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PREFAFE

The ERIC Clearinghouse for Science, Mathematics -said Env,romental

Education has cooperated with the National 'Association for,Researdh
in Science Teaching to provide abstracts of most of the papers
presented at the1/455th annual conference at The Abbey, Lake Geneva,
Wisconsin, April 5-8, 1982.

All persons who had papewtir symposia aceepted,were invited'to submit
abstracts for incldsion in this publication. Some editing was done by
the ERIC staff to providela general fqfmat for the abstracts. Special
recognition srouldlie given to Dr. Carr F. Berger and, the NARST Program
Committee who obtained the abstracts and organized the program.

Many of the papers will be,published in journals or &e made available
through the ERIC system. These will be announced through Re&ources in
Education,. Current Index to Journals in Education, and other publicatyons
of the ERIC system.

..

Arthur L. White and Patricia E. Blosser
Editors

This publication was prepired w.ith'funding from the
National Institute of Education, U.S. D6partmedt of
Education under contract no. 400-78-0004. The opinions
expressed in this report do not necessarily reflect the

. positions or'policies of NIE or U.S. Department of

Education.

December 1981
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Session A-) -
.rk

EFFECT OF BACKGROUND EXPERIENCE AND AN.ADVANCE ORGANIZER ON THE.

ATTAINMENT OF CERTAIN SCIENCE CONCEPTS

Q as

Mary Kathleen HcAdaragh
Farmington Nigh School

Farmingfon NI .48018

1
Burton E. .Voss

University of Michigan ,

Ann Arbor, MI t810

.
This study examined two major questions: (1) the effect of an advance '

organizer on attainment of science concepts, and (2) the effett of background

experiencein science on the attainment of ttience concepts.

A population of 90 ninth graders, enrolled in an earth science class,

was given the Dubins EarthScience Test, form A, a published earth science

test, which had been modified by the .researcher for this study. The same

students were also given the Science Background Experience Inventory, an

instrument developed by the researcher. On the Basis of the experience score,

the stUdepts we're placed into high, medium and low experience groups. Each

of the experience groups was further divided into a treatment and a diontror

group.
,lo

. .
.

.

I

'
The treatment group was given an advance organizer on the topic of the

rock cycle and the control group was given a placebo-tin 'the same topic. .A two

week unit on the rock cycle was then taught to all students. At the end of

the two weeks, the Du6ins.Earth Science Test, form B, was given to the students

as a post-test. Additiopal data on sex, Differential Aptitude Test.ntores,

socioeconomic status and grade point were collected. Analyses were performed

on the basis of these results. .
.

The conclusions of the study were: (1) the advance organizer made no

significant difference in achievement as measured by the Dubins.Eartb Science

Test; (2) the background experience of a student, as measured by the Science

Background Experience Inventory, made no significant difference in achieveMent

on the Dubins Earth Science Test. The background experience'accounted for th4.

variance on performance qnthe post-test to a small'degree; (3) there was to

significant interaction between the method and the background experience _

of the student; (4) there was a strong covariance relationship between the .

Differential Aptitude Test section on Abstract Reasoning and achievement on

the
0
Dubins Earth Science Test. '

..,
. .

Tile results showing no,significant difference due to treatment or

background experience may hate a number of interpretations. These include:

(1) The possibility that the test instruments may not have been sensitive

enough to register significant changes; (2) The population did not include the

full spectrum of student abilities. This exclusion.may have affected the So

outcome of the research; (3) The difficulties experienced in recording,the

time for completion may have masked an efficiency.factor. That is, the amount

of time necessary for completion of the unit maybe signilica tly reduced by

lan advance organizei; (4) The teacher's presentation of the u i t may have been

.
so good that differences between'the Students are reduced; (5) The unit of

study may not have beem broad enough to allow for a maximum advance organizer

effect; and (6) The retention of the treatment &Loup may have been significantly
....

greater but testing after a longer period of time would be necessaryjto measure

this. These interpftations lead to many possibilities for.fmture research.

'

a
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. Session A-1

Objectives

THE RELATIONSHIP AMONG SELECTEDJEMOGRAPH1C VARIABLES*;

_ STUDENT ATT1TVDES AND SCIENCE ACHIEVEMENT

Joseph P. Rticy 11
John Napier

University of Georgia ,
Athens, GA .30602

F

The purpose of this study was to explore the relatjopsip between selected
demographiivariables, student attitudes and science achievement utilizing
valid and reliable instruments with an appropriate representative sampling of

vsubjects To accomplish this purpose, data from the 1976-77 survey of seventeen
year olds Zonducted by the National Assesamorlt of Educational Progress was
used.

