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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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14 ANALYSIS OF RESBARCH IN TBAGHING SOIRNCE

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
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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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16 ANALYSIS OF RESBARCH IN TEACHING SCIENCE

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
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EXAMINATION OF THE RESEARCH 17

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
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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-
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