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The Science, MatWématics, and Environmental Kducation Infor-

@

mation Reports are bqﬁng developed to disseminate information

concerning documentsfanalyzed af the ERIC Information Analysis
!

Center for Science, Mathematics, and Environmental Education. The /

T
reports include four types of pubiications. Special Bibliographies /

are developed qb;énnounce availability of documents 1in selected
iy :

/
/

interest arqas.'/These bibliographies will list most significant
, |

documents that.have been published in the interest area. fuides

to Resource Literature for Science. and Mathematics Teachers are

bibliographies that identify references for tquprofessional growth

-

of teachers at all.levels of science and mathematics teaching. Re-

search Reviews arc issued to analyze and synthesize research related

Q
to sclence and mathematics education over a perioed of several years.

The Occasional Paper Seriles 1s designed }o present researchbrevieWS
and discussions related to specific edudational topics.
/
The Science, Mathematics, and Envﬁronmental Education Infqrmation

Reports will be announced in the SMEAC Newsletters as they become

avallable.
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Research Reylews are being issued to analyze and synthesize

rﬁﬁearch related to the teaching and learning of science completed
» . / .

. . / .
during a one year period of timc. These reviews are usually or-

ganized into three publications for each year according to school
levéls——elem?ntary school science, secondary school science, and -

: /
college fPence. .

The—publications are developed in cooperation with the National
Association for Research in Science Teaching. Appointed NARST com-
mittees wérk with staff of the ERIC Center for écience, Mathematicé,

and Environmental Education to evaluate, review, analyze, and weport
) .

researclf results, It 1s hoped that these reviews wil%/provide’re—
- / .

seqrch/information for development personnel, ideas for'future re-
/ : ! : s

search, and an indication of trends in research in sclence education.

Your comments and suggestions for this series: are invited.
. ==Y - . N -
- : Stanley L. Helgeson
' ' and
Patricia E. Blosser
Editors "

Sponsored by the Educational Resources Information Center of
the United States Offices of }ducation and The Ohio State Unlversity.
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Office of Education, United States Department of Health, Education,
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do fiot, therefore, necessarlly represent: official Office of Education
position or policy. .
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A SUMMARY OF RESEARCH ‘IN FLEMENTARY, SECONDARY,
AND COLLEGE LEVELS OF SCIENCE EDUCATION FOR 1970 ‘
by

Leslie W. Trowbridge *
University of Northern Colorado
Greeley, Colorado
: &
assisted by
. Jack R. Andezson ’
U University of Northern Colorado
James E. Rahn
University of Northeérn Colorado

INTRODUCTION

!
PERY

b ¢ - The review of research in science education for 1970 culminates
i the efforts of hundreds of individuals. It is heartening to note the
increa31ng attention to sc1ence education research exemplified-by the
large- output of reports for one calendar year. This productive effort
. represents the research activity of a wide variety of educators in the
field 3ncluding established researchers, dissertation writers, writers
of project reports, and others.
. 2

A notable characteristic of nearly all of the research is its
local nature.. Very few studies have the scope one would desire for
adequate generalizability to the large problems in science education.
This has been a perennial problem of research in the field for decades.
Little progress seems to have been made in overcoming the problem.

1

At the same time, new information is gradually accumulating in
"areas heretofore larpely ignored, such as attitude develonment, indi~
vidualized instruction, teaching of science procecsses, psychological
studies, and the effects of the use of performance objectives. It is
to be hoped that as additional pieces of the puzzle are brought to the
foreground for scrutiny and evaluation, a more cohesive picture may

emerge and a viable theory of instruction in sclence gducation may
gradually evolve. ‘ - %
6 .

-

* The authcrs of this report wish to acknowledge the dedicated as-
sistance of their typist, Miss Judy Csizmadl, whose efforts in meeting
the publishing deadline are sincerely appreciated.
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PART I. NATURE OF THE_RESEARCH CONDUCTED

-y

In this report a total of 403 studies is reported. These consisted
of articles found in various jeurnals reporting research, dissertation
abstracts, and abstracted reports of an unhpublished nature such as papers
presented at the annual meectings of NARST.

o .

Because of the widespread interest in studies involving new cur~- -
riculum projects, Table 1 shows the number of such studies at elementary,
junior high, high school and-college lavels. Inspection of the table in-
dicates that the BSCS program continues to attract considerable interest,
with a total of 17 studies reported. The next area of .interest was the
Earth Science Curriculum Project .at -the Junlor high school level, followed
by the Science Curviculum Improvement Study at the elementary level and
by studies of the CHEM Study Program at the secondary level. A total of
67 studies dealt with some aspect of cutrriculum projects comprising ap-
pfoximately one-sixth of all of the studies reported, a sizeable fraction
by any standard. ‘

P



2 AY
> o
TABLE 1
STUDIES INVOLVING COURSE CONTENT IMPROVEMENT ?RngCTS )
Projecté : © - | * ' Number of 'Stuldie:s'
Element:ary ‘ "( |
AAAS (SAPA) , . pf o b
COPES - ' ' _ o " - 1
ESS o c B | 3
SCIS | B o ' 7
Secondary o
ESCP . ) .8
) IME ‘ B | 1
s . - o I
ISCS- - . o
sSSP, (Time, Space a1ld Mat_:ter) | | \> 2
) Qi’S (Quantita'ti.ve Physi cal Science) : 2
V : Zd
BSCS | [/” 17
CBA . : 2 ¢ -
CHEM | B ' 6
uep ‘ 2
Nuffield | ” . 1
N S
PSSC ~ ; _3
Total ! “67
N # ’ - °
\



.results, adcquatt methods of rescarch, and clarity of the findings and

Yy o -

: W . R :?{‘_‘: ’ . ~ _:{ . |
- ' St » 0 - . -~
' 4 ’ R r -
B ‘a o ‘ ’
" Three tables (2, 3 and &Y are preeented indicating the focus of - ,' P —
resecarch at the elomentary, setondary and college levcis.- The particu- YR '

-

lar categories selected were at the-option 6f the authors of* thds report.‘? Y e '
An effort has been made to develop a pgrallel strueture to the three k

levels although it 1s noted® that each of the level} does not necessarily
“contain identical.titles. -

\ . . d
- - . -

\

Review of «Tables 2, 3, and 4 indicates a widespread breadth of . ///
topics.covered in the. research areas at all Lhree Tevels. it appears ¢ c
that some of the newer areas of interest are those dealing w1th attitudes; \\\\\
individualized instruction; psychological studfes, mosly Piagetian, teach- '

ing of science orocessesﬁand studies having’to.do with behaviotal ObJecE / i )
tlves- | |

- — P
i R '

In ‘the elementary group a total of 94 studies was repGrted with =
approximately ‘one-third of thode in the areas of learning the fry and . . T
child development. All of the other categories hed relatdively eqxaf : : ] .
numbers of studies with the exception of Individualized instruction which ' LT e
had onlv three. - Dtrhaps this indicates the- nevmess of this, ar8a of in- ;>\L ’ : //
terest. One would expect that the number of_ _studies of individualfhed - .
fnsfruction would increase in subscquent years. - ) . .o ‘ v ///

. 5 . T

The research at the secondary level includes a total of 184 studies . ‘
with the areas of methods of instruction, ‘curriculum studies, and measure— . 7
ment and evaluation predominating. It is 1ntereat1ng to .note, howevcr,

that a substantial number of studies of attitudes, 21, »is reported fol- .

_lowed by an almost equal number of materials studies. &
e - -
At the college lével 46 .of a tqtal of 124 documents su veyed dealt ‘ ' - ’Xv

with soime facet of teaclier. educatlon, and® 36 were designated as’ compara-

tive studies. The rest of the categories had approximately ~qual balan e
All of the studies reviewed havi been reported~1n some form in this 4

document. Those of particular interest which exemplified generalizable

conclusions have been selected for detailed treatment, Further infor-
mation on studies not described in detall may be obtained by examination
of the original study cited in the bibliography . ) ¢

Part I1 of this 1eport, Summary of Research Findings, glves rela-
t1vely detailed inﬁormatton concerning the probidem studied, the popula-

tion used in the research, and the 1mportant f1ndings or conclusions of
the investigation.
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TABLE 2
/ . i) . 0
'FC?_CUS OF RESEARCH- (ELEMENTARY) ‘ ; %
Categories Number of Studies = Perdent
Learniag Theory ¢ad thldlDévelopment 34 . 36.2
“ Concept Formation . an
Behavior Dévelopment (11)
Piagctian Studies > . ( 6}
) Ciarriculum Studies . - 13 ' '13.9
Evaluation Studies 10 10.6 -
. Teacher Educat.on and Teacher Traits 10 ' '}O.G C 7
_ Measurement and Instrumerdt Development _ 6 6.4 "
Individualized Instruction , ' 3 3.2,
. Inquiry Teaching . ' 7 _ 7.4
Comparative Studies% . | 11 ' .17
[ : . : a -
/ Total = = ' ' . 9k ST 100.C
- : - ' ‘ - ’ ) e
- o ) . 8 i
. .
@ j ’ . g \,—J
7 \ -
’ ” ' :
0 \ ‘a . - <
/ - - R . T _i\ - N
~ I - >
. < - . . '
R N L * ’* "5 4 o . ®
S 5 - . . i’ .



TABLE 3

, " - FOCUS OF RESEARCH (SECONDARY)
N P . - - ‘ . -
Catepories v Number of Stydies Percent
Con;g?t'Studies ‘ . | 8 A:Z
. Attitude Studies - 21 11.4
Mafgrials Stﬁdieé Sy 16 \\\ 8.6
Mebhquﬁof Instruction - 29 \\- i5.7
Laboratory Practiﬁ?s ) 9 : 4,8
Curriculum Studies . ' ' 2; ‘ 13.1
Teacher Educatign and Teacher Traits 15 8.2
o _ Mgasuremeﬁt énd Evaluation T 33 2 - 18.0
Individualized Instruction | . T 6 3.2
Processes in Science . = b 2.1
Inquiry Teaching - ' ‘ 7 3.9
Comparative Studies . . 12 _ 6.5

~Total > - 184 109.0




TABLE 4

FOCUS OT' RESEARCH (COLLEGE)

Cafegdries _ . Number~bglgzza es Percent
" Teacher Educapion i 46 37.0
Courses or Programs (.9)
NSF Programs (5)
.Attitudes ( 5
Techniques i (10)
Skills and Questioning Techniques (5)
Miscellaneous (11)
Curriculum Devel&pment ' 10 8.0
Developmental Studies 3 2.3
. W .
Evaluation Studies 6 4.7
Student and Teacﬂer Characteristics 13 10.3
Students’ Reactions ;o ééienca o 3 2.3
High Schocl Preparation and Coldege
Achievement 8 6.4
Comp;;ative Studies . 36 “ 29.0
Laboratory Programs ( 8
Methods of Teaching (15)
Programmed Instruction and CAI (10)
’ BehavioralaObjectiYeS_ o ( 3) -
Total . 124 100.0
7
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PART I1. SUMMARY OF RESEARCH FINDINGS

ELEMENTARY SCHOOL LEVEL

. .

Learning Theory and Child Development

In this section 34 studies are reported. They are divided into
three categorles: concept formation, behavior developmenrt, and Pia-
getian studies. "

Learning Theory and Child .Development: Concept Formation. In the
area of concept formation, Stuck and Wyne (340) compared the effect of
equilibration type training to the effects of SR reinforcement type
training in developing weight conservation concepts in second and third
grade pupils. Their purpose was to investigate the implications for
instruction of the psychological concept of conservation by using it
as a method of testing a fundamental science concept, that of weight.
The findings showed that the SR group performed significantly better
than the control group.on the initial post-test for conservation of
wedght., No signifitant difference was found between the experimental ’
groups on the measurc of permanencz of conscrvation beliefs. Signifj-
cantly more transitionals than complete nonconscrvers of both mass and
weight became conservers of weight during training,

In a tudy by Vorlxzo (364) conrcerning the conceptions of conser-
vation and 1cwcr53b3111y in children of very superzor intelligence,
the results showed that a substantial percentage of gifted children
made abstract conceptions earlier than children in general.- Where the
conceptsggf conservation and displacement cf volume had not been grasped
students considered the words mass, weight, and volume as synonymous.

In another study of concebt formatioﬁ,_Voelker (366) tested chil-
dren in grades twn to six in an effort to determine concept formation
achievement. The problem consisted of two parts: 1) Can elementary
school children lecarn the concepts of physical change. and chemical
change? 2) Does the amount of guidance children receive in formulating
concepts have an effect on the success of their learning? The popula-
tion consisted of two groups of ten children each in each of grades
two, three, Jour, five, and six. The tasks required that the children
correctly answer three questions: What is a physical change? What
is a chemical change? How would you tell if a change were a physical
cliange or a chemical chan;e? The second tésk was to .classify correctly
a set of demonstrated and described phenomena as examples of physical
changes or chemical changes. The third task was to support the correct
classification of dcmonstrated and described phencmena with correct

reasons. Based on the results of this study, it wes concluded that an

attempt to teach the concepts of chemical and physical change in this
school using this methodology probably should not be attempted before
grade six.



An additionai study concerning concept gevelopment .was done by
Billeh and Pella (39) in an attempt to discern any cultural bias in
the attainment of concepts of the biological cell by elementury school
childrens The problem was to compare the achlevement of Jordanian and
American children in grades three to six as indicated by scores on tests,
designed to measure knowledge, comprehension, and application of each of
the selected concepts when both received comparable. instruction related
to the conceptual scheme, the biological cell. The authcrs reported that
it is not possible to conclude thdt either of the populations, Jordanian
or American, is superior by comparison in achievement on the concepts
used in this. study. :

AR Y

In a study by McClelland* {211), a new approach to the introduction
.0of comcepts of energy at second grade level was developed through gon-
sideration of the nature.of enerpy and of the capacities of children of
that age.  in this approach, the term energy is filrst associated with
all physical changes. Speclfic changes are then used . to introduce spe-
cific forms of encrgy. A scquence of five lessons in audio-tutorial
format covering the seleccted energy concept was developed and trial
tested among three second grade classes. The results showed that half
of Lhe interview group show .d satisfdctory genexalidability of all the
energy as an entity. None showed a completcly satibfactafy toncept of
energy conservation. "Indications are that ®econd grade pupils can at-
tain valid concepts of energy through the medium of audio-tutorial ma-
terjals, with specidl con31derat10n for the capac1ties of chilern of
. thit ages : . Co

Smith (316) investipated large group instructional ‘techriigiies in"
teaching selected science concepts to elementary school children. Pur-
poses included: 1) to determine the feasibility of teaching certain
science concepts in elementary grades by large group science instruection,
"2) to compare the large group teaching effectiveness of ~elementary school
~lassroom teachers and a science specialist, and'3) to determinc the
relationship between success in learning the concepts-and-maturilty as
indicated by grade level, IQ, and sex. Twenty-elght concepts were se-
lected from the conceptual scheme "The Particle Nature of Matter.' The
experimental population consisted of 498 pupils in grades one to six in
a midwestern elementary school. Effectiveness of the classroom teachers
compared most favorably with that of the specialist at the lower grades
and for thc simpler concepts and less favorably in the upper grades and
for the more complex concepts. .,

s In a related study by Green ‘(126), the feasibility of teaching
seleccted concepts relating to the particle nature of mdtter to students
in grades. two through six was-investigated. The opinions of teachers
and students regarding the feasibility of the lessons were ascertained
by using questionnaires of a check list type, one for students and one
for teachers, immediately fullowing the teaching of each concept. De-
tailed analysis of the feasibility was made at each grade level. It

()
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was concluded that it is feasible to teach selected'concepts related
to the particle nature of maltter to children in grades two through six.

" Several additional studles relating to children's ability to.form
concepts in speciflc arcas ave reported. Smith (319) investipated
children's concepts of heat. Hn first defined what is-meant by a con-
cept, and the distinction was made between the sclentific concept and

-an individual's concept. A sct of tasks covering a limited portion of

theé domain of the concept of heat was prepared with standard procedures
for assigning the tasks in an interview situation. These tasks were
then assigned to four groups of ten children in individuzl interviews.
The assessments indicated that theoretical responses were very rare
among first graders and the precausal responses.were very rare among
fifth graders. Relatively unexpected was a high frequency at both
levels of mechanistic responses, thoSenemploying an unobserved non-
theoretical progess to account for ‘a_ phenomenon. *

Another study of concept development and communication abilities
was done by Gillesple (117). The problem in this study utilized vatria-
tions in leaf structure to study -oncept development and communication
in young children. Children at all age levels exhibited great variance
in abilities to verbalize concepts of leaf characteristics. Some chil-
dren at all ages exhibited the ability to reason with unknown factors
and to give rational explanations for naturaléphemomena.‘DChildren at
all age levels tended to duscvibe leaf structures”in terp# ol famlliav
everyday phenomena. The study included several suggestions or implica-
tions for teaching. among which was that serious study of nature f{or
children fjive ycars old or younger would likely be a waste of time,

A study by Riechard (28l) investigated the acquisition of life
science: concepts by kindergarten children. An investigator—designed
instrument entitled "Life Science Concept Acqulsitlon Test' was used.
The medium was 21.sets of colored pictures. As a set of pictures was .
presented to a subject, he was asked to respond non—vérbally to a state-
ment about. the pictures by pointing to a specific picture or part of
a picture. He was then asked to verballze about his selection. The
population sample involved 51 beginning kindergarten children. Among
the findings were that significant differcnces existed among the scores
made on .the test.by<the subjects from three community settings. The

¥

mean score raunge from low to high wag jnvor-urban, rural farm, and outer-

urban respectively. One finding of particular interest indicated that
when predicting performance on the non-verbal measure from soclo-cul-
tural variables alone, the number of years of education of the subject's
mother and the subject's community were the first and second most use-
ful variables respectively.

Ryder (291) investipated elementary pupils' understanding of
selected science concepts with the following two purposes: first, to
determine whether specific experiences in the pupil's background signi-
ficantly influenced the ability to understand two concepts on air pres-
sure, and secondly, to investigate the effects of an advance organizer

r

-7

10
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on the pupil's ability rovunderstand the two concepts. It was hypo~
thesized that previnus exposures Lo certain relevant experlences would
enhance the "ability to master thce concepts involved in the study, vhere-
as a lack of cxposure to these cxperiences would be disadvantageous Lo
the learner. The sample consisted of 401 third and fifth graders of
divefse experlence backgrounds. Findings rovealed that gradc, sex, and
treatment significantly affected pupil understanding of the two concepts,
and that experience background tad .no statistically significant effect.
° It was concluded that 1) the ad.-unce organizcér was most advantageous to
pupils with“rich experience backgrounds, and £) the advance organizer
approachhwas a potentially effective instructional tool for relating
the content of advanced subject matter to elementary school children.

An additional study on the“cognitive preferences of elementary
school scilence students was donc by Schmedémann (299).- The study was
designed to discover the influsnces of the Elementary Sclence Study
program and of certain strategics on that fatet of sclentific attitude
termed cognitive preference. Two investigator-deslgned cxpgrimental
Anstruments were constructed. The findings showed LhdL 1) thhre was

o "no significant relationship between the cognitive pfefcronces of stu-
. dents and the teaching strategics selected by thelr teachers, 2) there
were no sipgnificant differences between the cognitive preferences of
the students in the three groups of the study, and 3) there was no signif-
> : icant relationship between aptitude and the cognitive preferences of the
students.” The author suggested that questions should be raised concern-
- Ing the effectiveness with which thi: ObJeCthCS of the Llementdry Sci-
ence Study are being realized. : \

., Tamppari’ (348) developed a model for determining biologlcal attain-
ment. The .purposes of the -study were 1) to specify biological coricepts.
) related 'to an important theme which is taught i1 existing bilological
o > curricula, 2) to order the identified concepts according to the learning
theory of‘lobert Gagne', and 3) to study the attainment of the identified
concepts by students in grades five, seven, and nine. It was concluded
- that it was pussible to construct a model for bilolegy curriculum develop-—
ment 1n accordance with psychologlical learning theory. The main recom-
mcndations were that biolopy curricula should be constructed according
to a theorctical mndel based upon learning theory and validated by ex-
perts. Also, it was recomacnded that Investigators who study concept
attainwent should precisely define the concept. A third recommendatilon
was that in the early grades there should be morce emphasis placed upon
the teaching and learning of prerequisite subject mattcr and that the
Leachlng and learning of connepts should be examined in the light of
Piaget's theory.

- In a study on subliminal perception and concept attainment, Taris
(350) atteémpted to dctermine experimentally-whether subject matter con~ .
tent can be taught subliminally to fourth grade pupils. The metkod con- .
. ‘ sisted of flashing, .through the use of a tachistoscope, certain science
e concepts diring the show of a motion picture. The results indicated that
it was unlikely that sibliminal learning had occurred.

.
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A study on bilingual science instruction was done by Ng (245) who
investigated the effects of bilingual instruction as revealed in several
aspects of sclence lcarning. Children werc assiyned randomly to mono;- .
"lingual and.bilingual teéarliing methods.  Thie following| hypothcsis was _ B
tested: Children taught bilingually will achieve bctter results than
children taught monolingulaly on multiple choice tests! for vocabulary, //
comprehension achievement, and conceptualization in science. On the /
basis of statistical cvidence, the hypothesis-was partially accepted. / -
It was found that children.taught hiliugually surpassed children taught - . Ve
monolingually only in vocabulary and in conceptualization. 7 . N

A study on concept development by Janke (159) was undertaken to ; \\\\
determine the degrec of agreement between science textbooks and scholars / . N
in earth scicnce 'as to the carth scicnce concepts to be included in the g
K-12 gcience curriculum. Analysis of the results showed that scholars
from the earth scicuoce disciplings are in general agreement un earth
science concepts to be included in prades K-12. ‘

Summary. 1ln general the concepts studies seemed to be lacking in
a clear definition of "science councepts". Investigators In this area
might be well~advised to censider tighter definlitions and more precise
descriptions of the probler being investigated. Findings concerning con-
cept development apprar to support the Piagetian hypothesis that matura-
tion plays a major role in concept learning, perhaps outweighing any en-
vironmental or instructional 1nf]uences superposed by the materials or
- by the instructional design.

»

: \ S |
Learning Theory and Child ﬁEVﬂlopment Behavior Development. The

" scecond group of studies, dealing with behavior development, consists of
eleven investigations. The first of these rcported is by Raven (276).

“The purpose of his study was to determine if a set of sequentiajly articu-
lated clas«ification exercises could facilitate the classification abil-
itics of second and third grade children. The population consisted of
210 second grade students and 175 third grade students. Third grade stu-
dents achieved highcr scdéres in classification tasks Lhan sccond grade.
Trcatment groups achleved higher scores on classificatlon tasks than the
control group. Practice on the more complex classification rules er’
hanced the success on simple rules. However, practice on simple rules
did not provide an advantage for succeeding on complcx rules once prac-—
tice on these rulus was pcrformed

JIn a study by Susskihd (341), a model of inquiry predicted that

students would ask mpre questions and make more declarative statements

when the teacher asked questions at a relatively low rate and used C ’ .
‘yquestlons encouraging students to draw on thelr own experiences and con-~

tribute to a class discussion. The model was tested- by oserving ele- ,

mentary teachers after they had participated in a seminar designed to

change their questioning pattern to facilitate students initiation of

discussion. A descriptive report of the data indicated that teachers

asked questions rapidly and most were memory questions. Students rarely

@
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‘asked questions. Patterns of student responses in the classes of

seminar pgrtic1pant9 tended to correlate as predicted with changes in

the teachers' questiéning techniqués. The scminar produced small but - o
significant changes. : ‘ Ry

Carter (60) studied the ability of primary school* children to
generalize behavioral rompttenciou acquired in science to other content
sgttinge. gLum-nh in gradcs onv to four whu had used Science- A Process
Approach - ore tested by iﬂlededllY.ddmfnjlellﬂ} the tasks of the sci-
cnce procest instrument, Tasks (o asseus the level of the same ohkills
in soclal studics, fine arts, and lTuanguage arts vere then adminictered.
Data analy$is revealed a simllar ovdering among students with respect to
sclencee and other subject arcas. Students had similar ‘levels of com-

petency in each. of the skills In each of the subject matter areas.

LA study on behavioral development was done by Johnsor (164) on -

the effects nf the process appreach upon 10 measures of disadvantaged
children. His purpose was to determine the relatlonfhips of teaching
process apnproach .to increasing general intelligence. The population
was a third grade class in a cul .»rally disadvantaged area. Using a
pre~test, post~test format with ﬂaLched pairs, results showed that both
groups increased their mean total 1IQ scores. The experimental group in-’
creased wmore than the control group by a significant amount. This study

" indicatced that, through use of a process approach, disadvantaged children

<

benefitted i% the ability to think rationally.

Scott (305) in a study extcnding over a three-ycar period investi-
gated ' the stratepy of inquirv and styles of categorization. Two problems
werc studied: 1) Would an inquiry progrem-have .a continued efferL on
children's behavior after the novelty of the situation had passed{ 2)
Would the verbal behavioral changes in inquiry children in a three-year
study be traceable to the elements of the elements of the strategy empha-

..sized during this program? The results indicated 1) that instead of a —

Q
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leveliny off as the Hawthorne Effect diuindled, the iaquiry program seemed

to have had a persistent effect on styles of categorization and 2) the

inquiry strategy appecared to have had a continuing eflfect on the verbal

behavior of this group of children over the three-year testing period.

Several measurabie changes were noted over the period.- First, verbal

fluency and flexibility were increased. Szcond, attention to detail

became more acute. Third, inferences about .invisible attributes showed

a strong trend away from emotional and locatlonal responses. and toward

inherent classificatory attributes. Fourth, each of these changes could

be traced to a specific. emphasis of the inquiry strategy used in this

program. Thus it appeared that ‘inquiry training could produce measurable

behavior changes 4
Also in this group of study, Allen (9) used a scalogram analysis

of classificatory behavio}. The Piaget hypothesis that cognitive skills

are acquired in a fixed orderly sequence in which mastery at any level

is dependent upon mastery of earlier more basic levels was tested.. Allen -

A o
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concluded there was a .general order of emergence; groupiné skills were'
mastered first_apd class_ inclusion_skills last. Also, it was suggested

that before this hievarchy could be adequately tested the horizontal
dimensions for each of the levels had to be handled carefully.

