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PREFACE

The ERIC Science, Mathematics, and Environmental Education Information

Analysis Center has cooperated with the National Association for Research

in Science Teaching to provide af'strScts of most of the papers presented

at the annual conference in Los Angeles, California, March 17-19, 1975.

All persons who had papers or symposia atcepted were invited to

submit abstracts for inclusion in this publication. Some editing was

done by the ERIC Staff to provide a general format for the. abstracts.

Special recognitidn should be given to Dr. Ronald D. Anderson who organ-

ized the program and-obtained most of the abstracts, to Dr. Patricia

Blosser for extensive assistance in preparing the abstracts, and to Mrs.

Maxine Weingarth, Miss Linda Hemmler, and Mrs. Charlotte Helgeson for

typing and compiling.

Many of the papdrs will be published in journals or be made avail-

abl through the ERIC system. These will ee announced through Resources

/

i Education and other publications of the ERIC System.

March, 1975 Stanley L. Helgeson
Editor

This publication was prepared pursuant to a contract with the
National Institute ot Education, United States Department of Health,
Education, and Welfare., Contractors undertaking such projects under
government sponsorship are encouraged to express freely their judg-
ment in professional and technical matters. Points of view or
opinions do not, therefore, necessarily represent National Institute
of Education position or policy.
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CONCURRENT SESSIONS I

Session IB - Teacher Education

Presiding: Betsy Ann Balzano, State University College at Brockport,
Brockport, New York 14420.

1. "Rotating Peer Supervision: Implementation and

Evaluation of its Effett on the Inner-Direction and

Internal Control Constructs of Teacher Traineei."

Elizabeth G. Armstrong, University of Hartford,

West Hartford, Connecticut 06117 and George T. Ladd,

Boston College, Easton, Massachusetts 02167.

2. "A Comparative Study to DetetMine the ifffcts of

rwo\Methods of Elementary)Science InstrUct on on

the ttitudes of Prospective Elementary Science

Teach

sity at larion, Mario4, Ohio 43302.

." H. Marvin Bratt,\The Ohio State Univer-

3. "The Effect of Teacher Training in Individualizing

Science Instruction on Pupil

)

Achievement and

Attitudes." Donald W. Hump reys and Jerry Brown,,

Temple University, Philadelphia, Pennsylvi1ia,19122.

4. "The Effect of Science Process Training on Pre-

Service Elementary Teachers' Proce4A Skill

Abilities, Understanding of Science, and Attitudes

Toward Science and Science Teaching." Joseph P."°

Riley, II, University of Delaware, Newark,

Delaware 19711.
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ROTATING PEER SUPERVISION: IMPLEMENTATION AND EVALUATION

OF ITS EFFECT ON,-THE INNER-DIRECTION AND

44ERNA: CONTROL CONSTRUCTS OF TEACHER TRAINEES

Elizabeth G. Armstrong

University of Hartford
\'.'Wedt Hartford, Connecticut 06117

and

I
George T. Ladd
Boston College

Bostan,Massachbsetts 02167

investigaLidn encompasded the implementation and evaluation of

kotatingrPeer Superviion in a college level science teaching methods course.
Rotating Peer Supervisiontts defined as a process whereby students teach
other students and them6elves'about teaching, through observation, analysis
and evaluation of their own teaching, as well as that of their colleagues.
It employed an adaptation of the clinical supervigion sequence with video-
taping of teaching preentations. The purpose fo; this study developed out

of the need to produce more inner-directed And more internally controlled"

teachers. Rotating FeerOupervision was designed and implemented to in-
crease ehe degree of these two personality traits among teacher trainees.

/

The subjects ( N 4L- 75) were college juniors with an elementary education

major enrolled in three randomly selected sections of an Llementary science
teachingimethods course. Two exi4riments1 sections followed the syllabus

t,
.

I.'
for the course and used Rotating Peer Supervision along with their fifteen-

minute',minute teaching presentations in class. The one remaining section became

the control section. Students in this section followed the syllabus for the

course bb ,did not use.Rotaiing Peer S

i-
i

dion with their fifteen-minute

tedchin esentations.
'..jN...

_ 'No instruments were" administers he outset and conclusion of ig\ -

course to,measure the'personality trait in question. The Inner-DirectiOn
scale of the Personal Otientation Inventory (Shostram, 1963) was used to
examine the degree to which the subjects were directed by internal goals

and desires. The Internal versus External Control of Reinforcement Scale
(Rotter, 1966) was/administered to determine the degree to which the sub-
jects believed th/t their4Own behavior, skilla.or internal dispositions
atermined what reinforcements'they received. \

Twp -way analyses.of, covariance were employed to establish whether
statistically differences existed between the experimental and control groups
following the treatment, alter adjustments for differences which existed
prior to the treatment: The two factors in the analyses were teachipg

method and aptitude. SAT verbal scores were red to determine aptitude.

Them ids no significant difference, (p< .05) on the inner-direction
construct of stUdents betWseen the control and experimental groups.

4
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The teaching method groups were significantly different (p 4= .05) on
the internal control construct on the adjusted post-test scores. The .

direction of the difference indicated that the students involved in peer
supervision became more internally controlled. It was concluded that the
experimental group's locus of control was significantly influenced by par-
ticipationein Rotating Peer Supervision.

Examination of teacher trainee, personality characeristics reported ih
this study, and in others, indicted that teacher personality traits are
frequently the direct Oposite'of the, kinds of traits educators hopl' to
be developing in children. This ample of teacher trainees remained signifi-
cantly (p< .001) more externally 'controlled than,any tf the college age
samples reported thus far. 1e appears that efforts will have to br expended
to enhance the personality development of some teacher trainees. *

This study examined the viability of a system in which some personality
development became an integral part of a teacher training program., Rotating
Peer Supervision provided a means through which methods and materials for
science instruction were explored. At the sane time it significantly altered
the level of internal control for this sample of teacher trainees.

k
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A COMPARATIVE STUDY TO DETERMINE THE EFFECTS OF

TWO METHODS OF ELEMENTARY SCIENCE INSTRUCTION

ON THE ATTITUDES OF PROSPECTIVE ELEMENTARY SCIENCE TEACHERS '

H. Marvin Bratt
The Ohio State University at Marion

Marion, Ohio 43302

There were two objectives in this study. One was to construct a valid
and reliable test which would assess certain affective behaviors of ele-
mentary science teachers with respect to the teaching of elementary science.
The second objective was to compare two types of elementary science instruc-
tion on the attitudes of prospective elementary teachers as measured by
the instrument.

The instrument developed Car use in this study, the Bratt Attitude
Test, is composed of six position statements, each with a positive and nega-
tive component, giving a total of twelve scales. Each scale was assessed
with five items using a Likert forced choice response format, giving a
total of sixty items in the instrument.

The instrument was validated by a factor analysis technique. Items

were revised or eliminated based on data from the factor analysis studies.
Eight of the scales were found valid according to this method. Test-retest

fOr the instrument was determined to be 0.87. Test-retest
reliability estimates were computed for each scale. Eight of the scales
had reliability estimates greater than 0.80. The instrument was designed
to measure intellectual aspects and humanistic_aspects of attitudes towards
teaching science among elementary teachers.

Two methods of elementary science instruction were compared, using a
repeated measures design with analysis of variance,. The experimental treat-
ment involved teaching methodology suggested by modmn science curriculum
projects designed for elementary schools. The contfel group was instructed
in a traditional manner. The experimental group was instructed in a more
humanistic manner.

It was concluded that a more humanistic teaching strategy produced
more positive attitudes towards teaching science in tilt experimental groups
studied. The study suggests that university instructors utilize an approach
whichis more in concert with the views of thedevelopers of modern science
curriculum projects. It is further recommended that the development of
affective behaviors toward science should be a goal of elementary science
instruction.

6
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THE EFFECT OF tgcHER TRALNING IN INDIVIDUALIZING

SCIENCE INSTRUCTION ON\pUPIL ACHIEVEMENT AND ATTITUDES

DonaldsW,. Humphreys

and.,

Jerry Brown
Temple University

Philadelphia, Pennsylvania 19122

A learning module was developed, by the authors, to train both elementary
and secondary teachers to create individualized learning programs in science
for their classrooms. Each program developed by the teachers had different
levels of activitieswhichk when completed in sequence by the pupil, led
toward,science concept competency. Since several activities were provided
at each learninfg level of the program, pupils had a choice based on needs

'or interests.

A Study was conducted to determine if teacher training changed teacher
behavior and pupil,achievement in science and attitude toward science. The
experimental group Consisted of eight randomly selected sixth grade teachers

trained to individualize science instruction while the control group of seven
sixth grade teachers did not receive training. Teachers in the treatment
group were observed during the second week of the two-week individualized
program to determine how well they were adhering'to advocated procedures.
Questionnaires were administered to all pupils involved in the study to
determine attitudes toward science. Achievement was measured by an eleven
ues on mu p

Teachers demonstrated ability to use the individualized science in-
struction after training. Proper forms were being used by both pupils and
teachers. A variety of activities was provided at each learning level of
the teacher prepared program as advocated by the training program.

Pupil achievement did not differ significantly when test mean scores
were compared. The correct responses to individual questions did not vary
lagnificantly between the treatment and the control group except for the
,final question for which the control. group scored significantly higher.

Pupil attitude toward science was significantly more positive for the
treatment group following individualized science instruction.

Individualized science instruction may be legs efficient than,con-
ventional instructional methods. Teachers in the study had not previously
used individualized instruction in their class9soms and axperience may have
been a factor. in the apparent efficiency differencee. Since pupil attitude
was more positive toward sciertli in the individualized ipstruction group,
it seems a longer study is_wa ranted to see if the tore ositive.atritude
is is maintained tnd if grea er scituce concept competency is achia ed.

7
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THE EFFECT OF SCIENCE PROCESS TRAININ( ON

PRESERVICE ELEMENTARY EA RS' PROCESS

SKILL ABILITIES, UNDER, ANDING OF SCIENCE, AND

ATTITUDES TOWARD SCIENCE AND SCIENCE TEACHINC

Joseph P. Riley II
University of Delaware
Newark, Delaware 19711

..

The problem, for investigation was to determine the effects of science
process training using two different inquiry strategies on preservice
teachers' 1) knowledge of the process skills, 2) understanding of s ence,
3) attitude toward science, 4) attitude toward science teaching, an )

"attitude toward the inquiry strategy employed in the process training.

The subjects, student teachers in grades 1 through 4, were stratified
according to science grade point average and then randomly assigned to one
of the following three treatment' levels. (1) The Active-Inquiry Level
Subjects in this group were trained in process skills using a manipulative,
"hands-on approach." Science materials were provided and used by the students
in inquiry investigations. (2) The Vicarious-Inquiry Level Subjects in
thi) group were trained in process skills using an inquiry strategy but
will-lout student manipulation of science materials. (3) The Control This
group of subjects spent approximately the same amount of time in neutral
activities.

f The dependent variables were analyzed within a 3 x 3 factorial design/

whi h consisted of three levels of science grade point average and three
1 els of treatment. Analysis of covariance, using number of undergraduate
science courses completed as the concomitant variable, was performed on all
data derived from the criterion measures. Where. differences were found on
the omnibus F test, the Newman-Keuls multiple comparison technique was em-
ployed.

In order to collect data on the five dependent variables, four criterion
instruments were employed.

(1) The Science Process Measure for teachers d4veloped AAAS
Science - A Process Approach (1971) was used to me re

preservice teachers' abflity in science process skill

(2) Test on Understanding'Science published by Educational
Testing Service was used to assess the preservice teachers'
understanding of scigncei

(3) Attitude Toward Science and Science Saching Scales developed
by Moore (1972) was used to asselp the preservice teachers'
attitudes toward science and toward science teaching; and

7



(4) Attitude Toward Method of Instruction Inventory developed

by the researcher was used to assess the preservice teachers'
attitude toward the method of instruction emplOyed in the study.

I. Main'Effect Treatment: Science process training through both
Active Inquiry and Vicarious-Inquiry teaching strategies significantly im-
proved preserVice teachers' process skill abilities as measured by the
Science Process Measure for Teachers. Teachers in the two treatment levels,
active inquiry,,.

t
and vicarious7inquiry, scored higher than did those in the

control level on five ofthe seven subtsts measuring the specific prodess
skills. Differences between 'Scores on three of these subtests were judged
to be significantly different from the control. The basic skills measured
by these three subtests are inferring, classifying, and using space/time
rel tionships. No significant differences were found between the scores
of the ctive-inquiry or vicarious-inquiry groups on any process subtest.

It is c ncluded from these findings that training in the science process
skills by either a vicarious-inquiry or an active-inquiry approach can be
employed to improve preservice teachers' competence in certain process
skills. The three skills in which training appears efficacious are in-
ferring, classifying and using space/time relationships. No evidence could
be found to support one inquiry method over the other in terms of either
process skills or attitude toward the method of instruction. No treat-
ment effect could be discerned on the depe9dent variables, attitude toward
science and science teaching or on understanding science.

4

II. Main Effect-Science Grade Point Average: Undergraduate science
grade point average was found to be related to the acquisition of the pro-
cess skills as measured by the Science Process,Measure for Teachers.
Students who were in the high science grade point average level scored
significantly higher than those in the low science grade point average level.
Examination of the subtests for each of the seven basic skills revealed
sfgni cant differences due to science grade point average on three of
them: In rring, Observing, and Using Space/Time Relationships.

Science trade point avers* was related to understanding of science as
measured by the Test on Understanding Science. The high science grade point
average group scored signicantly higher than did the low group. \,

The results of this study indicate the efficacy of process training
in terms of improved process skig0. abilities. The study did not indicate
any significant increase in the understanding of science nar any signifi-
cant change in attitude toward science and science teaching as a result
of training in the process skills.

9



CONCURRENT SESSIONS I

Session IC - Paper Set

Presiding: Paul Beisenherz, Louisiana State University in New Orleans,
New Orleans, Louisiana 70122.

-1

"Urban Science Intern Teaching Project"

George C. Turner, California State University,

Fullerton, California 92634.

Frank Collea, California State University,

Fullerton, California 92634.

William Mocnik, Carson High School,

Carson, California 90745.

Elizabeth Nuckols, El Camino High School

Los Angeles, California 90650.

Charles Noyes, Adams Junior High\ School,

Los Angeles, California 90007.

:
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URBAN SCIENCE INTERN TEACHING PROJECT

George C. Turner
California State University
Fullerton, California 92634

F;ank Collea

California State University

Fullerton, California 92634

Willism Mocnik
Carson High School

Carson, California 90745

Elizabeth Nuckols .

El Camino High School

Los Angeles, California 90650

Charles Noyes

Adams Junior High School
Los Angeles, California 90007

By the end of 1971, the long-standing national teacher shortage ap-
peared tq haveaendatl. Generally Ipeaking, teachers were in over-supply.
Inner-city.schoolhowevexontinued to suffer a serious shortage of
qualpied teache411.X.e,siecially in science and mathematics at the junior
high school level. At the same time, scientists and engineers in aero-
space industries were quickly.comihg into over supply. Large scale lay-
offs were reported almost daily, to an extent that virtually precluded
immenAte, suitable re-employment fore such personnel.

These two major problems: a shortage of inner-city science and mathe-
matiCs teachers and a surplus of unemployed scientists and engineers, were
seen asparticularly critical in the greater Los Angeles area. The Urban
Science Intern Teaching Project (USITP) was initially conceived to help
ameliorate bath of these major problems.

However, the major thrust of the project was not merely to ,find "bodies"
to'fill this gap in our supply of teachers, nor was it to retrain out-of-
work personnel and returning veterans. Rather the project directors viewed
these circumstances more as providing the need and the manpower by which
far more' fundamental educational problems could,be tackled.

1. One of these problem areas involved the development of a
more effective means by which individuals could bd identified
as having the potential for being succelssful teachers in
these particular educational environment's. This goal was
perhaps the most fundamental and the most difficult to attain.
However, the results, as described it this series of papers,
lave indicated such a high degree of success that we feel
a substantial contribution to eduCation has been made.

2. The second problem area the project focused on was the
, development of a more realistic approac to teacher educa-

tion than is generally practiced. Spec al permission from
the'State Department Cf Education and our university's
School of Education Allowed us to circumvent the usual
"ivory tower" syndrome of university-centered coursework .

and to issue credentials for ourspecial "field-centered"

t
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approach to teacher training. Here too the evidence pre-
sented in these papers indicates a high level of success
for the unconventional methods employed.

Thus, our aim was to create new approaches to the techniques of teacher

selection and t"scher education. Our setting was the science and mathe-
matics classes of inner-city junior high schools in the Los Angeles area
with foci-on ethnic minorities and the educationally unmotivated student.
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THE EFFECTS OF SELECTED ENTERING BEHAVIORS

AND DIFFERENT, COGNITIVE LEVELS OF BEHAVIORAL OBJECTIVES

ON LEARNING AND RETENTION PERFORMANLE IN 4 UNIT ON POPULATION GENETICS

Elaine J. Anderson
Wisconsin Research IS Development Center

for Cognitive Learning
1025 W. Johnson Street

Madison Wisconsin 53706

and

H. Seymour Fowler
The Pennsylvania StAte,University

University Park, Pennsylvania 16802

The purpose of this study was to investigate the effects of selected
entering behaviors and different cognitive levels of behavioral objectives
on learning and retention performance of pre-service elementary teachers
in the 973-frame excerpt from Population Genetics: A Self- Instructional
Program (Anderson, R., et al., 1969). More specifically, this study was
designed to gather data to determine Interactivc effects of cognitive levels
of behavioral objectives congruent with the learning task for students with
different levels of entering behaviors as measured by the criterion tests
on immediate and long-term effects of (1) low cognitive level behavioral
objectives, (2) high cognitive level behavioral objectives, (3) both low
and high cognitive, level behavioral objectives, and (4) no behavioral ob-
jectives on learners identified as possessing high or low pretest scores
in critical thinking and prior knowledge of genetics.

.(/
The learning packet for this investigation consisted of a 97-frame

self-instructional unit excerpt, preceded by a list of behavioral objectives.

The data for the study were collected from 121 Ss enrolled in Science
Education,458 at The.Pennsylvania State University, Winter Term 1974.
Ss (N - 139) were pretested to establish prior cognitive capabilities
(entering behaviors). Equal numbers of Ss with high and low pretest scores
for each entering behavior (prior knowledge and critical thinking ability)
were randomly assigned to each treatment. These treatments all received
the same learning packet. However, the learning packet was accompanied by
either (1) a list of low cognitive level, (2) a list of high cognitive level,
(3) a,list of low and high cognitive levels, or (4) no behavioral objectives.

Ss proceeded independently at their own pace for three TAYs. Criterion
tests congruent with the learning task on population genetics were adminis-
tered immediately after experiencing the learning ppcket and again eight
weeks later to assess treatment effects on learners. '

14



The data collected from 122 Ss and 121 Ss, r- pectively, on immediate
and eight-week retention performance in this st dy were analyzed using a
2-way analysis of variance to compare the fo treatments and the two levels
of entering behavior. The program ANOVUM f om The Pennsylvania State Univer-
sity Computer Center library which was se ected equates unequal N's, a
procedure necessary in this investigati

.

Several conclusions were derived/ftom the data collected in this
study: (1) Students with high prior"knowledge of selected concepts of

genetics scored significantly-higher than those, with low prior knowledge
on both learning and retention. More specifically, Ss identified with high _.

prior-knowledge experiencing behavioral objectives; Treatment 3 (low and
high cognitive level) on immediate learning and Treatment 2 (high cognitive
level) on learning scored significantly higher than Ss,
identified with low, prior k owledge. (2) The data show that behavioral
objectives meaningfully presented to some learners'skith a nett cognitive
task can facilitate learning at the knowledgf and comprehension levels.
(3) Critical thinking ab/illty as an entering behavior in-this study on
population genetics ha no effect on learning outcomes, No late action
between entering behav or and treatments was noted, nor were there any
significant differen. s within treatments between high'and low critical
thinking groups.

Based on the tudy, behavioral objectives meaningfully presented to
some learners wi a new cognitive task can facilitate learning at the
knowledge and co prehension levels. Behavioral objectiv cased on cognitive
levels of lea ng (Bloom, 1956) and consistent with programmed materials
providing low d high cognition level experiences, did not enhance learn-
ing for stude is identified as havi g low prior knowledge. The identifi-
cation of s ecific entering behavio s is significant to a learner's per-,
formance in content specifid learnin tasks.

a
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AN EVALUATION OF STUDENT CHARACTERISTICS AS

COGNITIVE
/

ACHIEVEMENT IN AN INDIVIDUALIZED HIGH SCHOOL BIOLOGY

(

David L. Littlefield

and

Louis A. Gatta

Deerfield High School-,
Deerfield, Illinois 60015

What effect does individualization of instruction have upon an individual's
cognitive growth in a high school biology program? Research studies on student
characteristics as related to achievement are lacking. ?hat few,seuilies have
been done are inconclusive and evidence related to achi6ement is not clear.

45
Individualization of instruction provides an educational environment

that allows students to progress at a rate commensurate with their interests
and abilities. Howevereresearch has shown that unless students are well
organized and self-directed, theY are unable to cope with this freedom.
The purpose of this study was to investigate various characteristics

11determine if y had any effect on achievement. Variables considered were:
1) attitude's, motivation, 3) understandings'about science, 4) personality,
5) scholastic ability, and 6) the ability to thin lt critically.

This study utilized responses froa 406 students enrolled in an indi- 1

vidualized learning biology program in a northern suburban Chicago area
1

high school. Utilizing a random same of 25% of the population (N 100),,
a multiple regression equation was deV loped. By employing multiple regrat
sion analysis, data obtained from the 100 individuals were utilized in 1

devising a predictidn equation in whi achievement was used_as the cri-
terion measure. This was then applie to the remaining 75Z of the populati n
(N .. 306) and each individual was clan ified into one of three achievement
levels, i.e. "high," "expected," and 'low" achievers. Multiple discrim-
inant analysis was then performed to d scriminate between the achievement
levels. A cross validation was perfo d to determine the effectivhness
of the discriminant function equation lorRredicting the achievement level,
for unclassified individuals.

A significant discriminant function .7898, p 4.001) was found
separating the "high," "expected," and 11.00! achieveri on a battery of five
variables. The result reveal that t14 "hih" and "expected" achievers,
in contrast to "low" a hievers, had I) a grater ability to think critically,

2) a more conscientioustattitude toward sch ol, and 3) they were more re-
sourceful and self sufficiens they prefe red making their own decisions.

It was also found that the Ihigh4,achi vers, in con to both the'"
cted" and "low" achievers, 1) had a gr ater inti,est in school
ities and 2) had a tendency to be less adventurous. t/



ib

On the basis:of' these findings, it was possible to'reject the null
hypothesis and to conclude that differences do exist between "high",
"expected," and "loW" achievers in an individualized high school biology
Trogram.

..7-

Research doneNto.d, eidemonstrates that individualized learning is
often superior when vont as'ted and compared with traditional classes. But

until now, little or no esearch.had been done exclusively wfthin an
individualized pregram 4 sling with the relationships existing between
student characteristio d cognitive achievement. These results have
both theoreltical and ftictical implications. Of theoretical importance is
an enhanced understanding of/the educational process. Of practical impor-

tance is the manipulattOn of the educational environment to improve the
educational enterprise. 0

th present time,lndividualiza is still considered an innovative

approach in secondary education. ess i dividualized learning programs

A T

are eval ed bbquantit ive methods, ecomes far more difficult for
,educators to make aecisio s regarding the implementation and/or modifica-
tions of new and existin programs.

18
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THE EFFECTS OF BELF-PACING SCIENCE METHODS INSTRUCTION ON

ATTITUDES AND ACHIEVEMENT OF PRESERVICE TEACHERS

Luis A. Martinez

and

Richard L. Campbell

Florida International University
Miami, Florida 33144

a

The purpose of this study was to determine the effects of,oelf -pacing

instruction in a science methods course on teachers' achievement and atti-
tudes toward science, A second purpose was to examine teachers' "open and
closed" mindedness and their achievement in science methods instruction.

Twenty preservice elementary school teachers enrolled in science methods
courses that combined science instruction with field-based learning experi-
ences were the subjecta,for this investigation. Subjects were randomly
assigned to one of two groups. One group was selected as the treatment.gra6
and received self-pacing instruction. The other group was taught in the ,

norm4 classroom setting. Both grOups received science instruction based
_

on a modular package. The releaechdesign used is the one proposed by
Campbell and Stanley as the ost-Test Only Control Group Design. Data were
analyzed using t-test and Peg son product-moment correlations.

1

Post-test items.on science process skills were prepared by the investi-
gators and were given to all subjects to measure teachers' achievement.

Attitudes toward science were measured.utilizing Moore and Sutman (1970)
Scientific Attitude"InVentory.Thiswas administered to all subjects after
the experiment began. The Rokeach Dogmatism Scale was administered before
the experiment.

Examination of the resulting data by t-tests and correlation coefficients
indicated there were no significant differences in achievement and attitudes
toward science of subjects in the experimental and treatment groups. Statis-
tically significant correlations (p 4.02) were found between subjects who_
were considered to be "closed minded"and those who had negative attftudes.
toward science.

This study is considered significant because the trends in teacher
training are to provide instruction that is individualized and self-paCing.
Recognizing the imposed limits of this investigation, the following impli-
cations may be derived: Teachers who were taught utilizing a self-pacing

technique did not achieve significantly better or have attitudes that were
different from those who were not self-paced. These results indicate the
need for educators to examine self-pacing under different learning envi.ron4
manta.
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AN EVALUATION OF STUDENT ATTITUDES, ACHIEVEMENT, AND

LEARNING EFFICIENCY IN VARIOUS MODES OF AN INDIVIDUALIZED,

SELF-PACED LEARNING PROGRAM IN INTRODUCTORY COLLEGE PHYSICS

Carl J. Naegele

and

Joseph D. Novak
Cornell University

Ithaca, New York 14850

This study was concerned with the production, organization, execution,
and evaluation of an individualized program of instruction in introductory
college physics. Key features of the program included an open learning
center staffed and equipped with a variety of instructional materials, and
a self-paced testing arrangement utilizing a number of repeatable mastery
examinations. The evaluation involved an'investigation into the general
and specific effectiveness of the course in fostering positive attitudes
and in providing for ihcreased achievement and learning efficiency for
students of varying interest, aptitudes, and motivations.

A variety of instructional materials including audiotape discussiong,
laboratory exercises, video-tapes, self-demonstrations, programmed self-
evaluations, etc., were developed over a two-year period by the author along
with a number.of graduate students and several faculty members associated
with the Physics 101-102 course at Cornell.

Of the 700 students enrolled in the fall 1972 semester, 125 were ran-
domly selected for the study. Student characteristics upon entry to the
course were ascertained through the adminialration of a background question-
naire and a physics and mathematics pretest. Achievement in the course
was determined by t8e number of units successfully completed as indicated
by the results of mastery examinations administered individually to students
as they progressed through the course. Questionnaires were also adminis-
tered to determine the average amount of study time spent by each student
per unit, the value students assigned to particular instructional materials,
and their attitudes toward various aspects of the course.

Computer-aided statistical analyses were carried out to determine
those factors which correlated substantially with either achievement or
learning efficiency. The relative achievement value of the various instruc-
tional components was also compared.

