prepared with that purpose in view.

HR T




Seection I. An Examim;ion of the Research in Science
Teaching

ESEARCH FINDINGS must be translated into effective action
by school administrators, science consultants, and classroom
teachers if they are to make an impact on the improvement of instruc-
tion. The research reported in this section has been classified first
nto three categories; namely, elementary level, secondary level, and
college level. Within each of these categories there is a further
breakdown which attempts to cluster the studies around those prob-
lems of science teaching to which they contribute.

Each study is identified by author and also by a letter and number
in parentheses following the author’s name.” The. letter indicates the
particular subsection of section IIT (Bibliographies) of this bulletin
where the study is identified, listed alphabetically by author, and
numbered. For example, “Simon (E 8)” refers to item 8 in the sub-
section for the elementary level. In the same way, “Easter (S 4)” and
“Combs (C 9)” refers to items 4 and 9 in subsections for the secondary

and college levels, respectively.

Research on the Elementary Level

»

The studies reviewed by the elementary level committee were taken -
from the pamphlet and periodical literature of the period July 1956
July 1957, and also from the abstracts of unpublished studies col-
lected by the U.S. Office of Education for the same period. For pre-
liminary analysis, 18 studies were selected from these sources, 1 from
the periodical literature and 12 from the abstracts of unpublished
studies. This number represents a decrease from the 19 studies

Of the 13 studies, 8 met the criteria, see pp. 33-34) and thus quali~
fied as research studies suitable for inclusion in the present bulletin.
Three have been classified as curriculum studies, three as learning:
studies, and two as teacher training. . o b
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ANALYSIS OF ﬁauon IN TEACHING BCIENCE
"' Studies Related to the Curriculum

(>-' . Cuno (E 1) attempted to determine from such sources as courses
b - of study, teachers’ manuals, and textbooks in elementary science for
. children, what specific content materials in science to teach children
Ev. - in the hndergnrten and primary grades (1-3). .

The major problem of this study was to select the appropnate sub-
ject matter and from this to prepare learning e'spanences for the
grades involved. Selected courses of study, elementary science text-
books, and teachers’ manuals were analyzed. From the analysis the
learning experiences for the children were built.

The important findings from this study were (1) that more back:
ground material on specific science concepts is needed for teachers
_ in the kindergarten and primary grades; and (2) that more selective
" science concepts and related learning experiences are needed for chil-
dren. in these grades.

Y

Pella and Solberg (E 4) sought to determine “What can one fifth-
grade class in Beloit, Wis., learn about atomic energy {” Thirty-three
¢ . fifth-grade children had instruction in atomic energy from their
- regular teacher through bocks, TV programs, a filmstrip, and bulletin
'z board materials; and from a professor of physics from a local college,
24 who gave anpplemwtal talks. The children posed certain questions

.. about atomic energy which they wanted answered and then used the

resources noted above to find the answers. The children presented
. reports, prepared bulletin board materials, held discussions, and con-
structed an apparatus to demonstrate a chain reaction.

Before starting the study and again at the close of the study, each
" " child wrote a paper on what he knew about atomic energy. The two
... papers of each child were then compared.

From this study the followmg conclusions were drawn: (1) Fifth-
gnda pupils are interested in atomic energy. (2) Boys and girls evi-
denced equal interest in d)oatudy unit. (3) Many differences were
-~ moted in the nature of the specific learnings achieved by individual

" p@ﬂ& (4) Fifth-grade pupils can learn mmythmgnlbont atomic
mguumnltohywemaﬁcutndy

Jderak!
: ﬁmm(nﬂ)mduwedsnndywdewmimvhnuornam
trivel should be taught as a topic in elementary science. This topic,
M%&mTumDymlﬂdhmfer&

tuunputo(i)mtgw# ;
'MMuMmmmmm(ﬂ) identify




- bility of Science Interests of Five-Hundred

used to give children an understanding of the difficulties and obstacles - "

smanﬁmﬁﬂmdqimhvnbnhmmd(i)mm”motm- «Z
formation in the Los Angeles area which wodld bé helpful te the -5
teacher in stimulating a class in a study of space travel. ¥ ®

The findings showed: (1) Many of the concepts involved in the &
study of space travel are actually the same concepts that are studied ,g%
inthonmddemmtarymiemepmgrmmdoﬂythepoimdmfm -

needs to be changed. (2) The intense interest currently expressed by
elementary school pupils should be utilized by the inclusion of a space-
travel unit in the science program of the elementary school.

B "“w%ﬁ
"mm@’?:w\ﬂm Ml

Studies Related to Learning

The conditions under which children learn most readily and to the " %%
greatest degree continue to be a perplexing educational problem, -
Munter (E 5) conducted a study which was designed (1) to note an
describe developmental patterns of responses to questions of a cause-
and-effect nature in the field of science, and (2) to determine how
children’s thinking in this field develops with regard to age, experience,
and formal training, -
Five questions of a cause-and-effect nature in the field of science %
were given to 90 pupils in each of grades 38, 4, 5, and 6. The pupil
responses to these questions were recorded and then analyzed qualita- =
tively. Later these responses were quantified with scores ranging a8
from 0 to 4, depending on their degree of correetness. These data 3
wmorgmindmdeumbcauymdymdmdgmphmmprm oY
The findings of the study were that: (1) The correctness of a re- .
sponse tends to increase with the age of children, (2) responses may
differ greatly among children of the same age, (3) the correctness
of responses made by an individual child varies from question to ques-
tion, (4) ﬁwuicmdaﬁniupsminthetypoofnq)m_mz
different grade levels, and (5) the depth of response tends to increass
Garvey (E 2) conducted ion To Determine the Sta--
in the ity of - 3 BT A JAd e T AR
A questionnairve muv::.’m cted, using 2 a basis the eight “Major




6 ANALYSIS OF RPSRARCH IN TEACHING -SCIENCE

+ The questionnaire was administered twice in a period of & days to
500 fifth-grade children in 10 elementary schools (public and paro-
chial) in various geographical and economic areas in Providence.
The coefficient of correlation between the responses of the first and
second administrations of the questionnaire was calculated to deter-
mine whether there was any indication of stability in children’s science
interests. ,

The Spearman rank-order coefficient of correlation was calculated
to be 0.99. This is indicative of a very high stability between the
choices made on the first and second applications of the test instru-
ment. To determine whether the frequencies of response in this ques-
tionnaire investigation were significantly different from those which
would result if only chance were operating, the chi- -square test was
applied to the results of the first administration. The results were
found to be significant at the 1-percent level. It was therefors con-
sidered safe to assume that some factor other than chance was oper-
ating. This other factor could be called a preference or'an interest
factor.

e

Johnston's (E 8) study sought to find “the relative achievement of
the objectives of elementary school science in a representative sam-
pling of Minnesota schools.”

The problems considered in the analytica My were t4 determine
(1) to what extent the objectives of elementary school science were
- being achieved in Minnesota schools; (2) what pupil, teacher, and
teaching situation factors eontnbuted to the achievement of these ob-
jectives; and (3) what are the implications for the education of ele-
mentary teachers.

In the conduct of the study, questionnaires were sent to 478 super-
intendents of Minnesota elementary schools and to a proportionate
stratified mdommpleof%k{mﬁﬂhgudem Sci-
ence activity logs were kept and submitted by a subsample of these
teachers. The fifth-grade pupils were pre- and re-tested on science
materials. Appropriate statistical treatment involved cluster sample
mdymsforestnmmanofpopﬂhgenmmanﬂymofvmmmd
covariance, and the “T” test of the significance of means.

- The findings of the study revealed that: (1) There were significant
gains between pretest and retest means on the science test in 58 of the
87 fifth-grade classes; (2) the difference between mean gains of 3 IQ
‘groups (over 120, 95-115, below 90) on the pretest-retest, was not
- @W (3). &eau@admﬁmw‘rﬂm
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aching were revealed by the survey: (1) The tendency to emphasize
biological science at the expense of physieal science; (2) the smphasis
onteﬁtbmkmséinganddjscmimasatmq&ingmethodmdma
limited use of experimental and laboratory activities, directed observa-
tion, and research reading; and (8) the fact that pupils with high 1Q’s
did not gain significantly more on the science tests than did pupils
with lower IQ's.

e tii

Studies Related to Teacher Education

There are many persistent and recurring questions related/ to the
education of teachers for elementary science. Some of tIfse are the
following: (1) What difficulties do elementary teachers encounter
that prevent the elementary science curriculum from functioning as
well as it should! (8) Are science courses in the teacher education
dﬁp&rtnmtsefﬁreoﬁegmiﬂ&éeqna&ein that the teacher's traini
does not carry over and function in the classroom § (8) Is there a
lack of interest? (4) Is thers a lack of direction on the part of public
school administrators?

e '

A study was conducted by Piltz (K 6) in this area. The purpose of
the investigation was to determine what factors, in the opinion of
classroom teaehers, handicap science teaching in the elementary school,
and what relationships, if any, exist between the aspirations of teach-
ers and the difficulties they think they face. 7

A questionnaire was submitted to & random sample of elementary
Mtuehﬁmmsuampttoidmtilyrw)gmnddiﬁcnlﬁuew
countered in science tsaching. The reliability and validity of the
qmmmmmmmmnmimmmmb
a variety of appropriate statistical techniques.