Rogers (2E7) attempted to determine ‘the relationship between the
teacher's perception of his pupils and classroom verbal behavior at
the fifth grade level. THe "Perception of Pupils Adjective Checklist'
was used to-measure the teacher's perception of pupils. The population
was 34 inner-city f1fth gradce teachers and 38 outer- city fifth grade
teachers in a larpge city. One hundred minutes of verbal interaction of
each teacher were analyzed, using tHe Flander's interaction Analysis - *
System. The regults of the qtudy suggested that classroom verbal Bo-~
havior durin? fifth grade science' classes .was significantly related to ~
the teacher’s perception of his pupils. . The positive perceivers made
greater use of PUpl]S .ldeas, CrltiCiLed less, and made less use of
their authority, hag more verbal partlcipatlon from their pupils, and
exhibited more flexibility in their teaching. The negative perceivers
made greater use of restrictive verbal behavior and used a greater num-

ber of routine questions,'directibns, and criticisms in combination with
each other to control the pupils' actions. Having had a recent science

methods course was not significantly related to verbal behavior and to

the learning conditions that the teacher esLablished during science
" lessons.

Another study involving verbal bLehavior patterns was reported by:
Moon (231). His study was desipned to analyze selected examples of
verbal behavior patterns in primary grade cJassrooms during scicnce
activities. The population of 32 elementary school teachers involved
those who had received an in-depth study of the Science Curriculum lm-
provement-Study teaching,methods and materials. The. findings suggested
that those teachers who were exposed to the teaching methods of SCIS
differed significantly from those employing conventional science teach-
ing methods and materials, by demonstrating an increase in the amount
of direct teacher influence displayed in verbal behavior patterns dur-
ing science activities. A second finding was that there was a pro-
nounced shift in the direction of much greater preferences, for higher
level questions displayed by the experimental teachers after the intro-
_duction of SCIS teaching methods and materlals.

Nelson (242) studied the effects of post- laboratory discussion
atrategies on sixth gxade children's learning of selected cognitive
gé\lls and principles. The problem investigated was, "When, teaching

{ence by inquiry to sixth grade children in an urban and “suburban
schab{i which of two post-~laboratory discussion straiegies was best
ch

for c dren’ learnlnb of selected science principles and the cog-
nitive skills of observing, inferring, classifying, -and verifying?"

" Approximate 200. students participated. The following conclusiors

resulted from>“this study: When teaching science in an inquiry fashion

‘to sixth graders wi{h the objective of increasing the qugntity and *
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the non-probing strategy. When the objective was to incrcauc the quan-
tity of observations made, then the probing strateyy was preferrced in

-the suburban school while the non-probing stratcgy wasg preferred in the

urban school. When the objeclive was to iwrcrease know? cd;e of ucience

principles, thea the non-probing strategy was to be prefelred over thdé
probing strategy.

A somewhat different study was done by Gray (125). A comparison
was made of the effecleeness of two learning sequences in facilitating

" the acquisitlon and retention of certain mathematics and science behav—!

iors. He concluded that the" integrated learning scquence was genﬂrally‘
superior to the non-integrated sequence in facilitating acquisition of
the mathematical behaviors for Lhe population defined in this study.

A study by Ogunyemi (256) was dgsigned to simulate some aspects
of classroom verbal interaction and te investlgate their cognitive ef-
fects on students using cognitive ‘theory as the theoretical rationale.
Because the role of verbalization on le earning has been foudd to be
rather equivocal, he attempted to determine the effect that verbalized
cues would have on the performince of subjects. The subjects consisted
of 159 fourth graders who had two years of SCIS sclende. The results
indicated that while subject determined verbalization -of correct cucs
had no significant effect on the subject's performance, the effect. of
teacher supplied correct cues was significant for the female subjects
but not for, rhe males. It was inferred that when cognitive objecLives
constitute a main focus of classroom interaction, teachers should feel
free to supply information to girls especially in individuali&ed ot

quasi-individyalized instructional settings prevalent in elementary and B
. B

high school science classrooms.

Summary. It appears that at least as mich research 'intérest exists

"in behavior development as in concept development in the-elementary

school, perhaps as a result of indreased emphasis on process goals and

.learning theories in recent years. It is difficult to gencralize on

the results of studies of this nature. However, when specific atten-
tion was given to behavioral outcomes in the instructional design, evi-
dence of gains was accumulated. None of the reported studies dealt with
matters of retention or achlevement of long-range yoals, a poLnnlial
area for fruitful research in the immediate futule. 2

Learning Theory and Child Development: Piagetian Studies. Interest
in Piaget and in child development continues to absorb the energies of
a large number of researchers in science education. . The following-five
studies touch upon some aspect of Piagetian research. In a study by
Wiegand (385), the maturational view of Piaget was compared with that
of cumulative learning related to solving a science problem. If such

‘problem solving is an outgrowth of the cumulative. effects of learning

of ordered sets of capabilities that build upon each_pther in a progres-
sive fashion, then it should be possible to identify the subordinate

o R -

-3
w1

e Quality of inferences,— then-the—probing- atrategy—was to be--preferred to--- - -



BN A T Provided by ERIC
- H

° L

_ capabilities involved in performing the complex task. . The results in-
- dicated that intellectual development- was brought about by the cumula-
tive effects of the learning of concretely referenced intellectual

skills rather than b: the adaptation of structures of intellectual
s growth. :

‘

. " A study on intellectual development was done by Nous (254) to
examine the various abilities subsumed under the process. of correla-
tional thinking. The, results were consistent with the Piagetian notion R
that inversion and rociproclLy are not combincd into one' opuration at
the concrete level but are above this atage. Fifth grade students
were able to deal with intrapropositional presentations whevreas older
. students werv able to deal with the interpropositional aspects involved
-vith the logical operationseof equivalent and reciprocal exclusion. The
data supportcd the notion that the ability to estublish correlation was
an ability specific to forma] operation.
g A third Plégetlan study was done by White (38 )% ' One purpose was
to design a task in which the change of appearance was the result of
blological growth and development. The second purpose was tospresent
the egperimental tasks to a population and compare the ages and order
of attainment of conservation using these materials with ages and order
of attainment and using the classical plasticene ball materials. Both
experimental and plasticenc ball materials were presénted to the same ¢
’ population. The first hypothesis .that children attain conservarion of
k\ : - mass before weight was not confirmed on either the plasticene ball or-
experimental materials. The number of conservers increased with age
on all tasks. The second hypothoslq that children would attain conser-
vation of mass and weight with the biclogical material at a later age
o than with the physical plasticene material wasg supported by the data.
It was suggested that the eyperlmental “tasks were of ‘@ higher level of— — - -
: ‘ComPlexlty and might be otitside the ordipary. range of ecupcriences of the
bSUbJeth.» The fact that a small number of - subjcects was able to conserve
mass and welghL on both Pjapctian 1id investigators' tusls suggested

<

i

i " , that the latter materials could be. ueed as a measure of children's abil—
. ity to conserve conceptually at'more complex levels. ©
. a Hardlng (131) 1nvestigatcd the ogganizer influence on children's

responses to physical causality. The question tO'be answered was:
"Are there signiPicant differences. to children's responses to Plagetilan
_ questlons dealing with phy51ca1 causality when children are interviewed
S 7 by 1nterrogators whom tbey perceive to occupy different roles in soclety?
: The various interviews were placed in religious, non-religious, and by
: . , telephone categories. No signiflcant differences were found among the
o . groups. Analysis of the data indicated that the stages did not differ
c ' significamtly from results found by .Piaget.

ALl

. ~
. .

In a study on Piagetian-type tasks for second .grade children by
Kamps (174), thirty-four subjects evenly split by sex were 1and0mly
.selected from gecond grade classeg in each of three c1tica, making a
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total of 102 subjects. Results showed that Lhe subjects exposed to the
AAAS sclence program received hipher raw sceres on measurcment tasks

than did subjcets from other groups when compaved with theilr scores on
conscrvation tasks. The best overall performance was démonstrated by

the group without unlque mathematics or sclence experiences.« This froup
was characterlzed by a higher depree of educal fonal attainment by parents.

£

’ ”ummd;y The ficld of Plapetian research s still relatively un-
cxplored. Conservation studics seem to dominate the current scene. -
More subtle and compch ranffications of Plaget's basle theorles remain
open” for invc<L1yation . Also, the implicationd for education at the ele-

- mentary and .junior high school lcvels have not yet become ‘clear. More
reséarch is nreded on the transitional zones between concrete operational
and formal operational levels. Considering the normal wide variations

s among individual students in upper elementary and junior high school,

well-controlled Piagetian-type research at ages 10-13 could add censider-~
ably to our understand®ngs of leafning -at -those levels., )

Curriculum Studies

The firSt study reported in this category is that of Harty (135),
who observed ‘attitudes toward Science-A Process Approach of fourth and
fifth grade teachetrs in ERIE pilot schools ‘prior -to an initial worlkshop

scssion.  In this study the attitedes of 54 fourth and fifth ggpde Leach~

. ers from 21 pilot schiools were studied prior to an initiul summer work-

‘ shop on Science-A Process Approach and prior to installation of the AAAS
program during the 1969-70 school year. ‘A questionnaire was mailed to
each teacher. The data and conclusions were reported with rcégard to the

. ] 3 following varlable ¢ AAAS curriculum characteristics, Lonsu]tanL func-
- ) ’ tions and uL%llzation, ana studernt achievement. - T'he results indicated
that older; experienced teachers and those with graduate work were-mest.
familiar with Science-A Process Approach and were most favorably impress-
ed by the program. Tgachers.w1th”one_gg,phgee years experience utilized
manipulative equipment more regularly thaﬁoother groups., B
- Thé second curriculum qtudy, by Newp01t and McNeill (244), was a
comparison of Leaoher—pupil verbal behaviors evoked by Scilence-A Process
Approach and by textbooks. The investigators inferred that untrained T
. teachers may misuse S-APA materials. There was an indication that train-
ing caused teachers to change their style of teaching or perhaps to se- >
lect different lessons after training than before. There was also an
indlcaLiOn that Gmphﬂbla on science content was :ignificnnLly less after -
training than before, Interaction .analysis without lustruction was re-
latively ineffectual. The interaction analysis system tells the tcagber'
what he 1s doing but not what he should be doing. If processes of sci-

A3 ence are favored over content, the S-APA patterns appear moré desirable.’ ;
If content 1is favored over process, patterns of textbook usage by teach- ‘
ers appear more desirable. T
: ) ‘ )
L
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There were several studices focuqsing on the SCI% elcmentary science \
progran’ Al]cn (83 evaluated' certain cognitive aspects of the Material
Objects Unit of the SCIS v)<MLntary ~seirnce program. The purpose of
his study was Lo investipate vhothdr partiéipation in the SCIS ed-mentary
sclence progran av prade one resultedadn performance superlor to that ol
grade one non-participants in the program when certaln SCIS objectives
vere considerod.  The mediom used was the objectives ot the Materfal Ob-
jects Unit.  Gronmedusions [roe thin atudy indicated that usiug a) the
input variableg 61 socio-cconomic utatus: redding, sex, und sclence pro-
gram and b) the criterion measures in the objectives of the Material Ob-
jects Unit, that first grade SC1S$ childrdn were superior to pen=Seis,

“children, only in their ability to serially order objects. Adsecond

conclusion was that SCIS children-exhibited %igniflcanLly more explora-

tory behavior than did’ non~SClS,Lh11ern.~-

- S 4 -

Altman (10) investigated intecraction in inner-city and advantaged
classes ﬁsing the Science Curriculum Improvement Study. .The population
consisted of thirtcen classes in grades three and four in inner-city
and ‘fifteen from similar levels in suburbia.@EAmong the findings were:
1)» advangaged students engaged in more than ‘twice as much self-initiated
talk as inner- rlty studean, 2) advantaged - clusses as compared to Inner- s
city classes were exposed to‘'more.verbal cognitive interagtlon and luss
procedural inferaction, 3) both inncr-city and advantaged teachers asked
twice as many recall facts and reldtionship questions as observation,
hypoLhong, and. test thoth%ix questions, 4) In both inncr-city and
‘advantaped arcas, lab work was' a dominant part of the lesson, and 5) in
a comparison of high achicving anl low achicving classes within cach
socioeconomic aréa, high achleving clusses showed a greater gimilarity
to the SCIS recommended modol. ' '

. - o

Two studies are reborted concerhing teacher reactions involving
Science Curriculum Imprevement Studies. The first of these by Barnes

(26) had as its purpose to ascertain teacher reaction to an SCIS train-
.ing and implementation program. Thirty~three first'and second grade

teachérs~from four school districts participated in the study. In the
findings: 1) the elementary- teachers agreed on the relative merit of ,
the workshop experiences’ ‘of~-the SCIS in-service trainlng program,

2) teachers' reactions to the workshop experiences were significantly
different in Aupugt than were. thelr reactions the folloving Aprid, 3)

the elBmentary teachers consistently rated the ledtures on nature of
science low in value as an aid in implementing the SCIS program,.4) the
tecachers' reactions to the workshop experiences appeared to be related

to the teacher characterlstics consideved, and 5) the teachers considerc,
as most valuable tho woxk hop activities which required their active par-
LiclpaLlon. :

v B

A second of the teacher reaction type studies was done by Baker 2 -
(23) to answer thé question: "What are ®the effects of science teaching
materials on teachers' verbal béhavior during elementary science in-
struction?" The subjects were 50 suburban sixth grade teachers and 14 .

‘ -

.
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middle and junior high school teachers.
port the following Propositions:

1) "teachers

The rosults of, the study sup~=.
using ESS materieds fos-

. tered greater studeng. involuement and_garticipation during science
1nstruct10n, 2) teathers using ESS materials were more 1earne1 centered

in their" teachlng behavior during-science dinstruction; 3) tpachers using

textbook matelials restricted student involvement‘and partigipation’dux-

ing science 1nst1uctinn, and 4) teathers

using textbook materials were

more content oriented in their teaching: bLhﬂVlor during science in&truc-

tion.

-
;

using the Conceptually Oriented Progr

sclence concepts and-individual Interviews.

¢

’
kS g:\'

4

é&

of sqlence concepts was administered to all children in grades four and

six dfter the completion of a unlf from -the COPES maturials.

A -semi-

standardized interview schodule was nsed with seicéted’pqpils. Results
indicated that the accuracy of the COPES test appecared to be limited by
non—-science v0cabulary, test lormaL, procedural tasks, sentence length

and complexity, words creating m1°1cad1n5 mental sets, questions contra—:
to a previous. questlon, and inclusion of desilgnated:

dictory.to rcsp{;
best ch01ce state
concepts.

o

ments fu]ly consistent with fhe‘child s adequacy of

2

A study by Hechling (220) dealt’ with 4 strategy for stimulating
the adoption and_diffusion of science curricudum innovations among” ‘ele-

mentary schoeol Lea&hers.

He investigoted wmeans by which innovatiofis in

elementary science . teaching may be efficiently diffused to classroom

teachers.

“the innovations withina -their schools.
adoption nor diffusion was facilitated by concentrating efforts on -
teachers identdfied as science opinlon leaders.
significantly related to the adoption of innovations, with low dogmatic

teachers showing greatcx changes.

Teachers were selected to adept innovations and to extend

Findings indicated that neither

Dogmatism figures were_

Another study in this group was done by Lawlor (202) on the effects
of verbal- reward on the behavxor of children in the primary grades at
a dognitive task typlcal of the new elementary science curridula. - The

problem 1nvestrgated was:
as good, ok, that's right,
ing behaviors of pupils in a modern elementary school science program?”

"What _are- the effects of verbal rewards such ~
£1ne, exﬁellent etc.

P Woodruff (397) assc)sed co1laln concepts held by sclected chjldren‘
am;in Elementary Science test of 72,
In this study the COPES ¢t

1

o

.

-

B .

upon the problem solv- :

The subJectSrlnvolved 202 -second grade pupils in a middle class—suburban:

. s¢hopl .. - The “experimental tasks involved catggﬁrlaing or .sorting tasks

_which requxred the children to attend to the variocus physical properties
of objects and to group thém dicotomously on the basis of these/ﬁfaﬁer:

‘ties. The tasks came from ABAS;- Science-A Piocess Approach First Grade;

the SCIs Material Objects, the LSS Attributes Games gnd Bloaks‘ and the

ESS People Blocks.

It was concluded that the use of "verbal. rewards which
were not congruent with behavior resulted in less efficlent problem solv-

ing than either a neutral no-reward s

- were.congruent "with the problemfsolVLn .behavior.

tuation or the use of' rewards whidh

The giving of rewards

which were congruent improved thg nrob]cm solving efficiency,of girls

. but not of boys.

1 B »
. -

o
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Heath (139) attempLed to determine 1f there was a significant dif~
ference between a g]oup of students being taught by.a contemporary ele-
¥+ mentary scieunce approach and. another group of students being taught by
- a textbook oriented instructional methodology in the extent of achieve-
ment of selected :reading skills and abilities. The reading skills siud-
led included word recognition, critical reading, comprehension, and
general reading level. -Two samples consisting of approximately 120
fourth, fifth, and sixth grade students wWsre compared. The students in .
sample one, conLcmporarv programs, achieved the selected reading-skills
a and abillities to a significantly greater extent than those in sample
two, textbook oriented programs. The results of the study indicated
that contemporary elementary science instructional programs promoted
the development of scierce reading skills and abilities to a signifi-
cantly greater extent than thosc proprams which are textbook oriented.
These .findings and conclusions werce in“agreement with the stated aims of
the newer elementary science programs and projects feported in the rcview
of selected literuturn . : -
§ummq£1. .Stud#es of curriculum projects generally showed that
children engaged in'science Jearnings of the 'new'" projects were more
activeTy involved, were able 'to ask more questions, understood science
processes better, and-did at least as well sometimes better, on selected
readinyg skills than those in more tradltional types of science.

There was consxstent evidence also that teachérs can be success-
fully trained to use the new science curriculum materials effectively.
It gppears that training sessions with ,specific project materials were
necessar¥ to bring about thé desired objectives. Teachers: left to their
owr devices 1n using the new curriculums without suitable.preparation
and indoctrination had much less success and less positive ar®itudes
toward the programs.,

. - Evidence seemgyto be accumulating that elementary sclence teaching
is changing Lhrough the impact of the varied curriculum projectb in
science of recent years. ., a

. C Ve

Evaluation Studies v,

The followinz sectidn consists of nine evaluatiop studies. Carey
(38) attempted to determine the feasibility of utilizing separate, tax™
onomic tests o~ a’test con51sting of a romposite of different taxonomic
items to evaluate instructional outcome: in elgfentary science. The pro-
cedure was to. construct a test instrument with qual numbers of know-
-ledge, comprchension, and application. duestions. Carey concluded that

» 5 1) the taxonomic .type tests allowed the determination of therlevel of
undexstandn%@ at which pupils sere achieving regardless of. the pupil’s
level of performance of the total test and 2) levels of performance as
indicated by earned .total test scores were?deceiving relative to the
}evels of understandlng For examnle, total test scores indicated a

+ % )
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level of perfcrmance below that of chance when the pupils were ab, <o
recall the corn.epts. 4lso, total test scores indlcated a high level of
performance even though pupils were achieving only at the knowledge and
comprehension levels of understanding and ndt at the application levvl.

Daugs (87) evaluated the influence of multi-level rcading materia’s
on the achievement of fifth grade elemtﬂtary sclence pupils. The pur~
pose of thils study was to &valuate staLisrically the inflyence of stu-
deat placement st a reading level by mears of an informal reading inven-
tory-in one kind of elementary science materials. ' The results indicated
that the informal reading inventory placed studcnts lower on the ma-

terials used in this study than did the Mquppolitan Reading Achievement
Tests. . _ !

A third study of an evaluztive nature yas done by Deady (88) con-
cerning the effects of an increased time allotment on student attitudes
and achievement 1in sclence. The effects of increased time allotments
and of teacher's preference for a particular time allotment on fourth
grade student's attitude toward science were investigated. - The sample
involved 324 students from 16 classrooms. Teacher.'time preferences
vere determinfd from a questionnaire. During the school year all groups
pained .in science achievement. Changes in attitudes toward Science ogr
curred in both directions. No significant diffeyences were found attribu-
table to either time allotment ‘or teacher preferente for fime allotment,
and no%*significant intoract:ons were found beLween stndan s reading
level or IQ and timg allotment

Walbesser (370) studied the effect on test results of changes in
task and reSponse format required by altering the test admlnistration
from' individual to a group form. Significant differences between the ~
scores of individuals on the group and individual measures were observed.

Students demonstrated higher competencies on the items emplecying the in-
dividual fermat. Changing the assessment task from an individual to a
.group format decreased the number of subjects able to complete the task
‘on four integrated processes controlling variables,=- defining operation-
" ally, formulating hypotheses and interpreting ddta. More students in
the individual format succeeded on tasks associated with assessing be-
haviors such .as naming in writing, identifying, and stating a rule in
writing. .

¢

Schiele (296) -developed and evaluated a model for teaching sclence
in the elementary school. The model was desligned for the six elementary
grades and dealt with the organizational structure, curriculum.content,
and types of activities to be pcrforved in the classroom. Three hundred
eighty-four children were involved 3n the testing. Four implicatiens
were discerned upon conclusions of .the study: 1) children indicated.
through their questioms, actions, and Statements that they readily
identified the different operations they were perlormin 3 2) the major-
ity of children participating demonstrated a significant degree of under-
standing of the specific, precepts and generalizations; and 3) children,

7/
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whether slow or giftnd, strated that they could adapt the sequence
of activitics to their indivi¥ual cognitive needs.  In other words,
learning was an individual process for them even in a group arraagement.

Andérson (13) invesfipated the efficacy of mutually alded learning
. In scicnce to determlne 'systematic and leng term use of high school
students in an instructional role in elementary school science classes.
A group of five or gix high school juniors or senlors served as learning
assistants in an elcmentary school scilence class, with -each high schonl
student working closely with about filve elementary students. The learn-
ing assistants taught 40 minutes per session and three sessions per week
for 13 weeks. The basic design of the study included comparison of
classes which had teams of learning assistants with classes involving
only a regular teacher. Science units developed by the Elementary Sci~
ence Study were used.  The results of the gtudy indicated that 1) the
three major factors of school, teacher, and learning assistants influ-
erced student outcomes, and 2) there was ar 1nteraction betweenr the fac-
tors of school and learning assistants. , N o

Bird (42) investigateﬂ teacher dogmatism and teacher behavior in
science instruction at the elementary level. The Rokeach Dogmatism
Scale Form E was- administercd to the forty-three teachers participating.
The results suggested that this scale can be a useful predictor of
teacher behaviors in elementary school science. Tcacher dogmatism
pisys a part in teacher performance irm the classroom. The open-minded
teacher appeared less likely than the closed-minded teacher to exhibit
behaviors wﬁﬁch were Inconsistent with the goal of providing students
with the opportunity to learn Lhrouyh inquiry '

In a study of teacher attitudinal -changes by Hovcy (150), three
questions were investigated. Could tie projective tests of attitudes
" designed for fifth grade students be syctessfully modified for use with
adults? Secondly, is there a relationship between the amount of experi-
‘ence a teacher has with a new science program, in this case SCIS, and
his attitude toward the scientific process? And thirdly, is there a
relationship between the type of training for using SCIS and teachers'
attitude toward the scientific process? Eighty~eight kindergarten
through sixth grade teachers were the subjects in this study. The fol-
lowing conclusious were obtained: 1) training to use a program prior
to actual classroom use did seem to make a difference on attitudes,
yet once the realilties of the classroom were cncountered- there was in-
dication Lhat the training no longer made a noteworthy difference be-
tween groups, 2) subjects strongly considered experimenting to have a
process orientation, and 3) both descriptive and statistical analysis
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Summary. FEvaluation studies were local ard specific to the tasks
at hand. ' For this reason it is difficult to generalize regarding the
outcomes. Ore outcome seems worth highlighting; this showed superior
performance by elementary children on tests using’ ~n individual format
rather than a group format o~ items involving process skills. Perhaps
j the characteristics of skill learning by their nature lend themselves
: to more accurate evaluaticn in an individual wode than in a group mode.

Teacher Fducation and Tcaohor Traits

s

A study dealing wlth tcacher education was rcpor!ed by Wasik and
hicodemus (374) who investigated the ~ffects of a workshop and use ‘of
specially developed science materilals on fifth grade sclence class-—
room practices. They reported a study of-sclence Instructional ac-

( tivities in the classrooms of teachers who either had or had not par-
. J ticipated in a workshop introducing new scilence materials. Ninety-

' one fifth grade. téachers who participated in three scilence workshops

during "J965 and. 1966 constituted the sanple. The method divided the

; Leachers into three conditions: Condition A, no workshoP experience

1/ and no materials; Condition B, consisted of workshop experience and the

’ use of materials; Condition C, was workshop experience and no materials.
"This study showed a significant difference in classroom organi7ation
) and classroom activities.for all three conditions except for teacher.
;o _activities_with small groups. The authors concluded that materials.
: - were the focus of ‘major change. DNifferent instruct.onal strategies.
lcarned in the workshop and utilized in the classroom dﬂd not pergist
when the materials were removed. :

Jones (167) attempted ©o secure information on the effect of the
lack of teaching experience on pre- -service teachers’' perception 6f rel-
evance of education courses. An introductory experlence was devised
and| the study.examined the effects of experimental and gpntrolbed ex-
perliences on ¢hange in teacher bchavior and concern letel Forty—nzne

-beglinning pse-service teachers were randomly assigned to the freatments.
The| results indicated that types of.introductory experience Made no
difference in change on concern level and that the type of introductory
experience rmade little difference in teacher behavior cnange. Ore out

of Ehirteen behavior factors tested showed significant flndlngs. The

L

interaction analysis group became more flexible than did/ ‘the Piaget-

type intexviewing group. It was concluded that flexibllity may be the -
first behavior factor of those examined .to be altered by interaction
-analy31s training.