NAEP data were not originally collected for causal research purposes,
howlver, recent atudi7s have demonstrated the feasibility and utility orthis
data source jn exvost facto investigations (Suchner, Barrington, 1980),

(Walberg, Haertii, Pascarella, Dunker, and Boulanier, 1981).

Prose urea

,
Because of the Arve5Aature of the NAEP studies, individual' cognitive

and affective items were developed without the need for'scmles. Tlie first
step in this study was-to logically and emptrirtallyideverop cognitive scales
within the NAP data. The cognitive and affbctive items from NAfP Booklet 4
(N=3135) were analyzed using principle factoring with.iterationi and.oblique-
rotation. Factor analysis established ten scales Ptom the affective items'and
a singleachievement scale.

t
'

Results of stem Co scale correlation and examination of Cronbach alpha
coefficients resulted in dropping two of the affective scales. Stepwise
multiple regression procedures were then used to determine the amount of
variance in science achievement that could be attributed to each of the eight
attitude variables and selected demographic variables

Results

The ?esults ranged from 2% of.4AEP science achievement variance being 4
explained by student apxiety to 11 47 of the variance being explained by
gtudent motivation Four factors accounted for a total of 16% of the variance

O in science achievement.
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THE RELATIONSHIP AMONG COLLEGE SCIENCE STUDENT ACHIEVEMENT, ENGAGED
TIME AND PERSONAL CHARACTERISTICS

Franklin Johnson
Oconee CESA

Sandersviille, GA

David P. Rptts
University of Georgia

Athens, 'GA 30602

The relationships among college student science achievement, engaged time
- (observed and perceived) and personal characteristics of academic aptitude,

reasoning ability, attitude towRrd science, and locus,of control were investigated

Measures of personal characteristics were obtained from the subjecti (N =-761

of a private,' liberal arts Junior college before observations began in the

lecture chases fot the ifuatter. Instruments used to measure personal
characteristics were Scholastic Aptitude Test, Test of Logical Thinking, Test

of Scientific Attitude, and Levenson's Multidimensional View of Locus of

Control. Based on a random selection piocedure, student/engaged time was
' observed-at least ten.times for eleven lectures. Achievement tests were

constrbcted'and validaked for the biology classes. Data were analyzed by

multiple'regression procedures. The average achievement scores were positively

related Co academic aptitude and reasoning ability (p p = .04,

respectively). Positive relationships were found between observed engaged time

and aptitude (p = .02) and'a negative relakionshrp wan found between '

et observed engaged time and reasoning ability (p = .007).. Also a positive

relationship was found between perceived engaged time and achievement (p .06).

'T Pearson product- moment correlations between achievement and observeI engaged

time were significant (r = .23, p 1 .05) as were the correlations between

perceived engaged time and achievement (r = p = .009). Measures of

engaged time (observed and perceived) were also related to each other (r = .47,

p = .0001),' The study's data indicate that students who were obseaed to be

engaged were low in reasoning ability or high in academic aptitude. ThOse who

perceived themselves as being engaged achieved more. College instructors who

have knowledge of studenLacademic aptitude and reasoning ability may use this

- knowledge to improve achrEvement.

Niko
Engaged time measures were significantly related to achievement, which

indicates an instructor should endeavor to keep the students as engaged as

possiblt to enhance achievement Students who are engaged or payattention

br,perceive they are engaged or paying attending during lecture classes achieve

more than students who are observed as noir-engaged or perceive themselves as

non-engaged.

.
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SEXUAL4DI*ERENCES IN ATTITUDES THAT ARE HYPOTHESIZED TO BE
RELATED TO COGNITIVE PERFORMANCE IN SECONDARY SCIENCE

WITH GRADE LEVEL AND TlPE OF SCIENCE COURSE CONSIDERATIONS
A

'7

James Levin
H. Seymour Fowler,

The Pennsylvania'StIte University
University Park, PA 16802

The purpbse of this study was to collect And analyze Vaseline data on
sexual differences in secondary school stIdentS' attitudes towards science.

Attitudinal differences'were also analyzed fat the independent variables of
science programs and grade levels. Data were 6,1,lected'from 988 students in
grades ten through twelve, using a modified version of the Fennema-Sherman
Mathematics Attitude Scales to represent attitudes toward science

Reliabilities of the modified science subscales were all high_t>.83)
Multivariate analysis of variance MAN(VA) was used to analyze the data-for
the main and interaction effects of the independent variables of sex (male,
fcmale)grade level (tenth, eleventh, twelfth) and science program (advanced
placement, academic, general, terminal). Significant differences (p t .05)
were indicated for all main effects (sex, grade, science program). Interaction
effects were not found Mean separationp for the Various levels of sex, grade

8 and science program were performed for all attitudinal subscales.