Conclusions drawn from the answers to the questionnaire were
checked through personal interviews with s sample of teachers and
findings were the teachers’ beliefs that—

and storage spe ce, equipment, apd uiilities.

;mmmtu,mmmmqmummh-
wmmmuammhm (Bpecifically,
nmemmmmammmm
facts for themselven. ) ' ~

a‘mﬂ&mmawma-mmw'
of instrection, v




4 Mm u&mwmm&mmm
,; ° MNMWth‘

mmwwmm

R Rwhudm(E 7 md&c&eda&udyemm&edwithtgﬁ&éfm
N, mservice consultation asastgncemupgrsdmgthemem&iba
tions to the objectives of elementary education.

The purpose was to assess the awareness of county superintendents

of schools to the need for consultation services at the local schoo! dis-
trict level for upgrading the contribution of science activities to ele-
mentary school objectives.
' T&proeednmwastonkeachof%lmymperh\@eéatsthe
following questions: (1) Do your county schools need more comtri-
butions of science activities in the elementary school eurricglum !
- A2) Do you feel the need for the availability of a list of science
. specialists who would be willing to help at the local school distriet
level in upgrading the science activities in the elementary school §

The findings were: (1) Nineteen of the 21 superintendents answered
“yes” to the first question; (2) 18 answered “yes” to the second

Rescarch on the Secendary Level

The Secondary Committee included in this bulletin & total of 25
studies. Since seven of these are largely of s survey natare, they
are not analyzed in this bulletin; they are, however, listed togethet as
a group under Surveys. (See p. 23.) These surveys deal with various

. Mofmmwmommﬁ
. ,Mmmmpm
;o Ofthalsmdmmdyndhue,smrel&tedeomm&ms,a
~_to curriculum, 4 to teaching procedures, 2 to measurement and evalua-
~ tion, and 4 to achievement in science. Two are classified as
£

MaMnM!’m

| me ss W.m&@ma
: "mmﬁﬂw Mmmmm




the:data were summarized in five tables.: Some of the findings were :
(1) Whereas 16 teachers taught chemistry for at least 10
years in the same school, 177 teachers, taught it for fewer than 9
consecutive years, (2) One hundred teachers, nearly half the total
(218), taught chemistry for only 1 year during the 12-year period.
(3) OIthalebwghavixgjuuldmm-ymaan ,
sach y&r,oﬂy?mhmlshndnotnmomduring&repa&od;m
school had 8 different chemistry teachers in 12 years.
4

Y

Teachers whose field of college specialization was pot science but
who nevertheless wore teaching science in the socondary =chools of 3
Massachusetts during the 1954-55 school year wars the subject of an
analytical study by Victor (S 17). His purpose was to gain informa-
tion ahoutmmu_mmdugtﬁdmwhrningm
Accordingly, by means of quéstionnaires and interviews, he gathered
taxonomic information on “converted” science teachers. He also ob-
tained [gained] information, again by questionnaires, from their
principals, and, for control purposes, from qualified science teachers
throughout the state.

A total of 52 “converted” science teachers in 44 schools was studied.
Questionnaires returned by their principals yielded information on 46
of them. The control group of qualified science teachers numbered
54. Btatistical treatment of the responses in the questionnaires in-
cluded the use of the T-test, the chi-square test, and the coeficient of
correlation. Some of the findings are as follows: o

Lhmdme“mwmmdemmhm !
nadﬁmthdhhmlnﬂmortwomﬂ:dmdm
mmmwmmmqmmumawu
. effort to study further in science. .

2 Hdemmmmmm
Nm’mbn“hmm‘m.mm. Thelr
mmmmu—mmmmm

3. The “converted” science teachers did not use varied and effective ip-
structional practices as often as the qualified science teechers. They
mmmmwmm.mma»m

4. There was no difference in the extent to which both groups (“converted”

ﬂmnu)m.mummmmwmguﬁ

| ence edueation when first begiuning to tesch sclence. Usually the “cds-
ek melence’ teachers were given little ndvance notice of thely nabigs-
Inents to teach sclence. I RSl

8. The “converted” sclence teachers ranked methods of teaching sclence

vt in - Gisportatice’ of belp seeded, while the gbalified sclence testhers

1 eopsidered help f plasning dod organising:class work: most fmportant. "

¥




mmwmmmmmﬂm
low In impostance.

&mmw*mm‘sbomawmummﬂam
used varied and effective instructional practices more ofien than those
who recelved little inservice training.

- The results of this study indicate that the “converted” science teachers

need specific help and supervision in broadening their sclence back-

-

grounds and their knowledges of technigues and metbods of teaching
= science, in developing their abilities and skills in handling equipment and
e in expanding their concepis regarding the ohjectives of science sducation.
E " et 2

i Problems and proposals connected with the supply of science

teachers in New York City were investigated by Schenberg (S 11).

Information was obtained from a questionnaire sent to 54 academic

and 31 vocational high schools on questions related to unqualified

teachers of science classes, future demand for teachers, substitute

- ... teachers lacking professional study, housewives who qualify as science

~ teachers, inducemenlfor substitute science teachers, and the identity

" of each married woman who had quit the profession since 1940.

The major conclusion of this study is that New York City high

schools are facing a crisis in science education today. Fourteen sug-
gestions for remedial action are listed.

mm@m@samcwm

Blanc (S 2) made an analysis of high school biology textbooks “in
order to determine the topics and areas receiving major emphasis by
authors and publishers of biology textbooks for the high school level.”
His survey included 10 current textbooks in the field, selected at ran-
dom, which carried a revision date of 1951 or later. Tho investi
fmnd&;gmxdingwdmlownbookaummi,tbemodimpomt
areas-in the field of biology are (1) conservation of natural resources,
(2) study of the human body, (8) study of flowering plants, and (4)
genetics and eugenics. :

The individual topics which the textbook authors emphasized most

- were (1) structure and function of leaves, (2) foods and nutrition, (3)
process of digestion, (4) principles of heredity, (5) physical factors of
the environment, (6) inheritance in man, (7) evidence of change in
evolution, (8) conservation of forests, (9) sense organs and sensation,
(10) s0il and water conservation, and (11) conservation of wildlife.

~ and physics were investigated by Loekwood (8 7). The purpose was
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to evaluate the “generally accepted belief that high school students
often avoid chemistry and physics because of the level of difticulty of
the mathematics content in thess courses.”

The author examined seven chemistry texts and eight physics texts
intended f@&am&é&ryl&aﬁz&mﬁ&md@e&em@m
processes needed for an understanding of all the texts and for the suc-
cesaful completion of all the end-of-chapter problems and activities.
A tally was then made of thess processes. All the textbooks reviewed
had copyright dates between 1950 and 1956. He concluded that—

anmmummMmmﬁhmummr
MMMMMMMNMmMmM
mwmwmwmm-.m
iMuMWMththw
Wmhaﬂﬂucﬁnﬁﬁyl&dpﬁyﬂab&mdmmm’
dificulty of mmthematical content of these courses.
&mmudggmmmmmﬁagﬁb&mm
ﬁﬁh&é@@@f&&m&aﬁ@%%wﬁ@a
t&ﬁ%ﬂtQFﬂa&m‘ﬁaiﬁ&i@kﬁmaﬁmMﬁum
problems in chemistry and physics ~
i&empﬁm%tﬁe%t&;tmﬁ&aa:wmﬁtﬁ
ﬁ%&w@ﬁﬁe%ﬁh@cfﬁtﬁaﬁ:ﬁﬂm@ldm

e
|
%
- ,
l cotirses fe not valid.