A stud} by Geer (116) was designed to analy7e ‘the effect of train-
ing. pupils to provide feedback on specific objectives in elementary
school sc1ence One-hundred. fifty students in grades four, five, and
six 'were included in the study. They were divided into three treatment
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groups, one of which received training to provide immediate feedback

to their teacher during instruction, one group to provide feedback by

a written response handed to the teacher at the conclusion of each Iin-

structional session, and a third group received no feedback Cralning

and served as a control. One conclusion drawn from this study was that .

grade level may be a significant factor in the effect of feedback train-
. ing on change in pupil achievement. Also, at the fifth grade level there

was slgnificant rclationship between achievement gained and pupil at-
titude. factors.

Johnson (165) studied teacher questioning Lehuvior by investigating
the probiem: "Can questioning behavior of in-service elementary. school
classroom teachers he improved in the area of sclence instruction by
using a specially designed model for question analyses in a non-directive
program of self appraisal?” Five primary tcachers participated in the
research using video~taping and a specially designed questioning dis-
sector grid. Among the findings, perhaps the most important was the
fact that there was a substantial increase in the teacher participants'
use f observational information pfobessing and evaluative questiong
toward the end of the study. The five teachers tended to.ask less mem-

‘ory recall questlonslas ‘the study progressed.

'In a study'by Costa (82) an'attempt was made to answer the follow-
ing two questions: 1) Do teachers who are highly successful in learning
to teach for inquiry have sipnificantly different attitudes than those
that are not so successful? 2) What arc some of the effects of an in-
quiry in-service program on an entire school faculty with respect to
attitudes, perception of teachers' behaviofs,'selffponeept and classroom
iateraction? Approximately 120 teachers participated in various aspects
of the study. The main concluéion was that to 'learn the behaviors of
teaching for inquiry required ceytain identifiable attitudinal charac-
teristics. Teachers who possiss these characteristics seem more able %o
adopt the behaviots of teachers of inquiry than those who do mot. Those
members of the faculty group who demonstrated the greatest change in at-
titude, self-concept, perception and behavior also possessed attitudinal
characteristics similar to those highly successf%lﬁteachers of inquiry
identified in the referent group.

In a study by Wallem (371), an analysis was made of the opinions
of elementary science by two groups of teachers. Wallen investigated _
and analyzed the opinions of 280 teachers about teaching procedures,
materials, content, and time for elementary qchool scilence. One group
of teachers included those who had receilved instruction in the inquiry
approach (SCIS methods) and the second group included those who had
training to teach from a textbook only. Among the conclusions were:

1) the inquiry types of methods courses were better oriented toward
educating teachers in obtaining a wholesome attitude toward scilence
teaching and increasing the teacher's interest in science, and 2) the
inquiry centdred teachers, a) have had.education which has guided them
in the selection of sciénce content directed towards the achievement of
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elementary sclence objectives, b) were better cquipped with physical
and library facilitjes which enhanced the elementary sclence program,
-¢) have a program which was both process and subject matter whereas
the textbook centered teachers' program was subjcect matter centered
only, d} spent more time on science, e) provided opportunities for five
essential learning expetiences: observation, measurement, experimenta-
tion, data interpretation, and prediction, and £) were better qualified
to cope with the problems involved in classroom manapement and the
necessary aids to classroom procedures for teaching elementary school
science. 1

»
&

D, F. Smith (318), investigated the relatiouship of teacher sex

to fifth grade boys' sex role preference This study was stimulated
by the belief that our elementary schools have been overly feminized

for the past half century and that a realization of the potential dam-
age of thils state of affairs, particularly.with respect to boys, hasg
led to an incrweased demand for a greater number of male teachers in the
elementary school. The primary purpose of this“investigation was to
determine the effect of the male tcacher on. the male pupll. This study
involved a sample of 20 male and 21 fémale fifth grade teachers and-
their students. Teachers were matched as to age, marital status, tcach-
ing experiencec, educational preparation, and contrasting psychological
and bilologlcal sex." The results showed that 1) inLroducing a male tcach-
er into the classroom was. conducive to reducing the degree of psycho-
logical feminacy of boys, 2) the male teacher had a positive éffect on
- the development of a positive school related self-concept of boys, and
3) while male teachers secemed to have .a positive effect on the achileve-
ment of boys on mathematical problem solving, nod such effect appeared
with respect to=computat10n or science.

~ G. F. Smith (320) investigated the effects on student achievement
in elementary science programs resultlng from in-service training and
the use of additional instructional aids. In this study 24 teachers
from a school system not using the naw elementary sciencé programs
teught representative new units to over 500 students. These were vari-
ations in in-service training and in the amount of classroom %c@cnce
equipment provided. For each unit, the teachers selected for training
received a teacher's guilde and specific training for the unit. The
teachers not selected for training received only a teacher's guide.
Some classrooms received sufficient diaboratory instructlonzl aids to
allow students to work in small groups of two ‘to four students. Others
-recelved minimal equipment so that their lessons included demonstratione
rather than. maximal interaction of children with materials. The find-
ings showed that additional equipment resulted in significantlx greater
achievement only at the first grade 1evel/ but that all puplls expressed
~ a preference for additional aids. Specifjc- teacher training for the
unit did not“produce significant diﬂferegces in pupil achlevement.

c

Sﬁmmapy. Several studies of,teacher’traits and_education focused on
chardctéeristics indicative of inquiry. teaching. It appeared that-kind and
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availability of materials played axmajor role in development of the
requisite inquiry teaching behaviors. As noted with the curriculum
studies, teach:rs vho received specific training through materials,
audio~visual techniques, and in-service programs showed significant
behavior changes tending toward inquiry teaching methods. One might
conclude that energy spent in' facilitating behavioral changes in
teaching science pays dividends in proportion to its direct applica-~
tion to specific courses and tasks.

Measurement and Instrument Development

In this category, four studies dealt with the task of developing
instruments for special rescarch. nrghlamsJ The first of these, by
Doran (96), concerned the development of test items related to selected
concepts relmted to "The Particle Nature of Matter." The purpose of
the study was to develop test items related to the conceptual scheme
that were valid, reliable, and usable with pupils at grade levels two o
through six. Criteria were set up for establishment of item validity
and usability of the items was judged on the basis of scoring, adminis-
tration, and minimal reading demands upon the students. Two 1tems in
the test satisfied all eight of the criteria and 104 of them met six -
or more of the criteria. -

@

L

Kernaghan (181) developed and analyzed a pictorial physics test for
grades five and six. One~hundred items in six physics areas were developed
for grades one through six. Through the use of pictoridl questions in a
multiple choice format, 850 students were asked to choose the one that
vas trve in rclation to the stem. The wide distribution of scores for
bo;h tests indicated the measurement of a wide range of abilities with

espect to the subject's basic undersLanding of physics. Several other
conrluaions led to the general'consensus that pictorial tests can be used
qucceosfully with grades flve and 'six to measure physics principles.

~

-
K

karmcll (106) attempted to construct an audio-visual instrument as
a means of icentlf‘lng elementary school teachers who were superlor in
~evaluating science instruction. Use was made of a slide series cf 120
kodachrome slidgs depicting good and poor science learning. Findings
showed that teachers rated by their principal as successful science
- teachers may not necessarily recognize quality sclence teaching This
implied that personal abllity was not the only factor necessary for
recognizing such teaching

. A study attempting to show the relationship between mathematical
skills angd sc1ent1£ic processes in the sixth grade was done by Beltran
(32). Major purposes of the study were 1) to identify and analyze basic
scientific, processes and mathematical skills germane to process’ teach-
ing of science in the sixth grade and 2) to design and construct two
types -of process orfented science exercises. A sample of 175 sixth grad—
ers was used in this study. Results indicated that the potential of :

: .
\ - . -
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Correlative process teaching of science and mathcmatics in the sixth
grade vhich makes use of the structured type of sclence exercise should
be explored and the suggcstion is .made that further*explanat:dh of the
ef ficacy of correlative- process of teaching of sclence and mathematics

be maade. ’M .

mﬁw
Summary. Studies of meastrement and instrument, .development were
severcly limited at the elementary level. Limited information was

‘given on validity and rcliability. Usablility’ boyond the specific tasks

for which the instruments wecre designed is eéxtromely improbable.

A . A

?

Indfyldualized Instruction

o L)

Reflectlng the rise of Interest and incteased usage of individ-
ualized instruction methods in the elementary school, three studies
are reported. The fifst of these by Yarrison (398)‘was an exploratory
study of the use of a method of individualizing instruction in the
teaching of science to sixth grade pupils. A purpose of the study was

.to obtain data on whether there were differences between children taught

by 'individualized instruction and children taught as a whole group in
certain ‘aspects including attitudes, interest, pupil judgementsof teach-
er bchavior, problem solving skill, and understanding of 'science con-
cepts.  Two groups of sixth grade pupils totaling 75 children were used
in the study. The groups were similar in mental abllity, chrono]ogical
age, and proportion of boys and girls. Among the flndinﬂs were that

the puplls in-the individualized group were able to 1earn'science con— -
cepts and skills and carry out activities independently. Most of the
pupils stated that they preferred ind:vrdualizcd instruction to- group

finstructlon. It was recommended that further -research be done of a

similar type comparing 1nd1vidualized 1nstruction and group instruction.

o

Ga1n scores in science of students who used individualized science
matérials and those who used traditional textbook materials were com-
pared in-a study by Charles (68). The main purpose of the study was to
determine if cloze tests were sensitive to gain measurement when an- in-
dividualized approach and a traditional ‘textbook approach to science -

‘instruction were Used.' °A sample of 300 children equally divided among

boys and girls was used. The instructional pregram covered three weeks.
Several conclusions were'drawn: 1) cloze test instruments-were sensi-
tive to gain measurement; 2) the individualdzed approach to science in-
structioncwas not superior to the traditional science textbook approach
in terms.of cloze test gain scores for the -three weck period, and 3)
cloze test results were valid measurcs of reading comprehension ability.

Neujahr (243) analyzed. teacher-pupil interactions when instruction

waS'individualized.h A class of sixth grade puplls was video~taped for
a week in mathematics, social studies, and science. Each of the three
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teachers worked primarily with individuals or small groups. Among the
. findings were that teachers and pupils have far different roles in the

two methods of teaching: indiviidualized and traditional. In the indi-

cwviduali,ed mode, pupils make far more initiatory moves. 1In this study,

they did 50 percent.of the structuring and 24 percent of the soliciting.

The teacher did over 50 percent more responding. When analyzed sep-

arately fo and girls, it was found that the average girl made 70
] fiore moves Tham the average boy. The girl talked more with the
er because she initiated a higher percentage of interchanges with
e teacher than did the average boy. It appeared that boys and girls
play the game of individualized learning in different wavF.

Summary. Three studies do not provide an adcquate basis for rig-
rous generalizations, however, it does -appear that some|tentative con-
lusions may be drawn. While the €évidence does not suggest that indi-
visualized instfuction 1s superior to more traditional approaches in |
promoting student achievement, it does indicate that with”individuali-
zation_ sLudents do learn science concepts and skills, that they can
carry out activities independently, that they make far more initiatoxy
.moves, and that they prefer this method of instruction. In view of the
fact that these results are all consistent with the recognition of in-
dividual differences in learners, it seems that further research on the
‘utilization of individGialized instruction would enable us to move be-
yond the lip-service stage to the éffectlve 1mp]ementation of an impor—
’ educational principle. . -

Inquiry Teaching

_A group of studies is now reported concerning inquiry teaching in
the elementary school. The first of these by-Galey (112) related to
the lack of preparation of elcmentary school teachers to use the new

. ‘elementary scilence curricula which, employ inquiry. The null hypothesis
of no significanf“aiffcrcnce in abi]iLies of two groups of first grade
children to classify objects after ome group ig taught by inquiry tech-

- ' niques in television lessons and the second by the same techniques in
“classroom lessons was not rejectéd. Inquiry teaching techniques were -
ag effective in television lessons as in classroom lessons in helping
first grade children develop and uSé the skills of classification. An-’
other conclusion showed that students could be motivated by television
lessons ‘to continue- experlmentlng of their ‘own volition after ‘the close
of the program.
. Schlenker (297) attempted to determine whether a physical scilence

» ' inquiry ‘development program achileved significantly different results
than a traditionally taught program using similar science content when
taught to elementary school pupils in grades five through eight. The .
sample consisted of 582 pupils in fourteen classes. Among the conclu- -
sions were the following: 1) children who studied under. the 1nquiry

. oo
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development program achieved significantly greater fluency and produc-
tivity in using the skills of induiry or critical thinking. The other
~two conclusions indicated no significant differences in the-mastery of
content or in the retention of knowledge between the two methods of
study.

Schmiess (300) attempted to determine whether sixth grade students
could successfully engage i scientifilc investigation. The success of
the students' investigation was measured by their proficiency in solying
selected problems, interestsin science, and growWth in solving néw prob- .
lems. Results showed that the gquestion whether sixth grade students
had the ability for scientific investipation could not be answered sta-
tistically. No significant differcnces were obtalined betwecen ﬁigh,
average, and.low achilevers on interest. There was no significant dif-
ference between boys and girls on solving selected scientific problefis,
interest; and abillity to solve new problems.

In a study by Rains (273), agaln comparing inquiry centered and
traditional science in elementary schools, the results indicated a .sig-
‘nificant. dlfferenge in teacher-pupil-interaction,in the two methods of_
presenting'science in Lhe elcmentary school. The traditional sclence
teacher had 51gn1f1cant1y more teacher-pupil verbal interaction than

. did the teacher using an inguiry-centered learning approach. It was ¢
found that boy-girl interaction was significantly lfigher in the inquiry
centered learnxng,sc1ance than in tng traditlonal science methad.

\

o In a study by Abraham.(1l) the effects of’ post-laboratory discussions
im ‘sclence on selected Inquity skills were investigated. Children in
four srwth~grade classes from an inner-city and suburban schopl were
seleoted for the study. The effects of two different post 1abora£ory .
discb351ons were ‘investigated with® respect to four specific ‘inguiry 'g
skills:’ observation,. inference, verification, and classlfication. Re-

/sults imdicated that 1) thé.ilnstructional program had increased the skill
of observatlnn, but both discussion techniques were equally effective,'
2) . divergent discussion was significantly more effective for develgping
the skill of. formulating inferences from observation, and 3) neither =
discussion technique was more effective for developlng the skills of
verlficatlon and classification. .

Boyd (48) attempted -to dcmonstrate that conceptual categoriaation
behavior of deaf children could be altered by specific experiences in
.the manipulation of objects.. The.Goldstein-Sheerer Object Sorting, Test
was used for the measurement of conceptual categorization behavior... The

results supported the reJection of the null hypothesis that parthipation‘*

. in specific inquiry would cause no significant change in the abstract
'categorlzatlon behavior of deaf children. 'This conclusion was justified
in that the conceptual categorlzatlah\behavior of- deaf children was al-.

tered by spec1fic experiential cnrichment. :
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Summary. A feature of the inquiry' studies worth noting is the ab~
sence of . definttions of inquiry teachling. . Broad characteristicssof
teacher~pupil interaction, questioning, and practice of science procéss-
skills seemed to characterize the type of tcaching called . "inquiry" but

+  tight definitions werfe absent. One would houpe that future studies &£

inquiry teaching would begin to clear up the pravalent confusion by de~
fining the problem and terms carcfully ) A ‘

2
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Comparative Studies
v' . ’ T e \ o
Following is a group -of comparative studies in &lementary science.
The first of these by Thornton (355) compared the effectiveness of pro-
grammed instruction, educational television and traditional teaching
In this study a 35 item multiple choice test Wwas ‘used before and’ aftér
’ instruction of 452 grade six students in a unit introducing human biol-
< oa ) ogy. ..The material was taught by-six lifiear programmed lessons, six 20
. minute television lessons, traditional classroom methods or a combina~
. tion of these. The results showed that traditional classroom . teaching
’ produced significantly-higher. student achievement than cducational tele-
vision or programmed instruction used alone or in combination and no
signiffcant difference’ In achievement .when comparcd to a cdmbination of
s all three methods. Educational television and: ‘programmed inastruction
used alone or in.combination produced no greater achievement than no
- sclence instruction. Information about the kind of test, whether it

. was factual, problem solving, reasoning oriented, or some other emphasis,
e vas unavailable.~

-,
- s,

In another study, Gallagher (113) compared the effects of instruc-
tion presented in the individual audio-tutorial mode and the teacher
. directed group mode. Three hypotheses were formulated. The first was
that pupils. instructed individually in the audio- ~tutorialvmode would be
distracted from their tasks less than pupils who were instructed as a
group. The second hypothesis was that pupils who were individually in-~
. structed would demonstrate greater achievement on the post-test than
. pupils who received group instruction. Hypothesis three §tated that
pupils’ who received their initial sensury input lesson individually
and had subsequent instruction in-a teacher-directed, group would~ demon-
strate greater achievement on the post-test than puplls who received
instructjion in only one mode. The findiigs indicated that hypotheses
one and three were not rejected. However, hypothesis two was rejected
in this study. Curriculum deve]opers and teachers may conclude that
instructional tasks should be assigned to various instructional modes
depending upon the outcomes sought. : :

A study was ddné by‘Jourdane (171) to determine if children who
attended a bilingual math-science center would increase theilr leével
of performance on a test of -problem solving ard- scientifie thinking

~to a greatex degree than- would ‘their .counterparts. Eighty-six sixth

S
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yrade students in an eleméntary school were tqﬁtcd with the Sequential
Test of ‘Lducational Progress, Stience 4B, developed by ETS. The re-

sults showed that the cxperimental gyoup which attended the center im-
proved considerably more than did the control group. The author con-

cluded that a matp—sciencg center should be a basic part of every bi-
lingual school.

? Wise (392) studied outdoor versus indoor learning idoelémentary
. school science. The problems investigated were: 1) Do students acquire
more science knowledge, more comprehension, and have greater retention
‘when taught by the dircct experience approach than when taught by out-
, door or indoor classroom approanhns7 2) Do more students make obser-
. vations of thc outdoor environment when taught by the direct experience
¥ ~ than when taught by the othar two approaches? ‘Three fifth prade clags~- .
rooms, with ap total of 201 students, were used in this study. Rasults
showed that significantly more ;tudeanvin the direct experlence group
had made outdoor observations in relation to the science content studied.

Pagano (259) did a compailson of the effects 32 four teaching
strategies on the acquisition, retention, and transfer of selected sci-
ence concept$ in the sixth grade. Results showed that teaching stra-
tegies vin which concept verbalization took place in the form of student
summary statements-or in which the concept was not verbalized, had a
significant advantage over ?}her treatments, both with respect to im-
mediate recall and retentiod. Also, teacher verbalization of a concept

_ was essentially ineffective in producing significantly higher mean scores -
- , ~On measures of concept acquisition, retention, and transfer. °

Luong (209) attempted to determine the relative effectiveness of &
two methods, discovery versus reception, in teaching the principle of”
work. The subjects were 80 fifth graders and 80 cighth graders. He
found that at the efghth grade level the reception approach ylelded -
better results in beth tests than the discdvery approach. At the fifth
grade level, no etatisticalTy significant difference was detected but
results also.showed that in both tests eighth graders obtained a sig—

\nlficantly highigr score than that achieved by fifth graders.

4 . Marshall (2 18) investigated three methods of science imstruction
using fifth level students in a non-graded elementary school. The pur-
pose of the study was to compare the effectiveness of three methods of ;-

7, instruction on science concepi® achievemernt, attitude towatd science,
and time needed-'to complete the unit of study. The three methods were °
self-directed independent study, self-directed group study, and a com-
bination of self-directed 1ndependent and group study. Fifty-two chil-
dren in the fifth lével served as the. populatlon sample. Resfults were
mixed, but. general]y all groups showed gain regardless of the method.

-used in science concept achievement. %ll groups showed’ positive changes

"in attitudes toward scleride regardless of the method used. The mean

-res ponse—df all groups in qttltude toward method of. iggtruction was ,’
*identical in the .positive- direction
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A study by Hastings (138) concerned relationships betwebn teacher-
pupil verbal intevaction and pupil achievement in elementary school
science. Tindings showed thi indirect tcacheTq cxhibited mgre ac-
ceptanca of pupils',ideas and asked more - QULgtian of their (pupils than

d direct teachers Dirdct teachers on the other hand, gavd move di-
rections and ‘more criticism than did_thelr coltcéguesl Indifect teach-
crs' classes did not differ significantly in athicvement frof classes
taught by dircet teachers. Repardless of the teacher's behgvioral
style, pirls muade preater nchicvapcnt pilns than boys.

Sumrary. The comparative studies dealt with local and specific .
mattcrs of councern. Rabhdy than attempt Lo summarize this diverse group,

‘the reader is direccted to the individual studies for iInformation. on Lhe

spetific problems or methods under comparison. . w\
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Concept Studiles f : . )
\\\\‘T\J An interesting piloneer study by Morris (236) utiiized word asso- ,
ciation techniques-in the investigation of changes, of verbal _behavior - L
of seventh- grade pupils 1n the ISCS program. This was an attempt to .
provide information of use to. cur¥iculum writers in selecting, sequenc-
"ing, and repeating essential verbal interaction among the concept words
in order to facilitate the acqulsition of those concepts by pupils., ‘
. This study represents a prexlminary effort in the development of a les~
. * son writing paradigm. Morris concluded that word assoclation techniques
used in this study could provide information of immediate use to cur- )
riculum writers during the formaf&ve evaluation .stages of material de- -
Y velopment. _ . ‘ &

1 e = = v

Cunningham (84):3compared concept attainmcnt in modern\and tra--
dltlondl high school physics courses., Four~hundfad elghty-four stu- !
dents PerlCideGd in the study. A test wds designed Lﬁ measure §tu- '
dent“‘aleltie‘ .to use their knowledge of thc concept "refraction" in
“the solution of problemq. Comparisons showed that ch'modern physics
" groupracquired a significantly greatér amount of knowlcdgq ‘of the. con—~
cept than did the. traditional physics group. In general, the results
of this study , supported the claim that the modern physics course, as

. opposed to the traditional; phyencs cour,e,ntvnded themphaeize the de—-
velopment of concepts. . - s

.- . e T ) N
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J Coleman (77 - 1nvestigated "the achlevement in science of ninth grade
students enrolled- in two differeat integrated science cour§es. The -e“f{_ :
. first of these was the Earth Science. Curriculum. Project. (ESCP), and the ..
“second wvas a commercial, ihtegrated ninth grade earth science couxse. o
The main objective was to «determine which of these integrated sciénce’.
courses was more effecfive in terms of’ utudent ‘zchievement in the ¥de- -
velopment of interdisciplinary sc1encedgencepts. Three—hundred subjects.
“—. were vsed for a period of nine monLhéJln\this study. Results. showed _
that the ESCP couroc was the-more effective in student development of "
-nterdisc1p11n11y science conrchs.

.
)

Baker (22) investigated ‘the role of Leach;n m&du]a in scilence con-
cept learndug in secondary school blology. " He explorcd Lho relative
' effectiveness of two methods of teaching moloen]ar biology ‘to a group. _
of tenth grade’students. The eyperimental group used a lecture-demon- | .
“'stration type presentation with three dimensional models. The c0ntrol ‘
K group was taught 1dcnt1cal content using only.a lecture approach Re-
, sults showed. that ‘the experimental, treatment involving rhe Juse, of two

. and thrce dimensional models of the DVA molecule made 4 sxgnificant dif- -
ference in subject matter achlevement among those students in the model :
group. : : : _ . . o TS -
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Summary. Based on the four studies cited, concept development ap-
_pears to be fostered b) the use of materials_flom ‘curriculum impxovc—
ment projects and by manipulative activities

.
v -
-

B

- ) .
‘ C Attitude Studins . ' : .
. T This section inclkudes three .ubsections: 1) the development of
., .. dnstruments, 2) attitudes toward subject matter, and 3) miscellaneous
fegts of attitudes. The first subsuctlon contalng three studies.

v

The first>was done by Bauman (28). His wain effort was to investi-
ga e the xeldtionships of science interest dara using three instrumental
formats. The three formats vero&thv scaled ratling, thc’b]ock and the
card sott. In the bloc. format, factors were identificd by the head~
_ ings. oriconccpts. In Lhe'scgléh rating factors were identified by des-
. - criptor adjectives or scailles, while in Lhe card sort format, factors
. were 1denti£ieq by both adjectives ‘and’ concepts. The sample was 600

. high school student from 37 cldssrooms. - His major conclusion was that

. ‘format made a 31gn1f1cd dlfference in the factor structure.
JRACHEFS > A o
" - Champlin (64) deve:jzéd-ﬁﬁé/flcld tested dn instrument designed to-
2 - assess student belicfs about the attitudes toward science and scientists
- . His results jhdicated” that student attitudes. were positively correlated
- with school settingy grade level, and sex, while there was: A negative
correlation between sLudcnt attitudes and belief scores. He con¢luded
- that an accurate uudeistdnding of science and scientists was not prcre—
'quisite to having a favdrnb]eluttitude toward scilence .and sclentists.
ie also concluded that student -aptltude was a primary factor in associ-’

ation with belief and attitude scorcs while school setting was of eco%d-
ary importance. .- ’ -

=]

v Q

Moore (234) made, an effort, to develop, field test, and validate a ‘
. scientific attitude: invcntor The inventory consigted of twcive-basic4
attitudes broken dowrj into four subsets: 1) positite intellectual,
2) negative. 1ntellectua1, 3) positive emotional, amd 4) negative emo-
tional. Three items were statistically controlled namely the pre-test
score, ‘tire 1Q, and the science. grade point average. Heg found that the.
treatments given to the experimental groups were:imore effective in pro-
ducing positive change in the assessed attitudeg than was the treatment -
given the control gréup. Detailed explanatjons of the treatments-ar®e
found in the report.’ Analysis of “the data-indicated the inventory was
appropriate with biology~as well as with physical science classcs.

i The second-subsection of the study of aLtitudes deals with attltude
- toward subject tdpics. Glass (119) did a sLudy which involved a de- -

- velopmerit of an instrument to determine th¢ teacher's and studént's .

educatlona] objectives in the affective domain for high school bio1ogy.
Based on the responses ol the scalc, a proTJle of educatioqal objectives
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in the affective domain wag developed Glass used a sLatisLical tech-
nique to match the profile of ‘euch of bis students to the profile of
each teacher. lle suggested that the idstrument way be used to study
transfer of the objective in the, affedtlve domain from teachers to stu-

. dents.