-.0

Both, staff and student attitudes toward the course and its format
were extremely favorable. Student achievement was considered to have mark-
edly improved as compared with the former lecture-Aab-recitation format
with scheduled exams. This was accomplished with a relatively small
financial investment and a more efficient utilization of both equipment
and facilities.

20
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Under the criterion-referenced self-paced mastery testing arrangement,
grade aspiration and mathematical skill proved to be the entry factors

, having the greatest influence on achieyement. This is contrasted with
factofstypically dominant in norm-referenced grading (students'compared to
one anothek) such as general scholastic ability, I.Q., etc. During the
semester, motivation, derived principally from cognitive drive, seemed to
be the major teterminant.of,achievement.

Entry factori having the greatest influence on learning efficiency
were se, the student's anticipated difficulty level of the course, his
possession of.physics-related concepts, and his possession of physics-
related mathematical skills. Thi§ is. contrasted with more general factors
typically dominant in,norm;referenced grading Such as physics.pourse back-
ground, high school physics grade, grade aspiration, mathematics course
background, and gegerrif'schOlastid ability.

These findings support the basic tenent of Ausubelian learning theory
that the most i4ortant factor influencing learning 4 the learner's pos-
session of those concepts'and skifls which have a clear and direct relation-
ship to the subject matter under consideration.

It was also fOund that some students benefited most from a particular
combination of instructional aids while others, differing in mathematical
skill and conceptual development in physics, benefited most from another

. combination. Most of these differences seemed consistent with the under-
lying theoretical assumptions of the study.

Meaningful learning was associated with relatively low learning effic-
iency on units occurring.at xhe beginning of a hierarchial sequence of
.concepts and a relatively high learning efficiency on units occurring near
the end of the sequence. Thus, it was concluded.that meaningful learning
has a greater facilitatingeffeq on the learning of subsequent related in-
formation than does rote learning.
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AN ANALYSIS OF,INDIVIDUALIZED LEARNING SYSTEM CHEMISTRY

41` William Torop

-West Chester State College
West Chester, Pennsylvanih 19380

I em, Individualized Learning Sys, Chemistry, is a multi-media
approach to learning basic chemical principles and their application to
man's daily existence in which the student proceeds at his own rate through
a series of instructional loops. This is a computer-managed, competency -.,
based instructional system in which the individual student is assigned
learning experiences on the basis os his performance. This sequence of
instructional loops, both primary and remedial, may contain textbook read-
ings; audiotapes, field experiences, journal references, films or film loops,
or computer.assisted instruction modules. The computer system also permits
the random generation of comparable, criterion-referenced examinations and
their scoring.

The results of using this approach in Introductory Chemistry at West
Chester State College during the past two years showed that the ILS Chemis
students liked their class better than did the traditional chemistry stude
This attitude also held'for chemistry in general, There also exists evidence
to suggest that the ILS Chemistry students learned more chemistry than did
their traditional counterparts.

22
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!ACADEMIC YEAR RESIDENT OUTDOOR EDUCATION AND ENVIRONMENTAL ATTITUDES

Paul S. Marktvits
Syracuse University

Syracuse, New York 13210

Children everywhere are experiencing various forms of resident outdoor
education. These programs provide for the learning qf basic cognitive en-
vironmental concepts in the 'out-of-doors. Concurrently, attitudes toward
the,natural environment are formed. the purposes of this study were three-
fold: (1) to examine the short term affective (attitudinal) changes occurring
duriAg a one week resident outdoor education experience (ROEE), (2) a longer
term (five month) examination of the effects on attitudes, and (3) an assess-
ment of the interaction of a ROEE and a monthly educational program designed
to present various environmental concepts.

The sample included the sixth grade population of six schools (approxi-
mately 700 students). Students participated in a fall or spring ROEE. One
half of the participating students received the supplementary environmental
education program. The control groups did not participate in a ROEE or \,
have additional presentations. The experimental design is shown in the
paradigm below:

FALL JANUARY SPRING

FALL 0 ROEE 0 SP q SP 0
GROUPS 0 ROEE 0 0 0 ,

SPRING 0 SP 0 SP 0 ROEE 0
GROUPS 0 0 0 ROEE 0
CONTROL 0 0 0 0

GROUPS 0 0 0 0

0 = Time of testing, ROEE = Resident Outdoor Education Experience

SP = Supplementary Environment(11 Education Program

Three testing measures were employed: (1) a modified Millward-Ginter
Outdoor Attitude Inventory (MGOAI), Likert scale construction; (2) the
DeLucia-Parker Environmental Attitudes Test (DePEAT), semantic differentiaL
construction with slide use; and (3) an unobtrustive measure for litter
devised by the Thor:-

Analysis of variance procedures were used to assess change with respect
to two factors provided by4the modified MGOAI. ANOVA techniques were also
applied to data obtained froMthe unobtrusive measure of litter. Factor -

analysis techniques were employed to differentiate seven concepts of the
DePEAT scores.
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THE pFECT OF THE TEACHERS' CURRICULAR BIAS,

THE KIND OF CURRICULUM STUDIED AS WELL AS THEIR INTERACTION

ON STUDENTS'.ACHIEVEMENT IN HIGH SCHOOL BIOLOGY'

Pinches Tamir
The Hebrew University

Jerusalem, Israel

The present study differed from most curriculum evaluation studies in
three respects. 1), It dealt with the effect of studying a particular cur-
riculum by the same students for four consecutive years. 2) It attempted
to answer one of the open questions in curriculum evaluation, namely,
'what is the relative effect of the nature of a curriculum, on the one
hand, and the teachers' bias toward the nature of a.particular curriculum,
on the other hand, on students' achievement. 3) It tried to identify
significant interactions' between the effects of a particular curriculum

and certain intervening variables such as the teachers' bias, the type of
school, the sex of students, and ,the specific subject patter topics, as
related to achievement.

The sample consisted of 989 twelfth grade students in three different
types of school in Israel; namely, city academic (N 542), rural-kibbutz
(N = 98), and agricultural (N = 349). Of these, 408 were studying the
Ipratli AdaptatioSOf the BSCS /program which'follows the local adaptation
of the Yellow version in grades 9 to 11 and selected portions of the BSCS
Second Course "Interaction o Experimentsoand Ideas" in the twelfth grade.
(This group'will be designs d as BSCS.) The second group consisted of
581 students similar in al aspects.to those of the first..group who were
studying a Non-BSCS curri aura. (This group will be designated as non-BSCS.)

' These 989 students were studying in 48 different schools, taught by
50 different teachers. On the basis of their responses to the Blankenship
Attitude Inventory, the teachers were divided into two groups. The first
group (N = 24), designated as BSCS Supporters, consisted of all the teachers
who' scored above ttile national mean of 30.70 (the highest possible score is
46). The second group (N = 26), designated as Non-Supporters, consisted
of all the teachers who scored below 30.70 on the Blankenship Inventory.

' A special 30 item multiple choice test was constricted for the purpose
of measuring achievement.s In constructing the test it was attempted to
include items which reflect the major content areas covered by both the
BSCS and non-BSCS curricula. Items which meet these reqUirements were
selected from various recognized sources (for instance, about half of the
items were taken from CUEBS Publication No. 20). - The - selected items were

pretested on samples not included in the present study and only items with
point-biserial indices above 0.3 were included in the test used in the
present study. The test was administered to all subjects by their teachers

in April, 1973. TO' KR -20 reliability was 0.79.
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Analysis of variance of the students' responses yielded the following
results:

a. BSCS students achieved significantly better than did Non-BSCS
students. There was one exception, however. In agricultural
schools there was no significant difference between the groups.

b. Students of BSCS Supporters achieved significantly better than
did students of Non - supporters.'

c. When the students were diltdded into four groups, according to
the curriculum studied and their teachers' bias, statistically
significant differenCes were found among all four groups; the
achievement was highest for BSCS-Supporters, lowest for Non-

,

BSCS-Non-Supporters.

d. While there Were no significant differences in achievement
betWeen boys and girls in the entire sample, girls in city and
kibbutz schools out4vred the boys. 1' the agricultural schools
this, relationship was reversed,; boys scored consistently better
than\girls.

e. Significant interactions were obtained regarding specific topics
(namely botany, zoology, human body, heredity and statistics)
as well as different levels of cognitive ability (knowledge,
compehensionand higher abilities).

The educational significance of the study lies in the following:

a. Unlike most,available studies which report no significant
differences in achievement between BSCS and non-BSCS students,
this study shows a remarkable superiority for the BSCS curriculum.
The reason may very well be the length of time necessary for pro-
ducing a significant impact; in all previous studies the longest
period was one school year as compared with four years in the
present study.

b. That students study according to a-particularscurriculum does
not tell the whole story; there are significant effects related
to other independent variables. Two such variables which exert
a strong effect are the teachers' philosophical bias toward the
curriculum as well as the school environment. ,

For obtaining the highest achievement, one should ascertain the
availability of a combination of favorable conditions such as a
more effective curriculum, teachers who support a progressive
instructional approach, and an appropriate school environment.

d. More useful information may be obtained by studyin effects on
achievement as reflected not just by a single tote score but
also by assessment of specific topics and cognitiv abilities.

26
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PROGRESS IN ENVIRONMENTAL SCIENCE EDUCATION

BETWEEN 1970 AND 1974

, John H. Trent'

University of Nevada
Reno, Neirada.89507

How well are we doing in providing environmental education for the
students in our schools? Are we now doing a-better job than we did four
years ago? Are colleges of education and state-departments of education
increasing their involvement in environmental education? What are the trends
in environmental education as perceived by colleges of education and state
departments of education?

In order to partially answer these questions, questionnaires were developed
and sent to a random sample of the approximately 700 teacher education insti-
tutions. Data received in December,1970; January, 1972; February,1973; and
February,1974,were tabulated and analyzed.

'

In order to determine whether or not there were shy significant 51.ifer
ences between the responses given in different years, a chi-square calculation
was made on each question. The only signifibant differences appearing, between
1970 and 1974 were in the numbet of colleges having-Sit-environmental science
curriculum leading to a teaching niajor or minor. The only significant dif-
fekenge that occurred between 1973 and 1974 was in the area of faculty in-
volvement in environmental curriculum development.

In order to determine other trends in environmental eddcation, a question-
naire was sent to the fifty state departments of education in February,1972,
and again,ib February of 1973 and 1974. The only significant differences
that occurred between 1972 and 1974 were in the number of states having a
"state plan" in environmental education, state developed environmental edu-

tuion courses and syllabi and in, state funds provided'for environmental
e cation. The only significant difference between 1973 and 1974,was in the
area of state funds plhvided for environmental, education.

In summary, environmental education programs appear to be improving in
some areas and to be static in others.
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DEL FOR STATE-WIDE STUDIES:

,A PROFILE OF EARTH SCIENC T&4 S AND PROGRAMS-

IN PUBLIC SECONDARY SCHOOLS OF PENNSYLVANIA

Whitman Cross II

Temple University
Philadelphia, Pennsylvania 19118'

The study is concerned with the status of earth science education in
the public secondary schools of Pennsylvania, the state with the largest
earth science student and teacher population in the nation. The problems
considered were: (1) the determination of the nature of the pop4ation of
public seconda4 school teachers in Pennsylvania, certified in earth science
and teaching at least 50 percent of their class time in the earth sciences;
(2) the statuaof the Earth Science Curriculum Project's program (ESCP) in
the schools.

This study provides quantitative dEta reg ing the educational back-
grounds of earth science teachers, teaching cond tions in earth science
classrooms, and the effect of ESCP upon Pennvlvania earth science education.
A two-part questionnaire was designed to investigate (1) educational char-,,,,
acteristics of the population, (2) level of certification, (3) amount "f...-
abor tory activities and condition of physical facilities, (4) ea sci-

ence ub)ect areas and texts, (5) status of the Earth Science riculum
iProje t program. The questionnaire, with related mater ,,was sent to

495 earth science teachers reported by the State Dent of Education
to possess the qualifications listed above; the- final population represented ,
approximately 55, percent of the originalmatling.

-:-..5 ---

The investigator visited a_podified random sample of teachers
0.

and
earth science classes throughout Pennsylvania in an attempt to check the
validity of the questionnaire items and to observe a variety of earth
science teaching situations.

'

.

,..--

One hundfed ninety -four variables from the questionnaire were analyzed
using the Computer program: Statistical Package for the Social Sciences
(SPS Major findings from the study:

,
\

it Iwo-thirds of the teachers attended at least one science
training institute.

2. One out,of ten teachers had no course Work in aby earth
scilence subject even though they wereheported as certified.

3._One out of four teachers was either not certified in earth
Sci nce or did not know his/her certification status.
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4. In addition to the ina
many teachers, the inv
laboratory experience
for the lack of freque

of earth science class

5. Laboratory facilities
of five teachers.

equate subject matter backgroycds of
stigator concluded that a ,lack of
!li d training were predominantly Fesponsible

it laboratory experiences in a majority

ooms. \\

ere considered,inadequate by twos Out
s \

6. In the classroom, thrle out of five teachers preferred
s&ngle texts.

7. Nearly equal use was hared by texts written by Namowitz A
and Stone, Ramsey and Burckley, and ESCP. /

8. In spite of the popularity of ESCP, the traditional texts
remained in use in a majority of classrooms.

9. Tile8SCPprogram was revised by many teachers who found that,
portions of tlid-progjam were dot appropriate for their studenFs.

I

--________10. ESCP materials were used by ov&r.balf_of the earth science__
CeldheTs---in-Zennsylvania./

This study illustrates the advantagea-offered by the use of a natu al
language computer program when conducting survey-type studies that are on-

cerned with a large !umber of items from which simple analyses, such as

education study to exhibit the dvantages of the computer. It is antic
cross-tabulation, %Auld be meaningful. This is the first earth science

paten that the SPSS program will be adopted for similar studies in eart
science and other disciplines.

ti
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A STRATEGY FOR DISSEMINATING ELEMENTARY SCIENCE CURRICULA

Jerry G. Horn

and

Arlen R. Gullickson
University of South Dakota °

Vermillion, South Dakeita 57069

TAPE, Tactics for Applying Programs in Education, is an NSF-funded
project at the University of South Dakota. It is unique both in its exten-
sive vie of mass media channels for creating awareness of new cwricula
and in its establishment of a Resource Services component to stimulate
interest among school personnel and facilitate their exploration of op
tunities for implementing available curricula. This two-step approach
based on research evidence cited by Rogers and Schoemaker, 1971.

All materials' for dissemination by mass media are being developed
professionals. Such materials include television advertisements, brag,* es,
journal articles and feature stories and ads for radio /and newspapers.
mass media channels being used include commercial television, radio, news- _
Papers, journals, and mailed brochures and posters. The message delivered
through those channels will direct persons, particularly elementary teachers
and principals, to cal toll-free to Resource Services at the University of
South Dakota.

When persons call the advertised numbers, a telephone receptionist 1)
will receive the call, 2) will provide OtOrtinent characteristics of the

three curricula: ESS, SCIS, S-AP,4and the project throdgh a set of four
audio - tapes, and 3)-\wi1l provide preliminary information to school personnel`,
who desire the assistance of a regional consultant.

TAPE has six regional,consultanta. Each is a professional educator
and serves as a field representative in a distinct geographical area. .Al-
though the consultant's duties will be many and varied, each will be expected
to respond to school districtstand other responsible groups or indiVieuals
consultation services relative to ESS, SCIS,, and S-APA.

Hoppd-f6r outcomes from the consult t - school interaction will be
an improved understanding by achool perspt3nel of new elementary science
curricula and an understanding of how each garriculum could:fit into their,
own system. Where appropriate, the consu4ant will help a school district
set up a plan for piloting or adopting one,of the throe curricula.

In order to validate the results of the project, the project is being
designed as a qua;'L,:experiment. In progres now, September, 1974, is a
baseline assessmiat of both school personne, and the general public. Within
they South Dakota 4450.on and a selected conttokarea, a stratified random
sample of approxiajately 1200 teachers, principals, and persons in the general

ryY
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pUblid is being contacted by mail to learn how many are presently familiyir
with the selected curricula. Collected information will be compared with
a similar post assessment to be completed during the spring of 1975. Also,
the telephone receptionist and the regional consultants will keep logs-on
persons contacted and the services involved. As a result of those pieces
of information, the effectiveness of the information dissemination.technique,
will be analyzed and the impact in terms of planned implementation of new
curricula for 1975 will be determined.

' The program'is exciiing and promises greater strides in dissemination
of curricula than have previously occurred. Perhaps most exciting is the -

thought that if such a system works for the three elementary Science cur-
ricula, then quita likely it will work for other curricula as well. AlsO,
if it works in South Dakota, then the same system should work in areas where
distance is not such an'obstacle as well as in those states with similar
poxlation stributions.'

a

r
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Ji
A STUDY OF RELATIONSHIPS AMONG SELECTED TEACHER VARIABBSS AND EXPRESSED

PREFERENCES FOR STUDENT-CENTERED, NON-DIRECT SCIENCE EDUCATION

Ethan L. Shay
Worthington High "School
Worthington, Ohio 43085

1
The purpose of this study was to investigate relationships.among selected

student, teacher and principal variables and, a) teacher preference for 4

student-centered, non-direct science instruction, b) mean student perception
of the degree to which current, classroom operations were already student-
centered. A major subprojAem was to study relationships among teacher and
peintl predictor variables and the pairing of teacher preference for the

.

instri _ional setting of interest and 'mean student perception of current --

classroom operations.

. -

This descriptive study was undertaken,' e to lack of data on humanistic
education and failure to find a to able mod4 of humanistic education applied
to science education. A modelef he dent-centered, psychologically non-

,

direct science classroom was.devel Joact, four forma of a Science Classroom
Inventory were assembled based on4Cat model. ,Content validation was by jury.
The Inventory was refined in twqtrial phases. Construct validity was in-
ferr ex post facto from factor analysis. .

l' .-

14. ctor Structure of a student questionnaire designed to ex9mine student /
'antere t in science, interest in the particular science course being, taught
rand parental support of science learning was confirmed by factor analysis.

4
1

Additional data were Collected with the Myers-Briggs Type Indicator, Rokeach,
Dogmatism Scale, c ss information sheets, and teacher and principal question-
naires. 4.;4`

The popution in the research phase consisted of 73 teachers selected
largely from various institutes and workshops at The Ohio State University.
An attempt was made to select some individuals whose teaching approach
was thought to be student-centered. Data were also obtained `from 3812 students
of these teachers and 40 of their 48 principals.

Teacher preference for student-centered, non-direct science instruction
was found to be significantly correlated (p6 .01) with being female, in-
tuitive, and recognizing the implications of such a choice in preferred
teaching role, preferred classroom operation and current use of student-
centered methods. Mean student perception of current operations was signifi-
cantly correlated (p .01) with teacher preference for student-centered
class operation, present use of student-centered methods, more boys in the
boy/girl class rapio, greater teacher voice in curriculum decisions, and
greater student interest in the science course.
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gUsing s res on teacher preference and mean student perception as
dependent variables in stepwise multiple linear regression, a teacher's
data were allocated to one of four operationally defined groups. Regression
analysis indidated prediction of teacher group membership with teacher pre-
dictor variables but not with principallpredictors. Some of the more in-
teresting.findings were; 1) students in more student-centered classes with

teachers more philosophicagy oriented toward this approach indicated greater
interest in.science, 2) teachers with lower preference and lower student

)
perception reported infyequent use of laboratory work while students in-
dicated lesser interest in science, 3), teacher preference not put into
practice was associated with teacher self-reported control of current class-
room operations. .

Discriminant function analysis indicated that key teacher factor vari-
ables in prediciling accuracy of group membership were MBTI personality plus
two preferences and facilities. Membership in the group consisting of
higher teacher preference and lower mean student perception as well as
membership in the group consisting of lower teacher preference and lower
mean stOent perception could be predicted with acceptable accuracy.

The Science Classroom Inventory is
an student-centered, non-direct science
to tenth grade students and principals.
the grouping of students, assignment of
and gran provide an educational basi

reliable for eliciting
instruction fr
This s

du.

cations for
e-teacher instructional loads

filling staff vacancies.
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ASSESSING CONFLICTS OF EDUCATIONAL PHILOSOPHIES

BETWEEN SCIENCE TEACHERS AND NATIONAL SCIENCE CURRICULA

John T. Wilson

University of Iowa
Iowa City, Iowa 52242

Rost national science curricula assume a positiQn consistent with a
particular philosophy of education. This position varies according to the
specifications within the curriculum such as selecting teaching strategies
which stress group activity rather than individual action, specifying
clearly defined objectives rather than vague purposes, or presenting con-,
tent in an academic sequence rather than a discovery-inquiry sequence,
Schools searching for a new science curriculum generally limit...their in-
quiry to the cognitive ,variables within the curriculum, excluding any
asses-sclera of its philosophical position. Howeyer, the philosophical
position ol'acurriculum may conflict with those of local school adminis-

s and teachers. When conflicts occur, the effectiveness of a curricu-
, nndaiaplpmpiitation may be impeded.

A person's, philosophy of education represents primarily an affective
variable. Similar to other affective variables, few means exist which
provide reliable data for evaluation or assessment. However, a new instru-
ment called the Multidimensional Assessment of Philosophy of Education (NAPE)
is now available. It provides information on six subscales with high re-
liability (.85 or better) And high subscale independence. These charac-
teristics and its general utility for differencpopulatipns support its
application to the problems described above.

The purpose of this study was to explore the utility of an assessment
instrument with regard to assessing educational philosophies of science
teachers and to compare these assessed profiles to those of other public
school educators and to empirically derived profiles of selected national
curricula.

!,
,?

Public school educators in Iowa were randomly seiectail within each
of five categories: administrators, elementary teachers, secondary science,
mathematics, and social science teachers. Each educator was mailed a copy
of the RAPE; 85% returned the completed instrument. ANOVA and Scheffg
procedures were then performed to locate significant differences between
categories of educators,

Teachers teaching one of the selected national science curricula in
the intended style of the cqrriculum were identified and administered the
RAPE; the means of their scores were used to construct a profile for each
selected curriculum. Coefficients of agreement (observed scores divided
by profile scores) were calculated between the random sample of elementary
and secondary science teachers and each national science curricula selected.

ANOVA and Scheffg procedures were then used to locate significant conflicts
and matches.
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The MAPE produces a score for each of six subs4ales; significant
between-group differences were found for three subscales. Further ana'lysis
revealed that science teachers preferred antisubject-centered curricula
significantly more than other categories of educators while math Lachers
preferred controlled traditional curricula significantly more than other
categories of educators. Elementary teachers expressed a sighificantly
stronger commitment to individual differences than other teachers while
science teachers preferred a group approach significantly more than other
educators. Finally, mathematics teachers indicated a significantly stronger
reliance on detailed planning than other categories of educators while ad-
ministrators expressed a significantly greater distrust of conventional
schooling procedures than other educators.

q,

Significant differences were found between coefficients of agreement
for various curricula. Some curricula were considered to be more suitable
than others in view of significantly higher coefficients of agreement.
Some potential conflicts were also identified by coefficients of agreement
that were significantly lower than others observed.

It is reasonable to assert that teachers tend to alter a curricula to
coincide more with tRtir personal philosophy. Teachers whose profiles
differ greatly from the empirical profile of a specific curriculum may be. -
fit most from an intensive retraining program which stresses the skills an
techniques considered to be compatible with the design and philosophy of
the curriculum. Here, the MAPE seems to be capable of locating this segment
of the teaching population.

A philosophy of education, as it is reflected by a person's performance
and preference, primarily represents a variable in the affective domain.
Few data are availab e to suggest what and how factor* may influence the
shaping of a philo phical attitude. Earlier attempts by this author to
correlate profil from the MAPE with performances in a simulated micro-
teaching situation and scores on the Science Attitude Inventory produced
many significant but low correlations. Additional research, some of which
is currently in progress, needs to explore the, potential influence that .

training may have, not only on specific teacher performances and behaviors,
but also on their philosophy of education.

Guertin, W. H., Litcher, W. D., and Hedges, W. D. Multi-Dimensinna1
Assessment of Educational philosophy. Parauniversity Resources,
640 N. W. 36th Drive, Gainesville, Florida 32607

Note: Significance in this paper is defined as (p 4.05):
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Jacob W. Blankens'1ip, University of Houston,
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Glenn D. Berkheimer, Michigan State University,
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A NEW DIMENSION IN SELECTING SCIENCE TEACHERS

Miles A. Nelson
University of Wisconsin - Madison

Madison, Wisconsin 53706

Educational recruiters complain that placement credentials are not
related to classroom performance, thereby making selection difficult. This
investigation explores the. possibility of improving the selection process
by providing more objective data regarding a candidate's teaching per-
formance. In addition to the material traditionally included in a place-
ment credential (personal data, grade reports, letters of recommendation

from a cooperating teacher, supervisor and methods Rrofessor), three new
data sources were added: 1) A competency list was p'ovided which describes
a beginning science teacher's acquired teaching skills, 2) a pictograph

r2

for eac candidate is provided which shows an overall rating in six areas,
and 3) 20-25 minute video-tape is provided which shows actual classroom
perfo nce while student teaching in a discussion, lecture, and laboratory
situation. These new additions were variously combined with the traditional
material to form prototype credentials.

Four questions were asked:

1. What effect does placement, credential type have on a
candidate's ranking for employment?

al
2. Which information provided /fin the placement credential was

most useful in ranking c idates for employment?

3. Which placement credential type Provides the most con-
fidence in a ranking of candidates?

4. What do potential employers look for in a videoutaped
sequence?

Seven prototypic placement credentials were developed for eight pro-
spective science teachers. Twenty-eight randomly selected administrators,
including principals and science department heads,were assigned at random
to seven groups. Each group was give} one of the prototypic placement
credentials for four candidates and asked to; 1) rank the candidates from
most to least desirable; 2) indicate which information was most helpful
in determining ranki 3) indicate a confidence in their ranking.

All ilata from the taiki were either ranks or ratings and were analyzed
using non-parametric statistics. Kerrdall's coefficient of concordance was
used to estimate interjudge reliability and Kendall's tau was used to
determine relationships between predicted and obtained rankings.
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Four hypOtheses were developed and tested:

H
1

: As the placement credential became more representative of teaching
agreement on the ranking of candidates would be greater.

H2: As more information about the candidates teaching ability was-
provided, assigned ranking would agree more closely with those
who had seen the candidates teach.

H3 : Items in the placement credential directly related to teaching
performance would rank highest in terms of usefulness.

H4: As more information about a candidate's teaching performance
is available, raters' confidence in the final ranking would

-increase.

The video taped sequence surpassed the cooperating teacher's letter of
recommendation as the most useful source of information. The. overall-con- .

clusion was that incorporating all the new material makes the selection
propess more objective and inspires more confidence in hiring the "best"
candidate.

One method of improving science teaching is to improve the selection
pro mess by providing recruiters with more objective information About
teaMhing performance. The inclusion of the competency list, pictograph
and video-tape sample of teaching performance in a science teacher's place-
ment credential does this, and adds confidence in the selection.

39
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CONCURRENT SESSIONS III

Session IIIA - Learning Theory: Piaget

Presiding: Irvin T. Edgar, Pennsylvania Department of Education,
Harrisburg, Pennsylvania 17126.