O

Duplication in learning some basic principles of physics was in-
vestigated by Wise (8. 18). The study was undertaken to determine
whether high school pupils who completed a courss in ninth-grade
Mm@@ﬂé&ﬁﬂwymwm&ngcfm
Mpﬁmipéafﬁmabymph&ggg;kﬁf:mu&inbigtﬁhod
phyﬁm@ss&m;minmﬁmaﬂ&mjunimwihga}em Also
studied for possible duplication was the high schoel physics-junior

T&mof@mm&gémmeméh&egﬂdgi After
&mpﬁlwmmmmmmm;gngl@,
ﬁmlbu?umms&dmdldmmmmubmdgmpﬁngqf

mehnmamhm@u&w
level may usually expeet Ehat thelr understandings of basie principles
818006 88— =




; 12 °  ANALYSIS OF RESEARCH IN TRACHING SCIENCE

MMuﬁU&eWu&a,rsﬂtﬁﬁomm&am
in high school physica. Such an incresse in understandin ‘may Bot
hmem;bemmmuﬂs&emmdmdiwm'
survey cvurse taken at the funior college level. S

1Puplbwhokgveb@hmmmw%ﬂph.ﬁuhmm“ym
expect that the completion of & survey course in the physical sciences
az@jﬁmmugaxwvmaaaaammmmdrmmﬂ
the basic principles of physice. '

3. Gourses offering a survey of . scieboss 8t the junior college
level are o more effective than ire courses In general science affered
in the jonicr high school in developing qualitative understandings of
the basic principles of physics It seems reasonable to assume that &
ﬁmﬁré@&@m%%ﬁﬁﬁ%ﬁmaﬁglmém
It mléﬁi@tiﬁmlm{gmmﬁa'mm
effort to devéiop qualitative understandings of {mportant principles of

eciena peed not be postponed ustii the

coliege yesrs,

Studies Related to Teaching Procedures

In an experimental study, Scott (S 12) compared two methods of
teaching 10th-grade general science. Specifically, he undertook to
learn liow the inductive method of teaching compares with the text-
book method in developing pupil abilities to apply science princifles.
Students in the experimental group were matched with their counter-
parts in a control group on the basis of tests for mental maturity,
reading ability, and knowledge in science. As students in the control
group were being taught science by conventional methods, those in
the experimental group were induced to study and ¢iscover relations
between data in order to arrive at their own generalizations. At the
end of the course, a test on scientific principles was administered to
All. Comparisons wers made between the initial and final tests given

- to both groups.

Scott’s major findings were the following:

1. Both groups had a higher mean score on the science tedt at the end
of the course than at the beginning.

2 In May (at the end) the experimental group made higher scores than
did the control group. N :

awmmummmmammmm
over that of the control group was very significant.

4. Ammmmmmmnaudm

8. According to the average scores, () boys {n the expertmental group

" outgained giris in that group; (d) girls in the contrel group outgained

. 6. The percentage of members of the experiments] group who Gorvectly

mmmmmmmﬁm
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EXAMINATION OF THE RESEARCH 13

was mmmmmgmmmmemmmwwm
answered

7. In 10thgrade general science, students taught by the inductive melhod
made more progress than students tanght by the textbook method.

‘& Both methods of tesching \Othgrade general science are conducive to
student growth :

g it 2 5 )

Richter (S @) analyzed drawing and learning in biology. The
investigator sought information on two basic questions: (1) What 18
the relationship between the ways in which pupils see ohjective ma-
terials (charts) used in biology classes and the ways in which they
learn the related subject matter! (2) Whams the relationship be-
tween certain drawing characteristics and the possible personality
components of the pupils! A large number of drawings of biological
charts were secured from biology classes. Scores on verbal and non- -
verbal intelligence tests and on subject matter tests were also secured.
After judges had rated the drawings for accuracy, an average accuracy
score was calculated ffor each pupil. The author also rated all the
drawings for the prgsence or absence of certain characteristics fre-
quently considered as\ndicating agpects of personality. All data were
finally analyzed by intarcorrelational techniques.

Following are the findings of Richter's study :

L There ls some correlation between the average accuracy score and the
scotes from achievement aed intelligence tests.

2 A few specific structural characteristios appear consistently {n the draw-
Ings 2nd are reliably correlated with measures of learning, drawing
accuracy, and intelligence; they may give information about possible
personality components. ,

3 The level of reliabllity seems to be affected by e!ther the drawing motif
itself. by something in the drawing situation, or by emotional factors in
the pupils

4 For some characteristics, variablility Is more highly correlated with good
performance than is g

8. A few psychologieal characteristics are significantly correlated with
memwm&aﬁoimmfmam

6. The findings suggest that visual, nenverbal aspects of intelligence may be
- impertant in learning from visual aids of a1l kinds
7.%3@;1@&&@@&&%@3@&@%%

m&g&@éﬂfafml&mt&tmmm The
~ ammm%mwagmmmy.

P B g 2
The effects of using biographical sketches in teaching high school
chemistry were studied by Easter (S.4). By using an experimental
approach to the m@,-lxgﬁmﬂobjeoﬁuintmﬁmm “whether

-~
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or not classtime should be taken from the teaching of chemistry
fundamentals to give attention to the activities and scientifis achisve-
ments of famous chemists.” Two comparable groups of students
were given instrucﬁsninehuniﬁ:;simﬂnrinaﬂraspéc&,wm
for the experimental group men and events in chemistry were em-
phasized by the presentation of biographical sketches.

Evaluated in this study was achievement related to the following
ix objectives: undamentals of chemisiry, (2) men and svents
¢ method, (4) scientific attitude, (5) scien-

tific interest, and (8) science activities and ambitions. For five of

the six objectives, the exception being the objective of scientific inter-
est, mean differences between the experimental and contro] groups

- were tested by the analysis of covariance technigue. The IQ aund

geometry scores were contrel variables in the analysis of covariance
tests of significance, and stratification was on the basis of sex.

The author contends that “it was demonstrated by this study that
an incteased emphasis upon biographical sketches results in an in-
crease of (1) achievements in knowledge of fundamentals of chemis-
try, and (2) achievement in knowledge of men and events in
chemistry.” This study did not demonstrate that an increased em-
phasis upon biographical sketches results in an increase in (1)
achkevement in scientific method, (2) scientific attitude, (3) scientific

. interest, or (4) science activities td ambitions.

(L ag ¥

* Simexdihger (S 14) gathered experimental evidence on the ability
of students te identify and evaluate assumptions in sclence. Her

- purpose was twofold: “(1) To determine the effectiveness of two

baachmg\bechmques upon growth in the ability of eighth-grade pupils
to identify and evaluate science assumptions, and ( 2) to compare
g:owthinthisa‘hﬁitfwithgmwtpintheubiﬁtytomognium-
science assumptions and with growth.in general problem-solving

.bf were divided into three groups and for 13 weeks were
taught general science by a problem-solving method. The method
for each group diff : In group I teacher-planned experimental
(control), teacher-planned exercises were utilized, with no emphasis
u&gmpmodﬂmmmm%mlﬁlﬂy,ﬂa

e T T

s O i




m;gggmegmm

as the variabla. ‘I‘hnnnﬂmmnkdmuthmby—thmbym
factorial design.
Smdxm’imdmhlbvhbw

1. Unless emphasts is placed upen seience assumptions, combined with papil- >
mmm&.mmuhnwmdm ;

Mamwmmmm
nwwﬁ@mmmmmmﬁ 3
s - Jem-solving ability. N

;AmmWMﬁamiﬁ 1
assampiicne is soperior (0 & method which siss =ses taseh
mMm&mgmﬁaﬁ
gard to acguisitiss of subject matter,

tNom&whﬁdWwMMhm“h
- aRry of the abilities stadied

'nAmmmmmwm&uamym
assumptions asd the initial ability to evaluate them while & marked
mummmmﬁamm

me&ﬁmm.ma@mmmpua@m-
Lh@mmmmmmmmmm
leammmmmﬂmmammm

: 2 Of the techniques employed, the teaching technique using most pupll
participation and Stressing sclence assomptions, ylelds the greatest
m&hmm»maﬂmluumm