&£
Krahm (192) investigated attitudes and ‘opipions of principals and
teachers involved in an experimental earth*science program. Forty-four
principa]s and sixty-threc trachers, representing 55 percent of the
original sample, returned the questionnaire. The findinps were: 1) the
principals were morc open than were the teachers according to their ro-
sponses on a dogmatism scale and had higher commitment scores as measured

by the science support scale; 2) the principals' perccivcd belicl sys- '

tems were related positlvely to their dppraidd] of the nature of the
program, student ]earnlng, and teachers' qualiffcations; and 3) the
principals’ percelved level of science commitment was related to thoelr
appraisal of student learning while the teachers' perceived level of
sclence commitment was related positively to their evaluation of the
nature of the experimental program. T T T

In' a study of the attitudes of high schwol students toward air
pollution, Swan (343) developed and tested an instrument to assess at-
titudes and coping responses to air pollution and to galn insight into
the factors influencing these attributes. The population consisted of
173 senior high school boys. Their concern for air pollution was mea-

- sured by two instruments: a forced-cholce questlonnaire which pairced air

pollution control with twelve other problem solving programs for CLtlEb,
and two stories describing a specific air pollution aituation, asking

the subject how much time he would be willing to spend working on =olving-

the problem. Scores ind:catcdla1r pollution was viewed as a relarively
serious problem. : _ -

In an effort to study .the attitudes of high school chemistry stu-
dents toward biology, Weinstock and. Wattevs (377) compared attitudes
of 65 students’ towards biology and chemistry. They also related such
things as chemistry grades, differential aptitude test scores, and grade
point average. They found several significant differences in attitudes
of students toward the two subjects in areas of encouragement to do re-
search, modernity of the courses, value of lectures, and value for col-
lege preparation.

.. Troyer (359) investigated the influence of teachers' and students’
educational set and the tcachers' flexibility on student achievement

in biology (BSCS Yellow Versiom). He found that conceptual students
achieved s:gniflcantly higher than factual students and that student j
achievement was significantly higher under a conceptual teacher. There

‘was also a significant positive correlation between teachers' scores

on the Educational Set Scale and the Philosophic-Mindedness Scale.

~—
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Amos (11) surveyed tha opjnionq of hio]u;yrlvﬂthCIs about the -t
portance of the sclentifir method and-related it to, the General Cerlifi-
cate of Education examination provided in kngland. The reuults indicated
that the teachers saw a fced to include the scicntifle method in theix
teaching, but the General Certificate of lLducatipn presented the stu-

dents with fécts and nof the scientific method.

Simpson (313) studied the effect of ‘teacher sclence support as
measured by the Sciedce Support Scale to gain normative data on the
instrument for use with hiph school students. He used 24 tenth grade
biology teachers in a large system and alsc obtained data from 618 stu-
dents. In the first phase he found a negative relationship between the
Science Support Scale value of teachers and that of the students. In
further study he found that students had difficulty undérstanding sweveral
items of the scale, items such as homoscxuals, sex deviants, relision,
God, Lodleaanesa, and women. Ii¢ concluded that the Scicnce Support Scale

was rot- an appropr]ate instrument for mcusuring science support among
high school students.

Fiegel (107) attempted to determine the. elements which influence ®°
the selection of high school chemistry. s;He surveyed 300 tenth grade bi-q
ology students, 51 counseclors and 43 chemistry teachers. The rank order
for the first eight criteria deemed impottant for tenth prade students
to consider prior to making their deccision rmgardnng the selection of
chemistry were: ability, vocational goals, interest, science yrades, col-
lege plans, math preparation, student drive and schelastic average. TFie-

‘gel concluded that tenth grade biology students, high school councelors

and high school chemistyy teachers thought along similar decision making
lines when considering the selection of high school chemistry.

Waltz -(372) studied“thé’cﬁemistry laboratory behaviors which affect’

scientific understanding and attitude development. The study was de-

signed to dclincate a list of hehavioral practices and to:dekermine which
contributed most to the two arcas cited above. These were me&gurod on
the ba§i$ of- the.Test On. Understanding Scleonce (7T0US) and the Vitropan
Attitude Scale (VAS). 'The results of the study indicated that °1) nooc

of the 18 behavioral practices investigated contributed to a bettor ut-
titude toward science as measured by VAR, -2) only one of Lhe behavioral
objective , namely the practlclng of the behavior of relating principles
from one subject area to“another, was significant, and 3) none of the

18 behavioral practices as measured by TOUS indicated a contributjun to

a better understanding of the mcthods and aims. of science.

Becht (140) studied student attitudes in the Introductornyhysical
Scien=e couvse (IPS). ThlS study involved 480 students. A random :
sample of 60 traditional physical science and 60 non-science students
comprised a statistical group comparlson_designLd to test attltudinal
outcomes of a traditional course. Thz groups had equivalent 1Q scores,
math scores, reading®scores, and ages and had eguivalent sceres for 17
of the 18 attitude factors on the pre-test. The conclusions of the

36
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-~ study indJcated 1) there vere no sipnificant differences in the artle
tude towards sin coneepts of the semantie differentfal instrument by
1PS students over the period of a school year, 2) there was sipnifi-
cant difference demonstrated in the atticude towards the six concepts
by 1PS students over a calendar ycnr,‘nnd 3) there was no signltleant
diffcrence between the attitudes of LIPS and non-sclence students.

Milson (228) developed and evaluated physical science materials
designed to improve the attitudes of the sccondary s-~hool slow learncr
He found that the prescnce of physical scicnce instructional materialq
caused a significant improvement in attitude. toward sc1ence and toward
the scicnce laboratory.

Kendall (180) usqd selected high school physics students to study
the sclentific behaviers promwoting an understanding ef science and a
positive ‘attitude toward scicncg. He used a list of 19 overt behaviors
and found one that correlated with rhoir understanding. of science and
five that correlated with the students' attitude toward science.

' _ Ko. th (190) attempted to assess students' understandings of the
relatfonship bétween science, technology, and soclety. The responsices
of sclence orleated and non=science oriented high school students were
compared. In thin study science oriented students showed a more posi-
‘tive attitude toward science, a better understanding of the nature of
the scientific enterprise, and a more realistic conception of the char-

. acteristics of scientists. Non-scicnce oricnted students were weakest
¢ .~ in areas related to the nature of science and the characteristics of

' scieutists( '

Hug (lJl) studied :attitudes of students toward independent study..
He chose 436 high school biology students and’ divided them into four
groups, three experimental and one control. The-three experimental
. groups involved small group -lecture, large group lecture, and independ-
ent gtudy., He found that tHere was no élganicanL difference on achieve-
ment, but’a questiounalrc adrinistered at the ‘close Jndlcated a vub—
stantlally higlier positive attitude foward cxpérlmean by studernts in
the independént study secction. \‘
- The remaining tweo studics deal with the Lllm te of the classroom.
The first one by Ackerson (2) deals with the relat onship beotween or-—-
gdnl/dLJOHd] climate and the bivlopy student's PCfCPpLjOn of blologpy
practlces. -The organization theory of the authenticity of interactions
» batvetn the principal and the biplopy teacher and between the faculty
and the. biology teacher was the focal point of this study. Pindln
. showed 1) therq was no relationship between authenticity and the bl
. ology currlautwm practices present within the school, -2) males perceived
. the biology practices differently than did females, 3) the biolopy teach-
er's perception of the esprit -of the school correlated significantly
with the biongy laboratory practices, and 4) the biology teachers viewed

!
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the climate of the school as hoiny more open than did the other facnlty
nenbers. ’

Clark (74) determined whether the so-called two cultures gap be-
tween the humanities and the sciences, as publicized by Snow, existed
in the high school, and if so, how wide was it and what_was its nature?
Investigation involved the teachers of the humanities and the teacliers
of the sciences in the schools. The results- indicated no discernible

‘culture gap in the high school. There was some evidence that the two

groups had differing attitudes towards the function and importance of
science teaching in the schools. Data revealed no significant differ-
ence between the two groups and their personal attitudes towards each

other. There was some evidence that teachers in both groups felt that

scivnce was a more. prestigious subject today than the humanities. The
results indicated that each group had a greater knowledge of the key
names and terms from its own culture than from another culture. There
wag no .evideuce that sclenee teachers knew more of the humandst culturce
than did the humanitics tcachers of the scientific culture. :

:ggmnagy Attitude studices arce dwportant current toplces of consdd- -
eration. At tnis point thore are still few studies which dnvolve the
developument of measuring devices. “Attitudes are often used to study
other phases of education. In the fr.ure it is necessary to study the

effects of attitudes on the other issues and topi-s, and to develop more

~ precise measuring instrunents. _ : are

yaterialé Studies

In. this section thirteen studies which deal with multi-media, audio-
tutorial, and programmed instruction are considered. Cautelli (62) .in-
vestigated the cffect of sinple topic inquir¥y fillms in BSCS bilology upon
criticnl thinking ability and process skills. -lHis study consisted of a
four gioup desipn and used the Processcs of Scicnde Test and the Yatson-
Glaser Lr)tac.i Thinking Appraisal. vau]ti indicated that critical -
thinking 1b|111y could be -Jmproved nsing an inontry methed "of instruc-
tion in biolouyy. The process skllls appearcd tnatfected by the use of
the inquiry films. ' . : ' '

Volker (367) made an effort to compare a multimedia system for
teaching high school biolcgy with a conventional approach., . Twelve sec-
tions of students taking hieh school biology were divided into six sce-

JLtions each of experimental and control. The.control group was: taupht

by the lecture-demonstration laboratory method. The experimental proups
vere taught through a programmed audio~tutorial zype te¢hnique. The
major conclusion of this study was that the multi-media system for
teaching high school biology could be superior to.-a traditional method.
in causing gains.-in achicevement and attitude. The personality factor
measured showed little relationship ro Lhe Lype of instruction.
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tion that allows for the exclusion of irrelevant varlatlcs.

"of a progxammgd text covering s

Koodman (390) studied the influgnce of Physical Science Stuly
Comvitvee (PS5C) F1lums on ceritain leprning outcomes. He recommended,
thnt teachers scicet {ilms on criteria other than achievemant oy under-
standing of science. These might ificlude choosing filws Lo stimulate
interest, to break up class menotory, to-supplement laburatory work, or
to ducrease the vange and scepe oi/ the course. :

_ Gates (1159, using 100 poor /readers, analyzed the effectiveness
of audio tapés vhen used as a supvlement to the Intermediate Science
Curriculum Study. Among the fipdings were that students in the experi-
mental greup 1) had a significgncly greater prefercnce for science as.
measured by the Prouse Subject/ Preference Test, 2) achicved course
principles and concepts to a fignificantly greater leével -as measured
by the printed 1SCS final ex
rade level and a greater ovirall Icadin"
vocabulary as measured by UDL Callfnrnla Peading Test,

/

Ndlne (369) compared’ the effectiveness of a prograrmed text with
more customary ineructlonal methods in teaching chemistry topics io
biology students. lie 4luo investigated if such instruction hid an
effect on the final achievement in binlogy. This study inclided 226
students in 14 blolopy classes agd employéd three chemistry teaching
techniques: 1) programmed text, 2) customary classroom instruction, and

~3) wo classroom instruction. Findings indlcated that the proprarned in-
°tru~tion was superior to cther methoga in achieving choemistry lpovicdge.

Thcy also indicated that the Luoulcd@e of fundamental Chemistry d¢id not

-appear. to improve biology achievement: In aunother phasc of the sundy’
“he determined thdt taking time from biology instruction to teach chew-
istry fundamentals did not‘detract-from achievcmontbin biolopy.‘

3

A study by Ado]man (3) 1nv01ved a qt"LLJrcﬁ approach to tcaching

a scionce prlnc1plo using a programmed instruction {&1% He used this

aywrnach’in grades. 7-9 and concluded that a. progranred {2im wus oan of-
feotive vechnique for t:Pa(_hln'T the principle of a pendulum. . be alst

‘conie ded that giving the rule may be useful for eighth .r ninth erade

.nﬂ Jrots but glv1n° the rule to seventh gradc 0ub]Lcts is deixkx«ﬂtal
for learning. He also found that it .is:negessary te Include 1n\L)uc—

. L2

Steaman (332) studied the effects of prior knowledge of bhehav-
iaral objectives on cognitive learning outcomes when using progranmed
materials. Trhe population was.a high school genetics class of 144
students. ‘He concluded that varying the form of behavioral Ob‘PCtl”e&
did wet significantly affect- the achievement, but mental abllit, and
motivation both ulgnlficantly affected achievement.

Marshall (217) completed a stud) involv1ng the wrlLlng and use
eeted oubjects in general biology.
She found that the experimentAl/group showed no significant .difference
over the c0nth01'qrnnp In galn/ scores, mid-term esxamination.scores, or
ou the final kxanination.  She deterdined that the eunerimental rroup
completed a larger percentagn of the,ussignmént than did the coutrol

&
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groun.  The stedents who used the propram indicated that they 1iked this
fore of Instraction,

N “
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Moody (239) condicted ¢n experincontal study to evaluute the achleve-
meut ol wlow learners using a linear or- a medified limeny fernmac to
prop ammed Iustruction ia BSCS Special Materials. “Based on the study
of pist-test scores and the sub-test seores,, the modified lircur for-
mat vag the more-effective in terms .of achicvement. 7

A sirvey was done by Thompson (35%) to investigate the estent of
chanyes in the level of abstraction and the style of presentaticn in

"hiph school biology materials during 1960-68. Data {rom this study ap-*

,

pearcd te support the generalizatlon that the differences in tie nature
of high school biology materials of the carly 60's and .t e hish school
bioligy waterials of 19568 were less than the différences between dif-
ferent materials within the tespective periods of time. The 1968 ana-
teri..ls werc written at a slightly higher level of abstraction and they
were less dcsc11ptive and more activity oriented.

Pottenger (269)'used<the theory of the disciplinary structurvalists
to evaluate the BSCS Yellow Version. 'He concluded that this version
placcd minimal stress on disciplinarv structures. Like structures arc
preferentially attributed to the unified whole, The concepnt of biolony
as a composite of dJQC1p11ne° was fouhd to be. nndo)dcveloned in che ma-
tcr]a1s investlpated

Rastrinos and VO&b (177) reporLed the results of a uestionnaire
gi\en to students taking the College Board Achievement "est in Blelopy
to determine which topics they remembered studying in their fivst-year

‘biolosy courses. Tliey concluded that remembered topics were hiphly

correlated with. textbook emphasis. The dnvestigators also reported on
the second phase of the questionnaire given to students taking the Col-
lege YBoard Achievement Test in Biology to determine .their ‘abar atory
background and classroom eyneriehce in their second-year biolos :coursc.
They | “neluded the time spent in laboratgry varied greatly andg that ex-

‘ercises from other sources were frequently used as supp](mentar\ to the

prepaxed 1extbook manual. . N -

H ller (146) conducted a study to determine the readability of .
selected tenth grade biclogy text materials. The text chosen was sy
Blological Science: Patterns and Processes. Using the Dalée-Chall and
Yoakam fbrmulas and the. cloze procedures he found that the text did
not show a trend-in recadability from easier to more difficult materials
and that readabilltv limits existed when the text whs to be- used for
bPIOanverage readers in the tenth grade.

K2
a

oumma~1 Srudies relating Lo materials were much in evidence dur-
ing 1G70. They. stresscd a varied approach and indicated that aux1lidp
approaches are an aid to learning. Nearly every study showed some slg-
nificent difference in cognitive achievement when compaved with tradi-
tlopal materials wease, An area not styessed but worthy of {ntnren

-
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. Methods of Instruction

study is the rvelationship between varied teaching mat(-jals and the
achievement ol affective objectives.

l KoyanagiIQIQl) attempted to determine the relative effectiveness

of two methodologies to improve seventh grade students' ability in
problem solving. He found that lower IQ seventh grade students' abil-
ities could be improved within a"time limit of fifteen 40 minute periods
o{ instruction utilfzing cithér teacher planned- or indiv1guallv ascer-
tained procedures. :

Schuck (304) conducted studies on set-induction :s an instructional
strategy. Using the BSCS matérials he found significantly yreater acnieve-

ment when teachers 4ncofporated set-induction techniques. The rurpose
of set-induction was to focus the student on a path of oriertaticn--
transition—— oppratlon—— evaluation.

i 2 . .

Wolfson (394) sought to determine the relative)effectiveness of
indirect/direct instruction on achievement and retghtion in chemistry
and general science. The results indicated that-4 sipgnificantly hipher
achlevement and retention of learning was generated by a teacher with a
high I/b ratio as compared to a teacher with a much- lower [/D ratio.
Because not all groups’showed the effect on achievement, but all did in
retention, it appearced Lhdt Jetentlon tests were a bctLo measure of - this
vf}ect. _ : _ "o

Airasian (6) studied the use of hierarchies in the analysis and
planning of chemistry instruction. le found a high degrce of aprecment
in hierarchy placement: among teachers. The teachers' evaluative . comments
revealed many lower level’ cognitive behaviors and a lock of relationsiiip
betveen the content elements.

In a study'by Jones and Blankenship (170) a cor:s~lation between

biology teachers' pupil control ideology and classroom teaching prac-’

. tices was made. Thé classxtoom teaching practices were: those recommended

by-BSCS. The study’ involved 168 teachers and 2,040 students. .The use

of inquiry wmethods din laboratory appeared to be less: related to the

teachers’ pupll contiol ideology than the use of ‘inquiry methods in
other classroom activities ) . *

Babikian' (21) studied the relative effectiveness of teaching con-
cepts by dnscovery, laboratoryv  and expository methods. Tle found, by
the measurements used in this study,.that the expository method.and the
laboratory method were sipnificantly more effective than the discovery

~method in overall achievement, verbalization of concepts, recognition

Q
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of concepts, and application of concepts to numerical probffems. Stu-
dents found all three methods interesting, but somewhat surprisingly
moste of them considered the expository meLhod the easiest, clcurcst
and the best method {or tracsliing science.

41
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Zubulake (401) fuvestigated the "learning by discovery” contro-
versye Feousel three seventh grdde science classes ang used diseovery,
cuilded discovery and programied finciruction a. the exporimental treat-
nents. The fiadings of the study favored (he pulded digscovery apploach
as an CHITTrIvEReTIoT 6T seience teadching, | ‘

Dennison (92) conpared the reLnLive"e{foctivcnosh of a verbal ap-
proach and ua gfulded discovery approach to dchinn of veleeted science
principles at -the seventh and ninth grade lkvc] of coynitive dEVL]hp~
ment. FHe found a significant difference deOllng the guided approach
for the seventh graders agd the verbal approach for nith graders.
There was no significant differende in retention or g1anbfc1 of learn-
ing with either approach. o

Holford and Kempa (145) investigated the effectiveness of stereo-
scoplc presentation in improving visualization of spatial relationshivs
in structural chemistry. 1Two typed of programs were employed, onc vith
phetographs and a lenticular stercoscope and the other with a single
phatosraph. Thoy concluded that the use of the stcreoscope in buth the
projram and the test led to significantly better test results. 4

_ ' o

Shafer (308) conducted a.study to determine whethcr the usea of the
computer as a reinforcement tool and the use of the irnductive method of
Instruction in the chemistry laboratory produce higher achicvement scorec
than move traditional merhods.  The results of this study indicated that
the inductive approach and/or the use of the computer i chemis,ry lab-
oratory instruction increased the student's ununx,tanu!-g ol stlence
LJQHlfLCﬂnLly more than coaventional mGLhOQc-. ' .

-

Garren (114) investibated the hypothesis that tenth grade biolopy
students could leamm ccrta_n physics corncepnts intcorjected dinto.a pro-
rremmed unit of biolopy instruction. He concluded that che addition of
physics as a complete course at the end of the biology rourse or as .in-
forjections at intervals throughout the biology course did ust signifi-

‘a1, 'y change the success on either the factual, direct-tecall or the

reteition’ tests.

Fulton (¥l1) wade a comparison of two methods of instruction in
BSCS biology. The recults favored the individualized appruvach-to in-
struction., Students in this section achieved more, understood the mean-
ing of science better, grow more in their ability to think critically,
developed a better attitude toward the study of blOlOg\ “and rated the'
teacher hlgheL in his ability to make the materials. understandable,
than did students’ 1n conventional sections.

holliday (147) analyzed_Science instruction .techniques using dif-
ferent media in learning and testing wodes.. This study invelved 350
tenth grade biology students. -Results indicated no advantage .either-oin
presenting the verbal information using ‘a combination of audio and
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plintnd mbdia sjmulldneously or ifi using the same media in the 1Larn1ng . \\
and testing session.

A study by Falls (105) was [lesigned to deterpine the effects of
research papers and reports on ynderstanding science vhen used in secc-
ondary school physics. The study involved 200 students in Narvhrd Pro-
ject Physics, with one group uging the-textbook and the other group
using the Reader. Falls found/that the group with tho Reader gcoved
significantly higher on undersltanding the naturg and processes of sci-
ence., The group that studied with the Reader also scored EipnifiCdntly
higher on the Teast On Unders andlng Science and exhibited gre ter con-
ceptual-gseél after the af\dy

[

Thelen (352) nonducred'a study in the use of advance organizers
and guide material in viewing science motion pictures with 349 ninth
gradt students. She concludpd that the use of advancte organizers and
guide material when used alone or in combination did not result in

statistgically significant differ~nces in luarning Students who did

not ‘lise guides dcmonstlated a 51ﬁniflgantl) negative ¢hange in attitude
toward-motion pLLLures aq 1nstructional tools.

Breedlove and Gessért (51) evaluate@ the use of an "Electric Black-
board"” in the teaching ‘of-high school physics. The lectures originatcd
from the university to student teachers working in the classroom. Stu-
dents did sigpificantly better on the. .post-test as compared to the préL
test.  There was, however, a significant number of students vhio did not
like receiving lecture notcs over the "electric blackboard™.

* Andriette (15) compared teacher dewonstration and small group lab-"- ¢ —
oratory methods of instruction on the acquisition and retention of sci-

ence knowledge. He found no significant ‘difference in knowledge learn-

ing, but comprehpnsivg leariiing was significﬂntly.imprngd.

Berne (36) analyzed the effects of different apQA‘ﬂzheé to teach-
+..0 on certain aptitudes using the Introductory Physical .Science (1B%)

. course. He concluded that ach:evomcnt in scxence vas' greatest anong

students of this "new'" apploach - The "new" . dpproach "also d%ye]one
more significantly the aptitudcs of verbal reasoning, numerical atility -~

-and space relatiens.”

Summiry.  Studies of methods of imstruction varied gleatly A
great number of - them were compalatlve in nature and stressed such methods
as team teaching, problem solving, use of objectives,. computer assistanc\,
individualization and use of multi-media. It would seem that this con-
tinues to be one of the most popular areas of research. At the same _ _
time, really new and ingenious‘methdds arevlacking. : : - =

In many of the-studleq reported, lack of clarity with resnect to
validity and reliability ‘of instruments used and the extremely short
time ranmge over which cxperiwental lactorq were applied create real

‘questions. concerning the va11d1t\ of results obtained. Conflicting. -
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" teacher. ' She further found that ‘student decision making was not s1gn1f1*

results appear from scemlingly similar studies. Historically, "methods"
coscarch has bornme out the maxim that "any method works upder certain

tircumstances and in the hands of a competent teacher". The bLody of
csearch here reported seems ndt to refute that observatiou.