1. "A Perspective on Formal ThariglifDevelopment."

Eugene L. Chiappetta, University of Houston,

Houston, Texas 77004.

2. "A Study of Abstract Preferences in Problem

Solving Tasks and Their Relationship to Abstract

Ability and Formal Thought." DaVid L. Dunlop,

University of Pittsburgh, Johnstown, Pennsylvania

.15904 and Frank Fazio, Indiana University of

Pennsylvania, Indiana, Pennsylvania 15701.

3. "The Teaching and Transfer of Seriation Strategies

Using Non- al"Variallles With First Grade Children." ,

Michael J. Padilla,.;Michigdn State University,

East Lansing, Michigan'4423.

4. "Strategies Used by First Gra Children in

Seriating Objects on Length and ight."

Edward L. Smith, Michigan State Unillsrsity, East

Ldnaing, Michigan 48824.
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A PERSPECTIVE ON FORMAL THOUGHT DEVELOPMENT

Eugene L. Chiappetta
University of House=
Houston, Texas 77004

Thei research of Jean Piaget and his Genevan co-workers might lead
one to believe that all adolescents are formal thinkers by the time they
are 15.or 16 years of age, Lovell,who has performed numerous Piagetian
studies with English students,discovered that some of the subjects used
in his studies were not formal thinkers by the age of 15. He further
stated that he suspected the subjects with whom Piaget worked in Geneva
were rather able.students, consequently leading Piaget to conclude that
adolescents are formal thinkers by about 16 years of age. Higgings-
Trenk and Gaite concluded from their study on formal operations with
American subjects that normal adolescents are unlikely to reach the level
of formal thinking until their late teens or early twenties if they reach
it at all.

The studies revielied on formal thinking in the United States seem

to support the contention that the majority of late adolescents and
adults function at the concrete operational level and not at the formal
operational level. The data collected and the conclusions arrived at

by the researchers indicate that over 50 percent of the American popula-
tion at age 16 and older function at the concrete operational level, thus
,contradicting Piaget's findings resulting from research with Genevan sub-

,

jects. The discrepancy here is probably due to the subjects studied by
Piaget. He appears to have chosen the more able students in his studies
on fprmal thought development, hence finding greater cognitive develop-
ment than he possibly would have found had he studied a truly random
sample.

If, -the cognitive development of late adolescents and adults has
been accurately inferred from the studies cited, then it appears that
many of our high school and college science courses are inappropriate.
Since a great deal of the subject matter taught in high school and college
science courses is geared toward formal thinking, these courses are not
suited for concrete operational thinkers who probably represent the
majority of students. College and high school science courses deal with
formulas, rules, hypotheses, relationships, etc., all of which require
formal reasoning for complete understanding. When confronted with this
type of subject matter, concrete operational thinkers can only memorize
facts and relationships and solve problems mechanically by plugging into
formulas. This tends to lead to very little understanding.and retention
of the material being taught. It seems that curriculum developers need
to develop science programs that are more geared toward concrete opera-
tional thinking than are the existing Programs.

,

--1
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A S Y OP ABSTRACT PREFERENCES IN PROBLEM SOLVING TASKS

THEIR RELATIONSHIP TO

ABSTRACT ABILITY A FORMAL

David L. Dunlop
University of Pittsbirgh

Johnstown. Pennsylvania115904 '

and

Frank Fazio j
A Indiana Un ersity of Pennsylvania,,

Indian , Pennsylvania 1.5701 .

.

The assumption has been cmade by various Science educators that the
level of reasoning used by students when solving problems is substantially
below the student's capacity. Teaching/learning models are often considered
when examining this assumption; however, student preferences must not be
overlooked. 'Specifically, the purpose of this study was to investigate,
within a Piagetian framewolt, the degree of abstract preferences exhibited
by five different. grade libels of science students as they processed
eighteen problem solving tasks.

1 N
Three hundred twenty-pine randomly selected students from five grade

levels ranging from eight grade to college seniors were giyen the Shipley
Test of Abstract Reasonin . Gtoups closely corresponding to\concrete ane
formal operational stoden s were identified as were groups ',aged upon sex
and grade level. All stu ents were presented with eighteen w1itten4problem
solving tasks and asked t state their preferences concerning methods for
arriving at a solution td the tasks. The'solutions for each task were
ranked according to the degree of abstraction rypresented, and an abstract
preference score was calCulated for each stu44%),,,'

f.

Correlations were thin to determine, for each gIoup, the relationship
between abstract ability and abstract preferences. Analysis of variance

% -...techniques were usdtd to determine differences among the different groups
--

with respect to abstraction ability and also abstraction preferences.
Item analysis was used to investigate specific problem solving situations
and responses to these items.

As expected, older groups demonstrated greater abstract reasoning
ability as well as a greater percentage of students in the formal opera-
tiJnal stage of development; however, no significant difftrences (.05
level) Were found between grade levels with respect to abstract preference
scores. This supports the existence of preferences for individual problem
solving strategies. But more important, this preference is independent
of abstraction ability and the development of formal operational thought.
Sub-groups and coMbinations of sun- groups were also examined. Results
supported the conclusion that an individual's preference for a concrete
algorithm to a problem solving situation is not dependent upon his ab-
straction ability. Within a specific grade level, results of correlational

1042
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techniques indicated no significant correlations between abstrac
ing ability and abstract oreferen.cesl further supporting the inden

of these two variables.

The assumptibn that a student's level of reasoning is often below h
capacity is generally supported by this study; hnwever. it is also true
that many students actually prefer and do attempt to function above their
abstraction capacitf. The difference between a student's Preference and
his ability to successfully implement his preference is discussed, and
research needed in this area is outlined. In addition, the study consid-
ered the abstract nature of the problem solving test itself, end discussed
this in relationship to the findin*s.

The level of reasoning used by students when problem solving is often
below the student's capacity_ This study has provided evidence that a
student's preference towaled'i-specific solution may, in part, he resoon- *.

Bible for a student's below capacity functioning. Teaching/learning models,
as well as curriculum development efforts-should take this into account. .Y-
By realizing the role of an individual's style of preference in Problem
solving, classroom teaching may be enhanced.
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THE TEACHING AND TRANSFER OF SERIATION STRATEGIES,

USING NON-VISUAL VARIABLES WITH FIRS' GRADE CHILDREN

Michael J. fadilla
Michigan State...University

. East Lansing, Michigan 48823 --..-

The objectiv of the inquiry- -were:

ti e fire power of teaching a specific strategy.
perfo Tag seriat on tasks and to else this strategy

as i-'-predictof of, lateral transfer, and

2) to extend Piag 's discussion of seriation of non-visual
variables beyond ights,seriation and to investigate his

."assertion that this serigtion comes about two years later
than seriation of visual variables.

Sixty lirst-grade children were administered Piaget's stick seriation
task and classified,as stage I (non-seriators) and stage III (seriators).
From this number, twenty-four children were chosen as subjects and assigned
to strategy treatment gtoups. Treatment group one (EVS) was taught to
seriate the materials using a strategy which focused on choosing the great-
est element from the unordered elements and placing it next in the row un-
til all the objects were ordered. Treatment group two (INS) was taught
to seriate the materials by choosing randomly from the unordered elements
And inserting this selection in its proper place in the row. Treatment
rout, three (CON) was a control gToup which simply practiced the,seriation

t.. with feedback on correctness. Three different sets of materials were
used luding a set of eight different weights, a set of eight cups lined
with dif nt grades of sand paper, and a set of eight "pull toyS" differ-
ing on amo of force necessary to pull a handle. All of the materials
diff 'only on the,one variable. The children we told to, "Put these

ects in a row according to theii"heAght" or "roughness" or "how hard
they pq11."',

The treft i'Tgroups were taught 1.n three separate sessions during
which one of the -res,matarial sets was,used and data were collected on
the number of tri s,ta'Criteriam_ATTC). triterion wag defined gs the
successful campleti of the task using tile-exact strategy taught. During
a fourth session, a p st test, administered iansisting of one try at
seriating each of the ree mate al sets. A RenakkL's Tan correlation,
was computed to judge th degree o orrectness for ehch task.

Multivariate analysis s signif t (1,4.05) for strategy treatment
groups on post test scores, the EVS strategy group's mean scores were
superior to the INS or CON grow , and_the INS group was superior to the
CON group. No significant diffe ces 14ere found between stage.' and
stage III post test scores, but th stage I seriators achieved a higher
mean task score than tpe stage III g up. This raises important questions

r;3



regarding PiageErg- sistance that this ability does not occur even in

stage III seriators un about age nine'. It also suggests that the im-

portance of the strategy in iation behavior may be quite profound.

Analysis of TTC data also showed no ditference between stage I and stage

III chil4ren, It also pointed up a strOhl-tndcncy for EVS and INS groups

to transf the taught strategy, while the CON giOiiii-showed_strong fluctu-

ation from e trial'Qo the next.

NAk
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STRATEGIES USED BY FIRST GRADE CHILD R I

SERLATING-OBJECES ON LENG WEIGHT

hawar . Smith

Micnig State University
'Nast sing, michigan_48824

the uojectives, r tnis Ituoy were:

1) to as5eT:s 'tne ability of first glaae.chitaten to seriate
objects on.welgnt and length,

2) co iaenciry strategies usea in setiating oojects un length
sun u.eignt, .

..

,

/
,3) to detetmlue i5e of cts of tne setiaciun variable (length

oz weignt) ou ck ketrormance and tne strategies used, and

4) co decelmane ale efbeccs of the number of objects-(4, 6, 8,
or 10) ou task petrotwance aua tne strategies used. /

Cnitaten were asaea to cutler a sec of 4: 6, 8 or 10 objects on length
(wooaen aoweis),or on,weignt (weighted cups). The tester recorded the
sequence in wnicn oojects were placeein tne low and the actual tanks of

4 x 2 x 4 raacioul block aesi ool x variable x unm- ber of objects)
was ea witn 24 first glace children hum each of four randomly selected
scno ts rim a mienigen city scnool district.

Vile Task Scqpre (TS) is tne Kendall Tau coefficient between tne child's
rauxing of tne oojects aaa the cottect ranki . Three otner scor5e, com-
puted floc tae sequece record, werelltased o distinguish among the
strategies iaeutified in a previous p ot stn y. Extreme Jalue8electers
(EvS) ideutifystne latest (or smallest) value emung tne unordered objects
aua plate it wnete it belongs in the tow. Reaztangers (RAR) make an un-
oraelea rtwi aua tnen rearrange tne objects until: they are c- rect.

/----
Analysis of vatiaace was used on tne Task Scores. e significance .

of effects on tne use of attategies due to variable and .umber of objec s
was asset:leo with the cni square statistic.

o

Forty-tntee chitdten pettotmed tne setiation Eask nearly perfectly
,(TS .90).. Of tnese high performers, 31 order on length while 12 ordered
on weignt. TaskScotes were significantly 1 er (p4.0001) for weight (mean
TS .51) than fti/r length (TS .80). The was no significant effect for,
szhout or fot number of objects, and to e were no significant interactions.

/'

V

tne oojeccs in rne final"low.
.
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The EVS strategy was used by 18 high performers, the INS by 12 and the

RAR by 2. There was a significant effect of seriation variable on the
strategy used,witn the INS strategy used to a greater degree with iengrn

than with weight. There was no significant effect of number or objects oa

the stretegy used.

It appeets that must of the first-grade children in the pupulatiun num
which these were drawn have yet to master seriation witn weight. Also, musr,

of those wnu perform the seriation task tend to Ise one of twu straregits

(EVS or INS).

The must important finding is tnat successful performa4 on the serr-

ation task is usually achieved with the use of a relatively systematic

strategy. This suggests tnat it may be feasible to teach children strategies
for this and otner important tasks. The potential for transrer of strategies

aLLuss couLaLit (e.g., from one variable to anotner) should also be explored.
Attewpts to teach seriation shuuld take into actuunt the teudeuty of first-
grade children to use the EVS and INS strategies.

N

/
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During the past years, the Minnesota Researcrand Evaluation Project
(MR94 has evaluated a number of curriculum implementation projects sup-
ported by the National Science Foundation. The purpose of these evalua-
tions has been to provide the Foundation with information it could use in

making decisions regarding its newly inaugurated Instructional Improvement
Implementation Section (IIIS). In this symposium, five different delivery
systems are described and evaluated. The theoretical model of dissemination

and utilization recently developed by Havelock (l973) is used to compare

the various delivery systems.

The five delivery systems include Accessible Schools, Off-Campus
Centers, Collaborative Projects, Portal Schools, and Summer Workshops.
reactors to the evaluation include a project director and a representative
of NS', the funding agency.
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Robert R..Ludelatn,, Andrews University, Berrien

Springshigan 49104.

3. ''Construction and Valilation of a Biology

Interest and Attitude inventory." J. Gregory

Quinn, Beaver College, Glenside, Pennsylvania

19038.
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TOWARDS A GENERALIZED INfERACTION ANALYSIS

SYSTEM FOR SCIENCE CLASSROOMS

Robert K. Crocker
Memorial University of Newfoundland
St. John's, Newroundlanc, Canada

The purpose of this paper is to explore the possibility of developing
a comprehensive system of interaction analysis designed to be applicable
to the wide variety of interaction patterns found in science classes. In
particular, the proposed system should be capable of investigating such
problems as assessing the level of scientific tnuught process of pup
determining the influence of pupils on each other in small group si
such as laboratory; whit., exploring snort and long term:sequeaces i

development of thought processes, investigating the effect of diff
teaching strategies, especially of varying the amount of teacher c

of pupil activities, on the observed interactions, and investi

effects of teacher interventions on the behavior,of pupils en
laboratory type activities.

Nearly. all existing interaction analysis systems have been
to explore the conventional classroom, in which the teacher ten
nate the discourse, Studies designed to investigate interacti
tory situatio4,Je.g., Hurd and Rode, 1966; Ferrence and And
Widell, 1969) in particular, have been small in scale and hay
useful results. Furthermore, most existing systems are unid
and do not permit the simultaneous recording of different c
the ongoing interaction.,,

1s,
uacions

the

rent
ntrol
ng the
in

esigned
s to domi-
in latiora-

sbn, 1910;
not yi9lded
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From a more theoretical standpoint, the paper develops the thesis that
existing interaction analysis systems, in general, do not hava'sufficiently
well developed theoretical bases to permit proper interpretation of the
large amount of data that emerge from their application. Exceptions to
this are systems such as tnose of Bellack, Aschner and Gallagher, and Smith
and Meux.,

The problem oT using interaction analysis for evaluative as well as
descriptive putposea as required by some of the applications mentioned is
also a serious one. Only a few existing systems have categories which in
any way can be considered as being hierarchical. The system proposed in
this paper is based on an extension of the idea, found in the systems of
Tabs, Smith and Meux, Aschne and Gallagher, and others, of forming ir';
hierarchy of categories based on a model of logical thinking.

Specifications for a broadly based system are discussed under the
following headings:

1) Possibilities of a theoretical base.
2) Dimensions required to extend degree of comprehensiveness.
3) Use of the system for evaluative as well as descriptive purposes.
4) Applicability to a variety of classroom settings.
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Theoretical considerations discussed include the use of the Wittgen-
Stein-Bellack "language game" concept as a basis for interpreting broad
aspects of interaction such as the roles of individuals in groups, the
application of a model of the nature of science, particularly of the sci-
entific process, as a theoretical base for what Bellack calls the "sub-
stantive" and "substantive logical" dimensions, and a learning theory
approach to the instructional content of the observed interaction. As,All

example of an extended dimension, it is proposed that categories toAlescribe
interpersonal relationships be developed from a consideration of _personality
theory. Finally, the paper explores the possibility of applying a hier-
archical model of logical thinking to the development of s4etice process
subcategories, in 'Order to distinguish statements or actions on the part
of pupils or teachers indicating, for example, testable or untestable
hypotheses, or control or lack of control of variabl

The complexity of the proposed system raises such problems as reli-

ability, the possible overlapping of dimensions, technical aspects of
classroom application, and data summary and interpretation techniques.
Research currently underway on some of these problems is briefly described
as is proposed research on applications of the system.
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DEVELOPMENT OF THE SCIENCE PROCESSES-TEST (TSPT)

,Robert R. Ludeman
Andrews University

Birrien Springs, Michigan 49104

The objective of the inquiry was to develop a science processes test
using external criterion referenced validation and an objective method of

item selection. The result was required to be a power test of multiple

choice format needing no special materials or training to administer.

To initiate the study, a pool of test items intended to assesd---
students' ability to use the/ processes of science was generated. Tradi-

t,konal test development pr educe was used, including examination of the
items for relevance, ex nation of reading level, and item tryout and
revision based on item alysis.

N

The next step in the development involved use of the external criterion

and the objective method of item selection. A subset of The IndiVidual

Competency Measures from the elementary school science program Science -
A Process Approach (SAPA) was used as the external criterion. These Com-

petency Measures and the previously generated items were administered to

a group of,Atudents. Items from the pool were then selected for inclusion
in TSPT based on their ability to discriminate between students who did well
and students who did poorly on The Individual Competency Measures.

Normin data for the final form of the test, TSPT form D, were ob-

tained by inistering it to the sixth grade students in 19 public schools

randomly s ected from the population of public schools within a 50 mile

radius
.
of errien Springs, Michigan. The minimum level of item dilscrimina-

tion referenced to the external criterion was set at 0.2. The final step

in the study involved preparation of a test manual.

In its final form, TSPT form D consists of 36 four alternative multiple

choice questions. The correlation of the validating sample scores on TSPT

and their scores on the Individual Competency Measu;es was-0%830.

The other test statistics obtained from the norming data are:

Grade level 6

Number of Items 36

Number of Subjects 1301

Median Score 4.7

Mean Score 17.9

Standard Deviation 6.90
Standard Error of the Measurement 2.69

Mean Point Biserial Correlation , .409

KR20 Reliability .842

Mean Difficulty .503

Mean Discrimination .496
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The correlation pf TSPT,scores with the Individual Competency Measures
scores is undoubtedly inflated due to the fact the same data were used in
preparing TSPT es were used in calculating the correlation. Even so, it
indicares that the external criterion referenced method'of test development
used does produce a test that is highly correlated with the criterion.
This may be taken as evidence that the objective method of item selection
used does indeed produce a test highly correlated with the criterion. This
correlation plus the other test data presented also indicate that TSPT is
a useful test for assessing abilltrto use the processes of science.

A number of authorities in the field of testing have expressed dis-

satisfaction with the usual subjective methods of item validation used in
test construction. The techniaue used here is suggested as a more objec-
tive and quantitative alternative which strould be used and evaluated by
other test developers. Also, TSPT appears to be a test useful to researchers
engaged in process evaluation.
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CONSTRUCTION AND VALIDATION OF A

BIOLOGY' INTEREST AND ATTITUDE INVENTOR'

J. Gregory Quinn
Beaver College

Glenside, Pennsylvania 19038

At the tithe during which this study was conducted, there was no reported
semantic differential instrument which measured the attitudes and interests
of high school students specifically towards the content and processes of
biology. Such an instrument, the BiolFgy Interest and Attitude Inventory
(BIAI), was constructed and validated."

The BIgolonsists of twenty items, sixteen of which are krawn from
the Nelson ogy Test, Revised Edition, Form E. Two items deal with
common aspects f secondary biology which are nit included in the Nelso and
two with topi in a BSCS curriculum which are not included in theNelson.

Twelve bipolar adjective pairs used with each of the BIAI items we e
selected from a set of over fifty bipolar adjectives that had been repeat-
edly factor-analyzed in studies employing the semantic differential in-
strument. Pairs which were considered to be unsuitable and pairs with
adjectives one of which might be perceived by a subject as a homonym were
avoided. The polarity of the adjective scales was not randomly reversed,
nor was the sequence of the scales changed throughout the test on all twenty
items.

Two samples of tenth-grade biology students in Maryland and Massac4u-
setts were involved in the study which was conducted in May of 1973. A
total of seventy subjects participated. The BIAI was administered twicA
to these subjects, one week apart, during scheduled laboratory sessions.
The scores of students who were absent for either administration were not
considered in the analysis of the data.

The students' responses on both administrations of the BIAI were sub-
, jected to factor analysis. Eigen vectors were rotated according to cri-
terion values of 1.0000 and 1.2000. One charaCteristic factor was identi-
fiable for each item of the BIAI. Three irrelevant scales were not in-
cluded,in the analysis and the BIAI was refactored to produce one factor.
All twenty items of the BIAI were shown to be factorially simple, and, the
same nine adjective pairs accountednfor the greatest amount of common
variance in all twenty items. This factor has een designated the "cognitivt
evaluative factor" of the BIAI.

To answer the question of reliability of the BIAI, students' responses
on the nine significant adjective scales for each of the dens of the BIAI
were summated to meet the assumptions of reliability. A total test score
was also computed for each student by summing each individual item score
for all twenty items of the BIAI. On each item the minimum score was 9

and the maximum score 63. On the total test the Minimum score was 180
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and the maximum score 1.260. Item reliability (average r 0.53), item-
score-total-score reliability (Average r 0.48) and total test score
reliability (r = 0.75) between the two administrations were determined by
Pearson Product-Moment Correlatidns.

The BIAI has been demonstrated to have construct validity and test-
retest reliability. It is quick to administer and suitable for situations
where the identification of high school students' attitudes towards biology
is desired.

4
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SOME EFFECTS OF TRAINING PRE-SERVICE TEACHERS

IN SCIENCE TEACHING STRATEGY ANALYSIS

Russell H. eany, Jr.

Southern Illin s University

Carbondale4 I linois 62901

The study was designed to assess he effectiveness of three treatments
for encouraging and tt ning prospect e elementary science teachers in the

it
use of inductivg/indlr t strategies n science teaching. Subjects were
stratified according to the grade lev,.1 in which they were student teaching
and then randomly assigned to one of the following four treatment groups:

.

1) The Strategy Analysis Level, (S). Subjects in this group
were trained in science teaching strategy analysis' and
planning using the Teaching Strategies Observation Dif-
ferential (TSOD).

2) The Modelin -Level, .gil. Subjects in this group viewed "

video-tapes of del science lessons which represented .

inductive/indire t teaching strategies.

1) The Combination Level, (MS). Subjects in this group received

'N\the treatments ssociated with both levels above.

4) The. Control Le, el, (C). Subjects in this group spent approxi-

mate'ly an equal amount of time viewing films judged to have

/a neutral relationship to the treatments.

Ti. underlyinhypothesis related to the-aboVe treatment.'leiellikas

that training which is designed to bring about a familiarity with and an
awareness of science teaching strategies will cause pre-service teachers.
to, (1) adopt more inductive/indirect teaching strategies, and (2) form a'
"ore student-centric attitude,teard the role of the pupil in science class.

In order to test this hypothesis, data were collected on three de-

pendent variables. Sources of the, data were:

1) The Teaching Strategies Observation Differential (TSOD) which
was used to rate the science teaching strategies of each sub-
ject from a video-taped sample lesson,

2) The Elementary Science Activities Checklist (ESAC) which was
used to measure the Science teaching strategies of the subjects
as perceived by their elementary school pupils and tp cross-

.
validate the video-tape data,

3) The Science Activities Attitude Sort (SAAg) which was used to
assess the pre-service teacher's attitude tbward the role of

the pupil in science class.
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A multiple analysis of covariance, usi class size and average class
ability as the cone itant variables, was per ed on the TSOD and ESAC
data. An analysis f variance was used to test or significance due to
treatment among the group means on the SAAS data. oth of the omnibus tests
were then followed y the Dunnett multiple co arison techniques_of testing
a±1 group means aga nst the control mean.

The pre-serVi
tegy analysis and
Pantly more induct
to the control gro
also showed a sign
group (p4L.10). T
study. Analyses o
the MS treatment.

tween the MS group

e teachers who teceived,tr ining that in uded both stra-
he uiewing of model lessons (MS group) adop ed a signifi-
ve/indirect science teaching style than those ubjects
p (pc...05). The results of the analyses on the SAC data
ficant difference between the MS group and the co trol
ese results provided the cross-validation sought in the
the SAAS data provided more evidence on the power o
The results also indicated a significant difference be-
and the control group (p4-05).

The results f thisstudy provide evidence that it is .possible to de-
sign activities t at will significantly and positively affect the science
teaching style a d attitude of pre-service elementary teachers. If one
can assume that lementary teachers should be usingAmore inductive/indirect
science teaching strategies, it is the recommendation of this researcher
that a curriculum unit modeled after the MS treatment in this study be
developed and incorporated as a teacher education-activity.

I
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Session IVB - Evaluation

CONCURRENT SESSIONS IV

Presiding: William Snyder, Florida State U v sity,
Tallahassee, Florida 32306.

Irtructor: Eva Baker, Universify
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CONCURRENT SESSIONS IV

.1

Session IVD - Development and Use of Classroom Observation InstrUments

Presiding: Paul Eggen, University of North F1'rida,
Jacksonville, Florida i2216.

Instructors: Patricia E. Blosser, The Ohio State University,

Columbus, Ohio 43210.

Thomas P. Evanss, Oregon State University,
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GENERAL SESSION II

Presiding: Robert E. Yager, University of Iowa, Iowa City, Iowa 52242

Speaker: David Berliner, Far West Laboratory for Educational
Research, San Francisco, California 94103

"Studying and Defining Effective Science Teaching"
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CONCURRENT SESSIONS V

Session VA - Informal Discussion

Presiding: John F. Schaaf, University of Toledo, Toledo, Ohio 43606

"An Informal Discussion With David Berliner"

Dav d Berliner
Far West Labdrat for Educational Research

San Fran sco, California 94103
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presiding: Stanley L. Helgeson, The Ohio State University,
Columbus, Ohio 43210.

1. "A Comparison of Individualized Group Instruction

in a Sixth Grade Electricity Unit." Charles

Anderson,//Westlake School, Austin, Texas 78751

and Dav d P. Butts, The University of Georgia,
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2. "Concept Formation as a Function of Instructional

Prqcedure." J. Dudley Herron, Purdue University,

Lafayette, Indiana 47907.

3. "Science Concept Learning: Needed Lines of

Research." Alan M. Voelker, Northern Illinois

University, DeKalb, Illinois 60115.

4. "The Effect of Intensive Instruction in Cue

Attendance and Hypothesis Generation Upon Open.

Exploration Behavior of Low and High Ability

Ninth Grade Students." Emmett L. Wright,

University of Maryland, College Park, Maryland

20740 and H. Seymour Fowler, The Pennsylvania

State University, University Park, Pennsylvania

16802.

66



/ A COMPARISON OF INDIVIDUALIZED GROUP INSTRUCTION

IN A SIXTH GRADE ELECTRICITY UNIT

Charles Anderson
Westlake School

Austin, Texas 78751

and

David P. Butts

The University of Georgia
Athens, Georgia 30602

There may be both advantages and disadvantages to teaching self-paced
/materials and the central question is whether the advantages outweigh the
/ disadvantages. Do students learn more from individualized or from more
/ traditionally presented materials? Which method of presentation do students

prefer?

If students are not unanimo s in their preference for one treatment or
the other, and if learning gai s depend upon characteristics of individual
students, as well as the metho i which the information is presented, a
new set of questions can be asked a ut the characteristics of the students
who refgc and benefit from one situation of the other. Do boys, for fin-
ance, have different preferences from girls? Do high achievers have

different preferences from low achievers? Do boys and girls learn best
-under different conditions?