xmammammnmgmmmc.mmmmumm
evaluate sclencs sasmmptions, are distinet abilities

iﬁmg@mm&mgdf&ffdwm‘
to the ability te svaluate them, or is iSentical with it

;m&mm%m:gﬁgm@im&

ey #

Eccination of Achisvemeons ' Ve

By anphymgﬁhxdidumml& Goeliring (S 5) measured
mm:oﬂmmm He set oub to “construct
mmmmmmﬂ;mmmw
mwmmngﬁmm?mww & soientifio
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After a panel of judges had rated each question and picture, 27 items
were selected for inclusion in the test. A synchronized tape reeord.
ing was then made to present orally the problem sitnations pictured
in the projected slides and described in the questions related to them.
A second written test (minus pictures) of 26 items was prepared
in order to determine the understanding of examinees of the prin-
ciples of inechanics involved in the picture test. Both instruments
were further refined after being administered to 412 students. An
item analysis of the picture test included computation of item dis-
crimination indices as well as item difficulty indices. The final film-
slide test contained 24 items; the final principles of mechanics test,
20 items. After further testing, a reliability coefficient for the film-

slide test was computed by analysis of variance,
- Goehring found that it is feasible to measure through the media of

projected film slides and related written items the ability to apply &

scientific method of thinking in the ares of mechanics in high school
physics. Further, the tests used in this study appear to be sufficiently
reliable and valid for clagsroom use. :

e

Mallinson (S 8) reported an analytical study of the dificulty of
different types of items included in certain New York Regents
Examinations. Her purpose was to identify the types of questions

which students avoided or found difficult in science examinations. -

The questig and answers selected for study were those included in
part IT (essay only) of the Regents Examination for biology, chem-
istry, earth science, and physics given in January and June, 1949

and 1950. "Each item was studied .to determine its type (recall, -

application, etc.), popularity, and relative difficulty. The data used
in this analysis were part of a larger investigation involving the
review of 31,317 examination _ L '

The author’s findings follow: -
1. In general, this analysis seems to indicate that In all subject matter
areas, the items giving the most difieult mmgtmdzeg»

be due, at least in part, to the fact that fewer stadents elect biojogy
and chemistry and those Who do elect them are in geners} the mory
to help stodents understand the Importance of scientific facts and prin-

ciples tn our dally Tives, and to duvelop 1A thims the sbility t éxtend asa

‘ Lo
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apply the knowledge they derive from their study of science. In short,
teachers must help students understand relationships, rather than eguse
them to become mere walking encyelopedias of scientifie facts

Studies Related to Achlevement in Science

Smeltz (8 15) conducted a retention study in chemistry. By using
a sample population of students in five public high schools, he set out
to “determine to what extent the learnings of high school chemistry
acquired by pupils during the 11th year of high school were retained
1 year following the completion of the course.”

Information was obtained through the use of standardized chem-
1stry tests, s test for mental matarity, and a questionnaire. The
chemistry tests were administered to 180 pupils of average intelli-
gence, the first one before they took the chemistry course, the second
when they had completed two semesters of study, and the third a
year later. Achievement was measured by the differences in the raw
scores of the first two tests; retention, by the differences in the raw
scores in the first and third tests. Coefficients of correlation wers ob-
tained between achievement and retention, achievement and intelli-
gence, and intelligence and retsntion.

The author’s conclusions were these :

1. Pnﬁhﬁ@hdcmmmthellth grade retained approximately
(68 percent of the course Informnation 1 yesr following completion of
course. )

2. The amount of chemistry retained was more closely related to achievement

than to intelligence ; intelligence was aldo related to achievement.

8. College-bound pupils retained more chemistry than terminal students.

4. mwmmmmmmmmcgﬁu
in physics.

B. Sex waa not a facter in the amount of chemistry retained. ,

8. Thsewssg&dpiﬂﬂﬁdﬁmhmmﬁmmm

retained i
: BERY e’ P

Shepler (S 18) completed an analytical study dealing with achieve-

. N m ~7 3 \ ﬁ md ml ﬁl‘n"’,
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MH@ASMCMB%,MQMW‘M-
méni requiring them to make preferential choices of activities in the
wefmm:mwmﬁgm
studies, fine arts, and the manipulative arts. The scores on these
&mmm@@mﬁm@ﬂd&ﬁmmm
mean and variance. The data were analyzed in various ways, as were
ﬁnmofsmﬂpopnhﬁmmphofmm The sub-
nmplemunbaramc}mseum,inmmqwonldforms
normal distribution as to mental ability, but with chance variation as
to years of science study and preference for science.

L Both of the hypotheses stated above are supported in satisfactory degree.

2 As a predictor of seionce accomplishment in groups with heterogenscys
mental ability, level of mental abdlity is the best indicator of level of
potential accompiishment. \

&umwuwmmuuwczmm
MM&MMManw:MM
ment in science study for his level of mental ability.

4. Preference for science study was found to be svmewhat higher with
higher levels of mental ability, and higher for oy thau for girls. Alse,
there is close correspondence between number of years of scieace study
aed level of preference for this subjeet.

Certain data reported in a former investigation® on the use of
sound motion piotures in high school biology were given further
study by Smith and Anderson (S 16). In the former study the in-
vestigators demonstrated that there were significant dilferences in
achievement of different ability groups as a result of the use of educs-
tional filme. It was demonstrated that there was a significant differ-
minmhiamtinﬂnmdimdimfmngmpofhigbmbiﬁty
students and a group of low ability students, and that no differences
m;&undinagmapﬁom&amiddhnmofinheﬂigm
Since this result appeared to be an anomaly, it served as a stimulus
involved in the performance of the students investigated: that the
superiority of the top ap of students over their control group was
items (ori the Nelson Biology Test, Forms AM and BM) ; wheress, the

possible, a8 fuct-type oF principle-type. The examination papers for
- * Kunvoth B, Asdersin, Biud 8, Montgomary, Horbert 4. Smith, obd Dosotty 8, Anfer
. 5, Rowitry B of Mot

1B B PSSR <l T, 111 I




to obtain a fact scord and a principle score. Already available were
the mﬁﬂimgﬁmfw&chofmeanden& in the twe groups.
Thmf%&ht&nad;i%ﬁgmbynsiﬁgme&aﬂyﬁgofm
and covariance techniques. Pretest scores and intelligence were used
28 control variables. i

The results of the analysis yielded statistically significant differ-

ences in favor of the experimental methods of teaching biology

principles. These differences were found in both the high and low
groups. mdiﬂmg@%m@uﬁi@slmﬁ@(ueﬁ-
denced by the fact subscores) were not, however, significant for
either group. The authors concluded that “the analysis offers no
support to the hypothesis that two different kinds of learning were
involved.” ‘
Al o

In another study, Andersen, Page, and Smith (8 1) studied “the
lower and upper ends of the spectrum of academic achievement and
im!}ig@eamghighmhdolwﬁorsforthepmdgainings
mmhm@gofmhbﬁityexéﬂjngingmnpsmuy
garded as honfogeneous.” The specific purposes, all related to scie

boys and girls) designated as i in science achievement ; (2)
wmthmﬁWdMo{méﬁwm
wmp&mw{(a)wwmm
of relationship existing between science achievement and aihievement
or ability in four other areas (mathematics, social studies, English,
and intelligence) for the groups designated as exceptional in achieve-
ment or ability as measured by tests in those areas; (4) to describe
the variability in achievement or ability as measured by the tests in
thhnr,mrmd&mmimddgn;tedguapﬁgnﬂin

of 1,445 Kansas high school seniors who had taken the Prsential High
Sohool Uontent Baitery and the Tsrmen-MoNemar Test of Mental
Ability, Form (. A semior was designated as excepionnl if his soore
on a ﬁ(t&mﬂun&HM&,&Mu
Mﬂm;wwmhmwﬁmww@mm
lower 10 percents on each of the § tests, the authors obtained 10

were tabulited for éach of the 145 individuale in eack'of the 10-

= |
A
=2
4
4
3
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Followmggammmofthaeﬁndmgswmgmh&eprmﬂy
to science:

thmcguagmgmmnmgmmmm
the original sample of 145 seniors, the upper 10-perceat group In science
m.mmﬂgmmgm‘mm:ﬂs
percent hoys, 2s against 324 percent girla
2 Apparently, mqmmmnammmmm
the exceptional groupa
&mgmmhgmlwtmma&&mﬁtm
mumm;;mwm&em;mﬁgm
did the lower 10-percent group. The correlations of the scores In the
' MWMMEEEE@;MMA;&%
mmmwmmsamﬂm ma;
exception was in the cnse of Intelligence, where both correlations were
significant and positive and not sigmificantly different. g
4. Perhaps one of the most surprising features of the results was the
relatively small overlap between mathematics and science. To some
mmhnbﬁamgmg-mgam
hn%m&x:mmmgm
&ma&mmumaﬂmmmmmmm
English, social studies, and intelligence overlapped to some extent the
distributions of science scores for the upper groups in these areas.
ammmmmmemmmm
umwgmmmm The reverse was
true in the case of intsili
1&&%&.5%@%*&&@&@&@
testa to be about 17, the lower group in Intelligence had deviation IQ's
ranging from about 63 to 89, and the upper group, from about 120 te 148.
mguamnumgmmmwmg
sclence to place them in the lowes

middle 40 percent. Also, 42.70 percent of the wupper group were
mwmmammmmm&emum
bmgm !'In&oﬂ.&r&ﬁmm&&
MM&MMMM

mmmmmmmmm&gm@m
nam. Mmmmummmg

ko ammm&&mm;mmmm oy

phenomenon of individual differenicés In science achievement and
other academic areas, as well as he great variability within indiviauals
a.mMMMEnmmm*
ments of the kind of edueation essential In & democracy. M
Mmd“ahﬂwmm