Laboratory Practices

Six studies are veviewed in Lhe area of laboratory practices, A .
study by Shaver (309) dealt with the effect of daboratory teaching strat-
egy on pupil:task dricntation. He used the Laboratory Interaction Anal-
ysis Instrument and the Internal versus® External Control of Reinforre- v

ment Scale. The spmple consistdd of 44 students evenly divided. into

two sections. One stratepy was'iﬁquiry;oriented and the other was teach-
er directed and cgntrolled.. The¢ investigator concluded, anong other
things, that ther¢ was no signif icaut effect attributable to laboratory
practice on pupilftask oricentagion and that therc was a high correlation
anong the judges who rated pupfl task oriemtation from student laboratory
reports, _; . , :

Charen (67) ‘compared the jeffectiveness of the open-ended chemistry
laboratory with the traditional 1abu1atory on crlthd] thinking. Ve
fouhd no slgnlflcant differenge as measured by 4ch1LVnnent tests ‘and
the Watson-Claser CIlLlLdl 1h1nk1n5 Appraisal. '

Norman (250) surveyed L?3 secondary bilology tcachels to.detevitine
ty of -various LJPES of laboratory designs. Survey re-
sults inddcgted that the split lecture= =laboratory design was the nast ¢f-
feLtLVP for/the 1nbrruct10na] modes of 1ndeonaenL study, small proup in-
sLﬁucriqn and ]arge group instruction. The most frequeut recomrenda-
tldns for Jncreasing effectivenzss 1nclu00d wore funcvtignal tables
vcntiiatlox systems, student stations, roomn dﬂlbenjn' facilitcies, FOle,.
storage space, more space for group. apd Jnd1VJdual ‘activities and more

‘qcrv1ce\ohtleLs. - < S : , ’

. ES oo .
Best (37) made a qtudy of the chrelates of. student decision mdklng-
in.the eecondary school biology laboratorv. ahc found that teachers were . .
perceived as maklng ‘about three times as.many “deéisions as the students
during labora ory stlVlLles. n only six of the 33 classes did the
students perceive’ that they made as many or more decisiins as did the

cantly correlaté&\WJth either the problem orientation or the students'
parception of the\student relatlonshlps. '

Latham (201) ;hrveyed the percent of instructlonal time spent in .
the labdratory. . He Bgund ‘large varlances, with 25 percent of the classes
surveyed spending ]LbS\thdﬂ ten percent of the tlme and only thirteen
percent speudlng more gan half the time in the laboratory. The most
frequent response-was 20, percent. The percent also depended on the
course belnp offered. Thc relationship of quantity of equipment and
laboratory facilities to \he amount of laboratory time was not slpnifi~
cant. . . .\ :



A somevhat different type of study_conccrﬁing a vital facet of
scfence teachiing was done by Brenman (52). 1t concerned salety in
the high school. scicrnce progfnm. The -purposes of the study were to
identify the types ol accldents and the areas in which they occurred
in high school bioloay, chemistry, and physics laboratnrics, theé con-
tributing factors thit cause accidents, and ghe preventive measures
practiced and their success. Four-hundred thirty. science-tZachers
. from all 50 states were surveycd. Some of the conclusions were:
: 1) there was littde correlation of the number oi‘yﬁﬁ{; of teaching ex-
perience wifh the number of laboratory aculdgnt/: 2) therc was ne sig-
. nificant relationship of laboratory accidients with various school on-
o rollment groups, 3) penerally, remedial groups had less accidents thar
general accelerated or advanced placement groups and advanced place-
ment groups in gencral had the most accidents, 4) class envollments
f had a sipgnificant 1 latlonvhip to the number of laboratory accidents
' and as laboratory ¢ pﬂce was increased accidents decrcascd, 5) these
. laboratories in which the laboratory and classroom were in different’
rooms had the greatest number of "accidents, and 6) fewer atcidents oc-
currcd in ldboratories with individval laboratory stations, and thoso
schools in which safety progra were a part of the curylaulum-had less
accidents than those without .gafety programs. Chemistry wus moive proae
to laboratory dtcidqhQS;Lhan either biology or physics.
- e . a
Summary. Few utwdles were complated in’ the area of 11borato:r
priactices. Of the sik stuidies, one yas- on facilities and two were of
‘a survey naturce. “This would -seem ;a indicate a satisfaction with the
present laburatnly setup. While sorvays generally revealed avcas of
concemn in the 4dcq{acy of laboratory:facilities, rescarch studics of

P : . .o A S
e facilities design gnd usage are ﬂparse This is somevhat surpricing e

f‘ considering/ the embh351s on labopatory work by all_the major sclerge”

curriculum fprojects.. It would sdem this area of 1nquucLJnn/E§LﬂLs 0T -

ious consiger t1q4 for futursg” reucarch , L
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g SL enteen stuﬂJes vere xevieved in the area of cuar1culuw /T‘e-

the fields of biology, chemistry phv31cs, earth qc1cnqﬁ
e and ingovative effoxrs.' Obradovic et al. (255) atrewoted—to id¢ntify

thL fa tors affectlng the 1mplementation o£ nev sc1cn_c currlcuﬂa Thg

thc

“obability aspects of
e found that the vari-
ation in anproach had no effect -on studcnts attitudes on the pldce of
‘mathematics tn_socicty, but that_there was a lateral transfer effect

n .the achicvement
fer effcct on the achicvement scores eu\ig; bénLLJLa topic.
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.
'wo investigators made evaluations of the BSCS curiichla. Strauss
(3375 desdpned a syster for-analvzing research. reperts and concgluded
that the case’ for BSCS |ias ot to he proved. Haver ot sl (24 made
an evaluation of Blological 801lncc -Patterns and Pxo<l'aaq. #Ho found
a blbnlijdnt cowrolatnou botveen reading LomprohenSJoy and achievement,
- v

- qudy (132) analvzed the g;hievemenﬁ-and 1evel of «¢ritical thinking
of students in CHEM study and 1raditiunnl chemistry He uséd 208 stu- .
dents in ten Lhemlstrv classas and found that students in *CHEM study
achieved the objectives better Than those in a traditional clac He
also found that thBre was no sighiffcant differenice in che ~ffecL on LN
criticdl thinking between the two approaches.” ' G

In another °Ludy, Ramsey (274) designed an JnCtr'ant to investi-
gatc the dévelopment of chemistry content by CHEM stud: teactiers. Com-
waon. p&L\vlns of content develupnent werc 1dLnL1fiad The results of the
study supgésted: that Lhc Leacucxs in Lho sample adopted a deductive
teacher—orienteu approach to tcachlng cncmnsiry gontent . ~ -

Lewis {204) made a sLu}y to ﬂetermlne_lf tralulnzﬂin viéun?””p
perception could alter achiteverent in Lhe_ltudv of waves ﬂnd optics. oo
The results of the study showed that there was a 1an1L1c@mt Increase -
in the visual space perception of the students \howkurc tralned dn piis-
aptltudg The study failed to show a transfer of 1oarn1nw to alter

achievément on the topics of waves and optics.

In another study,Schneiderwent (3M) exploded the effect of using
havioral objectivas 0q=thu copnitive aphieyement of+341 studdnts in
Harvard Project Fhysics, The experimental méthiod-df instruction proved:
to be more efiective than the ¢onventional method of instruction for
boys, but both methods were equally effertlvc for giris. Boyvs achieved
51gn1fjcautly hlghex in both grOLps N

- ‘Poel (268) studied thé x F¥ion of critickl Lhii ing to PSSC and

e ne. PSSC physics programg.- ﬂe found little evidence ‘o su,.prrt the
7 bel]uf ‘that, Lithcr e PSSC -or the non-PSSC courses wore wore effective

& in develoang erittcal thlnllng

'

)

o A S r//; by Bila and Bligh (38) involved 112 scbools anq/!, 65 -stu~
dents+” They found that 46 pcreent of the schools used the Modern Physics

) text by Dull, Metcalf QQ/H1lliams and .37 percent used -the. 'PSSC waterials
with the mosL  c¢ommon time interval'being 55 minutes~Tive periods a week.

. Several studisg deal:ng with the Ear Science Cunrlcu]um Project
- (ESCP) were reported. Henson (142) m sdE-an effort to identify the earth
.science principles pertinent to the” genera} education programs in wunior
high selvools. He presented the procedures usmd to identify principles
in astrOnomy,.geology, meteorology, oceanography and physical peography.
. The study'xesulted in a list of;]OS earth science pr1nc1p]¢; ranked on
an inchxigator cnn:tructed scale'.
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o W Flores (109) Icported the reuultv of a questionnaire sent to.teach-
. ers who were involve d dn a National quence Foundation Farth Science . *

Institute. Data were tabulated [ov regional .areas of the UniLed"qtdtes~

concerning earth science nnrollment, grade level, laboratory couzse,

field trips, advanced LQUSfCS ‘and sLudent interest, » e

Honson (143) studied; the achlevgment of L%LPJEtudenbs from different .
socioeconomic bac}blounds He found a s:gnlficant diffefence between the
uppere and middle qnoups "as ‘well as Dbetvween the upper and lewer, and con-
cluded that wore app: ‘opriate materigls should be proviced for the lower

socloeconopic SLhdLnLC in the Iaxu Scxcnce Curriculum Pro1oct.
o . .

In an cffort to study the rcaction of pupils to Lh° kuanold Scei-
gnce Teaching Pro]oét Trial Matexaalu, Meyer ’ (224) qLudlcd 1,226 ¥Fifth
Jorm (6rade 11-12) pupglb., He concluded that boys were more interested
fn the materidls than were”girls. The Nuffield Project produced an im-

) proveuonL—iﬁ science attitudes for girls, but not for bov:. The study
o ——al$o shoved "that the Nutrie]d Project was mest lnfluentdal in the im-
provement’ of ovér- all scientific orluntatlon, even though the influence

s in phvnicu_wa négative-{or boys. ¢ * _w :

Birgham et gg, (413 reported on the Demonstration of an Improved

Science Curricilum for Underachieving Students (DISCUS) vregeam. This

report was bascd on the premise t.at if underachieving junior high school

youth are sé%arated frem thefr more successful peers and provided with
/// . | a series of meaningful acsivities using a d*rected discovery . dLDTUdCh,.
* an improverent in their actitudes. toward themzelves, their teacher, and
their school will be digplayed. -The study‘lndlcaLed that a preferential
treatment of disadvantaged  -students in success—oriented sdience classes
improved their attitude toward the school and  school personnel and this’
growth continued when the student was given relevant small group lab-
tratory activities. ‘ i

. < : - . :

Durst (100) compared three courses of'ph&sicai scicmee; namely,
trac "tional physical science, Interaction of Matter and Lnaryy (qu)
and Introductory Physical Science {IPS). This stu@y 1ndlratcu.tnat
students in IME scored highest on the Test On Underbtand1np Science and
on the lowa Test of Educational, DevelODmen wvhile students in the tra-
‘ditional. propram scored highesL on the Sc1ence Research AssociaLes--

Aahlovcment Serles. : : Lt
4 . . . ,

. A somewhat different study was conducted by lMount (238), whose
purpose was to develop for those interested in secondary school sci-
ence, sequence information concetrning’ grade placement level for high
school physics, diffusion or integration of physics with other sciences ¢
and methods to use to increase physics’ enrollments. Information was
obtainad.partially through the search.of ‘related literature and through
V. the analysis of data roncernlng physics enrollments. Conclusiond were:
o 1) that theye ‘was no stcientific. research found to Justjfy limiting’

"~ physics to jurniors and seniors, 2) other. se&ected nations precvide
phveics for their pupils befere they reach-the secondary schools, £p)

. some schools  in the LXLLLG Stautes haVe reported : cuceessiul fusion, Ot
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integration of physics, chenistry, and biology, 4) sratistical analysis
of data sbowed no significant difference between the achievement of
soplhionores and juniors and seniors, and 5) statistical analysis showed

‘ a hiphly significant increase in physics enrollmcnt vhen sophomores were
permitted to enroll in the course. :

Summary. HMost Of rhe studies relating to curriculum dealt with a
review of the older curriculum projects. Very little effort was made
to design new and alternative supgestions, Ffforts in-the area of hu-
manistic science for today's scheols arc needed.

Teacher Ecucation and Teacher Traits .

Barttolomew (27) attempted to determine the effect of earth science
instructional models on the investigative teuching behavior of exper—
ienced sciénce teachers. His purpose was to ascertain if experienced
science teachers would modify their teaching behavior-after observing
and studying an - instructional model. Twenty-seven expelrienced science
teachers participated in the study.. The investigator found that teach-
ers did change their investigativé teaching behavior after seeing.an in-
stiyctional model. Teachers viewing a videotaped instructional model
immediately prior to teaching had the greatest immediate gain in inves-—
tigative teaching behavior. Telcvision teaching techniques im a micro-
teachiny format were found to be effective in changing the teaching be-
havior of experienced science teachers.

In another study of changes in teacher behavior, Jackson (157) _
attempted to evaluate the effects of an inservice program on the behavior.
of earth science. teachers. The program had. a ten week summer course that '
emphasized content and local ficld studies. Tt was desired to change
teacher behavior to a more laboratory orilented app:ioach. The investi-
gator found that teachers changed the way they thoupght they were teach-.
ing toward an inquiry approach following the inservice pi "sram. This
stu., indicated again that positive results usually can be obtained in
a qPOLirjc\goaL directed type of aLtlvi(y : _ : -

Zurhellen (&02)'evaluated attitude changes among science teachers
during an ESCP inservice institute. The purpose was to ascertain the
attitude changes of science teachers in a concentrated academic year earth
science institute. Seventy-five teachers and 20 leaders were involved in
the v&r long program. Some, characteristics of group leaders exerting
the grdatest poasitive infiuence in bringing about attitude changes were
identified. Among these were high self opinion and high congruency of
self pertantion wath the teachel s perceptlon of the leader.

A study by Osborn (258}, while having a rath?r local origin in a
single state, can probably be generalized to a larger population. Os-
“born atthpted to determine the qualifications of biology teachers and
to investigate the relationship of student achievemcnt in biologny to
the subject matter preparation of the’ teachcrq} "A positive relationship
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was found between student achievement in biolopy and the teacher's prep-
aratjon Ju the unlological sciences. Also, a positive relationship was
foand between weulenat achidvement’ in biclogy and the biolopy teacher's

prvparation in chemistry, 1t appox‘cd that the most effective blolﬁpv
teachers had teren a’mintuum amount of work in Lhc biolegical sciences
arid a substantial amount of- hO‘k irp chemistry. ~

In another study of hiclogy teachers, Norris (251) attenpted, to
measure the self-concepts of g€condary biology teachers and their re-
lationship to student achievement and to other teacher characteristics.
Trirty teachers who had attemded an NSF Institute and 1,400 of their

students comprised the gtudy:group {or this investigatior.. Significant

correlations hotween certailn/ aspects. of .the biology:.teacher's back-

“ground and his self-concept /could be discerned. - The study supported

tha hypothesin that a_significant relationship exists between the teach-=
it g proficiency of a biology teacher and his seli-concept, his tiolop-
ical krowledge, and between certain aspects of his background and char-
acteristices. Fhwrc was a positive relationship Letween the biolozy

"tvachor s Leu—concept and the number of.semester hours of psychology,

c*ucatlun, ant student Lepchlnb, as well as Lo the number of years of
teach)ng expuericnce and to the pumber of dependents. :

Three stpidies of vorbal behaviar of teachers were reviewed., Tn
the first of (hese, Miller (226) attempted Lo design a usable and valid
modern verbal interaction analysis instrument and to explore the ver-
balizations taking place In a ninth grade phyvsical science class usiug
Lhe lnsLIuren‘J‘ The usefulness and validity of the instrusent were
determined thr dhgh the use of two groups of ninth grade physical scicence
teachers. The instrument was subsequently found to be able to detect
statistically sipnificant.differences in six out of nine categories of
verbal bohavior, ‘

\ i 4 '

Jhe second vadW on verbal behavior was done by Collea (78). His

erndy reasured changes in intentions, self-perceptions. and role per«

* copuions of boeginping science teachars Twenty-five fivst vear science

teachers comoriseld the sample. Concdlusions indicated that changes in

the way first year sclcncc ‘teachers perceived how their principals wanted
tlem tou behaves in \the classroom were conflicting. Changes.in intenvions
of first year nClshkL_te chers were also conflicting. By the end o

the school year, h&ginning science teachers perceived themselves as bg-

"ing move direct iu,thcy% classroom verbal behavior. A final interest-.

ing ‘conclusion wav-mhnt role perceprion of first.year science teachers
and the ideal tcachur ‘perceptions of their principals were farther a-
.part at the end of “he school year than at the beginning of the 5choo]
year. o ; !

Glass ' (118) °tﬁd10( the effect of teacher behaviors on student be-
havior. - His %amp]e contained 525 high school biology students. The re-
sults of this etugy indicated that students in general rended. to adop:
an attitude LOWdrﬂs hiclopy similar to thatr of their teacher. - However,
the posseszicn of'a stated-attitude towards biolopy which was glmilar

I~
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attitude of the teacher had little 1L]at1(nship, if an.

to the stated
to subsequent achievement in biology.
Characteristics of effective sclence teachers Gore studied by
Blographical data were col-
c

Haltevaan (129) using a Q-sort techniqu

levted from 'the teachers. Students and principals rated the tcacher
on cffectiveness. Halterman concluded thd' the O-sort technicus proved
useful; that cunsiderable diversTty existed between the juwdgements of
sclenve teachers, principals, and students concerning teachinp effec-
tiveress; and that biographical data contributed wore than the other

varicebles used for assessing the characteristics of effective scicence

LC:&(} ers. .
leadership role of secondary sclence
His samvle included
The

Snider (320). studied the
teachers as 1t related to the science program.
nearly a thousand science teachers, principals and supervisors.
investigator concluded that principals and supervisors here ror positive
about the contributions of science teachers as leaders in science edu- -
ation than were science teachers themsclves. Science teachers believed
that the greatust obstacle to be overcome to enable the science depart-
" ment Lo become more successful was the excessive teacher load. Princi-
pals .and supervisors felt that inadequate budseting for the science de-
partment was the greatest obstacle. . o .

of tvacher education were varied in scope and
investipated in several

can be changed by

§HEE§EXJ Studies
. divectien. Attitude and behavior changes wire in
Results indicated attitudes and behavier
service or institute courses. Verbhal he-
Althongh the tested
~ Perhaps

studices.
direct attention to them in in-s
havior of teachcrs was a focus of other studies,
methods of ‘interaction analvsis were not ,used in those cited.
the difficult problems involved in usapce and iduterpretation. of various
cllen instruments have discouraged Lhctr useé. A& wimple but effec-
gis stitl cludes the re-

interactien 1
tive instrument for classroom JnLe1er10n ana %y
' \
\‘.
. \\
AN

Measurement and Evaluation
The section on measurement and evaluation deals\with_all aspects
program effective-

terhCT and: practitioner.

S

~

It includes instrument development

i
of measurement.
ness, ‘objectives, taxonomies” and instrument design.

Podrasky (267 ) constructed and validated .an exper:menral\1e§t that

would require students in introductory physics to use graphic rathgr
. The effcctive-

than verbal skills in 1dentifying.rzlational‘concepts.
examired wirh two types of programs, traditional
726.

: ness of the test was
and contemporary - PSSC physics and.involved 226 students from four
schools. The Kuder-Richardson 20 . estimate’ of reliability was
Podrasky found that the experimental test scores and scores for verbal
knowledge of physice were more highly (orre]atcd for the traditional-
for the contenmpcer ary-phyvsics students.

physics students thn
i

\\ o - _ ' - © 50 _
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Schaff (293) developed an instrument to measure the connitive
cvaluation ability in chemistry students. While there was no dlfjerendb
in knowledge ability with a modern or with traditionally tauehr courscy
there was a significant thference in the evaluation ability of the cxn—
dents in the modern coursc. « .

Benson (35) developed an instrument which vas bascd on the Assess—
ment of Cognitive Transfer-An fvaluation Instrument for Secondary Biology
Teaching. It was written using a branching program format centered around
nine structurally related ‘biology situations. The Assessment of Cogni-
tive Transfer in Sc'ence Inventory (ACTS) was classified by cognitive
category using a scheme uniquz to science but patterned after Bleom's
Taxonomy of Educational Objectives. The instrument has a reliability of

.86. Analysis “of the data stressed nonparametric statistical procedures.
The five classes tested did not differ with respect to performance on '
the total _ACTS Inventory. Performance of students by level of perform-
ance on ITED Test 6, a measure of critical thinking in science, wvas
positively correlated with performan(e of students by level on the tota]
ACTS Tnventory.

Cillizza (72) developed a critical thinking battery which was de-
signed to mecasure a number of primary factors involved in the ability
to think critically.  The battery was designed for students ip prades
7-8. While performance on the test was related to general reading abll-

ity, there vias no significant relationship with chronological ije or Wwitn

grade level. The relationship to intelligenre tests was positive.

In an. effort to relate.clissroom tests teo transfer of learning,
Demchik (91) gave two tests to chemistry students after:they had com-—
pleted a programmed instruction unit. The experimental test was based
on Bloom's taxonomy and discrimingiad holveen hicher and lower cognitive

levels and categories. Demchik found a significent difference between

the two tests .and that the experimental test had discriminating power
“etween higher and lower .cognitive levels.
Hungerford (152) leveloped an instrument to measure the science
sikills of observation and comparison. - The test was validated at the
junior high school level. All samples, regardless of race or cultural
background, improved significantly in botn skills as a result of txain-
ing. . : .

Smith (321) developed a classroom observation instrument to inves-
tigate teacher and Student behaviors associated with the maintenance of
an inquiry atmosphere where Earth Science Curriculum Project materials
were uséd as a course of study. Behavioral items were written as po-
tential indicators of one of three categories of activities: activities
consistent with maintaining the inquiry atmosphere of the ESCP materials,
activities neutral to the ESCP .approach, or activities inconsistent with
an inquiry approach. Teacher and student behaviors were then grouped

Into four major categories consistent with settings expected to occur
in ESCP classes, i.e., developfng text material, prelaboratory, laboratory,

S TR R



;and povtl?boratory disrussion. #/panel of seven Judges rated each

M /ltem as 1) con. .stemt with ESCR/ 2) neutral, or 3) inconsistent with ' &
‘ ‘qif ESCP! The lnstrument refined on-the basis ofcthe ratings, was then ' _ _
e useq £o observe Leachlng sttuations. Wlien all-.observakionis. were pooled LR
b ”acrpsa the four clas room setrings, the inter—cbserver agrecment was h
74A. S  ' - A ' '
. . - X - . /”l o . L. I
Kaiqar (17 0 condﬂctpd arf e\plontorv qtum« to dGSLgn an obsex-vf' -

vational imstrugent fdr dCSCTib»ﬂf/teaLhel 'activities .and behavidr

‘when using .the CHEM study materials. "He found that the. instrument wpro-

" duced data whi¢h pointed. out dlffETPﬂCEa in teacher behaviors’ for two ek

teachers whose tfalnxng in chemistry and teaching experience were sim~ [

., ilar. - Kaiser buggesﬁed that when. rhe Jnerument developed 1is used with

« studies. of sthidént ettcomes the asnetts of Leachﬁx behavier may- be cor-
.rclutpd ulth srudent behavlor, achlevement and 1vr01esrh

MUT]LQ (239) conducted an - evalnation nf anntntallve Ph0“1033 e
Science (OPS) and developed . an inexpensive aud relisble p,ncedux for
_conductiuD similar type studics He concluded that the students’ who
took QFS . were found to.be more motivated and thal. they dChleVéd in: fu-

ture science -and mathematigv courses dta. blﬂnlfl( ant Ly thhLl level
-.thﬂn Lhosc who had a-course’ uanng th s.atp adopted . tcvtbonk. S e T

Thrﬂe evaluaLlon type studiea w;re comploted DI dlffoxcv tvnec of -
programs.. Welford (380) conducted a study to-evalunte the effective- .
ness. of lnstruction in high- school biology in a couvention: 11 course and. *°

. the Special Materials course. fox slow learners in teyws of achievemant
and interest of the slow lesrner. JYhe data indicited that: theré was no

.Slgnlfi(dnt dlfference in, cjthcr LhL arhlevomont u) Lho “intevest of the"
sLudent : - ' :
. 7. - narke (133) desc*lbed two methrl ét'htuxrrLWWrﬂIFunalysis used to

measure the SJmlldIlLy af soqunnLe in the randowi.od multiplé_choice

. “and free-response. problem test format: The resulis indirated that the

ﬁ? S ¥ea, uses of the SUbJECLS ag a whole validated most of the uependency -
. .rolatlonthps within the hierarchies. _The stndents were pIHUuD]V ye-

, . quired to use the same probilem solving skl]ls and procedures. This re-
"~ wealed the amount of simllarity between: sequencce of phy31ca1 ‘and naLhc—'

N mLtiLa] oonccprq in problem solv1nv.‘“,,/ -

Grgutlch (127) eva]uated the ach;evemnnr Of ?PHEle cou1se objec-
tives in sBCﬁndary school biolopy for students gf different ability.
groups. . Although ‘he an)unferel va1y1ng degreds of°surcess, he con-
‘cluded Lhat pre~determined general course. ob]eLLmvns for glven dDLliLY
grolips of - seLondary students exposed to seTected ﬁlology courses could
be taught for and achieved. B IS - -
. Even (th) studied Lhc relationshlp of teachur~as 1gned grades in

: ‘high-school chemistry to .taxonomy-type objective test.scores. He found
“that teacher—agsigned tests ard not highly related. to the Oritario Test
of Achlevemenl 1n FhoquLry (,‘AC) but hc was’ &blc Lo iSOLdtG gmbuus'

.
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of students in which different combinations of the predictor va;iablés
functioned most eftectively. -

Bryant (55) examined the effects of expressing course objectaves
in specific behavioral terms on achievement level of low achieving
eighth grade science students. He observed that the teacher remained
the important factor in determining the success or faijure of peda-
gogical- techniques used In training the low achlever. The use of per-
formance objectives appearecd to facilitate the presentation of course
content in small manageable picces thus providing greater opporftunity
for the low achiever to expericnce cuccess in the classroom.

In a'study by Broadhurst (54), the procedures and results of an
ltem amalysis on the Watson-Glaser Critical Thinking Appraisal Fornm
Ym were presented.. The results, based on the response of 200 gradu-
ating high s .hool students, indicated that the test was not as valld a
measurce of critical thinking ability as desired.

Jones (166) evaluated the impact of .the Secondary Science flainnng

“*PtoyIam sponsored by the National Science Foundation. He used Osgpood's

ecemantic differential system and found a positive difference in the
positive direction on "four-yecar college' and "senior extra-curricular
activities" by the experimental group. These findinygs suggest the need |
for additional involvement of returning participants in seniocr year cur—/
riculum planning tao maximize the effect of the summer propram. /
0 /

Good (122) made =z cowparison of self-graded and teacher-g—aded /
achicvement in a BSCE secondary school biology course. He found no /
significant difference in achievement as mcasured by o standardized i
exam, but the self-graded pro .p produced a significantly higher number
of reports with a larger percentage boing teved on resvarch.  The self-
grading model seemed to have the degrée of validity and reliability ade-
quate for self-grading in the BSCS biology course.

Kvidahl (197) conducted a study to determire the differences be-
tween teachers' self-gvaluation of- their teaching effectiveness and
their senior-class ~tudents' evaluation of their effectiveness. The
composite self-evaluations of all teachers tend to be similar to their
students' evaluation. The ten areas of rating produced agreemeqt on
"Knowledge of .the Subject' as the most important trait and "Personal
Appearance” as the least impertant trait.

Summary. A major concentration in the development of gew instruments
of evaluation is presently occurring in areas such as critical thinking,
the affective domain, and-achievement. ' There was very -little concentra-
tion on the psychomotor domain, communication, or creativity. A major
effort of evaluation seemed to be based -on self-grading and self-eval-
uation. A great deal of work in these areas 1s needed and competency-
basod cvaluations nced to be stressed.
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Eﬂggggﬁgﬁlized‘Instfuctioh

Fﬂ‘re are six studies relaLed to various aspects of {ndividualized
inst?uftion Krockover (194) compared learning outconcs in the Chemical
Bond- dpproach (CBA) chemistry when group and indivndua]]xod ‘instruction

_techniques were employed. The individualized self-pacing approach cen-

teved.or. the use of the- 1aborntory. The resu]ts of this study indicated
that CBA chemistry can be individualized in g pnrpﬁseful manner. ‘for class-
room use. Furthermore, ind1v1dualizatlon did not reduce the chemistry
a(hiL”LTCﬂt understanding of science, or ‘the crltical chlnktng 1b111ty

of the mtudcuts SRR : «

Lonlon: (80), conducted an investigation to dctermine if providing -
seventh grade-students with objectives of 1uqtruct10n altered perform—
anre,  The objectives used weré those of the ISCS field trial. The re-.

sults indicated that® those students with prior knowledye . of the objec-

tives performed slightly hlgher than those without knowledpge of the

- ob;vvf&\;c, but this was not significant at the .05 lcvel. Within the:.
limits of the study, the flndlngs chalﬂcngv the ‘premise that knowledge
~of ObiLC(LVEq for a highly structured instructional chuence such as -

T80y d1pn1f1cantly alLer qtudent performdnce. o

Jilears (389) dld an e7per1mental invegtigation of thc instruc—v~v

tional c!fc(tiveness of individualized versus group instruction in the 3/

-teaching of QuantiLatnva Physical Science (QPS). A total of 192 students)
“were invelvedi 64 control, 64 vperlréntal and 64 in a 1cference group

{(not . isvolved: in Quanticative Physical Sciénee but taklnp a different

cpurse in physlcal science).” The study tested the null hypotheqis. that |
ne slgnificant differences existed between the sample means for achieve—‘
ment, reLenrJon, and the time required to complete activities. - Wi]liams

.