Females evidenced a significantly 41 £ .01) more poSitive attitude than
males onthree subscales, Attitude Towards Success in Science Scale, Science
as a Male Domain Scald and Teacher Scale. -Although not significant, males
evidenced more positive attitudes on all ofthe remaining five subscales.

Eleventh graders evidenced significantly more positive attitudes than
tenth graders on all but the Effectance Motivation Scale. StdUents in eleventh
grade had more positive attitudes than'iwelfth grade.students°on all scaly
except Science Usefulness Scale, Confidence in Learning Science Scale, Science
as a Male DomainScale and Teacher Scale.

Positive attitudes decreas'ed from advanced placement to terminal programs. ,

Advanced placement studerits were significantly different from students in the
other science programs Academic studwits did not differ signficantly from
general students except on the Father Scale; however, they were significantly
different from the terminal students for all subscales. General students were
also significantly different from terminal students except on the three.
subscales of Attitudes Towards Success in Science, Science as a Male Domain
and Effective Motivation.

,
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,
USING MUTER IN SOIMCE CLASSROOMS - A SYMPOSIUM

Robert Rivers
Purdud'Univrsity Calumet

Hammond,' IN 46323 '

Overall Summary:
O

The.increaspd availability of microcomputers for instructional use has

provided new opportunities for science educators, This symposium will examine

several innovative applications Of the computer in.'science classrooms Data

will be presented to evaluate these applications, ti.e the participant§ will
suggest 'strategies for generalizing the results to additional settings in

science education..

' The presentations an this symposium will cover strategies for teaching
specific concepts in' science and for helping students to develop more
generalized problem-solving skills. This symposium will also focus on such
factors ad.dynatmic reading from computer screens, group size, and variations

- in the sequence or type of guidance provided to learners. Methods for

, conducting formative and sinimative evaluation by computer will also be 0

discussed The final presentation willintegrate research on several
different aspects of computer usage. The chairman and discussant wi).1
promote discussion to integrate the studies and to stimulate generalization
to new areas of research and application in science education.

The individual absttacts give a more precpedescrip,tion of the topics

covered in this symposium.
V

OPTIMAL GROUP SIZE FOR IMPROVING PROBLEM-SOLVING
SKILLS WITH MICROCOMPUTERS

Dorothy Cox
University of Michigan.

. Ann Arbor, HI 48104

Three interactive problem-solving microcomputer prokl.aMs using topics

from life science, social studies, and environmental education were constructed
by-the researcher and administered to seventh and eighth graders in a suburban

metropolitan school system. Group size at the computer varied from one to five.

subjects at a time. Optimal'size of working group was found to ge 'more than
one and.less Chive. Suggestions for applying the results to other
computerized educat4.nal settings will be discussed.

. CLASSROOM,STUDIES USING FEATURE IDENTIFICATION TASKS

oar

Arthur L. White
Ohio State'University
Columbus? OH 43210

An attributeidentificetion concept-learning task was designed for
administration by use of the Apple II microcomputer,' A simulation of a chemical
systhm presented the results of a chemical reaction to students. The prugram

'included graphics which were animated to present chemical and physical changes

which are often observed in qualitative chemical analysis.

The students observed the results of each experiment and were asked to

indicate the changes observed. The students were then asked to determine what
changes in the system were indicators of the presence of a given substance.
This study summarizes data from different sequences of expeiiments in order to
explote effectiveness of sequence in concept acquisition.

c 18



-COMPUTER IN BIO EDUCATION: AN ,OVERVIEW E. INTEGRATION

I

Theodore Crovello
Notre Dame University
South Bend, IN 46556

While some life scientists have used computers in biological education
for over 15 years, it is only within the last five years that a considerable
number are becoming infolved. Current usage is characterized by the diVersity
of when, where, how and why computers are employed to enhance big education
Computers are used from introductory biology through gracheate courses, and
from cell biology to ecology. l'ey,are used in courses for majors andjor
non-majors, and in both lectures and laboratories. They are involved in .

Information retrieval, automatic data accumulation, and simulation--tormention
only three uses. Computers allow biologists to teach what they already teach,
but better, and to teach what is impossible to teach without them. As' more

bio educators use computers in their courses, they are demanding more
sophisticated computer systems Limited funds demand integrated planning of
educational computer use at the department level to assure the greatest
educational benefit for the most students.