Codi tgdg R
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investigated : (1) Where are the schools which have had notable
suocess in developing and using outdoor laboratories? (2) What are
veloping their outdoor study areas! (3) How are the atori
being used in teaching comservation? (4) What are some guiding
principles by which other schools might develop and use outdoor
laboratories !

mmwmmmmmmw

‘Wﬁmmw'ithxhodpuml,mdmhng

firsthand observations of outdoor laboratories in five States (Michi-
gan, North Carolina, Ohio, West Virginia, and Wisconsin). From
mwmhtmmmmﬂmmmb:

memammwuwmm
epportunities necessary for implementing a sound conservation sduca-
tien pregram.

xmmmmmmmmm
mmmmwmmwm-n

&mmwmmumhuammm
ment and for use as a laboratory (as a place) te provide comservation
learning opportunities.

LAMMM&M&MM*&MM
ares, & - ?

8. A school shduld provide s opportunity for school persomnel, puplls,
parents, agencies, organisations, and other interested individuals to
Msmmmmu&mmw—;

9. The principal and other facuity mémbers should cooperate in scheduling
' »mmmbuuwm

JEERD DTN, L0 P SRR (RGP
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10. Conservation instroetion in the outdoor laboratory shesld be planned
to provide maximum opportunities for pupll participation ia direct.
(S 2 B

Rogers (S 10) made a determination of the prevalence of certain
important general science misconceptions among 9th- and 10th-grade
children. To do this he compiled a list of ’é science misconoeptions
and had a me! of judges classify each misconoception in 1 of 8 ﬁyﬁ
(1) has serious implication for the behavior of the individual; (2)
has some implication for the behavior of the individual; and (8) bas
slight implication for the behavior of the individual. F*E?e inventory
forms were then constructed with 60 items each. One-third of the
statements in each é@mmmm@&amvﬁgﬁ@
discover that they were being tested for misconceptions

The forms were distributed widely among Oth- g}é 10th-grade’

science classes over the Nation, and 2,585 usable answer sheets were
obtained. An item &B.llm was made of each ;!;;,u;g:g:rg;cgg in the
five inventory forms used at the 9th-grade level. Reliabilities of the
five forms ranged from 0.745 to 0.824.

by at least 50 percant of both boys and girls in the 9th and 10th

grades of the sample, and were judged by the jury as having serious -

or some implication concerning children’s behavior:
When tobscco smoke is blown through a handkerchief, the yellow mark
produced is due to nicotine. .
Gasoline burns in the Bguid state,
There is aiways a8 calm before a storm.
Cream is heavier than milk.
Water always boils at the same temperature.
Water always freeses when its temperature is reduced to 32° Fahrenheit
Frost is formed =ssally on the outside of a window.
If you can see many stars in the sky, we will have fair weather.
The sun Is the center of the Whole uiiverse.
Magnets will pick up many kinds of metal.
Artificial ice ig different from natursl ice
A rattliesnake always warns bafore it sivikes
mmmmmmgﬁtmm&amm
iearn fast.

,MWM§MH&Qm§1

A barking dog never bites,
m:uhmg.—;ammmshm&;
A drpwaing person who goes down for the thivd time Is Jost.

Women with red bair are guick tempered.
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of Louisians, SMEMQ:M@M.

jouENEERa, Bamumi A Study of the Sclemce and Mathem:
Mggglmgm@mfmxmmggmm
Plansed te Spes ”ngmzaamtgmmm
in New Yeork Oity. New York: Beard of Bducstion, 1857, 21 p

Smawwon, Henay A A Picture of Sclence Work {u 632 White High Schools
of North Carelina for 1965-06. m:xm&mmum
ment of Bducation, 1066, 2 p. :
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4 relatad. to curricalum; 4 to methods and resourcss; 13 to teacher
cducstion; 1 to;atatus;  to taxts,syllabi, and courses
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Studies Related to the Curriculum .-

Combs (C 9) studied the effect of certain curriculum patterns on
student achievement in biclogy through comparing scores made by
students who participated in a social studies oriented core, a science-
mathematics orientad core, and a general science subject matter core,
with student schievemert in & “limited participation situation”
(students without formal education in science). She concluded that:
(1) The less education these students had in general science the
higher the correlation betwean intelligence and achievement in bial-
ogy; (2) students participating in L‘ég social science core scored
higher in biology achievement than those who participated in the
science-mathematics core; and (8) none of the core patterns appeared
to have significant meaning for biclogy ashievement.

S ag &

Hilton (C 14) developed a technique for the selection of laboratory
experiments in a college physical science courss designed for general
educational purposes. Six criteria were used for selecting 12 experi-
ments which were then taught for 2 semesters. Using a student-
evaluation technique he found: (1) 93 percent of the students
considered the study of physical science valuable to nonsciance majors;
(2) 75 percent felt the Jaboratory work worth while and helpful in
nndﬂmdingmienoecmmpts (3) B8 percent felt that the labora-
tory provided axpmenoaa in the application of scientific method;
(4) in spite of student opinion, no statistically significant difference
uﬁdb&m&em@mﬁt&ummmmm

laboratory experience.
N ag T

Mm‘mm saﬁq%aa&éd 1=
snﬂyﬁsmssehmiafm Efm&gafﬁégp&xﬁ
achievement ; m&xmmgt&MWm
was generally superior.

e T

Mendenhall (C 21) studied the growth of ideas leading to present-
&ymdt&m EMM&W%

a v g




bibliography related to the growth of the atomic concept and brought
out the need for recognising that concepts of the atom will undergo
further modification and development.

lisd “the outcomes of two types of laboratory tech-
slomentary grades.” She attempted to ascertain the
rghévaafwﬁmef&e&s&MmdPMﬁﬁmeMof
instruction. Using matched pairs of students, she found (1) there
wggzdﬁmﬁwm&twammtaﬁﬁgfmg
generalizations; (8) the problem-solving method was superior in

&2

interpreting social and physical phm&ﬁ;%ssadinmmgm@t
sspects of critical thinking (although not the topic of messurement) : -
(3) neither the traditional nor the problem-solving method w

~ Blackshear (C 4) investigated “the relative effectivenses of fwo
methods of teaching biology.” Tﬁg‘ﬁpﬁﬁi&téb&ﬁeﬁam-
tional content centered method and 8 problem-solving or scientifio

LMNMWWMWMMMG
to use the scientific method. - :

1 The coutrol group {sabject or ceateat) 7mm§a-§=ein,ﬁpp§ﬁx
priecipies

asemmmmummﬁnmsmm
thods

é. Mmgwm%memm&mﬁd&

~ two methods or their ability to use the scientific method.
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that the use of problem-solving situations in the laboratory was effeo-
tive in teaching an understanding of the scientific method ; and that out
of the four methods used, the inductive-deductive method produced
more learning than the other three methods.

. N P |
Crooks (C 10) used students in beginning college science courses as
respondents. Through them, applying the Flesch scale, he found that
they rated all of 20 well-known science textbooks (1) as “dull” on 7
of the categories, and (2) as “fairly difficult” on 2 of the categories.
In addition, the author discovered that all 20 textbooks offered serious
reading handicaps for the students.
' b
Studies Related to Teacher Education

~ Bliss (C5) conducted an opinion gurvey of college and high school
teachers of science in regard to the preparation and certification of
high school science teachers. There were 89 respondents to his ques-
tionnaire. He found: (1) A slight majority of the respondents agreed
that the present 30 semester hours of required college science is sufficient
preparation for teachers of general science ; (8) a distinct group of the
high' school teachers regarded the 30 semester hours as inadequate
for the preparation of teachers in biology, chemistry, and physics;
(8) most of the respondents urged a 23-32 semester-hotir requirement
in each of the fields of biology, chemistry, and physics.