(oncluded that: 1) so far -as achievement on.semester evamtnaLions, stand- -
-ardized tests, and semester grades were- conceried, indivi dualized in--

struction was more effective than group instruction for most students; .
2) . so far as retention was cencerned, ‘based upon pre-res ' and post- test!
8¢. s of Comprehenelve Test in Basic Physical Sc:encc, 1ndlv1duallzed

Aostiuclion was: sngiflcant]y more effective than group ins Lructlon,;si
'3) with the same subject matter content, a studént _on indlviduali/ed
_instlxct.un completed 8.1 percent more activities thdn ‘those " students,/sﬂ

dnvolved -ift group iustkuction; 4) so far as-student reaction .to. indi-

vidualized instructipn was concérned, most students felt they- learned;
“more, enjoyed it ‘more, and made better grades when involved in indi—‘
.vidualized instruction; and, finally, 5) 1nd1v1dua154cd instruction was.

more effective for all levelb of- porential achievers ithan group 1nstruc—

L‘lon. I ; : : i )
Dacenbrock (86) conducted an 1nvescigdtion to determlne\the valid—
ity of the use of computer assisted instruction (CAI) as a tool in f

- formative curriculum evaluation.: The results indicatjed that ICAI and

non-CATL students performance ‘was similar WLthln the 1SCS materials.‘

0
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Peterson (264) studied the development of a conceptually oriented
curriculum framework in science for grades seven through nine. Fe made
an effort to analyze change in the acquisition of subjcct matter betwcen

. individualized and lecture~demonstrat{on patterns .of instruction. The

study showed that the students in individualized Llnstruction had sipgnif--.
icantly higher gain scores on achigvement tests. '

Glass and Yager (120) also made a study of individualized instruc-
tion as a spur to understanding the scientific enterpr?)o Results
indicated students who solved p&oblems individually or in small infor-
mal groups understood science and sclentists better thun did thos¢ who

solved the problems as a class group :

" Summ mmary . Individualization was a key word in the late 60's, al-
though the number of secondary studies reported does not yet indicate .,
a large research interest. Considering the prevalence of the concept
of individualization in the literature, it 1s likely the number of
studies related .to some aspect of individualization will 1ncr¢°se mark-
edly in the near future. :

As akvery tentative generalization based on the limited studies
reviewed, it appears that cognitive achievement does not suffer In in-
dlviduallzed modes of instruction, and 1ncrea5Ld interest and fdvordblc
attitude changes frequ aritly accrue.

‘Processes in Science

In a study by Okey (257), the purpose was to see If the indbllntv

‘to perform a task was attributable to fallure on thg sikills eubo1a1ndLu

to it. One-hundred thirty-five tenth, eleventh, and leJihh grade chem-

istry students were studied. It was conclude tilat adding iinstructilon

on subordinate skills in a scilence learning program was successful in

gi ~ificantly improving the performance on the CIitcrLUﬂ'gﬁ%P.
Ashenfelter (17), usine five case studies , investigated the problems

experlenced by beginning chcmistry teachers as they attempted to help '

their pupils use data or. draw conclusions. In this study the subjects

often demonstrated tnat they did not clearly understand that!the major

purpose of performlng a laboratory investigation was to gather clues

for theorizing. Subjects' failures to use orderly problem solving ap-

' proaches were attributed to lack of practice in learning problem solving.

and to the fact that problem solving in undergraduate chemistry courses

was frequently done by imltating type .problems ratRer than apﬂlying

problem solving. strategy. ‘Tt was recommended that prospectivel™chemistry

Leachers should ‘receive explicit instruction on: the purposes of perform-
ing laboratory investigations ‘and that their assigned prmllmcmts should
help reinforce that instruction.

. . |
Starr (331) investigated behavioral outconmes related to sc%ence
processes of ninth grade BSCS students. His purpose was to analyze the
g _ . : _ .
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use of "Invitations to Inquiry,'" and to assess the effect on critical
thinking, knowledge of processes of sclence, and attitude toward biology
of ninth grade BSCS: biology students. One~hundrud thirty-two students
.participated In the. study. Starr found that utillu-ng invitationg to
inquiry improved the critical thinking abiliry of ninth -grade students,
but did not improve ot hlndcx the attitudes of these students towards
blology ' o '

"In a study, by Karplus  and Petereon (176) on .intellectual develop-
‘ment beyond the elemcnrary SLhOOl the problem was to survey students'
abilities to apply the concept of ratio and.prcportion in a problem.

A total of 727 students of age lenels nine through eighteen participated
in this study. Karplus and Peterson concluded that successful propor-
“tional reasoning was not achieved earlier than the last years in high
schouol. The implication was that there is a serious pap between second-
ary school rathematics and ‘science curllcula and the sLudonL S reason-
ing ability. - . : : - o

Summary. The fact that there were few studies rclated to processes
in s¢ience at the secondary level suggests both an apparent lack of in-
texcst and. a need for more research in this area.

[y

Inquiry Teaching

A number of studies involving the processcs of inquiry were repowted.
In the first of these, Bills (40) attempted to inerease diverpent think-
Lng of studcnts, in a five~-week experimental treatwent utilizing student
‘inquiry. There were 300 studept's involved in the prcrlmental and con-
trol classes for -this. study. .The experimental treatment conqlsted of
anl lnquiry session in which the demonstralor shiwed a discrepant event
and students then suggested hypotheses to explain the demoastrations.
The manner of questioning followed the pattern of J. iichard Suchman's
i. viry development program. Results indicated that the cxpcrimental
treatment did not significantly increase the creativity productions of
the subjects and creativity was, therefoxc not increased - a result of
the experimental treatment. ' : 'zf ’

Kitko (184) compared students' gain in understanding selected con-
~cepts of science in high schonl physics lessons which differed only in
the amount of inquiry orientation used. .Two sets of lessons involving
six. principles of physics were taught. The main difference in the two
treatments was the opportunity for students to ask questions in the in-
quiry mode, whereas they wcre primarily lectured to in the traditional
modes  The results indicated that secondary sgchool science teachers
should not be dissuaded from using inquiry oriented procedures, as the
differences between the-means of the Lrude gain scores of .the two treat-

. ment gloupu were not sxgnlxicant - . \

v
Steiner (333) attemptod to determine thie relationships of certaln
practices of hiph school-biclogy teachers to student performance of

[}
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inquiry process behaviors in the affective domain. Forty-three high
school biology classes were used in the study. The teacher nkacticea
wihlch correlated the highest with student inguirv performance were:,
1) having students read the original writings of scilentists, 2) allow-
ing students time in class to discuss ideas, 3) showine students how
to- ask questions of the text, 4) readily.adwmitting mistakes, ‘and 5) ask-
ing students questiors which require them to think of «vidence Bchind
the statements in the textbook. A general conclusion vas. that teache
practices involving .student participation in the class:oom exhibited
the highest relationship to student performance on me.sures of Laffec-
tive inquiry objectives. : : ' '

The role of questioning in inquiry teaching was investipated by
Ladd (199). Using 40 ninth grade earth sciecnce classes, the investi-
gator found that teachers who asked a'greater proportion of higher inquiry
questions caused a greater change in.gtudents. Achievoment of students
was measured by a'post-test examination which vas a modlflpd Smith and.
Meux Question.Classification Scheme.

“The relationship between inquiry teaching and intsllectual develop=-
nent was studied by Friot (110) who used certain study tasks described
by Piapet and Inhelder to evaluate changps in reasonine ability. The

taks evaluated che development of interpropositional logiec, f.e. formal .

operations. it was found that some curricula were effective at sore
wrade levels and not at others. The Time, Space, and l{atter curricnlum
wvas significantly nmore effective in enhancing rhe developwent of formal
operations than were either IntroductoryaPhyblcal Scicnce o1 Ldrtn Hed-
ence Currluulum Project matcr inls.

Thomas and -Snider (353) invéstigated the effects.df guided-diséov—
ery versus didactic methods upon the-acguisitlon of certain inquiry

- skills. Also, the effects of method on the attninftent of factual con-

ceptual achlevement were assessed. One-hundred forty eiuhth grade stu-
deen were used during a six week period on the subject matter "Early

Man In America." The results indicated that the didactic group did bet-

ter in factual conceptual achlevement and the guided discovery group
did better for the acquisition of inquiry skills.

bummarv. Studies of inquiry teaching were complicated by lack of
clear definitiqps of this instructional mode, although the emphasis on
student questioning seemed to be a fairly common thread. On the basis
of a2 very limited number of studies, it appears that’ affeative objectives
and skill objectives were. satisfactorily achieved in inquiry. teaching,’
and that cognitive gains were at least equal to ‘those obtained by con- ‘
ventional methods of teaching. '

Comparative Studies

This group of studies is divided into subject arecas of gemeral 4
science, earth science, biclogy, chemistry and physies. In the general |

-
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‘sclence area, Teates (351) compared the .performances of ISCS and non-

JI5CS ninth grade students on several Piaget-type tasks. Nineteen con-
scervarion tasks using color slides Qﬂd recorded tapes were administercd|

to about 250 ISCS and®non-1SCS studonts respectively. . Students were
divided into high, medium, and 1owJﬁbillt1cs on tie bag:s of standurd’
mental ability tests. Thero was. ho difference in the performance of”
students of the ISCS or the non-T3CS groups on the tasks test, but in
both treatment-groups, higher ahd3ULy students performed better than
lower ability student-. T hh )

ot oo
Kline {(183) studied the‘felationship between self-directed and
teacher-directed eighth grade students in an open-ended ESCP laborarory
block. Ninety-seven students werc involved in the study. The Tresu.its
shoved no significant difference in cognitive understandings of the lab
block between teacher-directed and self-directed students. This indi-
cated that junior high students are capable of independently using solf-

.directed, open-ended blocks as® supplementary materials. Nihety-six per-

cent -of all the students in -thie/study stated a vefy,high Interest in
working with the materials and 90 pcrcent indicated thiéy would like to

do additional work with similar lab blocks. ® The re esults- indicated phatrm-——

thc\developmenr of other lab blocks would be valuahle, in view of Lhk
trend in science toward more use of independent study.

-

Agne (5) compared classes in earth science Lhat used original data
in a research approach with classes taught by eenventicral approaches
and not using such data. His purpose was to deturwine\ﬁﬂgﬁTﬁfﬂﬁn~+\

ing of meteovology and L]inatologv by tho use of OYLgJud‘ data ngnu 1c—"

sult in greater student <cyitical thinking. Thirty cla:ses in cach-- HEOUP -

cumprised the sample. Tile data centered approach effrotud’a sigpif caﬂtl\-

greaier improvement in critical thlnklng.by QLadent% than was-achiepud
by students in the eath.sc1encc claq oot usingE euch-an. anpload .

/
In a study of students' understandings of selencc, Sheppard (311)

aLtempted to determine junior high school students' understandcing pf

the « ‘entific enterprise, the methods and aims of scicnce, and off sci- |
entists. The study .compared the Farth frzience. Curriculum Project /aud
the traditional approach to general science teaching. Results inflicatcd

that the two methods of teaching junio> high school science prodyced’
significant dffferences in all areas.of student understanding. ‘Jne.
methods and aims of st“nce, the scientific enterprise, and the
all received higher mean scores from the Earth Science Curriculym Pro-
ject sample of the ‘tests for student understanding of these areZs.
Tvidence indicated that students who were involved in cyperlence type
approaches to sclence, had a better overall und@rstandjnp of scilence
thar. those students who were taught by a tzaditlonal approach.

A comparative study in bidlogy was done by Jones (169) One—"
hundred five scecondary schools participated in the program. - The results
<uggested that . in classroom activities the teacher who has a more human~
istic pupil control Jdcolog exhibits to argreater extent the classroon
Loa(er practices recomrended by BSCS than does the tra(her who has a
HOtL cusL0una1 pupil control Ldon]o,,. ~ e

s
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nriver (99) investigated the associational Ffactors betweenm biology
teacher beliefs and student expression on understanding sclence and im-
plications made by students relative to science facts. Her» the results
indicated that students who studied biology under the teachers who were
identitled as experimental, made superior scores an botL thé Test On

Understanding Science and, the Facts About Scicnce Test. —Ft appeared
that what a biology teacher believes about eaperimentation in sclonce -

tended to influence student outzomes iw?scierice. Open-minded, ‘experi-
mentalism-prone biology teachers consciously or subcongeiously createdy
an atnosphere more conducive to learning science than did teachers who
did not hold strong beliefs tovard experimentation.

‘‘‘‘‘‘‘ In chemistry, Troxel (357) compared the student achievements on _
the c0mde\obﬂeL;iveb of CHEIIS, CBA, and '"Modern Chemistry" (lolt, Rine- “

“hart, and Winston) 653?2cs-~ihghggsglt§\\f\{ is study indicated that

the three courses were not equally flecttve—in-wreting thelir _objed- .
tives. CHFMS and CBA developed @ heLter und sLandJn;\\T\ch(mierv and
scienve and developed greater abhility {or C{ltlca] thintiing. CBA stu-

‘dgnL “liked science lESH than did studepto in the other courses.

.

e el . -

Denny (93) attemptcd to determine what mathematics CompeLenC“ vas
necessary “for students to succced in chiemistry. An analysis was nade
of cheémistry texts copyrighted 1960-1970. Ten mathematiqal skills used
by all the texts were ldentified. To ascertaln the presence of these

skills in the studénts, the Mathematics Skill Test, MAST, was J%mposod

and validated.  The rellabilltj and validity informaticn on this test

“arpeared to- ‘be extremely. Lhorough It was concludogjthaL HAST could

uuv1~as\a“valmd mean@,{or discerning students' needs, thus providing

an empirical basis for. futu*e«chgmlﬁtry ingtruction. . -
N, s il oo

_ Diamond (94) compared achievdment ir, CUFMS apd tr-ditional ‘high 4 :ﬁ

scheol chemlstry rses.based on' the students' perceptions of their {

motivation for gfudying the subject.- “his was a quest1onna11e study o

wil’ a majoy purpose to examine eleventh grade students'’ . erceptiohs .of

their motivation for the eléctdion of high school chomlstﬂy A cocpera-

tive examination in high schopl chemlstry (Form 1969 of the ACS) was

used to determine the understandlng of basic chemical” concéq;s and the

acqu.- tion of skills in problem’ 501v1ng The Test On Understanding e

Scienee was used to evaluate studenL understanding of the sclé tific

enterprise and the aims and methods of science. Two conclusioQB vere

cited. The first was that the maﬁorlty of students ‘elected to. study

chemistry for reasoms other thau pre- profe551onal purposes or interest

in the subject as a discipiine. Second, the traditional curricula were

more ecffective than CHEMS cu1rlcu]um for toachlng chenistry to highly

notivated students with pre- profeeelonal interest in the subject and

fg%“developing understandlng of sclence .and scicntists in students with, .

~"a vultural interest in chemistry.

Schmitz {(302) compared the relative eflectiveness of LtiliZlng tvo

. types of student participation in %aboraLory activitios in teaching - e . N
«iimensional} analysis in high school physics. chgnty 70 7nn*or and ';fv
. . | ' A e —
. ‘ . \‘l‘ . ) L’ - e
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N senlor students from five high schools were divided into two groups, the )
.o manipulative group and the non-nanipulative group. Tlic first actively
. manipulated and had direct centact with laboratory equipmunt, whereas
" the non-manipulative group viewed specially preparced plotographic: slides
' of the same laborat01y exercises as those performed by students in the 3,

manipulative ‘group. ~ Results indicated that ‘it was feasible to teach
dimengional analysis to both groups of "studerits using the lessons spe-
cially prepared for ‘this teaching program., lowever, the level .of achicve-
ment in utilizing the clements of dimansional ana1v51e attained hy stu-
dents in the manipulative group was significantly greater than that Ob- -
tained by students in the non-manipulative group. It was genordl]' con- -
clud¢d that-the manipwlative laboratory activities used as & part of T -
this teaching propram-contrlbutcd slgnjflcantly to the level of achieve )
ment attained by smudente : '

. N . . . L

Dietrich (95) compared selected secondarv scliools having high per-
antages of physics enrollment with those having low percentages of )
physics enrollment. In the schools compared, a total of 36 teachérs of ,
—~——_________physics, 175 phy51c9 students’, and 173 twelfth grade %udentc who wvere -
not taking p‘?CIE_*EbmpLised the sample. In the results, many compari-
sons are cited, some of which are the following: The typinal high per- . i
.cent onrollment school had a larger enrollment in grades Len to twelve, .

_had a lanécr pércent of 1969 graduates who went on to- four' year colleges, . : R
had a smaller percent of 1969 graduates who terminated theilr formal edu- ) &
cation with graduatlon from high school, way moro like'v.to provide the . il

. stud:nt an opportunity to tale physics before;thé twelflth grade, offered .
more courses ih physics, and reported more kulcnce and fewer mathematics 7 .
cournces as prerequisites to the physics course than did the lew pgrccnt '
enrollment gchools. o - . . . s

-

. In a similar study, Van oevering (301) attenpred to aqcertaln the : S
T ulstinguishing’ characteriQttcs of High Schools with h3'¢ and low cnroJl— 4 .
 ments—in-physics. He found that only a small’ percentagp ~f students in- _

di. red. that the physics tedcher—had—edthex a.positive jor negacive in- RS
lluencv on their decision to take physics, that guidange counseélovs were ' O
more stringent than physics teachers with regard to thg marhemat1cs pre- )
requisite, and that physics grades were in all cases lower ‘than the grades U S
thdt students recelved in their other academic sub1ec ' ' C

S ’ o

A

Chbat .

, \ §ummd§z Gomparatlve studies by their nature vagy greatly in their
contenc. .lany studies in ‘other sections could corregtly be called com-
parative, but those cited in this section seemed to ¢xhibit dichotomous . + < . C

/" approaches to teaching or laboratory. work,.or comparpd conditions in - ) .

‘schools of w;dely different enrollments. - It is imp ssible to generalize
-on results, but specific findings. .are found in the yeviews of the studies.
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Teacler Education:  (ourses or Propirams
] ‘ ’

The ,following four papers all involve courses or jvograms in tcach-

“ér education. THE first study by Saghess (292} compar.d Lwo pre-sérvice

teacher education programs. One propram emphasized cluzsroom partici-
pation in schools of two .different environmental settings, urban and

suburban, prior to student teaching. The other program (non-project) was,

developed around methods courses -and other university based éourses with
few participatory experiences in'the public-schgels»prior to student
teaching. The sample was composecd of 98 sechhdagg teachers in scicnce:
education. Some conclusions-were: 1) the pruject participants had sig~
nifioantl) greater knowledge of culturally déprived students at the end
of the firsu professional quarter than the non-project people, 2) the -
project student ‘teachers held less pucitive views of culturally deprived
students and of the type of activities-ewhich should be used for science
instvuction in an urban setting, and 3) -the projcct student teachers
used significantly fewer of the type of activities thought to nositively
implement the .general objectives of science education than did non-
projcct student teachers. !

/

4
13

A study by Avdul (19) was designed to 1) examine the status of
teacher~trainipg prep aration in the new elementary science programs 1in
methods classes vf institutions in Ohio, Kentucky, Pennsylrania, and
Vest Virginia, 2) identify characteristics of the methods courses and
5) cxamine opinions of the instructors about the wnew sclence programs.
Fesults of the study showed that 1) the AAAS, ESS, SC1S, HMINNEMAST -pro--

prams are the most widely taught new coursis in the methods classgs anlt
- 2) institutions with preater enrollments cApended more for science than

emaller universities. %

The purpose of a study by Christman (70) was to .eterminc whether
tk - elementary education majors taking a profedsicnal covrze iafthe
teaching of science differed from- the non-educatitn muﬁors tekity a
comparahi . level cdnteng<c0urse in science related to the elementary
curriculum and their evaluation .of science teaching methods. The inves-

tigator administered pre- and post-tests to all 215 subjects'and randen-

ly selected 35 suchctb from five sections fot .his study. There were -
two major conclu31ons 1) elementary education maJors learn as much sci~
ence content related to elementary school science while taking 'd. sclerce
methods course as non-education m@gbrs enrolled in a kciépce content
course,, and 2) changes in the methodolopv of teachers occurred pn cor-
tain specific teaching practlces both among Subjects who studied g sci-
ence méthods course .and among subjccts who btudled a bCanCG conrent
COUl se. “ : - ’ ’

Griffiths (128) attempted to evaluate ‘a previously developed com-
bined course in physical science contgnts and methods. " A study group
made up of students taking the combined course in phvesical sclence eons
tent and methods was campared with gliree other groupb.-wlhlle all aroups

a2 -
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taking the physical science content course showed significant pains

in scores {rom pre- and post-tests, thefe was no significant pain made
by the study group. The study group made the greatest incrcase in cor-
relation with tile judges s0 as to be more like the idealizid tcacher.
Students in the study group were found to have more confidence in their
abllztv to teach scicnce and wmore enthusiasm for teaching it.

o

Teacher Education: NSF Programs

The followi%g four studies were directly related to HSY¥ progrvars.
The first study, by Drew (98), dealt with a mational survey of the’

-allocatirn of fupds to colleges by the College Science Improvement Vro-
~pram (COSIP). Of 94 colleges eligible to receive COSIP grants, 29 were

awarded ghem. To collect information on student characteristics, ques-
tionnaires were sent to students of the eligible institutions when thcy
were freshman and again when they were seniors. Institutional charac-
teristics such 2s enrollment, selectivity level, percentage of Ph.D.'s
on the staff, and number of volumes in the library were included in the

~analysis in an attempt to identify variables which were related to sub-
‘sequent. receipt of a grant. The percentage of Ph.D.'s on, the staff had

the wost significant correlation. -Grant recipients were very likely to

be non-scctarian liberal arts colleges which were relatively progressive.

kY
A study by Irby (154) presents the results and concluslons of a
survey of 120 parLic1pants of thé 1961-065 academic year anr)turo at
the University of Mississippi to determine 1) the participe ants' ewploy-
ment status one to®five years after the insti ate; 2) the extent to

which participants had continued their forma. education, secured advai.ced

p051tlou‘ and. changed schools; and 3) the pa.ticipants' evaluation of
the institutés curriculum. Among the conciusions were: 1) teachers used

Cibe institute training in their teaching and the benefits were trans-

mitted to their students; 2) pédrticipants experienced wi“er opportunity

tc r'ge their sbilities and assumed nositions of leadership, with a strong

shiit -to college teaching; 3) participants have benefited financially;
4) the imstitute program created a strong interest in advanced degrees
and -additional academic work; and, 5) there was substantial evidence to
indicate .that the institute prOgTam could provide for the upgrading ol
science and mathematits tgachers competency. . However, several factors
tended to minimize the Imstitute’s contribution to the improvement of
secondary scﬁ%ol science and mathematics teaching: 1) the chronic aca-
demically defidféﬂt\gpashers were systematically excluded (records must
provide evidence of gradlate potential); 2) the best academically-nre-
pared teachers were selected as Institute participants; 3) the shift of
Instigpute participants from sccondary schools into collepe teaching
posificns (43 percent); and, 4) the relative number of participants in
comffarison to the total teaching population. One c¢onclusions was defi-
nite" however, teachers selected as partic1pants have~greatly Bencfited
from the Tnstitute prdgram. '
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Suthe:land/(3ﬁ2) attempted to answer the question: 'Do HaLiqnal
- " Science Foundation academic year institutes for earth scicace toacher:
gerve as effective meaus for improving teacher's subjoct ratrver hknow-
ledge of earth science?" The population consisted of 33 NS, academic
year institute palLiglpantq from two 1969-70 institutcs for earth sci-
ence teachers., Anglysis of data indicated that NST academlc vear in-
stitutes for carth.science teachers were cffective means of inproving
“teacher content comnctenéy in the areca of earth science. /
- /
A study by qlawaon (315) presented .the results of a follow—bp
study of the acadech year institutes 12 science conducted at.Lhe Uni-
, versity of Vivginia between 195/ and 1967, and reported the objective
of the NSF academic vear institutes to improve the overall quality of
scivnce educatlon was acconplaahed THere were several conclusions
dravn from his study . Among these wer(:,l) there was a high rate of
retention of {ormer academic year institute participants. in the field
of education, 2) exactly one-half of ﬁhc responding participants were
still engaged in Lle teaching of ‘sclence in the public sclivols; the
majority of the remalnlng half were funct:on1no in related cducatiounal
positiong, and 3) ‘10 formex parr1c1paan fedr the academic year in-
stitute experience had made a very definite Lontrlbutlon tovard improwie-
ment of the qualiﬂy of science tcaculng in the nation's schools.

| , j
' ‘ : f
I ; . . . f e e /)

Teacher Educations Attitudes

: Five tcacher:edmcation studies' dealt with attitudes. King (183)
examined student tleacher chianges ianeldefs and practices vrelated to
teaching elementary school science.| The investigator developed and
usod a Q-sort deck of 65 belief btu ements about science teaching prac-
tices to identify ithe pa1t1CLpanr s \belief about teaching science.