USING COMPUTER GENERATED TASKS IN THE SCIENCE CLASSROOMS

1/
James R. Okey

University of Georgia
Athens, GA 3062

Science t)'achers have responsibility for both formative anti s tive
testing The burden can be bonsiderable--preparing tests, administ ring them,
scoring answers, and insuring test security all take time. Microco puters can
be used to carry out many of the routine testin&chores in a scienc classroom
using items from test pools the teacher prepareg% The computer can be
programmed to present test items, accept and score responses, record results,
and report to both students and teachers on individual and group progress.
Examples of computer programs to carry, out these testing functions will be
deperibed and demonstrated.

COMPUTER SIMULATIONS TO TEACH PROBLEM SOLVING
SKILLS IN BIOLOGY

Edward L. Vockell
Robert Rivers

Purdue University: Calumet
Hammond, IN 46323

There are many experiments in biology which cannot be performed in
biology classrooms because the experiments would be time-consuming, expensive,
dangerous, or inconvenient for some other reason. Electronic computers,make
it possible to perform many of these experimenth as computerized simulations.
Examples of the use of BALANCE (which simulaies the predator/prey relationship
rn nature) and PLANT (which simulates plant:growth under varied light.conditions)
will be presented. Data,will be provided to demonstrate the effectiveness of

___these_programa under varying degrees of guidance as tools to teach scientific .

problem solving skills.
-

RESEARCH INCdMPUTER BASED LEARNING

Alfred Bork
University of California at Irvine

e i , Irvine, CA, 92717
o

A variety of modes of comfmeter use in science classes it reviewed, based
on examples developed at the Educational Technology Center at Irvine. -Two
research projects concerning Computer Based Learning will then be discussed.
One conarns dynamic reading from computer screens, and one concerns use of
material by groups of students. 4--

49-
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'

THE ELEMENTARY ,LEVEL SCIENCE METHODS COURSE: 'BREEDING
OF AN APPREHENSION TOQARD ,SCIENCE? AN ETANGURAPRIC STUDY

Richard A. Duschl
University of Maryland
College Park, MD 20742

Elementary education majors generally teacH al], school subjects.
, Therefore, they retnive-their preparation in math,Bemding, language arts,

soinal Wadies, and science. Teacher.educators.have lone recognized and
reported on the elementary teachers' apprehension toward scliace and-the
teaching of science.

In a field study consisting of fourteen weeks of weekly observ.ations in
elementary education majors' science methods classes, interviews with elementary
education majors, and interviews with course instructors, it was revealed that
science is being perceived by the elementary education majors as a body of
knowledge that must be mastered before one simy feel comfortable teaching any
science at all. The dependence on content, or the factual aspects of science,
by elementary education majors in the science methods classes was very apparent.
Emphasis on content acquisition is stressed, by the student&, to such a degree

'that the elementary education majors' comprehension about the processes and
nature of science may be lost. There appeared to bea potential for confusion,
by the elementary education majors, about what science representi.

The Introductory 'science Lasses the elementary education majors enroll
in stress the empirical aspects of their respective disciplines, i.e learning
the vocabulary of the discipline, its definitions and theoretical tenets, and
manipulating the tools unique to that scientific discipline. The total number
of science courses an elementary education major must take is two, but-these
two courses appear to have an impact on the students' perception of what is
important when studying science. On the other hand, the science methods .

classes stress the processes 01 science, the elabentary science curriculum
programs (which are process oriented), and the teaching methodologies used in
elemghtary science. The students in the study appeared, however, to use the
process oriented methods courses to learn scientific content material in ,an
attempt to alleviate their self-recognized deficiency. These two different
approaches.tp,,the study of science; one content oriented, the other process
orientedma9 contribute to elementary education majdrs' confusion, insecurity,
and avoidance of science. The confusion may be seen as an 'antagonistic
dilemma,' pitting science as process, the approach of the methods course,
against science as content, the perceived view of the students which is
exacerbat/d by the students lack of depth in science content.` Such
'antagonistic dilemiaa'.may be manifest in the lack of instructional time
accorded to science by elementary school teachers.'

New strategies for the training of elementary education majors in science
need to be examined. Strategies are needed which avoid the 'antagonistic
dilemma. L.--lianipulation of course sequence, placing methods courses before
content courses, is ont,potential alternative to relieve, the apprehension felt
by elementary education majors toward science. Another possibility is to have
elmentary education majors receive their science content instruction from
science education faculty, individuals who are cognizant of and sympathetic to
the plight of the elementary education majors. Such courses cduld then stress
the same.type of objectives the elmentary science programs would Ogress,
Alternatives_ to the present system of educating elementary teachers in science
are needed since the present system appears to develop an apprehension and
insecurity toward the teaching of science.