S il 2

Brown (C 6) studied the “undergraduate professional education of
elementary school teachers with special emphasis on the preparation
for teaching science in the elementary schools of Mitchell County, Ga.”
On the basis of the returns to a questionnaire, she recommended (1) &
greater amount of study in such science fields as astronomy, ento-
mology, and earth science; (2) more specific preservice and inservice
_ science courses for elementary scheol teachers; (3) less emphasis on
elementary school teachefs; (4) more emphasis on the necessity for
mﬁmm&mm;ﬁ(é)mmm

B e
 developed in an earlier stady by Warren M. Davis, used teachers who

]
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were considered to be “good teachers” of elementary school science, and
discovered that, while these teachers rocept the factors, few of their
practices measure up to them. She found that her respondents indi-
cated that: (1) Inadequate college preparation was the most pertinent
mmfwdthultotpmhimd(ﬁ) college science teachers and
others responsible for the education of elementary school teschers ap-
peared to use other factors than'thoss prevalent in the literature to
make decisions s to what will be most useful in the preparation of
teachers of elementary school science. .
e

Carlin (C 8) attemipted to discover “whether or not courses in
chemistry and physics at the high school Jevel contribute to sucoess in
beginning college chemistry.” He found that both high school physics
and chemistry contribute more to sucosss in college chemistry than

.

does either high school physics or high school chemistry when taken
slone. - :
¢ Ca it o 2

Fleek (C 11) studied courses in general college chemistry in an

stterupt to formulate aims for, and ways of improving, physical -

science courses as taught at the high school level. He concluded that
many courses in general college chemistry are inappropriste for pre-
paring prospective secondary school teachers of physical science. He
urged that more emphasis be plsced on integrated science courses for
b ek 0
Gﬂhy(gﬂ),iaa&mwty@dy,déwﬂim&fam-
eral methods course in science education for New Jersey :
in college catalogs, was sent to a list of polleges and universities to
incladed 116 of the same topics as the first, was prepared and sent to
New Jersey secondary science teschers for rating on a numerical scale.
other two members of the ressarch teams, Pregger (C 22) and Sutman
(C 96), developed criteria for a special methods course in physical
science education, and also criteria for a special methods course in

oy

mgomlmmﬂ-ﬁmwﬁa.m

“what kind of cooperstion with collegee do high schoo! teachers of
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physics want#” He found that these teachers want snch cooperagiv
activities as joint sponsorship of science fairs, frequent meetings, g
information about in physics, and provision for spesis
attention to gifted studenx ’ :

McIntosh (C 20}, in one of several evaluations of National S manee
Foundation academic year programs, found that—

. 1. A general feeling of spathy &&ﬁﬁﬁﬁﬁfmﬁm
in the institute group from time to time.

2. The fecling was increased by the rigorous lecinres.

3. The original placement of most of the group in a single class in mathe
matics &nd biology was especially assailed as arkit:grg considering the
diversity of preparatory backgronnds

4 ﬁeph,méseﬁ@ﬁshﬂﬂizmmribﬁtﬁemmm
istry course was berated (although the second-semester one was judged
an improvement).

5. The engineering cotirse was considered to have missed its objective.

6. Many of the group were dubious about the second-semester mathematics
course.

7. Most of the group approved the avowed aims of the program but feit
that the selection methods and other aspects needed improvement, They
believed, however, that another year's program weould he better,

Speak (C 24) studied by means of a questionnaire “the academic
science training of Kansas secondary teachers of biology in relation
to their expressed needs.” He found that the teachers in class AA
schools were better qualified than those in other class groups. He
listed what these teachers considered to be the most needed and
related courses.

N at o T
Stollberg (C 25) pmdaperaomlvmtbeﬁmn%mdnmm

answers to such questions as: (I)Wmeﬁe&xﬁ&nkniq@fﬁ
recruiting increased numbers of science teqchers? (2) What trends
mgmmrmsafedmiufpmbkmsﬁnagt B;tsemqm

-vmta,hshngforloxsdsys,mwdiﬁ__f' ‘

in science and science education. . From the sfudy, Smﬂl:rergfm
la.teduhgofpmssmgproblm regudmg%hmemmngntmd
preparation of science teachers; guch ag: (1) How osit sciende teachers
hepnptodlta' () stmnwfyt&em#.
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tagchers be met !
X e 7

Syrocki (C 27) considered the critaris for selecting, developing, -
and validating experience units in general biology for prospective
alamentary school teachers. He formulated s list of general biological
principles and validated them by using elementary school teacheis as
laboratory experience with biology and validated these by using col-

lege teachers as judges.” Finally, he developed s rating scale for

Studies Reloted io the Status
of Science Tewching

Adams (C 1) mn@ttod&ormimmof&ebuiocb&ng&sin
science teaching anticipated by science teachers. In a rather lengthy
survey he placed particular emphasis on techniques of scisnce instruc-
tion, on facilities for instruction, on provisions for superior students,
and on predictions for changing trends. '

Studies Related to Texts, Syllabi,
and Courses in Science

- Hepnings (C 13) prepared s monograph designed to assist the
science teacher in the effective consideration of the ecological basis of
conservation. He developed a procedure for organizing materials

teachers’ responsibilities regarding these relationships. He also sug-
Wallen and Mayor (C 28) colleeted information concerning “the

contribution of colleges to the improvement of the teaching of science

%ﬁﬁkgmmmﬁﬁﬁma@mm“&l

to teachers anly for graduate credit, to help themiinprove their com-

grwduate study? (8) Aze correspondence courses offered for tenchers
offered for tenchers in these areas? (4) Is other assistance offered to




AWOfmmmw‘ ived. From M e W‘m M’nl"hl
iﬂl-l'n@d the ﬁlu”ing facts - (% 52755 IR e
&memmmmMmam some of the
Q0urses baving Bo prevequisites .
679 offered no correspondence cotirmes in science or mathematics.

mmmmmmmmﬂhmmﬂ
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28 in #oology, and 30 in “other” flelda.
1ﬁmmmmmmmm
mmmmamm;ﬁgmg
Scholarships-—00,
Summer (nstitutes—155.
Workshops-—182

Studies Related to Science Personnel

éiﬂmbatmﬂntwomﬁtg(l)mh,(%)nﬁﬁ-
justment, (3) family relations, (4) emotionality, or (5) economis
conservatism, S

€ ** 2

Keller (C 16) assembled & large sample of answers to question-
mgmwmmwmwmwm
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validity of the aptitude inventory, he did report the production of a

self-administered teet with directions for scoring and for interpreting g

¢ i »

Hoyt, Ellsworth, and Katz (C 15) mrrdt&edgmdeamw
physics with grades in the total engineering curviculum. Thpy
sought to identify the kinds of students enrolling i engineeri

prognostic value of such a courss. The analysis, covering 99 sty
dents enrolled for 5 semesters, involved statistical computations,

grades, scholastic aptitude scores, and edueational histories,. ' -
Following sre findings from the study : - T “f
Lmsmmmumammummmmmgm

mmmmmm.wm .
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physics or engineering. A P
8. A good predictor of final course grades could be the first three quis scores
~ (a correlation of 0.88 was found). N
&Oommdnhreadmmwpmomnmd&wuaiﬁ'”.uf

correlation of 0.88). ' e RS
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Section II. Interpretations and Recommendations

THE COMMITTEE of the National Association for Research
in Science Teaching, which provided the basic material from
which this report has been assembled, surveyed all issues, July
1966 to July 1057, of approximately 50 journals that from time to
ﬁmthpublish‘dmpoﬂaofmmhindnﬁddofmmadn-
- cation. In additien, each committee reviewed the abstracts of unpub-
lished studies in science education collected annually by the U.S.
Office of Education from more than 900 institutions where studies in
this field have previously been done.

possible, it is probable that all studies in science education for the
- - year involved were not located. Both the National Association for
ssearch in Science Teaching and the U.S., Office of Education are
ommit&adwtbepeﬁeyofimpmvingthhmbypmﬁingfmn
the work of previous comnittees, , (

set forth in this section are those of the chairman of the three
W&q,mdm,uﬂcolw'i&thmof
other the U.S. Office of Education. Thaus, to some degree the mate-
,«&lh%wimmyrmmmdvhwmm&w
eg,&!&hmup,dthoughmpodbhnhgurdhnbmwdw
insure maximum objectivity. For any errors of judgment or mis-

:
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those selected for report was greater than in