This study was in part developmental and in part experimental. A
series of worksheets were developed based on the BSS unit Batteries and
Bulbs. These worksheets were used to teach three classes of sixth grade
students at Westlake School near Austin, Texas. Two other classes
coveied the same material using a lecture - discussion technique instead of
worksheets. Student gains were evaluated through pre-test and post-test
and attitudes were evaluated through a sematic differential scale.

The net result of this study seems to be that the stuaents reacted
/much more strongly to the subject matter than to the style in which it was
presented. No significant differtnces were found in either'echievement or
attitude between !Students who studied electricity with self-based work-

sheets and students who were taught in a more comentional class discussion
Otchnique. Nest students indicated a preference for the discussion over the
worksheet, but there is reason to believe that some of the preferences
were artifacts of tht opinion sampling procedure. The rejection of work-
sheets was emphatic among students who never actually used the worksheets.
Students in the worksheet group also liked the electricity unit just as
much as did students in the discussion group.

Student achievement and interest in electricity did not seem to depend
at all on the instructional procedure, but it was correlated highly with
characteristics of individual students, such as sex and interest in science.
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Boys did better than girls on the post-test and displayed a more positive
attitude toward the electricity unit. Student interest in science cor-
related even more highly with post-tett scores than with sex. Thus it
appears that students reacted differently to the electricity unit primariIy-_
beca-u-se they were different to start with and not because they were treated
differently by the teachers.

Thete were significant differences between the two instructional pro-
cedures from the teacher's point of view. To teach a unit by an other
than conventional procedure required a large amount-Z2 advanced planning.
Assembling sufficient quantities of the necessary materials is especially
difficult and time-consuming. However, the problems of writing the work-
sheets and getting them typed and reproduced makes the worksheet method
considerably more demanding in terms of advanced planning time. The work-
sheet method also seems to present more administrativ difficulties in the
classroom then does the discussion method. Teachers f nd that in the
self-based classes they answered the same questions over d over. There.

were also more problems with students who did not understand the instructions,
or who became discouraged and wanted to stop working. The discussion classes
seemed to make faster progress than the worksheet classes, finishing the unit
ove /a week earlier then most of the students in the worksheet group. The
f t that the discussion classes had a slightly longer period did not account
or the differences in pace between the two groups.

In the final analysis, there is no reason that one method or the other
has to be chosen 113TERZTUgive use. Students learned a significant amount
about electricity by either 9e(hod, and they gave the electricity lesson
positive ratings when they were taught by either method. Because sixth
grade students can become bored with almost anything if they are forced to
keep doing it for to long, it is useful to have tsio instructional methods
available which seem to work about equally well and be used as alternatives
over the course of a year.
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CONCEPT FORMATION AS A FUNCTION OF INSTRUCTIONAL PROCEDURE

J. Dudley Herron
Purdue/University

Lafayette,)Tridiana 4707

Previous e)arch suggested that students who were at the concrete
operational leve might learn a g4.ven.eoncept more efficiently if the

e of instruct on diffeied from instruction used for students who had
eveloped to the formal operational level. However, initial work in this

area led the investigator to believe that the concept developed by the
student was actually different under different modes of instruction. This
vestigation was designed to test the hypothesis that the nature of the
cept learned by a student is a function of the mode of.instruction used
develop the concept.

Written materials were prepared to teach the concept of "mib" to
students in a remedial chemistry course. One set of materials presented
the concept through a programmed text format consisting of twenty -six\

frames which presented the student with a figure and then asked the student
to decide if the figure represented a mib. Feedback for each frame pro-
vided information which would enable the student to discover the character-
istics which define the concept. A Second set of materials presented a
verbal definition of a mib, a single example, and the instruction for th
student to draw twenty-six mibs. The third set of materials consisted o
the verbal definition; no example, and a set of twenty -six illustrations
with the'instruction that the student was to circle those illustrations
which were examples of the concept,

Materials were randomly d tributed to a sample of 150 students and
were collected when the students had completed the exercise. Two days
later, a test consisting of twenty illustrations was administered. Students\
were asked to identify those illustrations which were mibs. In addition,
students were asked to write,a definition of a mib.

Response patterns for the three treatment groups were compared. The
ata of primary interest was the dif rence in the kind of figure that
s ftiyaged to be a mib rather than t number of errors. In addition,

cd relations between error rates on the learning exercise and error rates
on the test were computed.

Results indicate that the students who were given a definition for a
mib developed a different concept than those students who learned the con-
cept through multiple discrimination in the programmed format. These re-
sults point to limitations in both styles of learning and suggest that a
variety of learning activities are needed for adequate learning of concepts.

Tn many instances concepts are "taught" through a single kind of
learning activity. For example, the concept of density may be presented
through a definition and a sample calculation. The concept learned by
students as a result of this activity is likely to be different from the
concept learned through other activities and may differ *Om the concept
which the instructor intended to teach. The research results reinforce the
need for a varies), of learning activities for accurate development of
science concepts.
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SCIENCE CONCEPT LEARNING: EEDED LINES OF RESEARCH

Alan M. Voelker
Northern Illinois University

DeKalb, Illinois 60115

This paper will/identiO and discuss peeded lines of research on
science concept learning. Recommendations will be made as to the types
of studies that should be conducted and generally how they should be con-

ceptualized and designed.

// The starting, point for this paper is a recenY4 cimpleted analysis of
research on science, concept learning; a star study describing the state
of the art. Selected studies were analyz , problem areas being pursued
were identified, and comments regarding cluster of studies and gaps were
Included.

Results of the status study, positive and negative aspects,"will be
considered in the context of pursuing "lia6s-a research." The discussion
will then examine several research lines in the light of current thought

and research regarding development, learning, and the origins Ind structure
of science concepts.", A multidimensional network of variables to consider
will be formulated/ The resulting cellaof the network will bqroged to
propose new lines of research on science co ept learning as wel?as in-
dicate which lines currently being pursued hould be continued and in what
direction(s). Credibility of these lines f research will be established
by consideration of ,the conceptual knowledge dimension of scientific literacy,

the nature of science concepts, development and learning, and recent ad-
vances in science program development.

The basis for the status study consisted of documents obtained through
ERIC, profeSsienal journals and other scholarly literature, and bibliog-
raphies on conceAgearning. These sources, recently reported research on
science concept learning, and articles and books discussing needed research
in education and science education will be used to develop and support the
recommendations for lines of research and related designs.

The results will consist of a conceptual fr work for research on
science concept learning and proposals for researc directions. Special
attention will be given to the development ofP models, pursuit'of replica-
tion and longitudinal efforts, and aspects of research design.

Science education literature reveals that the research effort on sci-
ence concept learning emphasized in the mid-60's has declined precipitously.
Efforts appear to have shifted over to general pirogram evaluation rather__
than basic.research on learning concepts and their relationships. The

results are highly progiam specific; generalizable results are minimal.
Further, research on development ,vdrlearning is being applied to learning
science concepts in dangerously limplified form. Curriculum materials sur-

face almost daily with hierarchies, sequences, etc., which are based more
on/intuition than on a solid research base. These deficiencies reflect

the inadequacy of research on science concipt learning, which suffers from
a lack'of, and ill-defined, lines of research. Both basic and appliid,
research on science concept learning need a structure for planning ant,onn-

,
ducting research.
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THE EFFECT OF INTENSIVE INSTRUCTION IN CUE A' NDANCE

AND HYPOTHESIS GENERATION UPON OPEN EX' ORATION

BEHAVIOR OF LOW AND HIGH ABILITY NINTH RADE STUDENTS

Emmett L. Wright

University of Maryland
College Park, Maryland 20740

and A-

H. Seymour Fowler
Pennsylvania State University

University Park, Pennsylvania 16802
'N

The purpose of this study was to explore the effects of intensive
instruction (II) in either the observation of details [cue attendance.
(CA)) or the prbduction of tenable hypotheses [hypothesis generation
(HG)] about a science problemjipon future open exploration--five dependent
variables which include the quantity of CA, quantity and quality of HG,
and the quantity and diversity of information search questions (ISQ).

Regarding the dependent variables, two stions were investigated:
(1) Were there significant differences be een Ss intensively instructed
in either CA or HG and the control group (CG)? ) Were there signifi-
cant differences between Ss intensively instructed in CA and Ss inten-
sively instructed in HG?

' The same questions were asked about low and high ability sub-groups
/

[aptitudes of verbal reasoning ability (VRA) or Hidden Figures ability
(HFA)]. In addition, the data were examined for possible aptitude treat-
ment interactions (ATI) between the method of II, aptitude (VRA or HFA)
and the quantity or diversity of ISQ.

From 120 randomly selected ninth grade Ss, 40 were assigned to each
of the three treatment groups. Intensive instruction consisted of Ss
individually viewing (as many times as necessary) the filmloop, "The
Balloon in the Jar," until reaching criterion (75 details or 5 hypotheses).

Immediately following II, Ss individually viewed (as many times as
requested), in a random order, three other filmlOoPs and described details
("The Five Pendulums"), stated hypotheses ( "The Sailboat and the Fan"),
or asked questions ("The Spring"). -

ANOVA (significant F if p,e.05), with a follow-up t test (significant
t if p 4.05), indicated that: tl) Ss II in CA and HG performed signifi-
cantly, better on all the depdndent variables when compared to the CG,
except inthe case of the quantity of CA where na difference was found
between the HG group and the CG; (2) BBt II groups performed equally well
on all dependent variables except for the quantity of CA where Ss II in

0
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CA observed a greater number of details; and (3)
were found between low ability groups or between
either aptitude) on each of the dependent vari

In Regression analysis in

1'h aptitude of VRA, the fo

ISQ. The same was true for,.

that even though tie
lines did cress in the theore
diversity of isqv-

no signif cant differences
hi: ability groups (for

cated no icant ATI occurred between
1, and eithe = tity or diversity of
itude of HFA (it is eating to note

not, significant, the r salon

pattern for both quantity andtical

\. In all/Cases, Ss completed II. -wi-th-in 4his method could
NO!diapted to classroom use; particulariy in the for high N I.-sponsored'

P --WOrl p as development of ()Oen expl Ap.on ski The

post st fo be uti zed as part of a research design for mon

ring ac .5 ition o opefv-wq4oration skills, or as a teaching method

tin di cussion about a science problem.
, .

n th gh no si ificant ATI occurre , the bask pattern was evident

and his Along should ncourage further stud3ag to examine for optimal

modes of instruction or different ability levels.
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A COMPARISON OF RATINGS'OF 4TARY SCIENCE

TEACHING COMPETENCIES BY TEACHERS AliDTEACHER EDUCATORS

Carl F.'Berger

The University of Michigan
Ann Arbor, Michigan 48104

. /
objebtivds were:,

1) To develop a set of elementary school science teaching
competencies with significant elementary schoal teacher

input.

2) To compare the,ratfngs of elementary school t chers with

science teacher educat rs on three scales - t7

a) when Wcompetency h be taught,
.

b) last role the uniolersity should have, in teaching a

competency, and

c) haw importent the competency Is to elementary science'

teaching,

Classroom teachers, dministrators, and teacher educators gathered On

f
a voluntary basis to wri e competencies. Of the 19 participants, li were

elenentary4lassroon tea hers, 2 were achaniatrators, and 4 were teacher

educators. Dividing into 4 teams, the participants generated 230 teachi4
competencies. eThese competencies were grRuped into ten categories which

ware: PhilRsophy Of Teaching, Safety, Resourcesle Materials, Personal

Education, Tdaching Strategy,. Assessment, Classy Management, Curriculum,

and Teaching Background.

d.

,,

4

Competencies were then rated by the participants, other teachers,

and teacher edudators. The competencies were rated on four soles. The
ecalqa were. 1) When should' the competency first be attained: Nefore student

teaching, During student teaching, During first years of teaching J) What
rola should the'university have in attainment of the competency: Forget.ix,

Optidnal (student chdice), Important (instructorechoice), Must. 31 How

impOtant is the competency for elementary sc/Mee teaching. Least to most
.00

iMportant.,

tr
The data base consisted of responses of competency

mettary classroom teachers and 7 teacher educators.

i . .
competency ratings from the two gfoups were compaie usi g the Mann

e Nbitney U statistic. Of the 230 competiencies, there 4di0.sipificent dif
fere ces between t.e ratings ofyteachers and teacher educators On 19 percent

of t items/. 16 s fell into categories: 6ontrol, Materials, Inservice

Opporaditieqg In lvemert.of Students. . it '
I/

. .

.

=

6
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4.

11n general, teacher educators rated inservice opportunities, child-
centered activities, and use of material competencies higher than did the
teachers as Leing more important for science teaching. Teachers rated
classroom control, and record keeping compainiles as more important for
University teaching than did teacher educ or Teachers also- rated class-
room control and organization of materikls as being more important for
science education,than'did teacher educators.

The developTent of a model using teacher input in competencywTiting
may be necessary to discover differences between those groups which are
extremely necessary in educating new teachers. Perhaps the abandonment of .

present programs in favor of modules, competency lists, and achievement
checklistf prepared by teacher educators only ay not be wise, given the
divergence of these- assessment results.

.41.
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THE RELATIVE EFFECTIVENESS OF THE SCIENCE PROGRAMS OF

PRESERVICE AND INSERVICE TEACHES TRAINING INSTITUTIONS

' Victor 7..Billeh

American University of Beirut
Beirut, Lebanon

George Zakhariades
Famagusta Gymnasium fo

Cyprus

In the present decade, many' countries in he Middle East have adoted
A new scheme of inservice teacher traininit s_schemeAlms at_pIoviding
professional training and certification for a arge number of unqualified
elementary school and intermediate school tea ers, without disrupting
the normal,.operatiao of the schools. Becaus no systematic research has

tbeen done eevaluate this or the previously existing preservice programs,
th 'present study was conducted as an attemp to analyze and compare the

Z\eB cational deVelopment of inservice and pre ervice teacher trainees.

4 /
The p, pose ot this study was to e ne and compare the relative

effectiv,tess.of the science programs'of inservice and preservice teacher
training institutions in Jordan in terms of the following three objectives:

1) the attainment of selected basic concepts in biology, ,chemistry
and physics,

2) understanding the nature of science, and

3) development of attitudes toward science.

The selected sample consisted of four groups of teachef trainees
enrolled in the science sections of the two institutions during 1972-1973.
The fouT:grougs were 118 entering inservice (EI) trainees, 73 graduating
inservice (GI) trainees, 150 entering preservice (EP) trainees, and 130
graduating preservice (GP) trainees.

. A battery of fadr multiple choice tests'and an attitude scale were
developed and administered to the four groups to measure the 'attainment of
selected basic science,cmcepts, understanding the nature of science, and
attitudq science. The reliabilities of the various tests, when

administe 'to the various $rouga, ranged from 0.62 - 0.83.
.

2'
Hotelling's multivariate T test and the t-test were utilized to deter-

min whether significant differences existed between the mean vectors of

4, the o groUps in each of-the fbilawineiroup pairings: EI vs. GI, EP vs...

GP, E_ vs. EP, GI vs. GP.

L ,

^sr

76
\ . ,

:



The results of the statistical analyses reveal the following:

1) The inservice program seemed to be effective in developing
selected basic biology, chemistry and physics concepts, but
not eff tive in developing better attitudes toward science
or bette ,understanding of the nature of science.

2) The preservice program seemed to be effective in developing
selected basic biology concepts, but not effective in developing
physics concepts, getter attitudes toward science,'or better
understanding of the nature of science.

3) The entering inservice trainees possessed a better understanding
of the nature of science than did the entering preservice
trainees. However, the two groups possessed the same level
of attitudes toward science and the same level of understanding
of basic biology and physics concepts.

4) The inservice program seemed to be more effective than the
preservice program in developing selected basic concepts in
chemistry and physics.

5j In general, it can be concluded that the inservice science
program was at least as effective as the preservice program.

ti
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t. THE EFFECT OF PERFORMANCE-EASED TEACHER EDUCATION TRAINING

AN SOME HUMANISTIC BEHAVIORS OF SCIENCE TEACHERS

'Leopold B. Smigelski

THeOiniversity of Iowa
Iowa City, Iowi 52242

4

The purpos of this investigation Was to evaluate, the effect Oi;ei-
formance based to her educatiorP(PBTE) training on selected humanistic
behaviors of science teachers. Analysis of this effect was made using
four instruments specifically designed for this study.

Additionally, the influence of eleven factors, other than PBTE, was
studied and reported. `fillese factors included: the school where certifica-__
tion was aLhieved, teacher'S perception of the sizeN64.ts student population
and the number of science teachers it certified; the age and sex of the
teacher, and the level and subjects taught; the am ,of conferencing with
the instructors

1
and the amount, if any, of human re ations training they had

received.

Fifty-six science teachersViand one class of students taught by each
teacher participatFd in the study. The teachers had been certified by six
different universities or colleges in three states.

Seven 11 hypotheses dealing with the effect of PBTE training on the
types of objectives teachers set for their classes, the amount of progress
their students saw themselves as having made, and the perceptions of students
concerning five different aspects of the classroom environment (teacher role,
student participation, use of texts and resources, testing and evaluation
behavior, laborktory and classroom managsment behaviors) were evaluated.

No ,significant differences existed between science teachers having
different amounts of PBTE training in the importance they lent to humanistic
and nonhumanistic objectives, or in their students' perceptions of the progress
they made toward those objectives when they were considered essential or

ant by thg teacher. No significant differences between groups were
d for any aspect of classroom environment except for the use of texts

and resources. In that area, increasing amounts of PBTE training resulted
in tea90ers being viewed as less humanistic.

It was also found that no significant differences occurred among groups
for the effects of the eleven other factors on the type of objectives teachers
&tressed. Significant differences did occur for some factors, however, in
student perception of progress made toward objectives cons to be
essential or important by the teachers. Teachers, trained n sample ly

modularized programs were viewed by their Students as bein

than either course-trained teachers, or those trained in a course-m
combination, in the area of teacher role, evaluation and testing b
and laboratory and classroom management behaviors.



Within the limitations of this study, the results seem to indicate
that the humanistic behaviois of science teachers are little influenced by
their training program. Teachers trained in PBTE programs are no more or ,

no less humanistic than teachers lacking PBTE Training.

.2s
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LESSONS TAUGHT BY STUDENTS IN TRAINING TO BECOME BIOLOGY TEACHERS

SIMULTANEOUSLY EVALUATED BY THEIR PEERS AND BY THEIR STUDENTS

David R. Stronck
Washington State University
PUllman, Washington 99163

In this study i'student teachers" are students in training to become
secondary school teachers of biology and doing some instruction in a class-
room. "Peers" are other student teachers whose activity is completing
questionnaires, not doing instruction. "Students" are those enrolled in
the biology course and receiving instruction from the student teachers.

The major objective of this study was to collect evaluations on the
ii,tcuctlutrs performed by student teachers and to compare the evaluations
done by th.Rir peers with those done by their students. Significant dif-
ferences between these evaluations would suggest insights into -the inter-
pretation of microteaching. Another objective of this study was to con-
sider changes in the evaluations_when the first performance of student
teachers is compared with their second performance.

A nine-item questionnaire was specially prepared for this study. This
instrument was an adaptation of one by Sussman and Voss. The original in-
strument was twice modified during the three semesters of trial use before
the study began. The questionnaire ahks the respondent to describe the
student teacher's performance in nine categories, e.g., (1) knowledge of
subject_matter;cR) attitude toward-subject. Each category has its own
five point scale with three words explaining the extremes and the middle
position of the scale, e.g., (1) excellent - adequate - poor;(2) enthusiastic -
interested - apathetic.

The design of the study was to test the major null hypothesis: "There
is no statistically significant difference between the evaluations of
student teachers done by their peers and the evelhations done by their
'students." The evaluations were done simultaneously by the peers and the
students considering the same performances in the same room. The analysis
of the data considered each category of the questionnaire as well as the
total performance described by the questionnaire. Each categdry then pro-
vided a subhypothesis.

A second major hypothesis is the following: "There is no statistically
significant difference between the evaluations of studenti teachers in their
first performance and the evaluations of their second performance."

The study considered lessons taught by 58 student 'teachers in four
'different semesters. Each lesson was from two to three hours in length.
The total number of questionnaires completed by, students receiving instruc-
tion was 2,399, or an average of more than 41 studehts per lesson. The
total number of questionnaires completed by the peera,was 314, or an average

80
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of greater than 5 peers per lesson. A sampling of 13 student teachers did
two lessons which were both evalOted. The time between performances was
four to six weeks.

The t-tests indicated highly significant differences between the
evaluations done by the peers and those by the students in the totals and
in seven of the nine categories at the 0.001 level. In all categories the
students rated the performances of the student teachers as poorer than the 44, ,
ratings given by the peers. The two categories which did not,produce,
significant differences were (2) attitude toward subject, and (9) oqectives.

There were no significant differences between the ratings given by
the students for the first performance compared with the second performance.
But at the 0.001 level, the peers recorded significant differences between
the two performances in two categories: (1) knowledge of subject matter,
and (5) speaking ability. At the 0.01 level, the peers judged significant
improvements in the total performance.

The evaluations of teaching abilities given to student teachers by
their peers, tend to be'more complimentary than those which can be antici-
pated from eqpir students. Although students may fail to recognize improve-
ment in later teaching performances, peers tend to find improvement especially
in the area of speaking ability. Student teachers should recognize these
significant differences as they attempt to interpret evaluations from
mickoteaching.

4
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AN INVESTIGATION TO EMPIRICALLY DETERMINE WHICH INSTRUCTIONAL

PROCEDURES PRODUCE OPTIMUM STUDENT GROWTH

Clark S. Markell
Minot State College

Minot, North Dakota 58701

and

Victor J. Mayer

The Ohio State University
Columbus, Ohio 43210

NI%

The primary objective of this investigation was to empirically deter-
. mine which combination of lecture, discussion or direct-indirect oriented
teaching produced optimum student grpwth. The study involved the,search for
statistically significant linear and curvilinear (optimal) relationships
between assessed student perceptions about classroom instructional procedures
and pre -post test changes in student 1) understandings of science concepts
and processes, 2) attitudes toward science and scientists, and 3) develop-
ment of interest in science as a classroom subject. A secondary objective
was to develop an instrument to assess student perceptions of, and attitudes
toward, the freqUency with which teachers use a va4gty of instructional
moves and techniques. ,

Nineteen teachers and thirty - eight science classes (two for each
teacher) were involved in the study. All teachers were participants in
an NSF-sponsored College School Cooperative Science Earth Science program
(CCSSP) conducted for teachers from the north central Ohio region. This
study was part of a comprehensive research plan which included the adminis-

tration of several instruments in a pre-post test design during the academic
year._ Data were collected using: 1) concept- process tests, 2) the Science

Classroom Checklist (SCACL), 3) the Silance..and Remmers Interest Scale andn
4) an instrument to measure student attitudes toward science and scientist
(BATSS).

The developed Instructional Activities Instrument was piloted and then
administered near the en of thp. year. Scoring on this instrument w accom-
plighed in a way which allowed a direct-indirect score to be determin d
from student responses in each of the thirty-eight classes involved. The
direct/indirect score was then compared with corresponding pre-post c ange
scores as measured by each of tie other instruments used to assess st ent
growth. Thtp analysis was made with the BIND 05R Polynominal Regressi n
program to see if optima existed and to determine if significant line r o
curvilinear relationships could be found. On the first run, the prOg am as
Bert° compute F values for first, second, third, and fourth degree e ua ons,
then Te-run so a computer drawn graph would be produced showing the b st

.

fitting line. Attitude and perception scores were also compared usin the
BM 05R Polynominal Regression,p9pram ond [he results used to tents Vely
identify "fragile" and, "durably Ostructional moves and techniques.

t



Seven tests were made comparing the teacher direct-indirectness score
as computed from the Instructional Activities Instrument with student growth
variables as measured by pre-posttest change scores on several instruments.
These tests were made with the BMD,05R Polynominal Regression Program and,
although the results did not show a significant curvilinear relationstilp, a
significant (p = .05) linear relationship between student attitude toward
the subject as measured by the Silance and Remmers Scale and teacher direct-
indirectness was found. '

Findings in the study also suggee that certain instructional pro-
cedures are "fragile" and rapidly lose %rt. with students if used frequently
by the teacher, while others are more "dutable" and can be used frequently
while retaining positive student opinion'. Among the fifteen instructional
techniques and procedures described on the Instructional Activities Instrument
the use of filmstrips, discussion and debate, and films or movies was more
"fragile: than the others. -

The techniques used in th.s study illustrate one way data can be
colleected and statistically analyzed so researchers can look beyond s
linear correlations in order to determine if curvilinear (optimal) ation-
ships exist. The design also includes a procedure for collect
quantifying student perceptions and attitudes about the freque with which
certain instructional procedures are used instead of leavin: hese decisions
entirely to teachers and curriculum designers.
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A.STOY OF PARENTS'. ATTI UDES TAWARD SUPPLEMENTAL AgPORT

CARDS WHICH ZDENIIFY OBJ SS ACCOMPLISHED BY ISCS_STUDENTS

Vince t Bardsley

Penns vania S ate University
Univers y Park, Pennsylvania 16802

The junior high sch 1 science curriculum adopted for.use in the
Williamsport Area Schoo District, Williamsport, Pennsylvania, is the
Intermediate Science C riculum Study (ISCS). ISCS is an individualized,
hiOs-on, self-paced aboratory program based on an inquiry approach:

The implement: ion of ISCS was met with enthusiasm by paretAi and
'Students alike. orable parental response Was partially due to in-

,' creasing the inf rm tion sent home about work habits. The supplemental
Report of Pupi Progress, a check list of work style indicators, was used
for this purp e. This report is a modification of one developed by Dr.
James DeRos of Ma .le- Newton, Pa.) However, parents often asked the
question, ' at is childlearning in science?" The self-paced nature
of ISCS de a simple blanket statement of educational objectives in-
approp ate. The n ed to info pareilts of their child's accomplishments
in I S led to theldevelopment of a computer program capable of printing
our a summary of be vioral objectives accomplished by each child during
A marking period. is summary, called.the Individual Report of Accom-
plishment in Scienc (IRAS), was sent home as a report card. The design
emphasis wasoto pro ide a positive and practical statement of each child's
accomplishments written in language pirentscould understand.

A-study was made to evaluate th effectiveness of IRAS. \Two groups
were compared: a control group.whic re ived only the Supplemental Report
of Pupil Progress and the experiment group which received bo0 the above
and IRAS. In the evaluation the following three hypotheses were,tested.

1. No significant difference (p.4.05),tn parental attitude
regarding communication of their child's work habits in
science as measured by the Additional Reporting Question-
naire, a Likert scale, was found am ng parents who receive
IRAS compared with those who dickn

2. No significant,difference (p. .05) in parental attitude
regarding communication, / /of their child's accomplishments

rents u119 received

in science as measured/by the Additional Reporting Question-
naire, a Likert scal ; was found Among pa
IRAS compared with those who did not.

// .: ,

.
. ' i:

3. No significant Ofference (pc.05) in parental attitude
regaiding ISCS,and supplemental reporting as measured,
by the AdditiOnal Reporting Questionnaires a Likert scale,
was found among parents who received IRAS compared with
those who'did nbt. . . .