7
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THE .EFFECTS OF SYSTEMATIC FEEDBACK ON THE
TEACHING PERFORMANCE OF UNDERGRADUATE INTERNS

William Capie
Roger Newton

University of Georgia
Athena, GA 30602

Margaret Bo;/ell

Clarke County ScAols
Athens; GA 30602

.

Obseivationvf student teachers and follow-up Conferences have been
conducted as an integral component If teacher education. However the nature
of theobservation, evaluation and feedback has been left to the discretion
of the observer in many cases. Thus, the idiosyncrasies of the supervisor
Often-dictate the_ form and the substance of these activities. ,The development

of instruments to Its-e-sa-generic teaching skills such as those used for, '

certification in Georgia and South Carolina has provided tools which may be
useful in th8 clinical supervision of both inservice and presermice teachers.

Purpoie

The purpose of this study was to assess the effects of systematic feedback
on the subsequent teaching performance of early childhood soldeht teachers

Procedures

Twenty-six student teachers in grades K-5 Were randomly assigned to
either a treatment or a contrast group. Students in the treatment group
,taught a lesson which was observed by an instructor in elementary methods.
After the lesson the instructot rated the student on the Teacher Performance di.

0 Assessment Instruments (Capie, Johnson, Anderson, Ellett, and Okey, 1979).,
The student discussed each of the TPAI ratings with the instructor who explained
each of the ratings, citing specific examples inthe lesson. This discussion
required 30 to AO minutes. During subsequAnt observations and conferences.no.
mention was made of the TPAI ratings. The contrast group also taught a lesson
early the field, experience and discussed it with the same Instructor. This
discussion was focused on particular elements of the lessons, with'auggestions
-for improvement. This session was similar to conferences used in this context
for a number of quarters. During a later copference students in the contrast
group discussed TPAI ratingswsth this instructor.

After the initial lesson and before any other observation and conference,
-all .students were observed by an instructor in science methods who completed a
TPAI,assessment of each of the students. 'Hexas uninformed of the nature of
the experiment or of the treatment group of the students. Students wereinot
-aware teat 4e was gathering TPAI data. Thirty items rated on a five' point

scale were used. Rho-squared values greater than .8 have been reported for
1 both instruments used id this study { Capie, Tobin, Ellett and Johnsdn, 1980).

6/
The *AI ratings of the science instructor were used in the analyses.

Univarist analyses of variance were completed on each of the_items- A
' descriptive discriminant analysis psing stepwise procedures and Wilk's

criterion was used to provide a more parsimonious description of ,the
diffe4ences in the performance of the groups.

Res is

Seven of the. rating items showed significant differences (p. < .05),
favoring the treMtment group. Four additional items approached significance
(p."< .10). Only one mean 'favored the contrast group.

The discriminant analysis revealed one discriminant function which was
highly correlated with treatment group (canonical correlation = .998). When
discriminant coefficients were used to prolirce scores, all subjects were
correctly placed in treetmed&groupd.
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Certain students were bold how to better,tkpir scores orithe TPAI. Apd,-

they did, However, the data collection proceduees suggest that the students
had little reason to suspect that the TPAI were being used or thSt the
instructor who introduced them was aware of the performance in the later
lesson The particular indicators where substantial differences were identified
support the notion that students spontaneously used the beha.viors in the.TPA1
Tentatively, at least, rather specific managerial behaviors are more easily
enhanced by systematic feedback than are general traits such as enthusiasm

o
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k.'
STUDENTS' RATING OF.INSTRWCTION IN ELEIBHTARY SCIENCE METHODS COURSES .

a

Willis J. Norsk
Hilo K. Blecha

The University of tixizona
Tucson, AZ '85121

This. study analyzed the relationships of students' beliefs about
.traditional/inquiry science teaching and their rating of courselinstruction in
.elementary science methods courses. During the semester elementary pre-service
teachers were introduced to various methods of teaching science in the
elent4dary school. Thtse included discovery teaching, guided discovery
teaching, rational inquiry teaching, acting with learning centers, teaching
with science units, and $extbook oriented science teaching. 'One of the overall
objectives of the course was for students to develop or adopt various teaching
styles which they felt they could implement most effectively.