Three unmversnty 1neructora who bhad\ taught the under;raduate science
methods course, 20° elementary oducation majors who wereiﬂq31gned to

sedent *eaching inh the fall semester)of 1969, and each of the 20 super-
visiug teachers a9$1gned to work with\each studenL participated. Some-
evidence sqggechd that students move gignificantly away from the pro-
fedsor's point of view after. student--teaching. -There was-no signifi=—"""""
cant change of ldﬁub of student teacher§ toward those of the super- ..

vising teachers i : . \

\ : ST

Pickering (265) examined relatlve eﬁ{eéts of inqhiry laboratory,
— inquiry demonstratldn, or lecture Lechnlq{as on the prospective ele-
mentary teachers! attitudes toward teaching science or attitudes toward
different methods of] teaching science, and\on their sciente competencics.
One-hundred forty—nilL prospective elementary teachers participated.
Two sections were deLJgnated as :the inquiry demonstration ‘proups, two
as the inquiry laboratory groups, “and one ag the control group. The
major difference in LreaLmenL between these groups was student experi-
Bentation, student collection of data, and student analysis of data in
the -inquiry laboratery group as oppoaeu‘to instructor ‘experimentation,
class observation, qnhaclass analysis of datalthrough discussion 1n the

| Q ' | _ a: / - o \
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inquiry group. There was no significant difference in attitudes towards
different methods of teaching sclence or in science competencies as a
result of trecatment. However, the upper’ elementary majors were signifi-
cautly super.or to the lower elcmentary majors on the criteria of sci-
ence competenciles.

The purpose of a study by Staley (330) was to compare the effec-
tiveness nf a commonly accepted micro~teachinye paradipgm with other
mode ' s believed to be logically more efficient.for teacher preparation
institutions having large pre-service teacher enrollments, limited in-
stru-tional and supervisory persomnel, and limited amounts of class
cont.act time. The population consisted of 240 pre-service teachers
enrclled in an elementary science methods course. The paradigms dif-
fercd in two respects: number of micro-lessors presented (one or twe)

.and number of pupils in the micro-teaching classecs (fou:, eipht, twelwv

or sixteen peers). Although there were no significart differences fourd
in the teaching vehaviors and attitudes of the pre-se.vice teachers, tho
evidence was not. sufficmenL to indicate equality among the micro~teach-’
ing paradigms

Sylvestrg (345) resrarched the relatiohship between the attitude

- of prospective s-ience teachers toward the physical ‘and biological sci-

ences. and the . callege curricula in which they were enralled. le nypo-
thesilzed that the attitude toward the sciences from mast to least fa-
vorable would be: 1) secondarr school scilence, 2) liberal- arts scilence,
3) phygical education, and 4) bus1nos% administration. The punu]atnon
consisted of 116 students enrolled'in the four above rentioned curricu--
lum proups. The findings were invﬂLLeement except there wes a reversal
of the attitude scotes along the continuum for physical education and °
business adrinistration majors and a relatively srall differcnce in

at titude scores among the four groups. Analysis suggested that posi-
tive attitudes toward scicnce were proportional to the number of credit
hours completed. ' : '

Skinner (314) fourd no significant increase in critical thinking
ability in using a team-tagght natura. science course with 193 students

.participating in the stud-. There was a relationship bet\cen posiLjVL

attitude and increase in critical thinking ability.

Sunmary. A serious weakness of attitude studies 1s the lack of
adequate instruments for measurement and vaguencss about the meaning
of attitude. A number of studies inquilred into change in attitudes as
a resuly of methods course work. Perhaps this apparent inttrest 1s duc
to expediency and convenience in the availability of a study group for
rescarch purposes. Other problems with respect to attitude studies
have been mentioned in foregoing sections of this paper,

64
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-}}pfher Fducation: Techniques o _ N
‘ . .

]
The fo]lowlnp section contains the review of several technigues.
used in teacher'education. The first study by Curric (35) way an in-
vc‘ngaLion to compare the eflfcctiveness of two technicues of tcaching
a science methods course in srccondary education to prosbective science
teachers. The main difference between the techniques was whether oy
not teacher aide experience wus included. Students vhe were exposed
. ‘to such an experience- in the methods courses were superier in o\cxull
' performance of selected teaching procedures. Thg superiority of the
_ expcrimental -group in overall performance of theiselected teaching pro-
- -cedures indicated that the Lcduher aide exp;rlbnte could be incorporated
into the methods course without a dlsadv’ntagc tq the ctudents. . How-
ever, there was ng evidence to support. the hypotliesis that tuaxnel alde
cxperiencb vwould increase the ability of the student teacher to perform
any one of the nine selected teaching pzocadure used in this study.

N

A study by Flegerald (108) 1ncludcd 52 sub.ects drawn- randomnly
% from a population of 165 students in a general methods course immedi-
' atgly preceding the student tetchlnn experience. This investipation
was designed to determine the effects of -a perceptual modeline coneept,
¢ presented during pre-service experience on the verbal behavior of stu-
f dents durding theiy teaching experience. The findings of -the study in-
dicated that student teachers who rcseived a perceptual modeling con-
cupt Dreév ntation of interaction analysis dumlnv their pre-sdrvice .
training showed s]gnlflcantlv different verbal behavior in their clage-
Yoo pprormanae. Fhebe student teachers were more stCUtlH" o sius

dents' failings ave more praise and more acce tance and claviiica- .
1S, P .

tion of student ideas, gaye less lecLules, spent leus time in crivis

“.ocizing .tudents, and stimulated more studcnt talK ,
1he effects .of thrce supervieory methods upon Lhr ce"elopnont of

a toachlng strategj among science student teachers were tested by James
~(JS8).7 Three groups were used:-a traditional group who- rtﬁu%”nj visi-
tation and conferences with the ‘university supervisor, a sé¢cChd-froup

wiiich 16L21Vcd the same treatment but additionally viewed and discussed

- films of experlenced teachers in the classroom, and a third group which

was supplemented by opportunitles for each member to evaluate his class- -

+room teaching behavior via vidco-tape recordings- Findings showed thay
sLudenL teachers who practices self-evaluation via video-tape rucord-
Ings dchJoped inductive indirect teaching technigues to .a greater ex—
tent than did tudents in the. oLher BTOUPS. -

N
.

JIrvin (155) invebtigated the qUestion. - "To what extent do the

" child and the instructional task.influence the teaching behavior of

pre~scrvice elementary teachers?'" Two princ:pal conclusions drawn .
{from this study are: 1) the effeét of inquurtion in the use of inter-

action analysis in which subjects from all t: ‘eatment. groups partici- .
paLud produced more similarities than diffcronces in chan"es ot the
((H\hinr behavior of p|v~'v1v1ce clementary cachers of ec1enc;, and,!
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Lo hu ier more than did the Instructional task.
Strawitz (338) developed an observational ﬁ&stcm to nrovide feed-
back to student teachers 1n both the affective and copcitive dovaing
in science classes and to explore the cffects ol using the systerm for
2 in the training and supervision of sceondary : cience studeant
trachors. CTheve were 13 student teachers invelved in o bis study.  at
the end of the student teaching experience, <tudent te. chers trainod
and supervisced with this system differed slunificantly /rom these uot
so tralned in many wayst! 1) they used more acceptance wand claritication
of student ideas, 2) they had wore student taik in.their classes, 3)
they used less teacher faetual talk, 4) there was less teacher lecturipe, -+
and 5} they placed greater emphasis on the use of supportive and aceocepi-
ing hehaviors: in comparison to dirccting and controlling behavicrs.

The purposes of Rusch's (289) study were to develov an instruc-
tlonal procelure which would give prospective SC(OnJu! gelvnee teachers
alternative verbal behaviors which could be used in 17cu of rating he-
haviors, and to measurc this procedure's effectivencss by analvzing, -
rating, 'and accepting behaviors of the subjects prior (¢ Instruction,
after instruction, and the following semester during s.udent teaching, ©
Resulits showed there was a significant increase in the use of accept-
ance behavior during student teaching. A significant Jecrcase in the’
use of praise occurred which peirsisted in the student leaching. A
significant decrease in the usce of réinforcement accept ince pairs oc-
curred, ) ’ ‘

Harris (134) examinéd the effectiveness of wicro-teaching
ementary scicnce methods classes.  The micro-teaching
evperiences were found to be more effective than-singl:s teaching erperi-
ences in promoting growth of prospective LLxquwdly toavhers in tre
f:1lowing: the use of hackground information, pevformence of experi-
ments by children, allowing children to develop coneluainns, helping

¢ tdren vevrify conclualonb, and overall response of c¢:xitere:n o the
studeat toacher.

et al.
in el

Beisenherz (29) attempted to detelmine Lhc degree to vhich 113
selected skills and techniques were 'mastered" by 21 prospective hiph
school blology teacharb.\\Responaes indicated that approzisnately 50
percent of the techniques were acquired during undergraduate prepara-
tion. The author suggested a special course ghould be offered-in lab-
oratory techniques. : '

Summary. An obvious trend in the studies of techniqles is a
greater concern for humanistic behavior of student teuchers. There
is also an increase in self-evaluation techniqués. Ifany researchers
are utilizing techniques such as video-tapes, interaction analvsis,

“¢losed circuit television, and micro-teachimg. As greater emphasis

is put on inquiry teaching methods and use of individualized instruc-
tiou the human qualities required in effective teaching come to the
ioroground.  Further vescarch 1% needed on the affectiwa asnects of
reacher-pupli interaction, . o S
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Tﬁﬂ“hll ' Education: Skills and Questioning Tschniques

The next three studies are involved with skills sucih as question-
ing. Larsen (200) attempted to determine whether prospoactive clementary

‘school science teachers could be trained to fdentify tho inguiry strat-

egy for teaching science. A second purpose was to determine whether a
social substantive schedule or a micro-teaching technicae was more ef-
fective in tralning prospective teachers .to identify and dermonstrate the
inquiry stratepy of teuching scicence. Methods. students in the study re-
ceived common training during the first six weeks. During-the noext

seven weeks, 24 students received training in the use of the social sub-
stantive schedule.  The remaining eight students participated inh elebt
weeks of micro-teaching. ¢ Both the social substantive schedule and micyo-

_Loachlnw experience were effective methods for improvin, the elementary

school science teachers' ability to identify teaching strategies. Ho

ever, no signif{icant difference was found betwecen the nicro-teaching
techaique and the social substantive schedule in increasing prosnective
clementary schiool science teachers' abllity to identify or demonstraté
ingquiry strategy.

Blosser (45) investigated the development of the skill of effec-
tive questioning by prospective secondary school scienco teachers.
Forty-two pre-service secondary teachers were studied over three aca-
demic quarters. Results indicated that guestioning appeared to be a
«}111 that could bhe dew;ioopd through instrucLion and practice. The

dcvelopment of questioning skill did not appear to be 11m1tod by in-

Lplllgence, sex, personality type, or educatiocnal set. )
Konetski (188B) reported,ﬁhe-resu1ts of two instructional strate-
fgies on three aspects of pre-service science teacher behaviors: 1) the-
number of divergent and evaluative questions .sked, 2) the proportion
i divergent and evaluative questions asked, and 3) tho total number
o questions asked. Fiﬁdings were that 1) instruction ir classifiying
and “nsigning questions significantly and .positively aflected both
the nuuber and propovtion of divergent and evaluative auestions asked,
and ?) conferences between the instructor and the student teachey vere
wore effective in affecting the divergent and eviivative quasticns
asked when used with formal instruction.

Teacher Education: Miscellancous

The first two studies deal with supervision and administration.
The first by Plerce (266) attempted to examine the role of science di-
vision heads in ‘regionally a~scredited public and private junior cal-
‘leges in the United States.’ Using a survey technique, he found 1) the

-role of science division heads was relatively uniform,; 2) the private

department heads were paid .markedly lower salaries than public junior
college department heads, 3) almost 60 percent had too little time for

.effectiye performance of their assigned tasks, and 4) the wmajor obstacles

O
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mentioncd hy sclence dlvision heads were lack of time and the inabil- "
ity oo pain and maintain Lhe‘ponfidence of their teaching staff.
h ’ o . ’

Wheat (38%) attempted to identify technical skills of science
supcrvisors and to develop a science supervisor rechnfcal skllls inven-
tory. Technical skills were identificd within eight major task avcas
inchudlng leadership, curriculum development, Jn>crvi£u education, sci-
ence lacilities, equipment and materials, science Leachlng methods, sel:
growth, and public relations. A national jury compOSLd of state scienco
supervisors, local science supervisors, science cducators, and directors
of National Scienc e Foundation lnstitutes for science supervisors chose
the most important technical skills from an original list. Findings
from the study resultoed in'a list of 180 technical skills of science
supervisors which had received the endorsement of 75 nercent Or more of
the national jury Jury responses placed a higher priority on skills
oricnted toward the overall supervisory functions and a lower pxioritv
on those skills closer to the Leachlng process.

Sparks (329) attenpted to identify problem solving techniques em-
ployed by Ireshuen college biology students and to Sfesent,implications,
of problem solvinv teclhiniques for secondary school teachers. 7Two proups
el .ten students were sclected to participate in the study. Ore group .

- was designated on the basis of various test scores as successful problem

solvers and the other group with the lower scores was desicnatod as un-
succestful problem solvers. Sparks found that tHe .sticcessful. students
mde use of problem solving techniques and arrived atf rove looically
sound and coérrest conclusions than the.unsuccessfiul students. The un-
successful subjcets attended special 15 minute problgm solving practice-
s¢ssions for flve weeks., Upon couwpletion there was a signiiicant dif-
ference in tlhieir ability to solve problems and their |grades incresased

in the scecond semester after these sessions, : '

Mills (227) attempted to explore, through direct anc systematic
ohs rvation, the behavior of pre-service elementary school teachers
when solving task-oriented problems, In addition’, the efiects of criti-
cal thinking, cognitive style, and choice of teaching level on problem
solving efficiency were analyzed. Analysis indicateéd that no ore strat-
epy was consisténly employed by students when solving task oriented
probilems which of fexed alternative solutions. Theré‘were no signifi-
cant effects ou problem solving efficiency which ¢ould be attributed
‘to critical thinkdng "ability, descriptive part, whdéle, or relational
contextual cognitive styles, or cholce of teaching level. '

Dec (89) tried to determine whether certdin qpecich scientifie
knowledge and the ability to identify the process of inductive teach-
ing had an effegt upon the ability of 100 future teachers to apply an
"inductive . approach to & classroom situaplon. He found that. a student
teacher with knowledge of basic scientific principles and the db)llty
.to identify the inductive method had a significantly stronper capa-
bility for applyiny -the inductive tca(hﬁng ‘method than did a student
teacher without this hrnowledpe and nhlylty uo relation:lfn oo Fannd

e




between a student teacher's ability to identify the inductive teaching
method and his tendency to select the most inductive mcthod as having
the greatest potential for learning.

Meie (241) investigated the relationship between performance by
subjects on science process tasks and ability to coirprehend, through
contextual clues, the operational meaning cf verbal directions specific
o to these tasks. He concluded that performance by the subjects on se-
lected science process tasks was dependent upon an ability that is re-
lated to a general verbal ability, but was not dependent upon thé pos-
scusion of ah kxtensive science vocabulary. .
McCormack's (21?) study was designed to determine the cffects of

é modified elementary science education methods course on a student's

creatdive thinking, self-evaluation, and achilevement. The experimental

group was found superior to the control group in gains of fluency, '

flexibility, and originality. No difference was found betwecn Broups

"~ in achievement scores. There were no significant- differences between

/ groups in self- ratings of achievemeut of cognitive course objectives.
The findings suggest that creativity can be improved.

- Nickel (247), using interaction analysis.examined the relationship
between student -Leachers and cooperatiag teachers. Twenty-thrce second-
“ary science student teachers and their cooperating teachers were observe..
Thie verbal interaction was encoded using the verbal interaction catcpory
system. He concluded that student tecachers emulated verbal behaviors
of their cooperating teachers, implying the need for teacher training
institutions to expand the role of Lhe cooperating teacher in shaping
the behavior of the Student’ Lcacher

‘Bender (33) sLudied the human - renrodurf1ov knowledpe of 163 pre-
spective elementary teachers. Some of the conclusions included: 1) the
sampled teachers were pootly prepared in terms ‘of sexuxl knowledge;

2) factors such as father's occupation, type of’ communi.ty, educational
spec’~lization level, had no-.appreciable bearlng on scores; and 3) fac-

tors such as marital status and number of sisters and brothers had an

~effect on the -scores achieved by the respondents. '

Wéinstock and Cruawford (378) attempted to qetermine the relation--
ship between elementary scliool teachers' theoretical educational frame-
work and a formal methods course in teaching elementary school science.
The initially logically consistent student teachers did not show any
change’ as a:result of havinp the course. The group which had not been
1og1cd11y consistent 1n1t;a&ly 1mproved sign;flcantly

_ Symmary. .One trend of interéest is an 1ncreasing tendency to con-
centrate on basic teaching competencies, i.e. inquiry strategy, ques—
tioning skills, and problem solving techniques. More research is needed
on 1ldentification of Lhe basnc teaching competencies and instrunments to
ecasuré them. ) v
o R . . . L}
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Curriculum Development

The following six studies all involve sone aspect of curriculum
development. The first study by McAda and Westmeyer (210) is a de-
scription of a curriculum Jevelopment project for collepe instruction
in science. Its major purpose was to develop or produce type instruz-
tional materials which would utilize two procedures: 1) mechanical de-

“vices for presenting routine information, and 2) ins tructional proucedures

which allowed students to assume a decision wmaking vole. This was a 4
developmental project designed to free the laboratory instructor and

give students more choice in-planning their work. It was found that

students improved in total laboritory proficloncy as measured by the

Jeffrey Test developed by the school. '

Schechter (294) attempted to identify, analyze, and evaluate the
actual practices related to curriculum, articulation, and sequential )
plannlng students, and- gencral attitudes towards bioloegical science
courses oftered by California public junior colleges and to recommend
desirvable practices resmarding Liology courses for non-science transfer
students. - Some recommendations included:® 1) an integrated bilology ~
course with lab experience covering two semesters for three units per
semester or the quarter equivalent, should be offered tc non-scicnce

_transfer students, 2) a’'core curriculum should ‘be developed for biology

majors, and 3) more usc should be made of advanced plicement examina-~
tions. Although separate courses for majors and non-wajors were f{a-

" vored, this decision should be left to individual institutions.

Williams (388) made a study of the biology curriculum as an area
of dinstruction in the junior colleges of Alabara. For this study he
collected data from literature relating to general biologpy in the two

year colleje and used a questionnaire completed by the instructors of

the introductory biology course employed by two year collépes in, the
state. lnstructors were found to be "reascnably" well prepared, carry-
ing excessive . loads, and deficient in relation to members.ip in DrOJLS”
sipu. " affiliations and professional activities. The students were
claimed to possess 'w.cealistic academic goals in terms of thedir dceirc
to transfer. Some other problems mentioned were crowded conditions
deficien01eq in laboratory equipment, deficiencies in funding for up—
plies and lack of a consepsus among Iinstructors about what constituted

appropriate programs of study for general blolog) in the junior collegu,

Midili (225), using a sample of 80 students compared the dronouts
with persistors in englneerlng Lechnolog/ programs. The findings of
the study indicated that the groups differed significantly with respect
te achievement, interest in science, matheratics, and techno]ogy and
attitude toward mathematics, technology, and onglneering Some of the
factors, influential in program withdrawal were loss of 1nteresL, dig--
couragement with courses, ‘and dlssatlsfactlon W1th technology teachers. -

' .

Charllex and Charlier (69) conducted a suivey of the course offer—
inpb in the earth’ %cjences and geopraphy of 100 colleges and the ’

1
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certification cequirements oﬁ/gﬁgg;;;hy teachers in the 50 states. This
study of collepe freshmen révealed widespread ignorance of geopraphic
concepts. The autharg-Stressed the nced for better teacher education
programs in geography B

ChappeLk (66) created a model for predicting the unit cost of de~-
veloping, sE1f-instructional materials in higher education biology and

physical science. The costs not actounted for in these predictions-dmn=—"""

cluded development of objéctives, selection of appropriate instructional
strategles, and thg involvement of non-development faculty and staff ™~
to the exteni that optimal use of the sclf-instructional materials could
occur once they were developed.

Summuary. Many of the 'studies in curriculum development tend to he
[ummary ; %

local in nature and would be of minimal interest to other regions. More

resea1ch should be done in the area of technology. -Many community col-
leges are finding their technology areas have a high dropout rate and

are very expensive programs to operate. .The literature is devoid of
significant systématic research on the technological impact of comnunity
college instruction. . ' °

<

“Developmental Studies

. , : ]
Leyden (205) designed a laboratory-oriented college course in en-

vironmental geology. His purpose was to,design a beginning course in
geology which not only accented .the sociological implications inhercnt

3n the study of geology, but also presented the learner with the op-

portunity to solve geologic’ problems by using laboratory techniques.
Leyden used five conceptual schemes which he considered essential™to- -the
study of environmental geology. A-unique part of his study was an at-
tempt .to £ind out, by ratiung system, which-of the activities and projects

ne suggested were the most efficient for the time involved. Leyden asked
. three science educators and three geologists to Yate eac™ of the activ—

ir“~s and -projects as efficient use of time, neutral usg, oi time, or in-
appropriate for the course. Results from the panel of reviewcrs were !
included in his project. . =~ .~ _ '}. K

“The second developmental dissertation describes-aj systems approdch
for designing carrel experiences for science students, This study by
Russell (290) iicludea a brief history of scicnce carrels dating from
1961 and Postletiwaite' s work at Purdue University. - Because of the naed
for many teachers to dvalop materials for use in science carrels, a
model was developed and deécrlbed which offers a logical sequence and

“structure for instructional decisions. The author, after field tebtlng,

put forth several recommendations, among which were: 1) school systéems.
should provide released time for teachers to develop science carrels, %

- 2) all teachers should be required to take fundamental courses in’ the

area of instructional development, including programmed dinstruction and
carrel design, and 3) schools of education and audlo—vnsual departments
should prepare jnstructlonal technologlsts to d‘915n learning carrel
activities. . - ‘ _ . . L
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Evaluation Studics

" Bredemeier (50) developed and validated a particular science re-
" lated process hierarchv. The students taking part in the validation
~ of .the inltial hierarchy werc 80 prospective clementary teachers.
Validation with respect to the effectivencss of the learning scaucnce
was cariied out by compafing proportiyns of students successful in ' o e
performing each task befbre and after instructions. For no hier- L e e
archy task was there a s pn1f1CAnt improvementon both test excrcises
foJlow1ng presentatiom OR a learning sequenge. : : : ) o

Eisens Lat (102) compared student achievement under two different AL ST
methods of testing, using surprige tests in one case and announced tests . \
in the other. Some of the findings include: student achievement was I "
significantly higher under a surprise test system in general Lollege
math, life science, and world geography. In physical scilence there was ‘
no 81gn1£1cant dlfferencc in achievement between groups. Analysis of o

. the questionnaire revealed that most students did not like surprise - o
tests. Most students felt ' surprise tusts forced them to keep up-to- s
. date, but Lhey believed they would have kept up-to-date even undar an
announced test system. Students reported that preparation for surprise
‘test classes was no more time consuming than prewaration for announced
test classes. ’
Sche®l (295) attempted to determine the rclative effectiveness of
interim testing in u51ng programmed material on achievement and reten-
tion among college studetits. .~The population ificluded 68 students en-
. rolled in general science for in- training teachers. e concluded that -0
interim testing when used in conjunctien-with programmed -instruction

made a significant difference on intermediate achievement as well as

on rPtﬂntlon .

Zeimet (400) wished to sece if color two by two projection slides.
&Bpld be used as substitutes in zeological laboratories for the con-
vencional musical ‘chairs tvpe of practical examination ani iIf se, if
theird wouid be a saving of instructop's time. No significant chFelence
in achievement was found betweer tj€ convertional andfprolectlon ‘groups.
Some conclusions wure: 1) it would be more difficult for students, if
so inclined, to cheat on a projection practical, 2) student attitudes
toward the conventional or projedtion method were deflnitely affected
by - subject mattex 3) more students made higher scores on projection
tests than on conventional tests, &) use of projection tes s could re-
"~ sult in a great sabing of instructor's preparation time, and 5) the
main reason more college] instructors. do not use prOJecLlon slides in
.testing is their bellgi.thaL the manlpulatlve process is necessar— for
P learning. - )
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Student and<Teachcr CpArocteristics‘ - .