ﬁ“&&“.ﬁlﬁdh&hﬂ%d;ﬂdy
37 Mc&ﬁumhumh.m&ad&.ﬁuﬂmﬂ
vote of its members. A ocopy of the eriteria is in the hends of each

- any previous year. Becsuse of this it seems appropriate to list once




r finad application of the criteris, they do operste
Comstitutes a Rosearch Tavestigation In Scionce Education? *
,_mmgim’mmgﬂgnmm&amga &

m‘mmhduéggammvumdoa,gmmm "
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the eriteria in ope of three categories: A. Hoperimental studies. B,
Analytio stedice. O. Synihetio studics.
mengéésma&mghmmm eren
E&& conditions of teaching and all other investigitions that fuvolve
paplls in

he or more types of learning situations. They nre characterised
gemerally by the following steps or techniques :

LAmde.‘*ﬁ%Mﬂm?
&A“nﬁdﬁ.hmmh&.bh
h&omdh—h&.&.uﬂhhﬂ-ﬂhﬁ-
sible contribution, p
mmmuuaumwi* e
4. The collection of data and their treatment by appropriate statie- &
tical techniques. :
&AM&&@W&Q:&&&:MM*
Justified hy thexs '
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88 {he aims that govern or that abould govers the tesehing, sy ; ol
clements that are tayght, the relative im of tepics, facilitien neg £
for teaching, and the like. Anglytical stadies ave charncterised codiess Nl
the fullowing £tepx or techniques ; ] N B ‘3
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1. A statement of a cavefully and -

pecifically R

"‘-‘T 6h study of the liversture appertalding to the piblom,
for the purpose of determining the need for the study and its Pos.
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1. A statement of & carefully and clearly definid néed or vhjeitive.

2. The development of eritéria for maintiising selectivity in the use
of materials and the consistent use of the eriteria in thorough
studies of materials appertaining to the need or ohjective.

3. The development of a practical pattern er technique for erganis.

4. The preparation of a substantial publication that summarises the
rﬁlﬁ‘&m

Iﬁgmatmfummugwﬁm@mﬁ
mutusally exclusive in all respecis &gmﬁgmiﬁéﬂm&kﬁz
are primarily experimental. Certain types of synthesis may appropris
be a part of an analytical or a carricular study. L&é@siﬁﬁme&g—
cation should attempt to judge the merit of each study that is completed
and to report to the Office of Education on their prepared forms all stadies
that qualify as research nndel one of the three categories ét@@m
also be made to report ali other studies that although not readlly classifiable
are nevertheless thorough, substantial, and definitely constructive

Guybert P, Cahaon
Framels D. Ceurtia, Chairman.
Beitly Lockwood Wheeler

In attempting a critical assessment of the research in elementary
scfience reported for the year 1956-57, one should first note that two
important documents bearing on this subject have been produced in
recent years. The first of these is entitled WAat Research Says About
Science in the Elementary School* and the second, Elementary School
Seience: Research, Theory and Practice.

.Elementary science has been recognized as a part of the school
enrriculum for more than 100 years. Before 1925 most of the empha-
sis was on nature study. Beginning in the mid-1920s with the
pioneer research of Craig, there has been increasing emphasis on a
type of elementary science program which more nearly meets the
mcrtymgpwpleﬂnnwgmofthetmadmd@mﬂdy

With the growing acceptance of a point of view which recognized
 that the interpretation of the physical environment is & natural facet
of the development of young children, it became more and more ap-
parent, that much research was needed to establish a sound basis for

WMy Getald 8. Crale. Washington: Natlonal Bdueation Assoclation, Department of

Classroom Teachers, 1857,
*By Masxine Dunfee and Jullan Greenlee, Washingion: ummuum

mmmg:m-nmmxm.




the elementary science program. In the early years of this movement -
meny experiments were condncted, but very fow were supported by
* adequate research data. ‘

As the movement gained momentum and as more school districts
began to put elementary science into the curriculums, it became
relifiach was needed in such areas as (1) the purposes
of elementary seiggte- (2) the nature of the elementary seience cur-
riculum, (8) types of learning experiences in elementary science, (4)
teaching materials and aids in elementary science, and (5) teacher
education as related to elementary science. These areas supply a
valuable base for assessin the current research in elomentary science.
Over the years there has been an ever-inereasing volume of studies
devoted to most of the areas named above. Among these many have
made significant contributions and a relatively few stand out m
mark studies. Between 1940 and 1950 there was s marked i ,
_ip-tie number of research studies in elementary science.
Since 1950, the interest in this area has increased a hundredfold
and there has probably been more research done than in the preceding

-
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100 years. Over the past decade much of the reported research has ‘E
been directed toward (1) ecurriculum content and instructional -
techniques and (8) teacher education as it relates to elementary 7
science. : T

The recent acceleration of interest and concern for science in the

-
o

schools of America has been directed as much to the slementary as to A
the secondary level. Schools in increasing numbers are providing E
more time for elementary science as well as improved courses. School it

administrators, consultants as well as lay folk, are showing a quickened
interest in the science program, and many State and local school
systems are engaged in revisions of their courses of study.

The current activity in the revision of science offerings and content
inﬂwmxdaryncboolismting:medformvdmtion of the in-
structional materials in the elementary school. The need for more
specialized scientists has created a demand for better provisions: for
the pupil who is talented in science. This problem has sharp implica-
tions for the elementary science program as well as for research, since
it has been fairly well established that young people who select scientific
careers get their interests early, many of them in the last years of the
elementary school. : ‘ &3

Another factor which should influence the quality and quantity of
research in elementary science is the increasing need for more science in
the,day-to-day lives of those who are not science specialists, Asthe
influence of science and technology increases, the demands for more :
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-+ Thus it would seem reasonable to édd to the listing of areas of neded
' research in elementary science suggested above such other aress ag the
following: ~ :

1. Barly identification of puplis having sclence talent.

2. Provision for the talented pupil.

3 mthuhm
4. D of abilities in critieal thinking through elementary sclence.

8. Development of desirubdle attitudes
In the area of elementary sciance ressarch for 1955-56, 19 studies
were reported for analysis. Seven of thess were classified as cur-
studies. The present report includes only 8 studies selected feoum the
total of 19 identified by the reviewing committea. Three of these are
classified as curriculum studies, three as learning studies, and two as
A careful examination of the total 27 studies reported in this and the
- previous analysis reveals only a few measuring up to the eritical need
.for research in elementary science. Among them would be those
studies devoted to science principles, to the development of problem-
solving abilities, and to some aspects of teacher education.

On the other hand, studies related to textbooks and supplementary
references, science in girls’ camps, outdoor education, courses of study
and the like, while perhaps of some limited local importance, can
MBrdly be said to contribute much toward the long-range improvement
- of the elementary science program. |
_ In the current analysis the curriculum studies of Cuno (E 1), Pella
and Solberg (E 4), Pilts (. 6), and Simon (E 8) appear to be
worthwhile contributions to the literature. This is especially true
of the last two, which seek some evidence for the feasibility of intro-
ducing the concepts of atomic energy and space travel into the ele-
 mentary curriculum.

. Ench of the three learning studies appears to have been directed
~ toward basic issues in the field of elementary science; Munter’s (E 5)
toward children's thinking, Garvey's (E 2) toward the stability of
scienee interests, and Johnson’s (E 3) toward ascertainment of the
- degree of reaching objectives. It should be pointed out, however, that

' general application of the findings somewhat questionable. .
+ Jt would appear from this analysis that, except in & few cases, there
is 8 need for.those who are in a position to direct resedrch in ele-

ry science to set higher standards for the fellowing aspects of
resbarch: (1) The nature of the problems to be investigated; (8)
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i6al disigh Gf thé sbudies, Knd (3) the rigor with which the
studies are carried out. ' | ’

D

Secondary Level

The review committee brought together a total of 51 studies dealing
wié@mgmmof&mlgﬁmw@mm
Although this figure represents a considerable increase over the num-
ber of investigations considered for review last year, it is doubtfal
ﬂme}nmmnmgpﬁm@dmm

int&ﬁm@flﬁﬁ&f@%AWl;Mi@,bemmbe@'mhz
of the period currently under discussion.