1
. a

Subjects for the study Wert 169 college students enrolled in six
element4ry science method; courses. The six sectrons'were-taught by Iwo
different instructors. During the last regular class meeting the students
compleeecia science teacher ideological preference scale and a course/
instruction evaluation questionnaire. The instructors also completed the
science teacher ideolnical preference scale. A Pearson r statistic for each,
student was oomputed to determine the amollot of correlation between student's
beliefs' ancl instructor's beliefs on the sekence teacher ideological preference

'scale These correlation coefficientl were then utilized to divide the
students into three groups. those where insructor-student beliefs were
highly timu'lar, those with straiiir beliefs, and those with dissimilar beliefs.
A one-way analysis of varrance was then userto check for significant
differences alsdng the groups in their instructor/ course ratings for the five
subscales and for the total instruction/course rating scores.

A total of eighteen one-Way analyses of variance were carried out. These
involved the five subscak overall rating score for the total ,

group and for.both separate instr groups. Four of the eighteen analyses
showed significant differences beyon the 0.05 level. Theserelated to the
sukscales of general course attitude, and method of instruction as well as the
overall,ratiog. No differences were found for the subscales course content,
interest and attention, and instruct:qr. 4

.
This study revealed that students' beliefs about teaching science in

the elementary school may influence theic ratings of course/instruction.at the
higher education level in some instances.' -However, it also revealed that
student ratings of courses and instruction at the higher education leyel ie a
very complex matter. Th,s is aptly pointed out by the fact that the same ,
significant differences were not founchfor the total group and for each
instructor group in this study. Additidnal research studies are needed to
further clarify these findings and also to study whether other stmt or
course characteristics interact with their ratings.

r"
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THE RELATIONSHIPS AMONG LOGICAL AND SPATIAL SKILLS
AND UNDEATANDING GENETICS CONCEPTS AND PROBLEMS

Sandra J. Costello
Lawrenceville, NJ 08648

The purpose of 'this study was to determine whether relationships occur
-among spatial skills, logical reasoning and various genetics concepts. The

design included twenty-one studen4mbanrolled in basic undergraduate genetics
courses in northern New Jersey InstTtutions. These students completed a
series of tests abd tasks designed to measure flexibility of closure,
visualizaton, proportional schemata, induction, p/oposiiional logic, and
understanding ofogenetics concepts.

Preliminary correlations and (actor-analyses showed that certain topics
in genetics are strongly associated wath visualization skills, proportional
schemeta, induction and disjunctive/seasoning. It may be inferied that the

cluster,of genetics items concern:lig the dimber of gamete genotypes, mitosis,
meiosis ((rom gametes to diploid cell), calculating gene frequOky, the
Arihybrid test cross, the pedigree` and the relationship betwFen a mix
sequence and its complimentary RNA sequence have something yn common (with each
other that is not measured by the tests and tasks for visualization, logical
reasoning, flexibility of closure and scheme of proportionality used in this

study. interestingly, the Hidden Patterns Test and items concerning map units
have something in,comnon and load heavily in a factor. The data from this
study were interpreted with caution, as the sample size was small and the
variables were both continuous and dichotomous in nature:

16
,

_
Further research eonrerning.these reFhti s and possibly others is

recommended in-light dfAe increased use of.= rocomputers as instructional
devrces in biology clasgrooms. This information y provide-criteria that

could le useful to teachers selecting or writing °grams foetheir genetics
courses or for biology teachers fteparing genetics

A
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THE IMPORTANCE OF VISUO-SPATIAL APTITUDE IN
THE UNDERSTANDING OF BIOLOGY CONCEPTS

Thomas R. Lord
Burlington County College
Pemberton, NJ 08068

0

The biological scienc s have -long beep ignored in studies of spatial
thinki9g as related to var ous occupationh. Only in the last decade has
evidence begun to accumula e that indicates a visuo-spatial cognitiVe linkage
to biology. In order to rther examine this possible relationship, a study
was condhcted on eighty undergraduates majoring in the sciences. Forty
'liberal arts eajors were also tested in ttis study to note any similarity or
difference i the two populations.

One hundred and twenty subjects were administered a series of visuo- :12

spatial tests from Ekstrom et al Kit of Factor Referenced Cognitive Tests
(1976). The series included tests for spatial orientation, spatial
visualization and flexibility of closure. Utilizing the results, the biol %gy
population was divided into a control and an experimental group consisting of
twenty males and twenty females Group selection was random, but pretests
scores were checked to assure that high and low spatial students were.included
in each group.

Throughouct the year, subjects in the experimental group were given,
laboratory exercises aimed at developing their spatial perceptive capabilities.
These exercises were based on-suggestions by Bishop (1970 , Adamson et al
(1979) and Reid (1980) and developed by the researcher for the biological
sciences. The biology control group received exercises from a marketed
general manual, that involvtd little visuo-spatial understanding. The non-
science group received no,laboratory practice. At the year's end the entire
population was given other vesuo-spatial tests from the Ekstrom battery.