The following five studies deal-with student and teacher char-
acteristics. Paiua (272) investigated what prospective science teach-
‘ers believe arce the most desivable.arld least desirable-traits of an
ideal pupil: The population involved 40 science education students
in a regional college 0f education in India. Raina found that while
males and females differed in their pérceptzon regarding the most
valued traits of an ideal pupil, thor& were no significant differences

- between the two groups regarding ‘the least desired traits. There was
complete wvariation between the perceptions 8f the “creativity experts"
and the prospective science Leachers. Rdlna concluded that the pro-

'spective science tcach rs would - anourage conformity, obediwnre, and
non-creativity. : '

© ’

The purpose of a study by Ault (18) was to determine the effect
of students' initial atLitude towards sciencecand sclenceinstruction,
se¢x, and educational Set on success with programmed lnbt*uctlonal ma=
terials on the basic gas laws. The research indicated that: 1) p pro-
grammed instruction could be used to teach basic gas laws to gen elal
education chemistry students, 2) cognitiue style did not influernce
\achievemént resulting from the instruction presented in this study,’
3) soime evidence that the attitude 'of the individual influenced suc-
§05~ on the criterion test, and 4) a poesible relgtionship between

ex favorinp thé male populdtinn, and the ‘attitude of the indivi-ual

4”Loward sciente and science LdULdLiOD. | -
b ' ¢
\ "In a study by ?pangenoerg (328) the problem was to determine the
rellationships becween academic acliievement, student att:tudo, and ver-
bal interactions of students as they worked in a zoology laboratory.
Taple recordings of student conversations in the laboratory were ana-

: lyzed to determine the perceontage pf laboratory :ime spent. in ‘lesson-

" centered discussion, irrelevant discnssion, questioning, - teacher-talk:
and silence. Some conclosions'whldh werei drawn grom th'e investigation
ir Mdh 1) high academic achievement was. associated with positive,

1,studcnt attitude toward a course in peneral zoology, 2) students who
" held’ positive attitudes toward a gourse in general zoology asked more

queqLiona in the laboratory and engaged in the least amourn+t of sgtudent
laboratory talk, and 3) a student's class rank or attitude tcward the
class 'did not 1nf1uence the amount of help an 1nstructor gave to a

- student, o :

.-

In a study by Robertus and Blankeﬁship\(ESS),a sample of 108 ele-
mentary student teachers were administered the Pupil Control Ideclopy !
Form (PCI Form) before and after studéﬁt'teachihg. The student teach- %
ers' percept1onb of their cooperating teacher's pupil control! ideology

were measured, using a modiflcation of the same foym. This study pointéd
out that the Pupil Control Ideoclogy ofi stuﬂent teachers -as a group be-
came significantly more custodial during btudent teaching. Findings
“indicated that \if a student felt: threat cned unless students were-.rig-
idly controlled, effectlve use’ of inquiry ourxlculum materials was
reducod . : : . . -
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-with another ZV perc¢ent not having attained his criLe1ia for formal

" Hiph School Préﬁagation and Coliegé“Achievement

v

McKinnon (214) dealt with the influgnce of a college inguiry cen-
terced course dn science on student entry’into the formal operational
stage. Five tasks designed to determine whether the student did think
logically vhen presented with, ﬁrobl s were pgiven to students, This -
study found that 51 percent of tho students fnitially tested were s
operating at Plaget's lowest level of operational thought (conérete), }

thought . 1L was reported that thes newly dcvoiopeq 1nqu1rv oriented
sclence - conrse had an appreciable effect upon studeats' capacity to
think logically. '
| 4 7

Summary. 'Many ol these studies r¢flected an increasing-interest
in the student’as a person and, his perception of the lcarning cuviron- -
ment. Other than McKinnon's study, little has been done with Piagctian”
studies on the jcollege lcye] With recopunition that tl. formal dpcld—5
tional level of thinking may in many cases be delayed ‘until late high
school ov early college years, additional Piagetian revearch snou]d’be
initiated at those instructional levels. : :

Students' Reactions to Science i

-

f\[here are two. tudl?‘ dualJng with che sLudentb reactions to sci-
ence. The first by Ballard (24)'was to determine if Lhnré vere chanpes

in reactions of beginning college biology students to bidlony and hiclo-

gists from 1955-19¢8, if there have beun chanpes in thrhe(rer'(tinnL dur--
ing the past 13 yeats and if ‘these changes related to Lhc'tyna of bi-
ology cpurse the student had "in high school. He used a gquestionnaire
administered to 223 beginning: biology students. Their responses were
compared with a siniler gr0up, pf.46O students in 1955., Pesults of. the
study tended to indicate that progréss has beer mades in ihcxodsing the
avareness of high school biology students ~s well as 1uu(nl“ in fpen-
cral, of the importance.of biolopy .and the work of biologlkL°, letter
understandlng of certain theories and concepts, and a may - vealistic
un ! raLandinL of the complexlt" Qf blologv ) ﬂ'f’ -

’

Wood (395) e\amlnnd the concepL of  the nature and Erocesscc of
science held by college Students enrolled in clementary jand segondur~

. education. The secondary science education. students ecored siyuifi— .

cantly higher than did primary or intelmed*ate education students.
Little reclationship was identified between scx, numbér of un sersity

'science courses and years gf thh school science aund knowledge of the

nature and processes of aLJU“CC 4
. a ©

.

"The following four studies all deal with the relaqionship botween

©

high school preparation and colle?e athievement. Fhree of these com-

pare the college achievement of students who 'ised various curriculur
‘pzogech in high sche. “th those whe did mot. Tamir (347) was criti-
cal of using enrollment dara to determine success of BSCS “courses

R N
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versus traditional courses. le reported that if various séurces were
studied, diffexent information was obtained, “so he gucstioned, the re-

- liability of ,these data. He stated that studies of college students

who differ in high school preparation are still needed but such studies,
would be far more fruitful if they  concerned themselves with specific
quastions «s well as with careful analysis of rclévant variables in

“thedr irteractions instead of meas urinp and only general achieverent.

Some of his .findings showed that RSCS students compared with traditional
students were less likely to fail or qLOp out'of introductory biolonv
gmonge the LSCS versions (blue) stwudents showed the highest rateés of

“Fallure and attrition, but~(yellow)h§tudents rarely failed or dropped
~‘out. " Students who had a laboratory block~in high scheol achieved and

-

B

W
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-

o
i

/

ailned in co]lpge introductory biotogy signifxcantly more than’ did

SLudOntq without 'a laboratory bluck. Yellow version students>had the
st positive and blue version qtudents the least positive attitudes

Lowards bln]opy based on their c1iteria

0
- o

1.

Kruglaks (195) ana]yyud pre- and post- ‘Sputnik physics bnckground
‘of 700 high s¢hool students. He made a comparison of 1958, 1963, and

'919 8 knowledge of physics as shéwn by the Dunning Physics Test. =HP

GOncluded 1hcxe were no eignlflcant -differences, due to school size
hethod 0F ‘ustruction, traditional versus PCCS course; or student rat~
ing of teachers' qualdflcatlons ‘The 1963 group was' found to be far
superior to the 1958 and 1968 groups. Hale ach}evemen{ was signifi-
cantly higher in all years. Poe . ‘ °

/ Granoor and Yager (123) aLnempted”to determine if BSCS and non-
BSCS high school programs prepared the general liberal arts students |
equally wpll for a typical introductory biology course at the collepe
levulnvwhlbo an attempt was made tacompare attitudes towards biolog-~
1raT’ elenuo with regard to type of high.school background. The popu-
lation. Jnciuded 299 university students completinyg the first semester
,of ing rﬁQULLory biolegical life science. There were no sipnificant
dite rendes found between BSCS and non-BSCS students in -~hievement in
hig %(“aol or college level biolbgy. The. BSCS course was found to - ¥
generate’ more favorable attltudes toward blolovy -

Pty v e '

A study by Co'tingham (83) had as, its major purpose to measure the
. differences. ‘Between the levels of\achnevement of freshmen general chem-
istry studernts as related to Lhe type of high school chemistry curricu-
la they. had experlenced . The two. types of high school chemistry cur-
ricula studied were. the CHEM study and the traditional programs. Find-
ings indicated 1) that therc-was a sbatlstical]y 31gn1ficant difference
between the achievement of the CHEM study and the’ traditional groups on
* the - achievement .test which favored the CHEM study group, 2) there was
,also a 51gn1flgant aifference between- the\;olle girades favoring the .

-LHEM study- groupy” and 3). there was no 51gn1£1cant difference between

ERIC
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hlqh school gradeq earned by the two groups , 2.
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. prineciples in the labovatory activities and in the understanding of "sci-

/

Comparative Studies: labovatory Vrograms o - '

i .

. 'ollowing is a group of Comﬁﬁrative studies. The first minor cate-.
pory contains seven studies involving the laboratory propram. The first.
of these, by Stekel {(334), éompartd the effectiveness of two different
Yaboratory ‘proprams in a coullepe phvsical science course.  The tradi-
tional. laboratory propras in whigh the students performad erenclses fronm
a laboratory wmanual was used as a control, The experimental group em-
phasized student involvement in problem selection ang experimental de-

“sign.  There were two tcachers and 186 students involved in this studv,

The results showed the luboratory program af fecred significantly the
students' understandine of Lhe aciiows or operations of the scientists.
There was no significant djfferencc found in the studomt"' critical
Lth\lﬁ#—+§}llLy, attitude tohardJ bllence /nr xetentlon of se]eLtoc
sclence concepts. An attitude retention survey impllud rzeaLer satis-—
faction when students wore gLvon nore opporLun1L1L§ to investigate prch-
lews of inLércst‘ ) ! : o

@

bvbee (57) vva]uat0u the ¥olative effO(leenESb of . two anpxnacheq . N

to a pencral educiiilon carth sclence course at the college level. The

experimental group of 30 students was exposed teo an individualized lab-
oratory while the control group regeived the lecture- demonstration an—
proach. Ro significant "1ficrcnre in achievement was found, but the oxn-

perimental group showed 1ncrcased interest in science.

B o -

CRtouser (7]) investigated and compared outdoor aid indoor labora-
t01y epprozches in biology upon prospective ..iecwentary teachers in LheLr
understanding of the social aspects of scienre, achievement in sclected
h‘o}ogncal principles, understanding of scici.w¢ as process, and abiliry
in eritical thinking The population convistad of students .enrolled in
a bidiogy course desiyned for praspective oaentary ‘teachers. | Pesults
showed the two grcups differed significaunely in the speaific biologigal
ence as process. he tasts for che biological principl: * in peneral ond .
¢ ical thinking showed no significant difference. '

Hoff (14%) attempted to compare the relative effectivenecs of threc
different approaches to the teaching of a college general, education as-

_tronory—lakeratory —&a directcd approach, an inquiry approaéh;'avd a ' o

lecture-dewonstration appreacli.. Three sections of a general college in- -

"croductory astronomy course {rom a medlum size midwestarn unlversitv_uct\\§

used in this study. None of the: three approaches was significantly bct— 
ter for ach10v1ﬁf and v taining knowledge of facts and concepts. There e
were 51gn3f1cant dlftcreuxgs on c¢ritical thinking, subject preferpnee, '

and transfer. The: investigator concluded “hat 1nqu1ry activities should

"be used in general ecvcation astronomy courses to promote critical think-.

ing,  subject interes:, and participation in science related act1v1t1cs.

G : _
Godomsky (121) .endeavored tg determlne the effectiveness of experi- //}
ments witliout explicit directions, programming of prerequisite capabili- .
ties for each’of four basic experiments, and using performance problems -

.-
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programme.! [or computer evaluation. . Results on perforuance tests used
in this study indicate chat the design of labhoratory instructior in-
creased the student's problem solving abiliry in physiral chemistry and
that the laboratory conld Le a valuable instructional technique in chen—
istry i the cxperiments were genuine prohlems without explicit direc-
tions. ; ~

Richardson and Renner (280) compared the perforwince of - college
students in an inquiry approach chemistry laboratory to thosc in a con-
ventional laboratovy. The srudy shewed the anulry m<lhod to he superior
con the laboratery examinat ious used.

Comwé}qglie Studies: Methods of Teaching |

This group of comparative studies is coucerned with teachinﬂ methods.
The first study by Smith (317) was a comparative study of two rethods ol
teaching physical science to college freshmen from disadvantaped back-
prounds.  This study comparcd the effectiveness of an experimental student-
centcred method to a traditional method of teaching physical scicnce to
disadvantaged collepe freshmen. The experimental group scored signifi--
cantly hi.her ob understanding of the methods and nature of science and
the ab111‘> te think critically in non-scientific areas.

Narvey (136) attempted to determine the effect of the plaving of

h science Tearning csame on the cognitive and affective process leavning
of black graduato students in e]omentaxy cducation. . A concurrent treat-
< ent group using a lecture- d1ACuQ110n format was used as the control.

‘he rcnultu Lndlcarcd >i?n113cantlv'oupc1103 post-test results in'achieve-
ment in- science, attitude toward science, confidence. in sclence, and

'the learniny of spgc1f1c concepts -taught in the pame for <the experimen~
tal gaming group as compared to the lccture-discussion control proup.

An important finding of this study was that low achicvers in sciente
“benefit most from the gaming strategy.

P‘ ‘Nimen (448) attempted to develop and test a set of materials that
explored sophisticated. hygical ideas through the use of maLhematiCdl

: models as to the achievement ix three areas: the underQLandlng of phy- ‘
| . sical scicnee, critical thinking, and. the knowledge“of the processes of '
, ; science.  The experiment included 76 11bera] arts students. The stu- .
o1 dents of the egpr*Jmcﬂtal,group having the basic curriculum SUPDllLd ‘

' : by a mathematics models text, performed 51gn1L1cantly better on the A
physics test than did the conttol group. The critical thinking and:the | N
- knowledge of. processes of sc1ence showed no'. siynlﬁicant differences.
| _ " Schlicting and Brown (298) were intercsted in the effect of back-
- sround music on student performance. They used 225 students and alter-
nated a sceries 6f 12 lecturés and one hour ,examinations all with back~
ground music with a similar series in which background music was lack—
Ing.  Their results showed a sipgnificant difference in grades in the!' : :
- proup “whith -had background music. Therg was a- Aﬂﬁ—percentrjﬂvrﬁwemcnt-—”—"’" . o7

-~
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ot grales. hey found the type of mutiec was very inportant as o Its
eftoect.  The students preferred in order gtvoen: sott jawr, soai-classd”
cal, sicw po-ulary nusic, snd Instrusental Gope wasic.

In a st dy by Jellior (G, the problem was to deteruine the re~
lative offectivences of the v ote test gv=ten and rhe traditional lecture
system of Lewchine basic coliovn ebandetry., ks oa rvesult of the expervi-
meat, it was concluded that neftner system of tcachiing basic cellege

chemletyy sosuocrior to the other da bringing atoul student achicve-
ment or dnersasieo eritical thinking abjiicy However, the note test
svester of toaching appearcd o have 4 batter dhance of suceess than the
traditional cluye svstem i brinyioe Leont adlllevement when uand with
high and weciun ~hility stadenty.  Low abdlity srudents seemed to do

hetter under the traditienel wvsteir. 1L appeared that the note test
svstewm of teaching was superior to the troditional 'ecture svstem in
producing hipgh posivive attitu'es anong students in all a'.lity levels
toward the ‘asic college chumistry course. ey - ’

Bell (30): evamined the eftectiveness of the tnree lecture ver week
nethod of teaching peneral aducarion biology with six alternative ap-
preaches involving various yeductions in weekly class attendance. In
three of the ¢rperimental groups, legtures were rveduced in number and
supplemented by readings, guis sessions, or studv puides.. In the other
threc, attendance at lectures was nel reguired, students were assipned
readings, w-t in semiunar , oy were tutored by other students. Tape
recovrdings of lectures and review sesnions were avallable to all stu-
dents.,  No sigriticant difrcreaces were feund on the attitude measures,
On the finsl content test all experlmental groups achieved signilficantly
~ higher rharn the control section. T was noted that the students' eox-
Ta pressed aprroval of an instructional method was net always supnorted

' by their usce of the method when availaoble. ' '

Chanin (65) investigated che relstive cffectiveness of two schedul-
Ting patterns, using 614 students enrolled in an introductory biology
cour. . The main variable was the length and placement of ti.. labora-
tory period jin velation to, the lecture. While both groups met twice
. per veek fur lecture, the control group had one three hour lahoratory
ger wesk and the experimental group had, two one aund one-half hcur lab-
oratories per weck, each period immediately following the lecture. The
contiguous serii-weexly sche?uling pattern (cdxperimental) proved to be

C - significantly superior to the non-contiguous veekly scheduling pattern
. (control) in reference to tudent achievement 'in th~ understanding of
biclogival %nowledpe and :he ability to apply this ~nowledge to the
= __solutlon ¢ preblems. With respect co achievement in the ability to
thirk critically, ealhi” proved equaliyeflfectives _ B
Wells' (381) study was used to determine whether general concepts »
which are commonly taught by motion pictures could Le learned a- effec- '
~ tively by sequential still photographs. There were three modes used:
. .motion picturas, slides, and seyuential still photographs. Vhen all:
the test scorcs were combined across the study prograins to analyze the
O - : . o ) ‘ ) 7o i
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total effee ivences of the three modes of presentation, the analysis

faile! to find any sipnificant differences. Therefore, 1t vas the con-

clusio o the author of the study, that aluthor.l certailn redia were
mosl effe-tive in presenting specific concep:sn, learnisdy did occur vith
cach of the three media. ilicnce, the choice would not only he based on
effectivencss. in learnine but also upon other cducaticaal decisions such
as avallability, portability,-expense, and study time required.

Reed (277) compared thc effectivencss of the planctariue and the
tlassroowm chalkboard and the celesc.al glohe din the teaching of specific

astrenomical concepts. - He uweed appreximat. i 00 stadeats enrolled *n

a one semester basic physical scicuce cotmse.  ITu each semester, the
students were randomly divided ince tvo proups. One group received the.
chalkboard globe presentation while the othev group received the pline-
tarium presentation of the same asctronomical concepts. Un the basis

of his tests, Reed concluded that the chalkboard globe teaching situa-
tion was significantly superior to the planetarium teaching situation
with respect to the immediate attainment and retention of specific
cognitive behavioral objectives: There vas no difference in the ailec-
tive domain hetween chalkboard globe teaching situnabtions and the planc-
tarium teoching situat lon. . ' P ’ ‘

Comparati~e Studies: Programmed Instruction and CAT :

The studics in this .section are all concérned with soméaform of
programmed instruction. The majer group was concernea witn audio-
tutorial methods vhile some of the final studies wvere concerned with
computer assisted. instruction. Husband (153) utilized the A-T anproach .
to answer. the question, "Does the tnreat of a grade .in the oral quiz
session have an effect on the amouni of- subijcct matter learned?"  The
expérimental design involved three randomly chos p Lreativent gToups .
in the first group there was an oral grade siven where the instructov
seleeted which student was to respond. In tho second gr-un there was |
no »ral grade given, the instructor still selecting which student was
to réspond. In the last group there was no oral grade given and stu-
dents were allowed to volunteer rather than be sclected to respond. An
analysis of the data indicated that there was no-significant c¢ifference
in achievement between the three treatment groups.

Nord (249) attempted to assess the effect or attendance reguire-:
ments on achievement in awdio-tutorial college bioclopgy. Attendance - -
was compulr .ry for the 154 membérs of the experimental group and for

153 control group subjects it was non-compulsory. Analysis showed no

gignificant difference between control and. e~perimental group achicve-
ment for cithér group. Approximately opn-half, of . the experimental®groun
thought required attendance had worked to their advantage and recommended
it for future classes. Only o-e-fifth of the control group were of this
opinion. ' o
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\nouuer study 1nvolvinp A-T teahnlqpes was done bv Slewaxkbwski
(3L:).  The hypo'hegis he .attempted to test was whether the aut| naced
tearnlng proc;hs was, superior to LonvonLiondl-1ngtruct10ns Jnftgrms of
1) < chieverment in a physical scicnce couvse, '2) .attitudes of students
tOhdId& piysical science, 3) understanding the nature .and procegses of - -
sci nce; 4) ability Lo.do celenentary school science.teaching unit plans, '
and 5)°tine requ{red by students to compLLLv assignments in thelcourse
The auto—waced teaching process combined xﬁtHudv used in team rcach1ny
“larye grOup 1neruction, proorlmmed-l arning, and-audlo- Lutornﬂﬂ inde-
pendent sruay- As-one result, the auto-paced group took 28 percent
les: time to complete the assipgned tasks, vet ackieved as . well as or
better than the contrel  group, indicating tth was a. more CriLClCWL tedch-
. dng anethod. s - ' B ' '

-ll'

The next two studies are Jnvolved wgth proyranmed and comnutgr e
dquvad lnSLIHCL]OU.' Ld¢tlLbL]rV (63) Sthdlud rhe devclqnmenL and oval—
uation .of computer assisted iustruction proprams on selected tor1cs Hin
1nt"oduc101y cellege Lhemftry'~ Data showed - that the computer assisted .
instruction programs aided the. acquisition of the Lehavioral ohiectises )

- and had a'significant effect on the .final examination score. ' Some con-
founding factors of test relid lelLy and va]idltv limited: rencra]17at10n

_from_the data. . e e et — R LT

Young (399) compared supplementary programmed and conventional _
metiods of instruction in teaching freshman chemistry. .The population :
for the -rUdV'?0n>juLFd of 321, aLudPnro, of whom 114 were in the:expveri-

- wental group and 207 were .in the coatrol group. . No S;&niflLaﬂL.dlffcr— »
.ence in achieve ament. was found for the’groups. Students achieved higher —~
on cunulative and. minimum attainment cests whén ¢ upp]LmbntaTv'orogramméd
‘materials were ‘used in. gcnglal chcmlstry Pesponsos lndncarcd thdat the
majority. of sLudonL‘ rvacLed favorably 1.0 the supp]omenta)y nloglamred

- materials, .

' .

'~Comparative Studiés:k.BéhaVioral Objpctives o , L o 4
he last rh1ce COMPAYicive sLudJe to be rcporLed involve behavioral
objectives. “crr:ll (223 1nvest1gaLcd the effects of the ava 1labilif§ -
of b;havnorally stdted ob1cctivcs on the learning process The presen— h
vtatlon of objectives was expected to reduce-the number of eyample and

the dmounL of time required to’ Tearn the task, facilitate perfovmance

on transfer-retrieval criterion measures and reduce the redquirement for
memory and ‘reasoning abilities. *On the basis of the results of this %

study, it was concluded that ObJeCIlVes had orientlng and organilzing |-

effects—which ﬂ*ﬂpﬂ“ﬂd studeits—to—attend —to; to-Process, and (®sstruc-
“ture relevant information in accordance with the glven.objectiue

Boardmari (46).deéigned‘h s study to teOt:wheEher 5ﬂtad6an§edﬁknOWQ
ledge of behavioralsobjectives would erhance students learning. --ThreeE '
remedial chemistry - classes, were randomly divided into. four groups. \

Croup A rCCLlV 4 packcts cuntatn)ny bcbavioral ob1cct1vas¢rp1nrwna r@

[,
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the unit under study and attended lecture and laboratory. Groh% B re-
celved pahoets containing behavioral objectives but did not attend lec-
ture and .aboratory., Group € received rackatrs containine a pares raph

on a chem.ocal topic unrelated to the material under studv (a placebu).
diis proun attended lecte-c and laboratdry. Croup D received npickels
containin:. placebos but did not attend lecture and . lab. vator.. Anhlysié
of variance showed no gigniffcant differcnece ia the aci Llevement among
students vho received behavioral objectives whether th v artended lec-
ture and .aborutory or whether Lhdy'did not. Also, thore was no s.gnif-
icant difterence in the achicvewent of students who re:cived a placebo
whether o oot thev attendod—deetere and laboratory.  Laere vas noe
significant lifference between yr 'ps with behavioral objectives and
those wittont. :

Coak (81) investigated the question, "If a group «f students is
informed ¢f the behavioral objectives in the learnirg hierarchy of a
unit of 1 strueties and another proup of students receiving the vame unit
of instruction is .ot so informed, will there be differenges in eifect
on learniry, and retention?” FEighty-ecight elementary education majors
in a four vear college were blocked on ability levels and randowly as-

O
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sTEWed UoTLe T EreatWentsT T While rteceiving different information about
the behavioral objectives in the lhiievarchical learning scquences, all
four groups received the same set of self-instructional text materials
covering & malucaatical unit of dastruction. There were no sivnificant
differences resulting from the four treatménts on student uverall per-
formance. Howover, the four‘trmatmenré resulted in significantly dif-
ferent rates o!f forgetiing. Sroup scores of students wviw vere given
statemente #f each activities' objective showed & positive gain in per-
formmce cver time. However, the resulcs of rhis study do not support *
the thesis that informing studeits of 'he behavioral objectives and/o¥
learning hierarchy could cobance theiv performance on an immediate
athievement test.

§EEE£§Z:‘ The major observation of the comnarative ¢-udies is that
recraycher: are trying new thinps and attempting wo test thew. HManv rc-
sult .n "no significant difference,™ but this may be because we are pre-
sently unable to measure the differences. Also, rhe affderive arcasnv
are being s'ressed musl more. The trend seers to be ‘o offer several
alteynatives to students since there appear to_be no significant dif--
fercnee in the results. '

n
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: Rese sarch in sclence cducation in 1970 was chadactorized by preat '
'\.k_ variel> nﬁd an abundance of sLUdies_ .1t ‘appears th%&
P ‘ FCSLIILh du thé field varkedlye (total of 403 _
Lo Cversus 475 -studies in two previous vearse-1968-69). Arp; s one-
' the 1976 stulies dealt vith Some aspect of new durriculum pro-
jects, mainty at.the elementary and secondary’ lovels, A : o
ihdiyidua ization oi;inPTruCtiO}, Piapet studie atei=
' and interaction dr11y<1q

rogeived
tradi Llonal arcas’ . of curriculy
, and uvvaluation continued at’a higi

the quantity of
increased studles. in 1970°

oximatcly

‘ ‘sixth. of

‘ “Arcas of
i“tudc_mcusuucmepﬁ;'inquiry teaching,
i inereazed attention; while th

ing methods

um, gsadh4
-.cl,- ' B
An honest. assessument of the ﬂwalj1§ o]
0n1) yield dnsappolntlng Lohaluslons.
S term,

loealtized,
of more of!

the fo‘”arcn pffort"‘can :

The majority of research is_shdrh-
and . pf “questionable Yalue in. the overoll adviied

fective scicen CP.LLHLdLJOH‘ Qveor,

seventy. pereent ‘of the st 4\\\\
ies were first . efforts (dovLornJ dissert ation,)~' Mhile this stat rent
-~ sds mot meagt-ro- demean. the-quality of “dissertation rescarch genLJallx '
10318 neve tligTess Easirce thaf*»urh studics are freauently based
_nnplo~ aivtack small scale vrmblows of

: cases reply

on small
a specific.nature, and in Pany
. upon 1n"eqtlgator—duwcloped 1n°Lrawvnts thu 1e11ab311Lx and
alldxry af n11ch may be suspaect

[N

. At rhn-,&mc time,
v s

. ' - ".’ . . H
it is encouraging to note the obviows growth of
‘lnLelLQL in s
Llon of .stndijer

~

Lence education research as indicated bv thé pl@]]]ﬁla—
5 in _the

past few years. -Also, the [vpe of - prn;lor' oe— ‘
ing-attacked has broadened to. iriclude areas. cons:delcd nebulous -or- too
difficult in the past)

such as -attitude. agsessment, creativity
me%L,nand ‘teacher-pupil interactions.”

measure-
TThib ds = }O4T*tm_ sipn and indgi-
cates a vigor hich hag potenLLdl for growth and dcuhlzwmunt }n UnLhdll*
Ced. dJrLL[10ﬂ° S for the futur
. s . . . ,

sglencc eduoatlon 1eseard
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