,
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An analysis by the Chi-square Goodness, of Fit Test of data obtained
supported the following statements regarding parental attitudes toward
increased communication in science.

1. There was no significant difference..(p<.05) in parental

attitude regarding communication of &e.kr child's work
habits in four out of four cases, i.e., at,atements among -I
parents who received IRAS compared with those who did not.

2. There was a significant difference (p4 .05) in parental
attitudes regarding communication of their/child's accom-
plishments in four out of four cases, i.e., statements
among parents who received IRAS compared with those who
did not.

3. There was no significant difference (p. .05) in parental
attitude and supplemental reporting in four of five cases,
i.e., statements among parents who received IRAS compared
with those who did not.

In addition, it was noted that in all cases in which there was a signifi-
cant difference between the experimental (IRAS) and control (non -ERAS) groups,
the change in attitude was favorable toward ISCS and the reporting of addi-
tional information about what children were learning, i.e., IRAS.

3
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THE EFFECT OF PAIRING AND PACING

ON LEARNING RATE IN ISC CLASSROOMS

Dorothy L. Gab 1
Indiana Univers ty

Bloomington, Indi 47401

Two strategies which could have an effect on achievement in an in-
dividualized science program, the Intermediate Science Curriculum Study
(ISCS),were investigated. One strategy involved the alternative of sdqt
a definite deadline for the completion of a unit of work versus allawiA:
a student as much time as he needed while insisting that he reach a giv
level of mastery before proceeding to the next unit. The other strata
involved the alternative of having a student work alone versus being paired
with another student.

The effect of these two strategies on the rate at which low, ave age,
and high ability students mastered the objectives of four chapters o the
seventh grade ISCS materials was investigated. (Rate was defined as the
number of objectiveh mastered per hour.) In addition, the effect of pairing
and pacing on achievement of a unit test over four chapters of work and on
students' attitude toward ISCS wail measured.

Students of twelve seventh grade ISCS teachers in two differe t geo-
graphical areas (city and county) participated in the study. In der to/
minimize teacher effects, teachers were grouped according to, thei effec-
tiveness and the treatments were randomly assigned to equiv lent roups o
teachers.

Learning rate data were analyzed using an analysis ofivari
repeated-measures across chapters. Non-repeated-measures analy
variance were used to examine. the effects on retention and att
of means were analyzed using the Newman-Keuls test. Becaase o
in school settings, separate analyses of county and city data
addition to a combined analysis.

,

Results of the analyse indicated the following:

ce wit

es of

ude.

differ
ere mad

1. In the county s ools,students working alone ofith
or selt,pacing learned at taster rates than studen
with partners and deadgnea. In addition, high ab
students who worked alone had faster rates when
deadlines than when self- aced.

2. Students in the city sch ols who worked alone le at

faster rates when they re self-paced than when y had
deadlines., with the axc ption of high ability c ldreri where
there was no significan difference in learning rates.
For average and high a lity childreh, working ith a partner
produced higher learni g rates thin when Working alone. '
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3. City studelits who were self-paced had significantly
higher achievement on the retention 'test than students who
had deadlines for all ability groups. Although there was
no significant difference for county students, the trend
was in the same direction for low ability students.

4. Students in both t 'he city and the county systems had a

favorable attitude toward ISCS, with the county students
rating it more favorably than city children. Students
who had deadlines and worked with a partner were more
positive than those who had deadlines and worked alone.
The opposite was true of self-paced students. Those who
worked alone had a more positive attitude toward ISCS.

A



A COMPARISON OF INTERMEDIATE SCIENCE CURRICULUM STUDY AND

TRADITIONALLY-TAUGHT SEVENTH GRADE SCIENCE STUDENtS

ON PERFORMING IlikNNENTBAUM'S SCIENCE PROCESSES

WilliaM S. Murrie
Perryville .Junior High School

'Perryville, Missouri 63775

and

Paul E. Bell
Pennsylvania State University

University Park, Pennsylvania 16802 .

A general trend toward incorporating science processes into elementary,
junior high and senior high science instruction is reflected -by the goals
'being prescribed by some of the state departments of education. For example,
the Missouri State Department of Education has included in its 1973 publi-
cation, "Educational Objectives for the Statt, of Missouri," twenty objectives
for science instruction under the Goal Azet'I, Ifitellectual Development; the
following process objectives were inc Wiled.

Objective ranked third: Understand and apply skills of observing,
classifying and measuring.

Objective ranked fourth: Understand and apply skills of collecting,
organizing, computing, interpreting,
and communicating information.

OVIective ranked seventh: Understand and apply,skills of hypothesizing,
predicting and inferring.

According to rkman (1970), the processes taught in the ISCS curriculum,
except for measureme , are called integrated processes which include formu-
lating hypotheses,.mak g operation definitions, controlling and manipulating
variables, experimenting, interpreting data and formulating models.

The similarity between these two sets eL seience process descriptions
suggeht that ISCS 'might be a good candidate for meeting the Missouri goals.
However, James (1972) compared group and individualizedinstruction tech-
nigUes for seventh grade ISCS. AmObg the instruments used were the Test
or( Understanding Science (TOUS) and the Watson-Glaser Critical Thinking
Appraisal. The individually-instructed students performed better consistently,
but since no significant differences were found in the performances of the
two groups, it is not clear whether these indirect measurements were inap-
propriate or the individualization provided no additional advantage.

Work by researchers in other process otlemtedcurricula have found

individualization to be significantly more productive in a variety of tests
(Fulton, 1970; Sink, 1969).



This study assessed the impact of 7CS'on'tests thatmeasurescience
process performance rather than scient.e process under tending. Sub-tests

of Tannenbaum's (1971) Test of Science Processes (TS ) developed for junior.
high students were used to compare the effects of in vidualized ISCS level
1 instruction and traditional group instruction on s venth grade students'

perfyrmances of the science processes.

Hypotheses were tested regarding the comparativ petformances of two

. gtoups on these eight sub -tests of the TSP: Measurin , Observing, Comparing,

,Classifying, Quantifying, Inferring, Experimenting; and Predicting.

The subjects were drawn from four adjacent school districts in south-
eastern Missouri. 252 ISCS students working under two {eachers in two schools,
and 205 traditionally-taught students under three teachers in two other

schools. The treatment samples were found to be equivalent by analysis of
variance of the composite pretest scores of the TSP, and were found to be

from similar, low, and middle class, primarily rural, backgrounds.

The treatments ran concurrently, for five months, during which time the

traditionally-taught students received lectures, demOnstrations, group

assignments and group-administered tests. The ISCS students performed self-
paced laboratory exercises, were individually,coached, were individually-
tested and followed a mastery learning formap consistent with the ISCS philosophy

Posttest scores of the TSP sub-tests for the two groups were analyzed by t-

tests.

The ISCS students per/ormed significantly better (p4.05) on the TSP
posttests for the sub-teses on Expet,pmenting, Inferring, and Predicting.

' The pretest means for those three sub-tests were 1,Ower for the ISCS students

than for the traditionally-taught group'.

The sub-test scores for Quantifying were very close t4 being signifi-

cantly different in favor of ISCS students (t = 1.92 3 t = 1.97). Sub -

test scores for Measuring, Observing, Comparing andClaasifying showed no
significant differences between groups.

Both treatment groups showed significant differences 14tween their
respective pretest and posttest composite TSP scores.
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AN EMPIRICAL STUDY OF ISCS AND INDIVIDUALIZATION

Michael Szabo

:Pennsylvania State University
'University Park, Pennsylvan

Charles Beehler
Rosetree Media Schools
Media, Pennsylvania 19063

1

The objectives of this study were:

Charles E. Greene
Fitchburg Schools

Fitchburg, Massachusetts 01420

Prasit Kongsasana
Chulalongkorn University
Bangkok, Thailand

1) to investigate relationships between general and reading
ability and performance in ISCS,

2) to predict success in ISCS from prior indicators, of
achievement, and

3) to test the notion that ISCS is individualized.

This ex post facto study was conceived to examine more closely individual
learner differences of Ss enrolled in level II ISCS from three junior high
schools in a suburban school district.

ISCS has been labelled an individualized sciericesugAulum and, in
the perception of many science educators, is indIvidualized. The meaning
of "individualized" is vague and needs to be diarified. Bnindividualized,
does ISCS accommodite for individual differences, such as g6neral or reading
abilities'?

Toitest the degree of individualization of ISCS, the model suggested
by Bloom and Gagng was employed. To the extent that aptitudes of entering
students are uncorrelated with performance, a curriculum is said to be in-
dividualized.---4TIia7,7arialiles were collected from standardized test
scores in school files and,a locally constructed ISCS achievement test.
Measuyes of ISCS performance included the same achievement test .(used as a
poittest), and a record of the number of chapters and excursions completed
at the end of major marking periods. No control group was used.

. I

Complete sets of data were obtained on 234 students and included SCAT
and STEP scores and subscores and performance measures during the ISCS
'claps. The first objective was examined by using a two factor (2 x 2)
ANOVA with Ss classified into two levels of reading and two levels of general
ability. Criteria used were scores on the district's ISCS final examination
and the number of chapters and excursions completed. The second objective
was tested through a series of step-up multiple linear regressions using
the complete set of SCAT and STEP scores as predictors and the same criteria
u abavey The third objective was explored by examining the above findings
for relationships between aptitudes and achievement.
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0
ANOVAs showed no significant differences between high and low SCAT

scorers. In three of the six analyses, the better reading group outper-

formed the poorer reading/group. Two of six interactions between general
and reading abilities were significant; in both cases, the critevion was

number of excursions completed. The law-SCAT/low STEP group scored lower

than the other three groups.

The best predictors of paper and pencil ISCS test performance were

verbal, general, and specific (science) knowledge. When predicting the

number of chapters completed, general and specific science knowledge, along

with mathematical abilities;were he most efficient predictors of number

of excursions completed.

Using the multiple correlations from regression analyses to test Bloom's

and Gagng's assertion, it appears that ISCS is more effectively "Adividualized"

using the criteria of chapters and excursions, completed than of ISCS test

performance.

The model suggests that ISCS is somewhat-surcessful at individOlizing
science instruction for some learner differences., The meaning of individuali-
zation clearly needs to be explored.
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Do SCIENCE - RELATED SOCIAL ISSUES BELONG IN SCIENCE COURSES?

Laura C. Trout

Indiana University
Bloomington, Indiana 47401

James T. Robinson

Biological Sciences Curriculum
Boulder, Colorado 80303

Allen Vegotsky

Biomedical Interdisciplinary
Curriculum Project

Berkeley,\California 94704

, Fletcher G. Watson

Study Harvard University
Cambridge, Massachusetts 02138,

Hans O. Andersen

Indiana Universit4%

Bloomington, Indiana 47401

Science-related social issues have become.increasingly,important in
recent years), but teaching about such issues poses special problems because
of their multi-disciplinary content and the controversial nature of many of

the questions which arise.

Attention should be giVen to research on course content and objectives,
teacher preAration and certification, instructional materials and procedures,
evaluation of student progreis and instructional programs, and ethical
A few specific illustrations of questions to whfth participants may wish to

address themselves are:

1) Are 'subjects such as control of the environment, energy pro-
duction and use, pollution prevention, use of chemical food
additives, drug regulation policies and genetic engineering
most effectively taught in science or social. studies c'o'urses,

or should new courses be developed? .

2) At what grade level are given aspects of such subjects most
effectively introduced?

,

3) Who should teach such subjects? Science teachers\ generally

lack expertise in the social gspectssof these questioni
an9 are not trained to discuss controversial issues in the

classroom. Social"studies teachers, on the other hand, often

know little more than theit students about technical aspects

of the question. Is team teaching a viable alternative?

Should state8 authorize a new certification aita? If so,

what qualidications should they require of teachers ?,

4) How should such subjeCts be'taught? Are certain kinds of /

instructional, materials and procedures more effective th

others? Are special techniqUes nedded to evaluate them?

5) What are appropriate instructional' objectives in, this area,

both cognitive and affective? ,Haw can student progresa be

evaluated?

(,1
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6) What ethical problems arise in aching about such subjects?
Is it possible or appropriate avoid consideration of
value issues in this area? Wh t are the teacher's responsi-
bilities when controversial issues are discussed in the
clasertomlic

en soience educators are asked
science coursers, the responses show
the form, "Our job is to teach seien
handle the social issues." At the
advocates of "relevance" who ,believ
rent importance takes,priority ove
cep*. In between, there seem to
educators. Panelists will attem
important of these views.

about the place of public issues in
wide range of variation. .Many are of
. Let the solAal-studies people

posite end of the continuum are certain
hat consideration of questions of cur-
e teaching of basic scientific con-

at ledst as many opinions as there are
summarize and comment on the most

The problem of how to deal with value questions is one of increasing
concern to many science teachers. Here, too, there is a wide spectrum;of
approaches from "letting it all hang out" through various systematic tech-
niques of value clarification. On the other hand, there are still m<who
believ that-Science is value-free and that value questions are out of place.
in the science Classrooms Panelists will try to prebent a clarifie version
of their own val,ues'in this area.
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COGNITIVE STYLE AS A FACTOR IN THE SCIENCE ACHIEVEMENT

OF PRE-SERVICE ELEMENTARY TEACHERS

James L. Shanks

California State University-Northridge

Northridge, California 91324

The purpose of thig study was to determine.if there is a "cog i\tive.
style" which influences the ability of female pre-service element 'teachers
to acquire the science concepts presented in a general elementary credential
preparation course taught at San Francisco State University. In/this study,
cognitive style is defined as a stable and preferred mode of perceptual or-
ganization and conceptual classification of stimuli, as determined by the
environmental situation and the individual.

/

This study is an example of ex post facto research whee a measure of
the science concepts presented in the course provided the cdtiteriontest
(dependent variable) for the study. Considering the strong dependency of
achievement upon intelligence, a two-way analysis of variance was performed,
utilizing data from The Henmon-Nelson Test of Mental Ability (College
Edition) for the other factors

'e
Among other independent vaStables not presented here, a modified (adult)

version of the Sigel Cognitite Style'Test 4SCST) was given to all sections
taught over a period of two semesters. ,As modified, the SCST was redefined
for scoring purposes into the followipg major classes: 1) Descriptive Part,
2) Descriptive Whole, 3) Categorical, 4) Inferential, and 5), Relational.

Because of the limited number of men ,enrolled in the sections, only
the data from ninety-five women were used/in the study.

The following tables report some,4 the particulars,of a two- factor
//1analysis of yariance involving three/levels of achievement in science and

two levels of intelligence. Note Oat significant SCST contrasts occur only
with the Achievement in Science factor.

Every independent variab described has been selected for an alpha
level of significance of les than .05. Cell and marginal means are reported
as are "p" values, while t population of this analysis is defined by the
ten replicationg found 12.'each of the six cells. A single statement sum-
marizes the regult of a, Tukey (main effect) post-hoc comparison made at
the .05 level. i 4

' When presented with a classification task, high achievers of concepts-
in-science preferred simple objective labels suoh as "round" or "both are
girls". These labels represented a composite Desriptive-Categorical
(analytical) cognitive style, as defined by the Sigel Cognitive Style Task/
Those who did not perform as well on the concepts-in-science achievement

tests typically preferred memory-oriented Inferential class labels. These
would include references to men in uniform "protecting", which would exclude
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all inherent references to the physical nature of the stimuli. Consider

this to be of major importance, because in combination with labels of the

Relational class the grander distinction of " alytical" versus "non-

` analytica " styles is created.
4

Fo ighand'Iow achievers of science concepts the findings indicate
that a person'e cognitive style influences his intellectual ability to
grasp'and underAtand new meanings. Ip this context,,"cognitive style" may
beitranslated as a "learning style." Consider the implications for,,keaching.

:5

This is one of the few SCST studies that has focused on (toggle) adult

4
behavior, which tm turn_support4 much of the research involving children.
This evidence presents a strong case for the developmental viability of a

peTsonal Q6gnitivo,style with predictable behavioral characteristics.

"1/4

(SCST)1,Sub Total Alas a Function of Achievement in Science

. 682.10415, . 34347

203.81813

p = .043

The simple pair -wise

contrast between /Low

d High means of
ievement in,Science

is significant.

Intelligence

High Low

High 59.72 71.15 ,65.435

Achievement

in Average 58.43 55.70 52.065

Science
Low 54.57 53.82 54.195',.

57.573 60.223

'Analysis of first responses.

Sum of Descriptive Part Descriptive 4le, and Categorical labels.

1
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(SCST)
1
Inferential as a Function of Achievement in Science

y . 158.26217 3.558 Intelligence
44.48159

p = .037

The simple pair-wise Achievement,
contrast between High in

and Average means of
Achievement in Science

Science

is Significant.

1 Analysis of first responses.

High Low

High 13.44 11.15 12.295

Average 17.48 18.2tr" 17.88

Low 14.36 17.05 ' 15.6,5

15.073 15.493

(SCST)1 Sub Total B2 as a Function of Achievement in Science

F 682.10467 . 3.347

203.81813

High
p - .043 Achievement

in Average
The simple pair-wise Science
contrast between Low Low
and High means of

Achievement in Science
is significant.

1Analysis of first' responses.

2Sukof Inferential and Relational Labels.

Intelligence

High Low

40.28 28.85 34.565

41.57 44.30 42.935

45.43 46.18 45.805

42.427 39.777
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THE CORRELATION OF SELECTED AFFECTIVE BEHAVIORS WITH COGNITIVE

PERFORMANCE IN A BIOLOGY COURSE FOR ELEMENTARY TEACHERS

Ronald D. Simpson
University of Georgia
Athens, Georgia 30602

Studentd in traditional college science courses are often evaluated
on the basis of various combinations of criteria which usually include the
following: 1) grades on unit tests, 2) grades on final examinations, 3)
grades on outside assignments, 4) grades on laboratory performance and
skill, and 5) subjective evaluation of involvement, participation and con-
tributions made in or out of class. The purpose of this study was to cal-
culate a correlation coefficient between several of the aforementioned
criteria in a class of twenty-seven elementary education undergraduate
students engaged in a biology course specifically designed to meet their
needs.

Data were collected and tabulated pertaining to the following criteria:

- Scores on a student affective behavior checklist
- Pretedt scores on a subject preference scale
- Posttest scores on a subject preference scale
- Pretest scores on the Wisconsin Inventory of Science Processes
-.Posttest scores on the Wisconsin Inventory of Science Processes
- Total grade score on outside assignments
- Total test score for all examinations

In this Study an affective ehavior checklist was developed by the in-
vestigator which included the following six dimensions:

- Class attendance
- Attentiveness
- Ability to plan for class activities
- Willingness to express ideas
- Participation in class activities
- Willingness to participate beyond class requirements

Likewise a subject preference scale was dweloped to ascertain the
order of preference between ten science and nancience courses frequently
available to the students in this study. The courses included in this
scale were. mathematics, chemistry, sociology, physics, history, psychology,
geology, geography, biology and English.

Four instructors assigned to the initial 'offering of this course

observed the student throughout the quarter and recorded, periodically,
scores for each student dimension of the affective behavior checklist.
Mean scores using data from the four separate sets of obsetvational data
were calculated for each student. In addition to instructor ratings on
the affective behavior checklist, student pretest and posttest scores on
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the subject preference scale\were'ealculated. Individual and group student
preferences toward biology as ompared to nine other courses were considered,
as well as total student choice between science and nonscience courses.

Empirical data relative to st ent behavior in the affective domain. 3

were subsequently correlated with su h cognici,,e data as test grades,.grades_,
on outside assignments, and scores on he Wisconsin Inventurt/ of-Scierice
Processes. Inter-itet correlation coef cients were calculatdo'for all
criteria, cognitive and noncognitive, pre iausly mentioned. '

*Sh

Results of this study exhibit not onlj he degree to which seiected
cognitive and noncognitive factors correlate, ut relaaonships between
various effective components of this study how they correlate with
each other) and between various cognitive factors as well. It is hoped
that results from this study will serve to inumin e the extent to which
various traditional criteria tend to correlate with :ach other. Further-
more, results from this study tend to generate additi .al evidence that
an elementary education student's attitude toward scien. courses may exert
a more profound influence on future cognitive anZ pedagog cal behavior re-
lative to science education.

A
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DOGMATISM AND THE BELIEFS OF PRESERVICE AND INSERVICE

ELEMENTARY SCIENCE TEACHERS

Barbara M. Strawitz
Louisiana State University
Baton Rouge, Louisiana 70803

The purpose of this study was to investigate the relationship between
dogmatism and the beliefs of pre- and inservice elementary teachers about

teaching science.

Elementary education majors enrolled in the Undergraduate science
methods course (N 61) and inservice elementark teachers enrolled in the
graduate science methods courses (N - 32) at Louisiana State Un sity

during the 1974 Spring semester were asked to respond to two ins-Mments
after approximately thirteen weeks of instruction. Students in all classes
taught peers or children selected lessons from ESS, SCIS, and SAPA materials,
practiced questioning skills, and discussed topic's suth as the nature of
science, the nature of children's thinking, and planning strategies.

Pearson product-moment correlation coefficients were computed for
dogmatism scores and belief scores for both groups of teachers. The

relationship between the two coefficients was also examined.

Form E of the Rokeach Dogmatism Scale was used as the dogmatism measure,

and the revised version of a qu tionnaire developed by Good was used to
assess teacher beliefs about taCtang science in the elementary school.

Significant negative correlations were found between dogmatism and
teacher beliefs. The correlations were -.49 (p .001) for preservice

teachers and -.64 (p .001) for inservice teachers. There was no

canr difference between correlation coeffiCients.

The results are consistent with the theoretical principle that high
dogmatics are less able than low dogmatics to learn new beliefs.
results also agree with data collected by the investigator over a two

year period while supervising science student teachers.

A growing body of research evidence indicatep that a "systems" approath

to teacher education substantially improves its effectiveness. Specific

operational skills required by teachers as they teach science curricula
have been identified, and programs focusing on behavior acquisition and
modification have been implemented for pre- and inservice training. There

is evfaince which suggests that the acquisition and modification of teacher
behavio ;s fostered by particular modes of training are related to certain

characteristics of the trainees. Identifying these characteristics is

necessary if effective training systems are to be devised. If one assumes

that what a teacher does in the classroom is in part related to what he'
intends to do, then beliefs about teaching science and role perceptions

are important.
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ROLE'SPECIFIC P I /SCIENCE TEACHER INTERPERSONAL'

COMPATIBIL\ AND SCIENCE ATTITUDES

rt A. Vargo

\ and

LarrY . Schafer
Syracuse University

Syracuse,N York 13210

Science teaching is becoming more\ ,discovery or inquiry oriented: As,
a result, science teachers are interacting more frequently with individual
students. With the increased interacts n, pupil/science teacher inter-
personal compatibility most likely contributes significantly to the develop-
ment of students' science attitudes. In other words, if a student "gets
along" well with his science teacher (i.e,)they are interpersonally com-
patible), the student is more likely, through association if nothing else,
to develop more favorable science-related attitudes.

.--

However plausible this hypothesis may be, a study described at the
1974 NARST convention revealed no significant correlation between pupil/
science teacher interpersopal compatibility (Fundamental Interpersonal
Relations Orientation Behavior FIRO-B) and student's science-related
attitudes (Science"Attitude Scale-SAS and Self Concept in Science Semantic
Differential-SCSSD). The assumption in that study was that teachers are
their same "interpersonal selves" in the classroom as they are in general
interpersonal situations. No Drm Jekyll -Hr. Hyde transformation is sug-
gested, but, teachers, in assuming their 'professional roles, usually do not
p rsonally interact with studens in the same way that they inferact with
of a in general. Perhaps the reason A° association was found in the
above .mentioned study was related to the fact that general, rather than
role-speciic, interpersoni tendencies were measured. Assuming that

e-this is thcase, then the meaiurement'of role-sOecIfic interpersonal ten-
dencies of the,teache0 is likely to be a better index of actuak classroom
behavior than the ?fore genera; interpersonal tendencies. Indeed,-it seems

,,

that the teacher behavior sCn ed by the student and its subsequent effdct

;

4-

on his attitude depends not n cessarily on how the teacher behaves in
general interpersonal situations, but how he behaves. in student-related
interpersonal situations. Hence, &e FIRO-B instrument, which measures. /'
general interPersonal tendencies, was transformed into the FIRO-BT.(teasher) k
which measures teacHeee interpersonal tendencies toward students. Thewhich

purpose of the present study was to examine the relative effects of role- /

specific pupil /science teacher interpersonal compatibility (as Cpposed to
general interpersonal compatibility) on the development of students' atr
titudes towarc science and their self-concept in science.
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Six different science teacners, all using the .disCovery-oriented
New York State Earth Science Syllabus, and students of twelve of their
classrooms, were administered the FIRO-B. In addltiun, the FIRO-BT was 1

1

administered to all teachers in order to index role-specific interpersonal i.;

tendencies. Students were pretested on the SAS and SCSSD in October,1973, ,t,"

and posttested in February, 1974. Pupil/science teacher interpersonal r
compatibility (role specific) scores were derived from the-formula de.- /'

veloped by Shutz (1966). f

bets'Correlational procedures were utilized to test tne relationshi0 bet
students' attitudes and rule-specific pupil/science teacher interpeiso

compatibility. As hypothesized above, a significant correlation was eirA
petted between role-specific compatibility and students' scitrit.c-relattt
attitudes (SAS AND SCSSD). , ,

e
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AN INVESTIGATION OF THE TEACHER BEHAVIOR OF

AIT-TINE DURING AN INQUIRY SCIENCE LgssoN

Thaddeus W. Fowler
University of Cincinnati'
Cincinnati, Ohio 45221

ti
This stu y was designed to investigate the non-verbal teacher behavior

cif wait-time. Wait-time is the silenm_in a conversation following a
teacher or s dent utterance. Specific forms of wait-time were defined as

follows. 1) acher Reaction Wait-Time--silence after a student utterance

and before a teacher utterance, 2) Student Reactioa Wait-Timesilence
after a teacher utterance and before a student utterance,.3) Teacher Initi-
ated Wait-Time--silence between studdnt utterances,, and 4) Student Initiated

Wait-Time--silence between teacher utterances.

---
The primary purpose of the investigation was to document some of the

behavioral and cognitive effects of wait-time and to delineate the inter-
relationships between the various forms of wait-time.. Specifically, in-
creased Teaches Reaction Wait-Time was expected to 1) increase the incidence
of student-to-student interactions, 2) increase inferences made bX students,
3) increase student suggestions for testing inferdnces, 4) increase student
questions, 5) equalize .the verbal involvement across students, 6) increase
Anderson's mean fundamental coefficient of commonality, 7) decrease.the
incidence of Student Initiated Wait-Times, 8) increase the length of Student
Initiated Wait-Times, 9) increase the length of Student Reaction Wait-Times,
10) increase the length of Teacher Initiated Wait - Times, 11) increase the
difference TRWT-TIK, and 12) increase the incidence of student initiated

statements.

.The secondary purpose of the investigation_xas to study the expected
inverse relationship between teacher scores on the Pupil Control Ideology

Form and duiation of natural teacher reaction Wait-Time.