Siemankowski and MacKnight (1977) had found that-stndents majoring In
science disciplines were significantly higher in spatial aptitude than
students in non-science curricula. It was not surprising therefore to note
that a student who had selected biology as his field of specialization scored
much higher on the spatial tests than the non-science major. Interestingly,
the females ill the population who had selected biology as their major also
scored significantly higher on the tests than the females who selected non-

.

science disciplines. Equally as importint was the finding that the female
biology majors scored as well or better on the tests as the male non-science
popluation. This result seems contradictory to the notion that males are more
'spatially gifted than females (Smith, 1964; Harris, 1978; McGee, 1978).
However, when one realizes that roughly twenty-five percent, of all women
tested for visuo-spatial accuracy score higher than the mediatAtfor men on the
test, the results'should not be so surpriMing (Maccoby and Jacklin, 1974). ir
addiction Eisenbery.and McGinty (1977) noted that women found in occupations
traditionally seen as men's (i.e. physics) scored significantly higher on
spatial tests than their male counterparts. Kelly (19.76) noted that a crge
proportion of women in communist countries score very high on tests for
spatial perceptive ability. a

These findings are surprising, however, because they contradict eartter
studies performed by Holzinger and Swineford (1946) and I. M. Smith (1964)
that found no Correlation between the two areas.

The research indicates also that's student's spatial ability can be
significantly, increased through interaction. Students in the experimental
populations scoring low on the pretest showed significant improvements in
their spatial posttest scores. This was not the case with the low spatial
visualizers who received no interactive exercises. This study therefore
supports-the fin4ing of Brinkmann (1966), DeBono (1976) and Rosenthal et al
(1977) that suggest that spatial thinking can be strengthened and improved
through practice. 2,

Yet encouragement of spatial perception in the nation's schools is sadly
being neglected') Today's education is still a highly verbal experience. This

12



has penalized the large number of students -who conceptualize in a spatial
frame-work. In addition, education that Stresses only verbal attributes in the
ind dual deprives him.of his spatial potentials .

-

his study Mg revealed that spatial perception is a contributls,factor
to the success of biology conceptualization In addition, spatial -perception
can be greatly enhanced in the low spatlal_thinker througtr interactive exercises

1

REFERENCES

Adamson, r, P. Huges, and A. Edgecombe. Home Experiments. for Firt
Unfamiliar Space " an Environmental Knowi, G' Moore and R Galledge
(eds.), Stroudsburg, PA., Bowin Hutchison and Ross, 1976.

Bishop, J., "Developing Students' Spatial Abilities " Science Tills,Teacht

Eisenber,'T , and R McGinty. "On Spatial Visualization in College Students "
Journal of Psychology, 99-104. ,

Ekst
v

Holz

.
rom, R., J. French, H..Harmon, d

Factor-referenced Cognitive Tests
Testing Service, 1976.

anger, K , and F. Swineford "The

Achievement in. Geometry and Other
pschology, 1946, 37, 257-265.

Harris, L , "Sex Differences in Spatiar Ability Possible Environmental,
Genetico and Neurological Factors." in Hemispheric' Asymmetrics of
Function, M Kinsbourne (ed), CambriAge"University Press, 1978.

A. "Women in Science " Durham Research Review,Kelly, A., , 1976.

Maccoby, £ , and C. Jacklin. The Psychology of Sex Differences, StAnford

D. Derman. "Manual for Kit of
" Princeton, New Jersey% iopal

IP

Relation of Two lii-factors to
4ebjestp." Journal of Educational

V

California, Stanflard University Press, 1974.

McGee, M , "Human Spatial Abilities Psychometric Studies and Environmental,
Genetic, Hormonal, and Neurological Influences." Psychologicdi.Bulletin,
1979, 86151, 889-918.

Reid, DI, "Spatial Involvement and Teacher'- Pupil Interaction Patterns
in School Biology Laboratories " Educational Studies, !larch, 80, 6 (1),
31-41.

smith, I , Spatial Ability, London, Unviersity of London Press,Ltd 1964.