report. Mydxﬂﬁia—&lmdhmw—mjnwby
the committee to be unsuited in relation to the established criteria.
Eleven of these were rejected because they did not come within the
/imits of research as defined. The majority of rejects, however, were _
d@ﬁb@m&e@dhrﬁl@eﬂnﬁmmﬁmhafm
research. Someofthemlsckadorderlyplms,cithuformming
data or for determining their validity. Some of them, in other respects
mmmmmmuownm
findings. Otheeltudiuinthisgroupwmelimimmdforhnvingw
mmphdtopmvetbeobvionsorforlnvingutiﬁndmlwhddthb
prove a pesition long since established, _
The number of investigations by academic professionals, that is,
science educators employed in academic institutions, about equaled
those by degree candidates. Those two categories of investigators
mmmimd&iveditsmteﬁdfmchieﬁytwnﬁ%:m
Ewd&&mﬁmmzﬂnmmtmhﬁs.%
of Education, Oﬂyegbtmmmfmdinothuiou-
nals, and only one of these was accepted for review. Three additional
studies were reported in research bulletins of boards of education, .
by M%hwmmahmmm




IN TRACHING ECTENCE

Regarding its review activities this year, the committes wishes to -
make the following observations:

1. For excellence in dealing with one or more (in some cases, all) of the
following aspects of craftsmanship in educational ressarch—choosing a
significant problem, validating data, esing statistical analysis, amd re

porting—the studies of these investigators are noteworthy: Anderson
Page, and Bmith; Msllinson ; Simendinger; 8mith and Asderson: ‘Tktnr
and Wise

Ipsofar as the studies reflect the selence courses which cur secondary
schools acteally offered during 1056 57, eme can ssy that surprisinsiy
little curriculum experimentation was attempted througbout the Nation.
3 Many studies are being completed which merely daplicate the work of
former investigators Some of the duplicates appear to be liitle more
than exercises in research technique rather than serious attempts to
add to our fund of information about =cience education.

4. If candidates for the degree in M.8., M A, and M. Bd. are required to
conduct research and write theses for their degrees, then their institn-
tions have a responsibility to help thém learn the methods of scholarly
investigation and reporting.

5. Bclence educators speak with confidence in recommending problem salv-
Ing as a desirable teaching objective. However, experimental payechol-
ogists have emncountered difficulty in identifying the many ramifications
in the complex of mental activities and emotions involved in problem
solving. We {n sclence education must mse extreme care in condueting
research on problem solving in view of the complexity which has been
recognized by experimentnl psychelogists in dealing with this urea

2]

College Level

Even though the National Association for Research in Science
Teaching and both reviewing committees have defined and categorized
science education research, an overview of the college level research
reported in this bulletin indicates that further efforts in this direction
are necessary. It must be granted, however, that college-level studies
in this area do not readily lend themselves to orderly schemes of
classification.

In the earlier years there was an intense fervor among such men as
'Gm Downing, Powers, Craig, Pieper, and other forward- le&mg
science educators for systematic teacher-education research in the
areas of methodology, learning theory, curriculum; and the like.
Mmgsnmm&m@mwwm
@bmm,&@sgéﬂmplhﬁgé@gofm olving
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igsfsrmmhmmedm They wrote many convincing




the field and to the individual investigator. Although some of their
techniques, judged by present-day standards, may appear a little bewil-
dering, these researches exhibited s great sagerness to invent pew
methods and designs. Tests, scales, experiments, statistical methods,
and ths like were then 50 new that they often assumed the major role in

investigations rather than & minor role as useful tools, aids, or devices. °

Much of the research reviewed for possible inclusion in this analysis
does not represent improvement over those earlier efforts.  There is too
littls awareness of the need for research involving the observation of
groups as groups, their structure, interaction, and dynamics; or of the
need for research in the elements of observable behavior or appropriste
methods of analysis of group data.

Review of the pertinent literature pointing to the need for an investi-
gntion is often inadequately done, if at all. Library research, methods
of citation, and recognition of the frontier studies are all too frequently
of & casual nature and inadequate scope. The case study, as s method,
especially in an anthropological frame of reference, is overlooked or
absent. Also overlooked or absent is recggrfition of new techniques
for analyzing data.

There is a conspicuous absence of pew experimental designs, and of -

progressive elimination of the persoa-to-person maiching techniques as
a significant factor. There is too little ressarch based on the assump-
tion that research may be more effective if conducted by those re-
sponsible for putting it into action. There is great need for more
amphasis, not only on what people learn but also on how they learn;
for emphasis on the learner rather than on teacher techniques; for
more emphasis on process and less on product and things; for greater
emphasis on group research, cooperation i planning and evalaeation,
and unity rather than diffusion. The psychologist, statistician, and
science educator must learn to work together more closely, and in a

In a recent review of coliege level rescasdh in science education
covering the past 90 years, Miles and Van Deventer* say the
following :

‘ Miles, Vadlen C. ond Van Deventer, Willlam C. Seseerch in Teaching Collage Sebence,
Oollage and Untverelly Bullettn, +<l. IV, No. 8, Mateh 1088, '
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mammgnmwoﬁm%ﬂ@mg@ggm
tion has been increasing over the past fow yedrs; yet for the past 2
years the number selected for this annual survey has decreassd in
every category. In 1955-56, 19 studies were reported in elementary
saience, 88 in secandary science, and 40 in college scienca. This
made a total of 81 studies. The presant report contains 8 studies
for the elementary level, 18 for the secondary (in addition, 7 surveys
were listad) and 28 for the college, making a total of 54.

The personnel concerned with the selection and evaluation of thesa
studies are fully awars of the shortoomings jnherent in tha prooces:
: %dag,momover feal that the criteris cited earlier in this report
2 may not be the best that could have boen used. Granting all of the
sbove, however, it is still difficult te understand why there should
be such a sharp decline in studies reported on each Jevel at a time when
an increasing number of research studies is being conduoted.

The need for good research studies in science education has never
bean more critical :imga;;pmg when s0 many orgagizations
sgencies ifivolved in some aspect of long-range improvement plyhs
are seeking guidance from research findings. The pionesr ressarci
of men like Powers, Cralg, Downing, Cuttis, and others have been
mentioned earlier in this bulletin. Thess men were deeply concerned
with research on some of the broad and unresolved issues of their
day. They carried on this research as s part of their academic
responsibilities.

When one considers the large number of outstanding leaders in
science education today who are qualified to do research, as compared
with the number during the time when the men named abave were
active, it becomes apparent that there has been a sharp decrease in
tesearch studies from this source. An examination of the 54 studies
analyzed in this bulletin will reveal that most of the studies have been
donse either by classroom teachers or by students writing theses. Few
have been done by professors of science education.

Most of the studies reported appear to have been done as partial
fulfillment for advanced degrees. No doubt this accounts for much of
the fragmentary character of the research and for its narrow local
interest and limited application.
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At & time when science and technology are betoming dominant
mm%admmmmnmdmawmmmgdmdd@
izo its fullest potentials. lirdyts there is an overwbelming body of
vvidence to indicate that this is not now true. Millious of people are
influenced by superstition and unfounded belief. (Other millions are
reyed upon by charlatans who seek to take asdvantage of tha low
leval of scienti ut-amv o: tsé pLEﬂe mind. Somahow science edu-
ust break t i *‘*ﬂﬁe’malm
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ues lie. ﬂ(i;eﬁa could be mentionad which
z importsnce. Thess poss the broad and signifi-
antpr“nbang for ressarch in this field which call for the best talent
that can be fo in science and alhed areas The broad unresolved
' ted, the clustar of problems requiring solutioss
must be defined, and Lehy,mﬂagﬁr' it L ;xa; and tested
()rlv when these /o Been taken will researchers in BCience
' i > conduct 23"'“&- which have significance
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Recommendations

Inmd on this analysis of the current ressarch in sciance teaching
and on the general considerations discused above, the following
recommendations are made by the Luxmmti;ﬁ

mem&tgdmagmumdmm
findings with broad implications
i!ﬁat&mmﬂ&t@&mﬁl&gm&ﬂhmgm&@h&
to high standards in the statistical design. in the condnet of the studies,
and lu the interpretation of the research data.
ammmmmukmmmMmMrmﬁﬁm
in sclence teaching.
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. o resalve the lssnes.
5. That hypotheses be proposed for testing In the solution of the problems. -
amm.mmu-&mgmhmm ]
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L 7. That available research bearing on &.mm 1 science
; education be evaluated and that a bibliograpby be compiled - under
headings related to these issues.

8 That a comprehensive plan for coordinated research in science educa-
tion be made, adopted, and put into operution throughdut the country.

) 9. That specially designated centers for research on given issues be set up

[ at several universities and appropriate lines of communication among

&= them be established through a cemtral clearing-house agency.

10. That able university scholars in the field of science education engage,
in greater number than at present, in broad research studies as a part
of thelr academic responsibilities. .
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