Preservice teachers were administered the PCI Form and were video-

taped while teaching inner city elementary school children. The teachers'

natural wait-times were measured using the videotape. Later, these teachers

were trained to use Teacher Reaction Watt-Times of about 0.5 seconds and

2.0 seconds. Twenty teachers were each asked to instruct small grOups of
four junior high school students using an inquiry science lesson. Teachtrs

were randomly assigned to use the shorter or longer wait- time's. Students,

were randomly assigned to the, small groups.

The median of all the,TRWTs used by.each of the 51 teachers included
in this phase of the study Was calculated and correlated with the PCI Form

scores., The twenty teachers, who were used to investigate the products bf

increased wait-time, upon being randomly assigned to use shorter or longer
wait-times, were tape - recorded while they taught. The actual lengths of

the wait-times employed were measured and categorized. The incidence of

. each of the several product variables was noted. --A total of 2821 student
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utterances were analyzed. The first 50 utterances one group were
used to compute Anderson's mean coefficient of commonality.

In order to take into account a probable lack of independence between
product variables, a test of difference between Wait and No-wait acher-
student groups on the basis of seven product variables, taken Itan-
eously, was performed. It was found that with increased Tea er R4actinn._
Wait-Time 1) the incidence of student-to-student interact s increased and
2) student inferences decreased. In order to accomodat= the probable de-
pendence among the various forms of wait-time, and fu hermore, explore the
idea that some types of wait-time are teacher contr led whereas others
are student controlled, a factor analysis of the to was performed. Two
factors were identified: "Teacher Controlled Sil ce" and "Student Controlled
Silence". The estimated factor scores for the irst of these two factors
were found to have a correlation of 0.7 with acher Reaction Wait-Time,
using the Spearman rank-order correlation co ficient. It was found that
iqcreased Teacher Reaction Wait-Time 1) inc eases the length of Student
Initiated Wait-times, 2) increases the length of Teacher Initiated Wait-
Times, 3) increases the difference TRWT- WT, and 4) increases student initi-
ated statements. Additional findings sbwed a decrease of stu.dett inter-
ruptions and a decrease of student utt antes which were--replies to teacher
directives.

Teachers can be taught a technique whereby they can increase the amount
of student-to-student interactions in small groups during science inquiry
and can bring about an increase in the frequency with which students spon-
taneously make verbal contributions to the group. Teachers have control
of the silences after student statements and between teacher statements.
However, the pause after a teacher statement or question. is controlled by
the students. If such a pause is desired, then it is the students who must
be trained to pause. More robust science inquiry can be facilitated with
the increased Use of wait-time.

4
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THE EEFECTS OF TWO DIFFERING QUESTIONING STRATEGIES

ON THE ACHIEVEMENT AND ATTITUDES OF ELEMENTARY PUPILS

Lance E. Bedwell
Office of Supt. of Public Instruction

,Springfield, Illinois 62706,

The purpose of this experimental investigation was to determine if
teachers trained in question- asking skills would cause greater cognitive
achievement and more positive attitudes among pupils they instructed using
a high-level questioning strategyjhan among pupils they instructed using
a low-level questioning strategy.

Nine inservice elementary teachers participated in a workshop designed /
to improve their question-asking skillss The,desults of the workshop
training procedure were analyzed by 1) comparing the level of questions /
asked by the teachers before and after the workshop instruction, and 2) /
tomparing the ability of the teachers to classify and to write question,
according to cognitive level before and after the workshop.

/

Ir order to examine the effects of question-asking strategies on the
itlitudes-and-achievement of elementary pupils, all teachers in the sample
conducted discussion lessons following the workshop trayling. The lessons
weye basd on three science history stories selected from a fourth grade
reading series.

//

Pupils,within each class were randomly assigned to one of two groups.
One e-g-roup participated in discussion lessons which involved the extensive
use of high level questions Or the teacher. The second group participated
in discussions in which the teacher used a preponderance of low level,
questions. Each teacher Naught the three lessons using each strategy with
the respective group.

.

The effects of the teacher questioning strategies otrpupil achievement
and attitudes were evaluated using-three lesson posttests which measured
achievement at six levels of cognition and, a measure to determine Student
attitudes toward the instruction and the subject matter.

Interpretation of the data analyzed in this study permits the following
conclusions: ,/ /

1) It' is possible to train teachers to classify and to write
questions according to cognitive level using the procedures
of this study. The results of the module test given before
and after the workshop indicate that the teachers were able

to significantly improve their ability to classify and to
write questions according to six levels of cognition:
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2) Teachers are able to raise the cognitive level of their class

discussions through instruction in question-asking skills.
Analysis of the tape recor4ings produced before and after the
workshop supports this conclusion.

3) The hypothesis that teachers using a high levelpiuestioning
strategy would effect greater student achievement 'and. more
positive attitudes than,teachers using a low level questioning

strategy was not supported.

Teacher educators are concerned with the development of demonstrable
teaching skills which may lead to increased student achievement and more
positive attitudes. One such skill is the use of higher level questions
to stimulate student thinking. However, the empirical evidence that the
use of higher level questions will stimulate student thinking and thus in-
crease achievement is tenuous. The majority of studies dealing with teacher

el'''.

questioning practices have beeu correlational and have obt ned varying re-

sults. This experimental study was designed to provide dditionai empirical

evidence concerning the effects of teacher questioning strategies.
....----

....-- .--
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THE EFFECT OF THE POSITION AND COGNITIVE'LEVEL OF QUEST

ON LEARNING FROM AN ACTIVITY-CENTERED MODULE

Glenn C. Markle
University of Cincinnati

Cincinnati, Ohio 45221

Fti
The purpose of he study was to determine the effect of question loca-

tion and question le el on learning from an activity-centered module for
preservice elements teachers in a science methods course. The theoretical
bases for the study were Rothkopf's'postulates concerning the,effect of in-
structional question position and Bloom's postulated hierarchy among questions
of different cpgnitve levels. The position of the instructional question
was altered by placing the same questions at different locations
within an activity- entered module; the cognitive level of questions was
determined by a pan 1 of judges.

The speci/ fic o jectives of the study were to determine:

1) if use of ritten questions within an.activity-centered mod
resulted in greater immediate and de13:yed learning than us
no questions, ,

)4kf location of written quest s relative to the enabling
\

activities affected immed e andidel yed learning from an
activity-centered,Mndulec

3) if cognitive level of instructional' questions used in an
activity-centered module affected immediate and delayed
learning,

4) if location of instructional questions relative t2 the en-
abling activities of an activity-centered ruAule affected

"immediate and delayed learning of relevant and incidental
information, and

5) if use of knowledge and compreheAtion rather than only know-
ledge instructional questions affected' application and/or
knowledge scores on immediate and dela posttests.

Ninety-nine students enrolled in Elementa&cience Methods at the
University of Georgia durinOlinter Quarter,_191440, were randomly divided
into nine treatment groups. These groups were treated identically except
for the location and cognitive level of instructional questions encountered
during an activity-centeted modular lesson. The topic of the lesson was
measuring and the metridOhystep:'

Multivariate discrimination sing 85ores from immediate and delayed
posttests indicated significant differences betwiten groups receiving in-
structional questions and the group receiving no instructional questions.
.Multivariate analysis of variance failed to show significant differences
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in ipmediate or delayed posttest stores of groups receiving incru;rtonal

questions at different locations ancf\pf different cognitive levels. Vari-.,

ance analysis of immediate and delayed knowledge and application test scores

failed to show significant differences at the 0.05 level between
o calving different cognitive level instructional questions.

1ea
Significa Ifelences in incidental test scores among groups re-

ceiving knowledge and comprehension instructional questions at different

locations went observed. The differences favored clustering instructional

questiOns at the end of the module.

'0
,

It was concluded thEt instructional questions within activity-centered

modules can improve immediate recall and use of information from the module.

.The improvement is tot, however, maintained over a three week period. Further-

more the methemagenic theory proposed by 118thkopf fallsipo correctly, pre-"

diet e effect of inAttuCtional q ns within an activity-centered

mo le hen review of the module is'p itted.

Ca ,

A.

A
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LEVELS PF QUESTIONS ASKED BY ELEMENTARY SCHOOL TEACHERS

INVOLVED IN TEACHING SCIS MATERIAL

George Moriber
Brooklyn College

Brooklyn, NewYOrk 11210 --

Under the auspices of the National Science Foundation, elementary
school teachers throughout the country Have participated in summer science
institutes designed to acquaint them with available wientific material.
In New York y, teachers from various elementery schools with a high
percentage of dliadvantaged students participated in a sImmer program de-
signed to acquaint them with-SCIS material and with learn!ng theory, to
acquaint them 4tb the categories of learning and thinking as developed
by Gagng, Bloom,send associates. The teachers were introduced to a taxonomy
of questions designed to accompany `the categories of learning. Both the -
taxonomy of questions and the learning categories were applied to the vari-
ous SCIS units. The overall objective was to.develop, within each teacher,
the ability to teach a SCIS lesson employing,a variety of questions cor-
responding to various categories of.learning.

-

After the summer program, the teachers returned to their schools to
begin teaching the SCIS material. -Eadh week the teachers taught disad-
vantaged youngsters two SCIS le s. AqueStion of interest to the staff
of the institute was: Are the teachersn ng differentiated questioning in
the teaching of the material? .Additionally, the, employing questions
associated with varying levels of learning?

A study was conducted in two schools to determine if the Summer pro-
gram esulted in the teachers' being able teask questions related
Gagnes learning categories. In each school over 90'percent of the student
body consisted of disadvantaged students.

Three teachers in grades 1-3 in each school participated in the study.
The experience of the teachers varied from 2 to 25 years. Each week two-
30-minute SCIS, lessons, taught by each teacher, were observed by an instructor
from the summer program. Once every two weeks all the participants_met for
a workshop session during which questioning and techniques of teachini SCIS ,
material were reviewed. The types of questions that could be used with
the SCIt units-was presented. Sample questions were also presented. The
questions corresponded to Gagnfi's eight types of learning categories. The
observations of the lessons as well as the taping and the workshops con-
tinued for a period of ten weeks.

Each tape was reviewed by the staff of the Institute-and classified
according to Gagng's learning categories. For the teachers, a pattern of
types of questions asked was obtained. This pattern of questioning covered
ten SCIS lessons. The cumulative questioning record of each teacher was
studied to se& ifltb07,a6;-yas some pattern to the'questioning. It was hoped

Ir .
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that, during the tent, more and more questions corresponding to the higher

level learning categories would be asked.

The results of\khe study clearly indicated that the teachers con-

tinuously asked questions corresponding to the three lowest categories of

learning. It was conclude that the summer institute and the workshops had

failed to change the patte of teacher questions. In essence, SCIS units

were being taught by the use of stimulus-response type questigns and, at

best, questions that formed simple associations.

The significance of the study lies in the fact that a concerted effort,

spanning a summer and one term, aimed at improving the pattern of teachers'

questions failed to achieve any change." -This indicates that once the

teachers have learned a methodology of teaching, in the Inidergraduate years,

it is difficult to ,break the pattern. It maStf prove more worthwhile to de-

velop summer programs that concentrate on the art of teaching science

materials rather than stressing the materials.

t
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THE EFFECTS OF SEQUENCING SELECTED INSTRUCTIONAL STRATEGIES ON THE

ATt;TUDES AND OPEN-MINDEDNESS, OF PRE-SERVICE ELEMENTARY SCIENCE TEACHERS

Thomas L. Bogut
The Ohio State University-Mansfield Campus

Mansfield, Ohio 44906

The objectives of this study were to (1) explore the attitudinal
changes of p're-service elementary science teachers that result from ex-
posure to structured and unstructured instructional strategies, and, (2)
determine if (a) the sequencing of these instructional strategies or (b)
the initial degree of,open- or closed- mindedness of the pre-service teachers
has any relationship te'tEese attitudinal changes. An additional objective
was to determine w43ther the degree of open-mindedness existing in students
can be increased ough the use of either of the two instructional strategies.

The population used in this study consisted of 20 pre-service ele-
mentark educatiod Students enrolled in the Encore program, a non-traditional
elementary teacher education program at Indiana University. Two treatment
groups, each consisting of ten randomly selected students,were exposed to
different instructional treatments, one structured and one unstructured.
A Semantic Differential Attitude Inventory was used to measure attitudinal
change, and the Rokeach Dogmatism Scale (Form E) was used to determine the
degree of open- or closed-mindedness. All the students were pre-tested,
and after four weeks of the treatment discussed previously, they were tested
again using the same instruments. The instructional treatments were then
reversed fot eacb group. After an additional four weeks, another measure-
ment was taken. The final eight weeks Of the semester were used by all the
students to explore independently various science topics of interest. The
data were analyzed using a multi-variate analysis of covariance.

The results of the study indicate that open-minded studentseafter
being subjected to unstructured instructional strategies,remain open-minded,

however, open- minded Students, after being exposed to structured teaching
Strategies, become more closed-minded. The results further indicate that
the order in which instructional strategies are sequenced has little effect
on the attitudinal changes of students. A final conclusion is that the
degree of initial open-mindedness appears to be the single most important
factor in producing attitudinal changes.
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SYMPOSIUM ON SCIENTIFIC LITERACY:

THE CONCEPT AND THE FUTURE

Milton O. Pe la
University o Wisconsin
Madison, W condix03706

George T. 'Hear
Universiq of Wisconsin
GTeen Bay, Wisconsin 54302

Calvin W. Gale

Michigan Technological University
Houghton, Michigan 49931

Klan M. Voelker

(Northern Illinois University

.DeKalb, Illinois 60115

William R. Ogden
East Texas State

Comterce, Texas 95428

Michael L. Agin

Michigan Technological University
HougTon, Michigan 49931

Victor N. Showalter
The Ohio State University
Columbus, Ohio 43210

John F. Disinger

The Ohio State University
Columbus, Ohio 43210

Delmar L. Janke
Texas A & M

College Station, Texas 77840

Rodney'L. Doran

State University of New York
Buffalo, New York 14214

The symposium will be a two-part session (total length three hours)
in which ten science educators will consider the concept of scientific
literacy, its present status, and implications for it in science education
for the future. Some of the basic aims of the symposium will be to:

1) review and update the concept of scientific literacy,
2) establish a consensus of the definition of scientific literacy,
3) determine the direction science education will have to go in

order to achieve this concept,
4) identify research investigations necessary for the improvement

of science education within this framework,
5) identify methods and materials that are available and can be

used as starting points for the investigation and development
of materials for teaching toward scientific, literacy, and

6) provide a forum for the interaction of science educators so
thsiehey may compare. and exchange ideas.

Two major position papers will be presented to which several science
educators will react. The first paper, "Scientific Literacy Within the
Framework of Science" (tentativt title), will explore the definition,
attributes, etc. of scientific literacy. This paper will be distributed
to four science educators who will react to it by writing reaction papers
from their own frames of reference. These papers'ean concur, dispute, or
expand the position taken by the author of the major position paper. The
second major position paper, "Scientific Literacy and Planning for Alter-
native Futures" (tentative title), mill be written by a second science
educator whose treatise will be critiqued by a second set of science
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educators. This paper will address ilself to the implications of scientific
literacy to science education for thelfuture; it will consider topics and/or

methods that need to be considered. The reaction papers, like the first set,
will be responses to the position(s) presented by the author of this major

paper.

Each major position paper will be allocated one and one-half hours
during the ARST Convention. The authors of the major papers will be per-
mitted thirty minutes each to present their positions and arguments; the
persons reacting to these position papers will be allowed five to ten min-

utes each to respond. The remainder of the time (30-40 minutes) will be

devoted to question-answer exchanges between the audience and the contribu-

tors of the papers.

120

129



CONCURRENT SESSIONS VII
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AN ASSESSMENT OF VALUE PREFERENCES OF COLLEGE STUDENTS

WITH REFERENCE TO ENVIRONMENTAL CHEMISTRY

Frank Fazio
Indiana University of Pennsylvania

Indiana,,Pennsylvania 15701 .

and

David Dunlop
University of Pittsburgh

Johnstown, Pennsylvania 15904

i
In recent years, science educators have worked toward developing cur-

riculum courses and programs stressing the relevancy of science with re-
spect to our environment. There are now several college7level chemistry
texts written for non-science majors which attempt to relate chemistry to
gri-V1-railmental problems. The rain objective of this Study was -to design an
instrument to assess the value preferences of college non-science majors
with respect to certain aspects Ol'environmental chemistry. The second
portion of this investigation was to use the instrument to obtain measures
of the'value preferences of various groups of non-science majors who had
completed some chemistry' courses.

The early construction of the instrument and the format was based upon
pilot studies performed by the authors. The students were asked no respond
in free written form to certain serious environmental problems. The analy-
ses of the written protocols indicated general value *eferences for human-
istic concern with respect to the -giivirommental problems. Some students
were'concerned with the technological implications of the problem and only
a few students indicated some knowledge of chemical principles..and their
relation to these problems. From these preliminary analyses, a more.ob-
jective type of instrument, was constructed. The chemistry value preference

' instrument consisted of 28 sets of statements.' Each set began with a simple

ltstatement or A rase related in some way to environmental chemistry. This
was followed by hree alternative choices; one stressing the theoretical,
one the humanistic, and another the technological aspects okthe chemical
phenomena or facts. The validity of the instruments was established with
reference to the defined value constructs for theoretical, humanistic and

technological and the content validity was further established with reference
to the judgement of.three college chemistry professors as well as two sci-
ence educators.

..,

Reliability measures were determined bas ed upon the data from two
separate groups of non-science majors. The data from the physical science
group (N = 131) had reliability coefficients of 0.88 for theory, 0.82 for
humanistic and 0.59 for technological. The'health services and home
economics chemistry group (N = 49) hid reliability values of 0.91, 0.86
and 0.63 for the three value preference scores.
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In addition to the above-mentioned data sources, other student groups
were given the-environmental chemistry value preference instrument. These

.included: senior chemistry majors, senior biology majors and a group of

high school chemidtry teachers from Western Pennsylvania.

The statistical analyses used in this study included analysis of vari-
ance, correlationalanalysis, t7tests and a series of planned comparisons.

Based upon the statistical analyses the following findings were noted:

1) .Both groups of non-science majors had value prgferences in
the order of humanistic (first), technological and thedry (last).

2) The chemistry majors were significantly higher in their theory

score as compared to either group of non-science majors.

3) The non-science majors had significantly higher humanistic,

scores as compared to the chemistry majors.

4) There were no significant differences in the:technological
scores of the chemistry and non-science majors.

5) The senior biology majors and the chemistry majors were not
significantly different in any of their value preference scores.

6.) The High School Chemistry Teachers were not significantly dif-
ferent fiom the chemistry majors in any of their preference
scores but the chemistry teachers differed from the non-science
majorswith respect to higher theory scores and lower humanistic

scores.

7) There were no significant correlations between the non-science
major's Course letter grade and any of the value preferences.

8) The males (health services group) had significantly hither
technological scores than the females.

9) The humanistic and the technological scores were negatively
correlated with the theory scores for the non-science majors.

The overall results would suggeSt at since non-science majors have

a strong value preference for the humanistic aspects of chemistry with

regard to environmental problems, then curriculum designers, textbook'

writers and course instructors should work toward structuring their course

activities towards these strong value 'preferences. The non-science students'

theory preferences are low, suggesting a need for more meaningful struc-

turing and relating of theoretical concepts to the humanistic and tech-

nological aspecta of the environmental problems.
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A FLEXIBLE SCHEDULED CLUSTER PROGRAM: 1
ITS EFFECT ON COGNITIVE LEARNING AND ATTITUDE DEVELOPMENT

Harold Friend
Queens College

Flushidg, New York 11354

and

John Merone
Oceanside Junior 'High SChool
Oceanside, New York 11572

The principalre of this inquiry was to determine if seventh
grade students enrolled in a program called Clustering, a type of flexible
scheduling, achieved superior results when compared to students enrolled
in a program employing traditional scheduling, in the fallowing areas;
a) better attitudes towards science, b) better understanding of scientific
thinking, c) improved knowledge of the subject matter, and d) better at-
titude towards school in general.

The cluster program used in this; rperiment combined flexible,schedul-
ing, team teaching end individualized instructiod. All students in the
cluster program had the same four major subject teachers and remained in
class units for their entire program. The teachers developed flexible
tltime schedules and often used interdisciplinary approaches within the
imits of the prescribed curricula. Students in the cluster group were

also assigned one period per day for individualized help in any subject
area they chose.

t

A sample of 157 students was randomly sel,cted for thiloprojectfrom
a population of 480 seventh grade students entering Oceanside Junior High
School in the Fall of 1973. New students were selected as they were less
likely to have preset opinions about the school itself. Three classes
formed the control group, with approximately 26 pupils per class, for a
total of 78 students. Similarly, the experimental group of 79 students was
also divided into three classes of about 26 students each. All students
were given The Test On Understanding Science (form JX) and a Standardized
Test of Science Facts and Principles composed by the originators of the
curriculum entitled Interaction of Man and the Biosphere. Both tests were
administered as pre-tests at the outset, and as post-tests at theconclu-
siorCof the first unit of study, which spanned the first three months of
the term.

S ores on both testing instruments were compared using Analysis of
Vari E'and_the _Correlated t-Test Ratio. Attitudes towards the school
in gen ral was estimated by an analysis of discipline referrals for students
in the cluster program and the total seventh grade population, filed
between September, 1973, and April, 1974.
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Based on the Analysis of Variance and Correlated t-test data, the

following conclusions can be. drawn:

a) Students in the experimental group showed real learning over
the three month period of the experiment.

b) Students in the experimental group achieved more understanding

of the methods and concepts of Science. These results were
not due to chance.

c) Students in the control group showed real learning over the

three month period of the experiment.

d) For two of the three control sections, measured achievements
in the understanding of science methods and concepts were
due to chance.

Pupils taught in a flexible system achieved significant levels of ad-
vancement in both subject content and understanding of methods and concepts
of scientific thinking. This is significant, particularly when the role
of today's public school as a major force in the preparation for dealing
)with a swiftly changing and, to a great extent, unpredictable future/is
considered, the mastering of scientific principles as well as subject con-/
tent becomes more important as a primary cognitive goal. This is,hot to
say that learning specific facts is not vital, simply that this is not the

only goal to be pursued. This inquiry helps to show that a flexible, inter-
/

disciplinary approach to teaching pre-teenagers can contribute to this tyrN
of skill and attitude building.

z
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THE EFFECTS OF ACTIVITY-ORIENTED SCIENCE INSTRUCTION

ON CHILDREN'S ATTITUDES TOWARD SCIENCE .AND SCHOOL

Harold H. Jaus
Purdue University`

West Lafayette, Indiana 47906

The purpose of this investigation was to determine the effects of
activity-oriented science instruction on changing children's attitudes
toward science and school. Activity-oriented science was defined as
science instruction in which children collect and interpret their own
data. Attitude toward scisoce was defined as children's feelings about
science as being enjoyable, worthwhile,, and exciting. Ault/tide toward
school was defined as children's feelings about school as being enjoyable
and worthwhile.

One hundred and\iifty-four second, third, and fourth grade children
were used as subjects in the study. Prior to the initiation of this study,
the science instruction provided these children was via textbook reading.
The time alloted for science instruction averaged two hours per week for
each grade level'. Before treatment the subjects were administered an
attitude measure consisting of 20 Likert-type items4,1

The six teachers involved in the study were trained in conducting
activity- oriented'science in three two-hour workshops. These same teachers
then ,carried out activity-oriented science instruction in their classrooms.
The Science topics were taken from the science textbooks used in the class-
rooms. The time alloted for this instxutriop was at least two hours per
week ior a period of three months. At the conclusion of treatment the sub-
jects were again administered the attitude measure.

The attitude measure consisted of ten items concerning attitude toward
science and ten items, concerning attitude toward school. The subjects
responded to each item by X-ing out fact pictures which ranged on a con-
tinuum of smiling to frowning. The reliability of this attitude measure
was Atermined,b5 the test-retest method. A Pearson product-moment cor-
relation coefficient of .91 was obthined. The scores obtained from the
pre-test and post-test attitude measure were analyzed by T- tests.

The t valueS obtained on the pre-test and post-test scores of the
attitude measure were significant (p 4.05) for all ciags9s. These t values
were significant for the scores on the cluster of it concerning attitude
toward science and the cluster of items concerning attitude toward school.

Based on the results of this investigation it would appear that

elementary school children's attitudes toward science and school can be
significantly improved by providing activity-oriented science instruction. ;
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POSSIBLE INFLUENCES OH STUDENT ATTITUDES TOWARD INVOLVEMENT WITH SCIENCE:

CURRICULAR, DEMGRAPHIC, AND PERSONAL FACTORS

Byron E. Moore
Southwestern C011ege

Winfield, Kansas 67156

and

Arnold Moore
Youngstown State University
Youngstown, Ohio 44503

This_was an exploratory study_ro4.identify predictors (possible infi6-
ence0 of high school students Attitudes tomard Involvement with Science

(AIS) 4inePerceptions of the Scientist (PS) which can be controlled or
manipulated by the schools. Over 40 other hypothesized predictors were

treated as co-variated% The availability hf high chool science curricula,

partiAaarly physics courses, developed ain't\ 1956 f special interest.

A Likert response instrumigt measuring Att e,Loward Involveient
with.Science,(AIS), Perception°5f the Scientist (PS)7111hd 42 other variables

wag administered to samples of high school students selected at random from
each.grade level in selectedisChools in six states in various parts of the

country. Regression mo is predicting AIS and PS scores were developed by

stepwise-deletion multip e regression. Potential predictors' laded:

1) vaqables related urriculum and instruction (inc ding' tudent-

perceived teacher Characteristics),ond therefore assumed be der control

ucators and schools; and 2) variables related ta_Pers cha cteristics

e student or.to hie,oiltside-of-school experiences or eltvi nt which

sumed nc .to be under the controlmf,schools. The latter iahles

were treated as co-variates. The alpha 'level fox retention of a predictor

was 0.65.

I

A machine storable instrument including Likert scales measuring AIS,
$, and two dimensions of academic self-concept, plus measures of over 40

r variables,wad developed., The reliability of Likert scales ranged0

from

Scienie educators in various Parts of the country sele' to schools in

their areas to maximize heterogeneity of cultatal, socio-econ

'educational variables. Data were collected from a random s of 12

stuai'nts from each of grades 10, 11, and 12 in each high'school. Inclusion

in the sample was not dependent upod which science courses students had,,a,

taken of had avoided taking, rather thit a,information was collected as 4

and used as potential prediptor varianee. This sampling resulted in usable

. data from 400 students attending a broad spectrum of types of high schools

in six states across the Countl.
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The availability of BSCS-yellow, CHEMS, HPP, and PSSC-lstedition
explains significant amounts of the variance of AIS and PS scores, but the
direction of any possible influence is not clearly determined.

1) There is no evidence that the availability of any of the
"alphabet" courses promoted higher or more favorable AIS
or PS among the general population of high school students.

2) Students who were taking or had completed some science sub-
jects and hence had experienced some of the " alphabet" courses
had higher AIS and PS means than the general population of
students.

3) Physics students attending schools where Harvard Project
Physics was available (regardless of what other physics

.;.1Rotirse was Available) had higher AIS and PS scores than did
s;"Ahysics,students attending schools where HPP was not available.
'the average IQ of physics students attending ols where EPP
was available was lower than is typical of phyd s students- -
about the same as that of the\general populatio of high school
students.

A
Percep on o selg, perception of th hysics teacher, and sex desig-

nation, were, .14ortaPptin predicting AIS do PS scores as the science
curricula av

\ \

More of the variance of AIS and PS scores can probably be explained by
some as yet unidentified variables,. A variable identifying data 4ources in
terms of schools was a significant predictor of AIS scores. A variable
identifying data sources in terms df states was a significant predictor of
PS scores. This suggests that AIS iay have some addition\al,unexplained
,dependency on formal education or PS' may be dependent regional-cultural
differences.

:This stud resulted in the identification of va ables that are signifi-

.

ant p actor of high school students' Attitudes to rd. Involvement with
iencesan tions of the Scientist. It provides direction for ad-

d tional investig tionT. - Some of the predictors appear likely to be in-
fl ences on attitudes; however, causality is not proven.
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CONCURRENT SESSIONS VII

ssion VIID - Discussion Paper

Presiding: Robert L. Steiner, The Ohio State University,
' Columbus, Ohio 4321.Q.

"The Effect of Mode of Instruction and Exposure Time

to Examples on the Acquisition of a Biological Concept"
$

John J. Koran, Jr. and Patricia Freeman, University of

Florida, Gainesville, Florida 32611.

Reactors: O. Roger Ander4on, Columbis University Teachers College,

4

New York, New York 10027.

Jack E. Sherman, University of Colorado, Colorado

Springs, Colorado 80907. -_
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THE EFFECT OF MODE OF INSTRUCTION AND EXPOSURE TIME

TO EXAMPLES' ON-TfiE---ACQUISITION OF A BIOLOGICAL CONCEPT

John J. ,Koran. Jr.

and

Patricia Freeman
University of Florida

Gainesville, Florida,32611

One of the confounding problems in research comparing the effects of
inductive and deductive sequences of instruction is that of controlling "
the amount of time Ss in each treatment are exposed to the treatment. As
Keislar, Shulman, Glaser and Cronbach point out, in practice Ss,in the
inductive treatments spend more time with examples of a concept snd engage
in more overt and covert practice than those in the deductive trestment.
This resulib-la_the comparison of two treatments which are unequal*,in in-
tensity and the eneration of data for which interpretation is relatively
meaningless.

In this study the inductive and deductive sequences of instruction
were presented by a slide-tape series of equal length)thus controlling for
the above. Times of exposure to examples or non-examples of the concept
monocot were controlled so that Ss in the inductive and deductive treat-
ment groups were exposed to each of 20 examples: 5 seconds, 8 seconds, or
15 seconds. The objective, of this inquiry was to determine which mode of
instruction and time of exposure produced greatest student acqusiption of
a classifications]. concept.

Three hundred eighty-five high school students were randomly assigned
to classes at the beginning of a school year. Subbequently 21 classes were
randomly assigned to one of the following conditions: inductive - 5 seconds;
inductive - 8 secondsi, induCtive - 15 seconds; deductive - 5 sedpnds;
deductive - 8 seconds; deductive - 15,seconds; control. Ss included 177
males, 208 females (165 blacks and 220 whites) stratified for grade levels
9-12. A post-test only. control group was used.

Means and standard deviations for each treatment group were gathered.
---1-s.,a4dition, a 2 x 3 analysis of variance model was used comparing 2 treat-
ment-types (inductive-deductive) to 3 treatment times for each of twenty
examples of monocots (5 seconds, 8 seconds, and 15 seconds). The results
indicated that the treatment types were significantly different (I? - 143.41;
df 1, p 4.01) with the deductive method being superior to the inductive
method. Treatment times were also significantly different (F 4.10;
df 2, p 4.05) with longer exposure times in each treatment exceeding
shorter exposure times. Both treatments exceeded the control (p <.05.) d
there were no interactions between time and treatment. This latter finding
indicated that the design used accomplished its objectives.
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There are\many significani implications of the above data. For one,

when the concept to be taut* in a science class is a classification one,

b8th time, money and energy can be conserved by utilizingNa,deductive

approach. Further research would have to explore the consisiency of this

effect with correlational and theoretical concepts (Pella, 1965). Regardless

of the mode of instruction, when classificational concepts are being taught

in science, attention should be paid to permitting students sufficient time

to become familiar with-examples being used. Finally, this study provides

an example of an experimental methodology which could be used to explore

,inductive-deductive methods of instruction under controlled conditions in

the science classroom setting.
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CON

SessioeVIIIA - Student'Ass ssment

SESSIONS VIII

Presiding: Victor J. Myer, The Ohio State University,
Columbus, Oh 43210.

i
1. "The Reception of Elementary Stu ents to Inquiry

Science." John B. Bath, Syracuse University,' n
0

Syracuse, New York 13159.

2. "The Mathematics Skill Test (MAST) and College

Freshmen." Rita T. Denny, Lumberton Alternative

High School, Philadelphia, Pennsylvania 19151.

3. "Evaluation of a Practical Procedure for,

Sequencing Pictorial Classification Tasks in

Science.4' William G. Holliday and Louise A.

Patridge, University of Calgiry, Calgary,

Alberta, Canada.

r,

4. "Behavioral Objectives that'Physi,cs Tests

Actually Measure: Part II." R. G. E. Mitias,'.

ti

Ohio University, Athens, Ohio 45701.
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THE RECEPTION OF ELEMENTARY STUDENTS TO INQUIRY SCIENCE

John B. Bath
Syracuse University

Syracuse, New York 13159

Antaffokt toward developing curricula involving inquiry science is
now changing 4 an effort of implementing inquiry science. The philosophy
upon which the science inquiry curricula axe based is not unlike open
edu tion. Data collected via the Classroom Openness Scale reveal similar-

c:

iti s between open classrooms and inquiry science lessons. A comparison
f tudents from non-Open classrooms with those from open classrooms in

try science may lead to information vital for the. implementation of
v o,

..new science curricula. In contrast, many studies haA been reported that
attempt to compare open education with traditional (non-open) education
without regard to individual differences in student characteristics. One
result of this search for the "best" method has been a profusion of studies
obtaining "no significant differences." In this study, however, an attempt
has been made to determine the kind of student, from each type of classroom,
most receptive to an inquiry science lesson.

The investigation consisted of three parts: 1) the treatment variable,
2) the independent predictor variable, and 3) the dependent criterion
variable. The treatment variaole consisted of the amount of openness present
within each fourth-grade classroom as measured via the Classroom Openness
Scale (COS). Each classroom was ranked on a non-open through open continuum.
Three student traits were selected as predictor variables: anxiety, extro-
version, and sex. The dependent criterion variables were curiosity and
persistence in an introductory discovery science lesson.

Data pertaining to the three student traits were collected using the
Children's Personality Questionnaire. Following this testing, the COS was

used to classify each of the eight classrooms selected fot this study.
Each classroom was observed once a month for six months. Last, each child
was tested for curiosity and persistence during a discovery science lesson.
The science lesson involved a magnetic discovery lesson from the Interactions
and Systems unit in the Science Curriculum Improvement Study.

Data have been collected and treated with regression anaiysis technique.
Some students from the more open classrooms appear Lc) be more receptive

(more curious and persistent to the inquiry science lesson. 4-

Information gained from this study may be of help in at least two ways.
1) One4type of classroom may prodtve students who are more receptive to

inquiry science. If this is the case; supervision may be concentrated with
teachers who have students who do not seem to be receptive to the science
lessons. 2) More probably, there are different kinds of students within each
type of classroom who are receptive to inquiry science. In this case, super-
vision can be given to teachevi so they can help those students who are not

expected to display a positive disposition toward science. In either case,

tf we can predict'from this study where potential problems lie, we can deal,,

with them before they occur.
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THE MATHEMATICS SKILL TEST (MAST)

AND COLLEGE FRESHMEN

Rita T. Denny

Lamberton Alternative High School
Philadelphia, Pennsylvania 19151

How can we coordinate student math skill preparedness with science
course objectives and thus improve effective student science rostering
for incoming college freshmen? This research studied the problem from 4

two foci: 1) the use of the Mathematics Skill Test (MAST) as a rostering
tool for incoming freshmen in an eastern, uiban, four-year, state college;
and, 2) the validation of the Mathematics Skill Test (MAST) as a predictor
for success in freshman Physical Science in an eastern, suburban, two-
year, state community college.

In the four-year college, approximately 140 entering freshmen had
indicated a preference for specializing in science or nursing. Prior to
Septdmber, 1973, high school science and math grades, SAT College Board
scores and test scores on 1969 ACS-NSTA High School Chemistry Test were
used as rostering bases for grouping these students in the two-semester
Chemistry 104-5 for science majors. In September, 1973, all students were
tentatively grouped using these criteria, but they also took the Mathematics
Skill Test (MAST). Final rostering coordinated math skill performance on
MAST and ACS test scores, generating one accelerated class and three equi-
valent groups of Chem 104-5. Dropout rates and student success in the
science course were assessed in May, 1974,and then compared with similar
classes from previous years, to evaluate the effectiveness of MAST as a
rostering tool.

The two-year community college provides incoming freshmen with Physical
Science 105. Science faculty were seeking a means for rostering students
which might lower the 30 - 40 percent dropout rate. Faculty assessment
of the science course objectives indicated certain math skill behaviors
were needed to succeed. They judged that MAST adequately measured the
presence of these skills, but realized that MAST predictive validities per-
tained to chemistry success. All students, took MAST in September, 1973,
at the start of Physical Science 105 but were NOT rostered by these MAST
scores. MAST scores were correlated with accumulated science course test
points, to generate a series of predictive validities.

Results of this research indicate the Mathematics Skill Test (MAST)
is an effective rostering device for students starting freshman college
chemistry in this four-year state college. It was helpful in identifying
il4a 'groups of students: 1) those with weak science background but abOve-
average basic math skill competence, and, 2) those with weak math skill
competence who need remediation. In the two-year college, overall cor-
relation of MAST with test points generated a predictive validity of .59,
which supports the premise that MAST can validly predict success in physical
science for these or similar freshmen. Individual skill correlations 4ith
these science scores indicate certain skills are better predictors than others.
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EVALUATION_OF A PRACTICAL PROCEDURE FOR SEQUENCING,

PICTOR)4 CLASSIFICATION TASKS IN SCIENCE

William G. Aolliday

sad'

Louise A. Partrj.dge

University of-Calgary
Calgary, Alberta4-lanada

The purpose of this study was to evaluate a_praciical procedure for

determining the optimum sequencing of pictorial classification tasks in

science using mean difficulty indices generated b-y a standard sample of

grade two students. Acquisition of such skills can affect the learner's
performance on subsequent material and the teacher's efforts in diagnosing

specific learner problems. Classification tasks highly similar to the ones

explored in the present study" can be found in Science - A Process Approach

(Sea A.A.A.S., 1967); Science Curriculum Improvement Study (See S.C.I.S.,
1968) and Elementary Science Study (See E.S.S., 1968). It was predicted

that: 1)an ascending order of difficulty in the sequence would be more

effective than a random order and 2) a random order of task difficulty would

be a more effective sequence than a descending order. ;t appears logical

that learners who encounter an ascending order of difficulty rather than

a random or a descending sequence should acquire appropriate problem-solvidt

techniques, subordinate skills and positive anticipations of success that

can be expected to facilitate performance. on subsequent classification tasks

of a highly similar nature.

Fifty-eight multiple classification tasks were developed for this

-study. Each task required subjects to sort'pictures of domestic animals

on the bases of two or more stimulus properties (i.e.,--position, size,

shading and size). Each subject from.the standard sample received 58

randomized tasks in an individually sequenc$d order. Subsequent item analy-

sis of the results yielded task difficulty values (i.e., the percentage of

subjects who correctly performed a task) which were used to rank each task.

On of the 58 tasks was randomly selected from each or the 20-five_ptr-

centile Antervala of mean task difficulty. Subsequently, the experimental

subjects were randomly assigned to three treatment groups of ascending,

randomized and descending orders of task-difficulty.,

The effeCts of three presentation sequences of fhe science teaks were

experimentally evaluated in terms of total_student performance. Fifty-one

grade two subjects constituted the standard sample. The experimental sample

was composed of another 134 second grade subjects from the same school and

from a nearby school.

The internal consistency reliability (Cronbach's Alpha) was .96 for

the standard :sample and .72 f.or the randomized experimental sample of the

14

study. Two orthogonal compa ons of the means using analysis of variance
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supported the two a priori hypotheses. As predict k, the ascending-treat -
mentment icores were significantly higher (F = 14.28, f = 1;88, 1)4.001) than
the randomized treatment scores which, in turn, we e significantly higher
(F 4.68i_df = 1;87, p 4..05) than the descending treatment scores. ,These
sults indicate that a highly consistent series of a pictorial classifi-

cation tasks sequenced in an ascending order of difficulty is more effective
thanj?randOm order and that a random order is more effective tjian a descend,
inglOider of difficulty. The differential student performance from the
thtqetask orders wa probably the result of cognitive and affective set
and direct transfer e fects.

-- The evaluated method was shown to be a practiel way to order elementary
--lichool science materials rather than the laborious,procedures us lly recom-

mended for validation of learning hierarchies., In additio ree presen-
tation orders of'difficulty were-AMperimentally sh o have a differential
effect on total student performance. These ses s indicated that the way
a teacher sequences a large number of piotolial classification tasks in
science can make a real difference. Similar topics have been investigated
in psychometric experiments in a variety of school subjects with a consistent
result of no sigilificant difference.

Mr*
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BEHAVIORAL OBJECTIVES THAT PHYSICS TESTS

ACTUALLY MEASURE: PART II

R. G. E. Mitias

Ohio University
Athens, Ohio 45701

The major objective of this inquiry focused on whether the stated

objectives of science teaching have been better represented in more recent

standardized instruments than in the earlier ones. More specifically,

this inquiryyattempted to answer the following questions:

1) Compared to an earlier study, what objectives of science
teaching does a recent sample of standardized physics tests

actually measure?

2) Are there apparent differences between the objectives which
this sample of standardized tests measure and those reported

in the earlier study?

A thorough study of the leading literature on objectives of secondary
science teaching was conducted; a list of the most frequently mentioned Or

jectives was compiled. Each general objective on the above list was further
broken down to its specific components in terms of expected student's be-

.

havior which_ demonstrate the achievement of_that objective.

A sample of recent standardized physics tests was selected on the b1is
of their recency and frequency of utilization among schools (for comarative
purposes, this sample utilized more recent editions of tests used in the

earlier study). Each item on each one of the tests was analyzed in terms
of the mental skills, processes and/or knowledge which it required to answer
The specific components (skills, knowledge, etc.) peeded,to answer each

Item were identified for each test item and for each test. These were re-

lated to the specific behavioral objectives of science teaching.

The data were primarily derived from the analysis of a sample of

standardized physics tests. Such analysis was accomplished against a

list of specific behaVioral skills, knowledge, etc. generated from univer-

sally Stated science education objectives.

The results seem very interesting'in termS of the emphasis which the

--- analyzed standardized tests place on given objectives. There were dif-

ferences interms of the emphasis, given to various objectives as measured
by this sample compared to those which seemed to be stressed in the litera-

ture on science teaching,

The major premise of this research rests on the assumption that con-
sistency between Objectives of science teaching and evaluation of students'

achievement in science is a key element toward achieving the stated objectives.
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When the evaluation instrument puts emphasis on given objectives and
neglects others, both students and teachers would tend to focus their
attention and energy on achieving those objectives on/Which students yould
be evaluated -- no matter what the stated objectives might be. The results
of this research demonstrate where the emphasis is pul,Dt samples of stand.
ardized science achievement tests, where the em rtes is lacking, and w
objectiireS of science teaching we expect teachers to emphasize and
students to achieve under these circumstances. A question of int
may even be raised regarding the degree to which the "new curricula" had;
been reflected in the st rdized instruments of the evalpation.

,

I-

-



A

CONCURRENT SESSIONS VIII,

Sessiop VIIIB - Symposium, Part II

Presiding: Ronald K. Atwood, University of Kentucky,
Lexington, Kentucky 40506.

"Symposium on Scientific Literacy:

The Concept and the Future"

Milton O. Pella
University of Wisconsin
Madison, Wisconsin 53706

George T. O'Hearn
University of Wisconsin
Green Bay, Wisconsin 54302

Calvin W. Gale
Michigan Technological University
Houghton, Michigan 49931

Alan M. Voelker
Northern Illinois University
DeKalb, Illinois 60115

William R. Ogden
East Texas State
Commerce, Texas 94428

I.

Michael L. Agin
Michigan Technological University

Houghton,' Michigan 49931

Victor N. Showalter
The Ohio State University
Columbus, Ohio 43210

John F. Disinger
The Ohio State University
Columbus, Ohio 43210

Delmar L. Janke
Texas A & M
College Station, Texas 77840

,/
Rodney L. Doran
State University of New York
Buffalo, Newk 14214
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SYMPOSIUM ON SCIENTIFIC LITERACY:

THE CONCEPT AND THE FUTURE

Milton 0. Pella
University of Wisconsin
Madison, Wisconsin 53706

George T. O'Heatn
University of Wisconqin
Green Bay, Wisconsin 4302

Cal n W. Gale
Mic an Technological University
Hough on, Michigan 49931

Alan-M. Voelker
Rorthern Illinois University
DeKalb$ Illinois 60115

William R. Ogden
East Texas State
Commerce, Texas 95428

Michael L. Agin

Michigan Technological University
Houghton, Michigan 49931

Victor N. Showalter

The Ohio State University
Columbus, Ohio 43210

John F. Disinger

The Ohio State University
Columbus, Ohio 43210

Delmar L. Janke
Texas A & M
College Station, Texas 77840

Rodney L. Doran

State University of New York
Buffalo, New York 14214

This is part two of a symposium in which ten science educators will
4z:older the concept of scientific literacy, its present status, and
lications for it in science education for the future. Some of the

tatfic aims ofi the eymposiom will be to:

1) review and update the concept of scientific literacy,
2) establish a consensus of the definition of scientific litericy,
3) determine the direction science education will have to go in

order to achieve this concept,
4) identify research investigations necessary for the improvemen

of science education within this framework,
5) identify methods and materials that are available and can be

used as starting points for the investigation and development
of materials for teithing toward scientific literary, and ,

6) provide a forum for the interaction of science educators so
that they may compare and exchange ideas.



CONCURRENT SESSIONS VIII

Bess;on VIIIC - Symposium

PrAlding: J. David Lockard, University of Maryland,
College Park, Maryland 20742.
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"Natural Laboratories:

Opportunities for Research in

Classrooms Using New Curricula"

Earle L. Lomon, Eaucatiopal Development Center,

Newton, Massachusetts 02160.

James T. RobinsozyBiological Sciences, Curriculum

Study, Boulder, Colorado 80302.

John W. Renner, University of Oklahoma,

Norman, Oklahoma 7301(9
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ONCURRENT SESSIONS VIII

Session VIIID Piper Set

Presiding: Joyce SwartneY, Buffalo State Dniversity Colleges
Buffalo, New York 14222.

"Cooperative (University/School) Secondary Science

Teacher Preparation Program"

Hans O. Andersen, Indiana University, Bloomington,

Indiana 47401.

Paul Repicky, Baylor College of Medicine, Houston,

Texas 77025.

Linda Knight, Monroe County High Schools, Bloomington,

Indiana 47401.

Harold Harty, Indiana University, Bloomington, Indiana

4740).



COOPERATIVE (UNIVERSITY/SCHOOL) SECONDARY SCIENCE

TEACHER PREPAIATIONpROORAM

Hans O. Andersen
Indiana University
Bloomington, Indiana 47401

Paul Repicky
Baylor College of Medicine
Houston, Texas 77025

Linda Knight
Monroe Coilnty High Schools
Bloomington, Indiana 47401

Harold Harty
Indiana University
oomington, Indiana 47401

The papers presented in this set late to different aspects of an

evolving Cooperative Science Teacher Pr arationiiigiiiaifis being
implemented at Indiana University, B1 ngton. The major assumptiona

underlying the program model are that science teacher preparation programs
can be significantly improved if high school science teachers and university
personnel cooperate in both the planning and implementation of the program
and that procedures mandating this cooperation must be overtly established

and reinforced.

The papers ine/mded in this set are:

The Model Description,

Evaluation of an Early Experienp injScience Teaching,

Systematic Observation as a Technique for the Assessment and

Improvement of Student ,Competencies, and

Instrumentation Focusing on Formative Bvaluation Aspects of an

In-service Teacher Preparation Model.

A question-and-answer and discussion period is expected to follow the

presentation of these papers.

I
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CONCURRENT SESSIONS IX

Session IXA - Research Design Award Paper

Presiding: Burton Voss, University of Michigan, Ann Arbor,
Michigan 48104.
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CONCURRENT SESSIONS V

Session IXB - Paper Set

Presiding: K. M. Kalra, Maple Ridge, British Columbia.

"Studies of Learning Environments and Outcomes (Project LEO):

Comparative Studies of Affective and Cognitive Learning

Under Two Quantitatively Defined Teaching Strategies: Part III"

James A. Shymansky, The University of Iowa,

Iowa City, Iowa 52242.

John E. Penick, Loyola University, Chicago, Illinois 60611.

Charles C. Matthews, Florida State University,

Tallahassee, Florida 32306.

Ronald G. Good, Florida State University, Tallahassee,

Florida 32306.



STUDIES OF-LEARNING ENVIRQNMENTS AND OUTCOMES (PROJECT LEO):

COMPARATIVE STUDIES OF AFFECTIVE AND COGNITIVE LEARNING

UNDER TWO QUANTITATIVELY DEFINED TEACHING STRATEGIES: PART III

James A. Shymansky

The University of Iowa
Iowa City, Iowa 52242

John E. Penick

Loyola University

Chicago, Illinois 60611

Charles C. Matthews -

Florida State University

Tallahassee, Florida 32306

Ronald G. Good

Florida State University

Tallahassee, Florida 32306

The need to establish more clearly relationships between various in-
structional strategies and student learning demands a systematic and
deliberate control of instructional strategies in a laboratory environment
and systematic monitoring of various aspects of student learning. Studiesto be reported by participants in this paper set were conducted in such a
laboratory' environment and were conducted at the developmental research
school of Florida State University,

beginning in the fall of 1971 and con-tinuing to the present time. Preliminary reports of these studies were
delivered At the 1973 annual meeting of NARST in Detroit and were followed
up with several final reports at the 1974 annual meeting of NARST in Chicago.The papers in,'this set represent further follow-up reports of the on-goingefforts of the Project LEO group.

Since 1971 Project LEO has focused on the study of various aspects
of affective and cognitive learning and specific behavioral characteristicsof students under two quattitatively defined sets of learning conditions.
Learning conditions were defined in terms of science materials, physicalplant, and teacher behaviors. Contrasting learning conditions investigated
in these studies were produced by varying teacher behaviors while holdingthe other two factors constant. The terms "teacher-structured learning in
science" (TSLS) and "student-structured

learning in science" (SSLS) refer
to the two quantitatively defined patterns of teacher behavior.

The major question pursued in these studies has been: Is there a dif-
ference in classroom' behaviors, student's

self-perception, information
acquisition, problem solving ability and confidence, verbal and figural
creativity, and measures of cognitive developmental level between students
under SSLS conditions and students under TSLS conditions?

The classroom behavior and learning of 250 studentsin grades 1-5
and 50 students in high school chemistry at the Florida State University
Developmental Research School were investigated under the controlled con-
ditions of twelve classrooms. Students at each grade level were randomly
assigned to two sections prior to their enrollment in the fall of 1972.
(Several of these groups have remained intact to facilitate the study, of
long-term effects of contrasting instructional strategies in science.)
Both groups of students at each grade level were taught science by the



same teachers using identical materials and classroom facilities. Learning

conditions differed only in terms of teacher behaviors. SSLS and TSLE

conditions were defined quantitatively in terms of the SCAS-Teacher cate-

gories. Using specific teacher behaviors contained in these categories,

each teacher in the study was trained to exhibit patterns of behavior char-

acteristic of the SSLS and TSLS conditions. The TSLS instructional strategy

included directive teacher behaviors and immediate feedback to the students

on the acceptability of his response. SSLS teacher behaviors involved

allowing students to invent their own activities and responding without

directions to student behaviors. SSLS and TSLS teaching behaviors were

defined quantitatively by a "learning conditions index," which was computed

by comparing the number of teacher behaviors falling into scAs Teacher

categories 4, 5, and 9 to the total number of behaviors recorded. This

fraction yields values from 0.0 (totally non-directive) to 1.0 (totally

directive). The LCI for SSLS was kept below 0.05 while the LCI for" TSLS

was above 0.50.

Classroom behaviors of students were studied by coding the behaviors

of individual students using the SCSS Student categories. In addition to

the classroom behavioral data, student self-perceptions, creativity, problem

solving abilities, and cognitive development were studied.

The specific research areas relating to Project LEO presented in this

paper set include the following:

"Relationships Between Cognitive Characteristics and Problem

Solving Strategies in Elementary School Children"

"Relationships Been Cognitive Characteristics and Self-Perceptions

in Elementary School Children"

"Relationships Between Classroom Behavior and Cognitive Development

Levels in Elementary School Children"

"Reiationships Between Classroom Behavior and Self Perceptions

in Elementary School Children"

1 ri
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Session IXC - Panel

Presiding:

CONCURRENT SESSIONS IX

Charles A. Wall, Salisbury State College,
Salisbury, Maryland 21801.

"Openness and Accountability:

A Look at the*Issues and Related Research QUestions"

Joseph A. Abruscato, University of Vermont, Burlington,

Vermont 05401

Jack Hassard, Georgia State University, Atlanta,

Georgia 30303.
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OPENNESS AND ACCOuNTABiLITY:

A LOOK AT Thg, ISSuES AND RELATED RESEARCH QUESTIONS

Josepn A. Abruscato
University of Vermont

Burlington, Vermont -05401

and

Jack nassard
Georgia State University
Atlanta, Georgia 30303

The long runilrhg aeoate in pubiic education over 'freedom versus

control" has emerged in recent years as a question of ''openness versus

accountability". Inflationary pressures and a public outcry for "hold the

line'' buales*.hp brougnt to the forefront some fundamental issues that

require the cartfful consideration by science educators interested in in-

vestigating the 'relative effectiveness of various curricular and instruc-

tional apptoacnes.

This panel will focus upon two oasic questions:

1. What are

openness

2. What are

data for

the issues tnat serve to differentiate'between

ana accountability?

rne zelatea researcn questions tnat could provide

decision maxers in science education?

A sampling. of tne issues ana some relaea researen questions to be

raised and discussed by/ the panel, ana the imaience-would include:

Sample Issues

1. Can one pnilosopnic appzoacn respond to rne need of science

educators for a frame of reference?

2. Is affective development of stuaents a necessary outcome of

science education regardless of the general orientation of

the learning environment toward openness or accountability?

3. Is assessment of learner outcomes a requirement for all science

education environments regardless of general orientation to-

tic-cis openness or accountability?

4. Can classroom procedures emerge that respond, to a synthesis

of openness ana accountability?



Sample Research Questions

1. To what ektent are science teacher behaviors in open classrooms
similar to teacher behaviors in more conventional settings?

2. In what ways are the learner
expectations of teachers in open

classrooms different from the expectations of teachers in othersettings?

3. Whdt are the values and attitudes acquired by students in
"open Chtssroom" science education environments?

4. What are the types of
assessment techniques used in "open

classroom" science education environments?

5. What types of assessment
techniques are used in "accountable"

science education environments?

6. What types of student behavior are uniquely observed within
open classroom science environments?

In summary, the panel discussion and audience participation will focuson central issues and rested research questions facing science educatorswithin the context
the "openness-accountability".controversy.

z
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CONCWENT SESSIONS IX

Session IXD - Learning Theory

Presiding: Paul W. Welliver, Pennsylvania Sta versity,

Stite College, Pennsylvania 16801

1. "The Effectiveness of a Comparative Advance

Organizer in tile learning and Retentiiinqf

Metric System Concepts." Keith A. Kennedy,

St. Cloud State College,,St. Clout, Minnesota

56301.
ne411.N.,

2. "The Effect of Utilizing Three Types of Advance

Organizers for Learning a Biological Concept

in Seventh Grade Science." Stephen B. Lucas,

Ediiboro State College, Edinboro, Pennsylvania

16412.

4

3. "Analysis of Creative Ability in Terms of

Ausubel's Cognitive Psychology." Joseph D.

Novak, Cornell University, Ithaca, New York

14850.

4. "An I vestigation of Children's Concepts of

Natu al Phenomena." Richardli. Rowell, Cornell

versity, Ithaca, New York 14850.
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THE EFFECTIVENESS OF A COMPARATIVE ADVANCE ORGANIZER IN

THE LEARNING Al D RETENTION OF METRIC SYSTEM CONCEPTS

Keith A. Kennedy
St. .Cloud State College

Std. Minnestta 56301

The purpose of this tudy was to de4 termine the effectiveness of a
comparative advance organizer in the learning and retention of metric system
concepts with respect to 1 student ability - .measured by the subject's GPA,
2) cognitive structure-Ithe number of high school and college courses in
science and mathematics completed, and 3) treatment group--comparative ad-
vance organizer group, historical in roduction group, or control group.

The subjects used in this study ere 60 undergraduate elementary edu-
cation majors enrolled in Physical S ience for Elementary Teachers during
Spring Quarter, 1974. The three act classes were randomly assigned to
one of the three treatment groups

The two experimental introduct32 passeges, the comparative advance
organizer and the historical introduction, were developed by the investigator.
The McFee Metric Test, which is a orty-item, four option, multiple-choice
test, was used as the criterion asure.

The procedures,used in this study involved pretesting,, study of the
introductory passages, particip tion in the c sroom learning activities,
poattesting, add the administr tion of the d ayed posttest. The McFee
Metric Test was administered s a pretest pr r to the introduction of the
metric system learning mate4als. Following t pretest, the caparative
advance organizer and ffehistorical introduction groups were given their

-\ respective passages to tea /and study. These subjects then completed the_
learning activities. Upon completion of the learning activities, all three
groups were administeredithe posttest. After a period of thirty days had
elapsed, all three grouO were administered the delayed posttest using the
McFee Metric Test.

A 2 x 2 x 3 an ysis was used to analyze the subject's
scores on the prof iency and int Live subtests and for the total test
score. When sign ficant F ratios were obtained, the Scheffg Test was used
in a post hoc partitioning of th um-of-squares.

.

Significant differences yiefCg found in the following area4.!

1. The level of achievemlnt of metric system concepts as measured
by the total test sc e on the McFee Metric Test of the com-
parative advance or izer group and the historical introduct
roup was siguific tly higher than the level of the control
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2. The level of achievement of metric system concepts as measured
by the proficiency and intuitive subtests, and the total test
score of the high ability subjects was significantly higher than
the level of achievement of the low ability subjects.

3. The amount of material retained by the subjects in the comperativ-
advance organizer group and the historical introduction group,
as measured by the proficiency and intuitive subtests and the
total test score, was significantly higher than the amount re-

/
tained by the contro. group. nn addition, the amount of material
retained by tne comp ative advance organizer grotp was signifi-

cantly higner tnan to amount retained by the historical intro-

duction group.

4. The amount of material retained by the subjects in the high ability
group was significantly higner than the amount retained by the
low ability subjects as measured by the intuitive subtest and the
total test score on the McFee Metric Test. /
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THE EFFECTS OF UTILIZING THREE TYPES OF ADVANCE

ORGANIZERS FOR LEARNING A BIOLOGICAL CONCEPT IN SEVENTH GRADE SCIENCE

Stephen B. Lucas
Edinboro State College

Edinboro, Penns)Olvania 16412

The main purpose of this study was to study the effects that three
types of advance organizers (Ausubel) had upon the learning of a biological
concept in seventh grade science as measured by an achievement test on the
biological concept, " e Interdependence of Living Things." Subproolems
that were investigat d included the effects of the student variaoles of
I.Q., abstract reas i4 ability, and Sex had upon the learning of the
biological concept, when utilizing the three advance organizers.

To investigate these problems,120 subjects were selected randomly
from a group of second grade students and were stratified on tne basis of
I.Q. scores. Treatment groups included an audio advance organizer group,
a visual organizer group, a written organizer group, and a control. Prior
to instruction, each of the treatment groups were given an Academic Promise
Test to measure abstract reasoning ability, and a California Short-Form
Mental Maturity Test to measure I.Q. Instruction included the presentation
of one of the three types of advance organizers prior to reading an in-
structional passage that portrayed in detail, the concept "Interdependence
of L Ving Things." The control group's prior instruction consisted of a
place o. Subjective interviews were also copOwcted for purpuses of gather-
ing s bjective data.

A 30 item multiple-choice teat with four alternatives per item was
developed after analyzing the results of a pilot study. This instrument
was used in testing for results oh the learning of the concepts. An ANOVA
was used to analyze results7 ' ,

The results'of the study indicted that the use of three types of ad-
vance organizers did not significantly4affect le ning of tlib biological

1;

concept and that no interactive effects of I.Q bstract reasoning, or
sex differ ces had any effect upon treatment. subjective data obtained
in inte ews indicated that advance organizers presumably facilitated the
'learnin of the biolo0Cal concept.

EffeOtive teaching is alway21 ameliorated by new,and proven methods.

..
,

Since advaSrce organizeri, from a psycholog al at-.dpoint, indicated a
"newer" way to teach concepts And that re ear iicated that they could
be used as an important tool in teaching, a stu.y Willis nature seemed
relevant. The study, however, revealed n. significance in statistical
data, but appeared to be a facilitator in learning as suggested by subjective
data. These results should be fruitful to science teachers and those who

-Pwrite science textbooks, especially from the standpoint of developing in-
structional materials in introducing concepts in the sciences.
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TIVE ABILITY IN ;TERM

'S COGNITIVE PSYCH°LOG&

Joseph D. Novak
Cornell University

Ithaca, New York 14850

The history of esearch on creative ibility.has included stud es of

a)
"convergent" and " rgent" thinking, measures of "dogmatic" thinking and

various abilitiss_ iated with Guilford's model of the "Structure of

1
Intellect." Except for e latter, most of the studies of creative abilit

have not been based on explicit learning theory, and indeed, Guilford's

'
work cannot propeefisTe classified as a theory of cognitive learning.

/ *
In the past deckde, our reaarch program has use \ subell's (1963,

1968) theory of learning as,a basis for the design of research and the

interpretation of data. Some of our studies have included various measures

of creative ability. Data col;ectad in these studios strongly suggest

that the quantity and quality o concepts in cognitive structure not only

pedict the comparative potbntial for new learning (as Austibel's theory,

indicates) but that the development of high-order concepts and assocktions

, between lower and higher order concepts is strongly' related t creative

/ ability. Differentiatio of numerous low-order concepts,:witkut extensive

linkages to relevant-higher order concepts, results in 'high scores4on I.Q.

tests and standard measures of academic achievgment but low scores on .

'testls'of creative ability.

--pased on dataffrom various kinds of tests and str
/

nctured interviews,

we believe creative ability can be charactetized as the abilf--h.'develop

well-differentiated higher order concepts, with ftnctional linkage; to

lower o der concepts, and also the.emotional roclivity to'use higher Order .

conc both in receiving new inforthation in using information in

probl olving or other tasks. High I.Q , on tte other hand, indicates

a facility for roterlearni4 (new learn Ot associated with subsuming

concepts in cognitive structure) and for uisition ofd low-order, specifiC

con4epts. Creative ability and. I.Q. type ility ari not seen as two ends

Of a continuum but rather as separate, and some exttfot synergistic,

abilities. 4'
\

. 1
\

Ausubel, David P. The Psychoagy of 4eaningfu:40mt Learning.

New York: and Stratton, 1943\
Af . 41 .

Ausubel;4David Pt Educational°Psychology: A Cognitive View.

. New York: Holtikkinehart and Winston, 1968.
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AN INVESTIGATION OF CHILDREN'S CONCEPTS OF NATURAL PHENOMENA

Richard M. Rowell

Cornell University
Ithaca, New York 14850

%

This study focused on children's uses of concepts to explain natural
ena. Children involved in the study began elementary school in 1971,

received audio-tutorial instruction through a sequence of forty
co ly-based science less2ns for the past three yeara purpose

\of th- ent study was to construct concept hierarchy diag character-
istic e children's development in specific science conte Sreas.

Two h red children in-four elementary schools were ind dna ly in-
structed via o-ta ed science lessons. (An eight year lessonoievelop-
ment progr rep esen an earlier phase of this research.), At tour points
in the se/4u ee intervi vs are admi4tered according to Piaget's revised
clinical Meth d, and these interviews were audio-taBed and/or video-taped.
Interviews wer conductid-from three to six weeks alter.children had com-
pleted relevant ssons; three interviewers were used.

Taped recordi±;"were then analyzed for children's uses of scientific
concepts and model" Analyses wert of two types. First, assignment by
two raters of each interview, or portion of interview, to, one of nine
ordinal rating categories, based upon the 6hild's use of an appropriate
scientific model in description, explanation and problem solving situations
was made. The distribution of this po lation yas compared with that of
uninstructed children. Second, construc on of a,set of conceptual maps
for each child was carried out. These con tual maps were added to as
children completed.lesson sequences emphasiz the particulate nature of
matter, transformation of energy, and l.fe cycl

The development of the individualized science ssons was guided,by
David Ausubel's subsumption theoryof learning. The analysis of interviays
had indicated that, given meaningful instruction, elementary school childinn.,
Ca and do use scientific models as subsumers for extedsive and sophisti-
cat knowledge of natural phenomena. c%

s.
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CONCURRENT SESSIONS X

Session XA Empirical Studies

Presiding: William S. LaShier, University of Kansas,
Lawrence, Kansas 66044.

1. "A Study of the Relationship Between Collective

Bargaining Impasse and the Attitudes of Biology

Students in Two Urban Community Colleges in

Michigan." Edwin A. Arnfield, Macomb County

Community College, Warren, Michigan 48065.

t

2. "Retention Studies Since 1960." Darrell D. Young,

.SUNY College at Buffalo, Buffalo, New York 14222.

3. "An Instrument Designed for Observation of Inquiry

in Elementary Science Education." Harold A. Swigart-,

College of Charleston, Charle,ton, South Carolina

(7' t29401..

'4. "Th. COnstruction of a Pictorial Classroom est in

Biology d an Evaluation of Administerin

,- by Four Different Procedures." Charies D. Reese,

"'Paul D. Camp Community College, Franklin, Virginia..
23851.
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A STUDY OF THE RELATIONSHIP BETWEEN COLLECTIVE BARGAINING IMPASSE

AND THE ATTITUDES OF BIOLOGY STUDENTS

IN TWO URBAN COMMUNITY COLLEGES IN MICHIGAN

Edwin A. Arnfield
Macomb County Community Cole

Warren, Michigan 48065

Collective bargaining has emerged within the last decade as a potenttool of faculty in Michigan community colleges to help them to bargainwith boards of trustees for the improvement of the educational process andconditions. Sometimes negotiations become protracted and lead to faculty
strikes and impasse bargaining conditions. This study was designed to
determine what relationships exist between the collective bargaining pro-.cessin the community and:

a. the attitudes of students in an introductory general
biology course toward that process,

b. the-attitudes of students in an introductory general
biology course toward their own learning,

c. student attitudes toward affective course goals in biology.

To obtain the relevant information, four research hypotheses weregenerated.

The design of the study was for a research setting for which no datawere available prior to exposure to the independent variable of bargainingimpasse. Evaluation was done on a post-exposure basis, tainting data from
two schools of presumably similar

groups who had gone through,. the same
situations except for the independent variable. One school experienced no
impasse in a collective bargaining situation and the other experienced a
faculty strike and an extended impasse collective bargaining situation
durinii.the semester in which the students:mere enrolled in classes. The
students were randoaly selected and placed into subgioups at each school:
students from an impasse school who answered in terms of Autumn, 1972; -

students from an impasse school who answered in terms of Autumn, 1973;
sfUdefttp from anon- impasse school who answered in terms of Autumn, 1972;
and studen om a non-impasse school who answered in terms of Autumn, 1973.Tests of significan this factorial design were by means of F-ratios
computed by multivariate an d of variance and covariance between thefour groups. It was thus necessary t for Impasse x Time Perspective
Interaction Effect, Impasse Main Effect, and b.- rspective Main Effect
with all student analyses.

The basic plan to secure data was through use of an opinionnaire
responded to by all students enrolled in general biology courses at two
Michigan community colleges. Part one elicited biographic informa4on,
mAt
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part two was a Likert-type scale to measure attitudes toward collective

bargaining, part three consisted of three sets of ranking items to measure

opinion about the adverse effects of bargaining on the teaching /learning

process. Part four was a group of semantic differential scales to measure

attitude toward bargaining impasse, sanctions, faculty strikes and ten

selected attitudinal goals in biology. Data were analyzed by one way and

two way multivariate and univariate analysis of variance and covariance.

Student attitudes toward collective bargaining in general were positive,

neutral toward sanctions and the use of strikes, and differed significantly

toward bargaining impasse in that students who had experienced that impasse

were negative in their attitudes and students who had not experienced im-

passe were neutral in their attitude.

There was a significant difference in student attitudes toward collec-

tive bargaining and bargaining impasse as important adverse influences on

their learning effectiveness. Students who had experienced an extended

impasse bargaining situation viewed collective bargaining and bargaining

impasse as more important adverse influences than students who had not ex-

perienced an impasse situation.

There was a significant difference in student attitudes toward affec-

tive course goals in biology. Students who had experienced an extended

impasse collective bargaining impasse were less positive in their attitudes

toward fostering openmindedness and valuing logical reasoning than were

students who had experienced no impasse situation.

The study has significance in two important areas: the process of col-

lective bargaining in all its aspects, and the classroom atmosphere under

such conditions as bargaining impasse. Since the strike as a tool of

economio,barsaining power will remain as an effective weapon of bargaining

faculty, the quality of negotiations becomes an important aspect of the

prevention of impasse bargaining situations. In the second area the question

remains whether more faculty concern about affective course goals while

teaching under an impasse would not moderate the adverse influence of bar-

gaining impasse on student attitudes.



RETENTION STRpIES S1 1960

Darrell D. Young
SUNY College at Buffalo
Buffalo, New York 14222

The purpose of this study was to examine several of the leading journalsin science education in order to determine how many of the research studies
reported contained follow-ups of a retention nature.

The journals examined were: 1) Journal of Research in Science Teaching,2) Science Education, 3) Journal of College
Science Teaching, and 4) School .Science and Mathematics.

The data will be presented in graphic form showing both the number of
research studies found and the number of retention studies found, comparedon a yearly basis. In addition, the retention studies report will show
their lengths, administered grade level, and degree of success. A bib-
liography of all studies found will be provided.

The results of this survey indicate that few research studies are per-
formed that make any attempt to continue their work beyond the close ofthe experiment. However, the survey does clearly indicate that more and
more researchers are continuing to follow up on the results of their re-search.

This research is significant not only for its compilation of relevant
data but also'because it clearly shows how few science educators are doing
follow-up studies. This latter point might well cause us to draw the
tentative conausion that science educaCUrs are mostly interested in get-
ting something published.

.1
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AN INSTRUMENT DESIGNED FOR OBSERVATION OF

INQUIRY IN ELEMENTARY SCIENCE EDUCATION

Harold A. Swigart

Colge of Charleston
Charleston, South Carolina 29401

This paper describes the formulation of a classroom observation instru-

ment to be used in the assessment of the_inauirymnde of instruction in

elementary science education.

"1

The content of the instrument was taken directly from the literature

pertaining to the inauiry mod of instruction in elementary science educa-

tion. This literature was surfeyed for recurrent or commonly specified

attributes o the inquiry mode of instruction. These were catalpgued into

three major Critical Elements of inquiry. Each Critical Element was then

supported y numerous categories of activity, all coqectively making up

the worki g definition pf inauiry which was used as the basis for the

actual i trvment formulation. After the Critical Elements with supporting

categori s of activity were identified, behaviors were written which were

illustr tive of the content of each supporting category. The behaviors

were w..rten as pairs; one member illustrated a strong non-inquiry behavior,

while he other member represented a strong inquiry behavior. This'arrange-

sent units a complete assessment of any elementary science lesson, and

ident fies those'portions of the lesson which are inquiry versus those

whit are not inquiry.

The instrument is designed for use in a live classroom, or in,the

vi ing of video tapes of li,ve classroom activity. It is divided into

two parts, each requiring thie'aervice of a trained coder. The coder tallies,,

ea example of a particularchehavior observed. The basic unit of obser-

ve ion is a behavior unit. This is deOned as being one completed °call-

ce of an action or,happening within a classroom that is human in origin

4,d is subject to coding by recorders within the clagsroom. Specifically

fined or delineated parameters are not provided, excepl that thCunits

11 vary in length and are not to be recorded until they are conlpletedt'

A pilot study using this instrument was performed during the summer of

973. Graduate students in education were trained as coders. These coders

then used the instrument to view and code video-taped elementary science

lesson sequences. The major purpose of the pilot project waeto obtain

data concerning the workability and practicabilit5t of the total instrument

design. ,,Pilot project reliability data indicate that the instrument shows

much,p-romise as a classroom observational tool. Other pilot project data

gest various procedure modifica ions designed to further improve in-

strument performance and acceptabi ty. These modifications are currently

being implemented and assessed.

In sum, a major step has been t: en toward development of a classroom

observation instrument which permits 1 facets of the inquiry mope of
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instruction to be noted at the time of occurrence, foNcusing' across ttle'total interaction between a teacher and the class, in a manner the recordsthe rate of occurrence of the inquiry pro ess cbtaponentsa The instrument
provides a clear view of areas of strengt or weakness in the inqui pro-cess in any particular lesson sequence. e instrument does not ab tract
classroom behavior into one generalized category designation, as do mostclassroom observation 'techniques. Rather, it begins with a general d
category designation and then permits an in-depth examination 1 the pro-cesses and procedures giving it that category'designation.

s/
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THE CONSTRUCTION OF A PICTORIAL CLASSROOM TEST IN BIOLOGY AND AN

EVALUATION OF ADMINISTERING THE T5ST BY FOUR DIFFERENT PROCEDURES

Charles D. Reese

Paul D. Camp Community College
Franklin, Virginia 23851

The purpose of this study was to cotstruct a pictorial instrument and

evaluate its effectiveness. The evaluation was done by analysis of the

instrument itself and by exploring which technique for administering this

type of instrument provided the student w chance to show his maximum

learning of the content.

The instrument constructed was named the Blue Version Biology Pictorial

Classroom Test (BVBPCT). Its content included the first twelve chapters of

the Biological Science Curriculum Study's Blue Version Text, Molecules to
e

Man. The test was composed of fifty multiple-choice items, each of which

posed a question or a problem about a pictorial. Each pictorial was numbered

to coincide with its numbered counterpart in the test item booklet. The

BVBPCT was piloted and deemed acceptable from reliability and item analys s

data with some revisions.

The 404 subjects for this study came from Robert E. Peary High Scho 1

'in Rockville, Maryland, which is a typical suburban high school in this

geographic area. The subjects were those using the BSCS Blue Version xt.

They were randomly assigned to one of the four treatment groups.

The treatments were the individualized picture test, the group plias-

laround picture test, the group 35 mm slide test add the individualized 35 mm

slide test. These treatments were techniques of administering a pictorial

test which had feasibility for use in classroom situ tions depending on

resources and teaching methods.

- The reliability and the item analysis on the BVBPCT improved on the

final study. The use of the BVBPCT was that of a medium for the'four treat-

ments and a raw score was obtained. The student's (depen ent variable)

on'the BVBPCT and his verbal score (covariable) on the Lorge orndike

Intelligence Test were, subjected to analysis'of covariance. e adjusted

scores obtained from analysis of covariance'were used in plan ed comparisons.
0

One of the findings from the analysis of the dati was -ghat the Blue

Version Biology Pictorial Classroom Test was a valid and reliable instrument.

Second, no significant difference was detected between the individualized

and group mode of administering the ByBPCT or the use of picture media and

slide media for use with the BVBPCT. Also, no interaction was found between

media and mode of administering the BVBPCT.

Since no significant difference was dete ed between treatment group

outcomes, a broad conclusion which encompasses all of the preceding findings

can be generalizeg. The conclusion was that if a valid, reliable pictorial

164
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classroom test is used, then the media (pictures or slides) andArr mode
(indiyidualized of group) of administration will in all probability not
result in a significant difference as detected by the score on that test.

In visualizing the implications in this study, it seems that the teacher
can produce a valid and reliable pictorial classroom test. By employing
the use of Is group slides administering procedure, a relatively inexpensive

,

instrument a be constructed. Another implication of the study which is
more theore cal is that a hierarchy for pictorial testing items exists.

In summary, both practical and theoretical aspects of the use of pic-
t)orials for classroom testing are encompassed by this study.

fl

1
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Ted Colton
Georgia State University
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Georgia State University
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HOW CAN A PREDETERMINED SET OF PROCESS, CONTENT, AND

LEARNING OUTCOMES BE DEVELOPED FOR ELEMENTARY SCIENCE TEACHING:

THE FLORIDA ELEMENTARY SCIENCE ASSESSMENT PROJECT

Jack hassard

Geotgia State University

Atlanta, Georgia 30303

ludniey Morgan

Georgia State University

Atlanta, Geotgia 30303

Ted Colton

Georgia State university
Atlanta, Georgia 30303

A-

Lou Gatoner

Georgia State Universi4ty

Atlanta, Georgia 30303

Mildred Graham-Greaney

Georgia State University
Atlanta, G4owi 30303

David S. Butts

University of Georgia
Athens, Georgia 30601

This symposium wi11 address itself to the results of a research and de-
velopment project contracted by Geotgia State University with the Department
of Education of the State of Florida. The purpose of the assessment project
was to genetate a sttuctural outline of the main of science for elementary ,

science, and to develop a comptehens e s t of performance objectives,
and.for each objective, two criterion reference xercises.

The final materials which were developed by the project consisted of
over 1,000 objectives divided into three teacher resource catalogs as follows:
one for the biological sciences, the physical sciences, and the, earth -space
sciences.

The symposium will focus on four aspects of the reseatch and develop-
ment project: (1) an overview and discussion of the project developmental
activities; (2) a discussion of the domain analysis Of science which will

t--be expanded to include an analysis of the subdomains of the life science
and pays cal sciences (including earth-space science);.(3) a discussion
of how each objective and exercise was written-in terms of the grade level,
intellectual Skill, and science process; and (4) implementation, recom-

/ mendations and pr-Obleme.

Five individuals will make presentations_folloVed by a reaction from
a discussant. Audience participation and reaction will follow.. The in-

idual presentations are summarized -

1. Overview of the project and discussion of the developmental activities.

The rationale for the Elementary Science Assessment Project was that
it wag one of the target areas for the Educational Research and Development
Program of the Florida Department of Education. One of the underlying

0
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assumptions of the R and D Program was that goals and objectives (in his

case, K-6 science) must be made operational and stPted explicitly for

education to change and improve. A four phase strategy was used to develop

a structural outline (domain chart) of science and three catalogs of ob-

jectives and criterion-referenced exercises. The strategy and phases 'will

be outlined and discussed.

2. Domain analysis of science (K -6). 1!

The domain of science objectives was divided into three conceptual
frameworks, e.g. biological science, earth-space science and physical sci-

ence. The rationale for the categoiies within each fkamework will be ex-

plained. A two dimensional framework was generated bY introducing a set

of science process categories. Objectives and criterion referenced exer-

cises were written based on the domains.
4

3. Analysis of Objectives and test exercises.

Each objective and test exercise was generated in terms of science'
process, intellectual skill (learning type),and grade level, as well as

the content reference frame discussed above. Science process categories,

includ processes such as communicating, measuring, observing, identify-

ing varia es, predicting and experimenting. A Gagng system of intellectal

skills was sed to identify the learning process of each objective and

exercise. ve system included the following learning types: verbal chain-

ing, motor 1 arning, discriminating, concept learning, rule learning,

problem solv cognitive strategies, and attitudes. An analysis of

sample objecti .s and exercises will be made to explain the science pro-

cess and intellectual skill frameworks.

4. Re&ma7dations and problems.

It tould be presumptuous to say that the development of goals and ob-

jectives for elementary science in Florid's schools is complete. Three

catalogs were produced, but while developing these materials several

problems were encountered. Writing b ectives in the divergent, creative,

and attitudinal categories caused/tontin ous problems and concern. The

question of what constitutes the(tomprehensiveness of the objectives was

another problem. A discussion of, possible solutions to these and other
problems, and recommendationsfor'classroom and state wide usage will be

presented. .
\ 4
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for tWe perceptual:encoding of information and a direct'reiationShip for
code signals of the long term memory (5). Progression in delayed remem-
branch (3) was found, related to code, but redundancy, information usedby concrete level'children. Regression in brance of shapes Nbts re-
lated to redundancy and code information leveloped by formal level.children
(3,5).
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subjects (formal age) encoded information differently 'or
1-anAfigure sorting tasks with the former one being negatively
ehavior responses to negative instances of the task (6). Per-
tors of formal-aged subjects (7) were related to code infor-
e verbal solving of a social problem, as well as to the informs-
assificatory learning task and its iM;ediate recall (7).
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The research studies presented in this Paper Set are reports of
doctoral dissertations conducted at the University of Iowa. Each study
investigated a specific aspect of PiagiEri work in an attempt to extend
and add to our knowledge of how students learn science. The major goal '

was to delineate applications and modifications of Piaget's research which
might be applied to science teaching.

The studies presented here were concerned with relationthips between
6ognitive structures and bilingualism; relationships between cognitive
structures and moral judgement; relationships between logical and infra-
logical grouping structures; and relationships between concepts of space
and time. Even though diversetin topic, these re arch reports share the
common emphasis of deriving applications for sci Sice teaching.

Titles of the papers included in this set are:

An Investigation of Specific Concepts of Space and Time in Children
From Grades One Through Six,

A Study of the Structure of Piagetian Logical and Infralogical
Groupings Within the Concrete Operational Period of Cognitive
Developlcnt,

The Relationship of Moral and Cognitive Modes of Thought in Second
and,Fifth Grade Children, and

0:dos

Bilingualism and the Development of Some Logical Structures.

ti

173

182



CON SESSIONS X /

Session XE Presentation o Two Ronorahla Mention Research Award Pap

Presiding: Ann Howe, Syracle University, Syracuse, New York 1

4

174

1 13

I