Siemionkowski, F., and F, MacKnight. "Spatial Cognition. Sucess Prognosticator
in College Science Courses." Journal of College Science Teaching, 1971,

1,'56-59

13

X



1

oo

Session A-4
0

FURTHER ANALYSIS OF !SEAM RELATER DIFFERENCES
IN SPATIAL' FUNCTION

.William J. Doody
9

JoAnn Feldstein
Boston University
Bostort,:ta 02215

In previous investigations on gender related differences associates with

performance in science it was found that 1) Significant gender related

differences ixisted in correlation between Visual Disembedding Ability an
Achievement in Science (and that that difference was the most sig'nifi.cant
among considered factors, including Locus or control); and 2) Significant

gender related differences existed in cognitive correlates bf performance on

the test of Visusl"Disembeddipg Ability (DEFT). This investigation focused on

further analysis of gender related differences in spatial' function (the

cognitive domain'in which sUnificant gender related differences have been

identified), and on a preliminarytanalysis of pertonality.and experience
correlates of groups defined by gender and achievement in science. The

outcome of this study is a clarificatfon of factors associated wirh_those.,
groups,. wiai parekcular attention given to group specific interactions bet een

spatial function ersonality and ikperifnce factors. A hypothesis ot this

study was.thatAffesent debate on causes of gender related differences iR
science achievement is premature, since the nature of differences associated

with gender and achievement are not clear,
,
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THE CONCERNS BASED ADOPTION HODEL
FPR MANAGING AND EVALUATING IMPLEMENTATION

Robert K.- James
Kansas State University
Manhattan

t
KS c66506

J

Examination of the science education literature regarding implementation
of new programs suggests three areas where researchers need to improve their
skills. They are: ,

1. Strategies for assessing the nature and extent of viplementation;
2. A data -based decision making process for assisting in the eactlitation

of change; and
.3. A model that provides a theoretical base from which to.understand

. the change process.

The results of the research by Weiss (1978) and others indicate that the
number of classrooms reporting l'use of one of the NSF curricula is Ibw (7%

, or less). However, even in this`bench-mark study, the worn "use" is not
defined. Criteria for establ. ing "upe" would be needed beforb these data'
could 'b appropriately int reted. Numerous studies have been reported which
compare the relative effe iveness of programs, but only rarely does the

auth5 report having est lished whether of not the program was actually in
place at the time the eve uation was conducted. Most schools appear to
concentrate all their effortk on pre-implementation activities, while ignoring
the suggestions in the change literature that long term support is necessary
for effective implementation.

The Codeerns Belied Adoption Model (CRAM) provides ay'theoretical base for
understanding the chine process. The dimensions of the CBAM: Stases of

. Concerns (SoC), Levels of Use (Loll), and Innovation Configuration (IC), provide
prtrategios3 for assessing the nature and extent of implementation. These
Strategies in the context of the overall Model enable change facilitators to
elingest Bata -based decisions about the next logical step in the implementation
pfecess..

This training session will provide an overview of th CBAM Model with its
three dimensions and will develop, skill in the collectiord interpretation of
concerns data' Further information sources will be puov0 d and additional
opportunity for training will be Atonable to interested'participants.

'a . .

d
a REFERENCE
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Sesiton B-)

THE RELATIONSHIp OF COGNITIVE STYLE TO THE DEVELOPMENT

AV POSITIVE ATTITUDES TOWARD SCIENCE AND SCIENCE TEACHING

IN EIEMENTARy SCHOOLTEACHERS
.

,' Richard DeVore
Educational Testing service

Princeton;' N

Research into fas/ors that are related totthe development of positive
attitudes toward science and science teaching has generally failed to identify
any AtIggraphic or academic variables of consequence. Recent research

(Bowles and Boss,.1974, Krajkovich, 1978) has indicated that cognitive variables,
specifically the _cognitive style of field dependence-independence may help to
explain the differences in attitude development' A second cognitive style,
tolerance for ambiguity, by definition (Budner, 1962) seems likely to account
for yime of the vatiante in teachers' attitudes developed during participation

4' in an inquiry-oriented ilethods course.

This study was.design'id to determine the relationship of a subject's
field dependence-independence and tolerance for ambiguity cognitive styles
to the development of positive attitudes toward science and science teaching
through participation in a Science-methods coursethat stresses the
philosophies, designs, and activities of the SAPA, SOS, and ESS curricula.

The subjects were 33 undergraduate humanities and social science majors
who,%gere minoring in elementary education at Rutgers University The subjects

were a,reasonably%homogeneous group of students who had little or no

background in science.
e. .

The design involved a 'pre and posttest of attitudes toward science
and science teaching with a measure developed by Moore (1973)! Cognitive
style was assessed by use of the Group,Embegded Figures Test (GEFT) developed'
by Witkin, et al. (1971) and'ifie'folerance-Intolerance for Ambiguity scale
developed by ,Budner 1962). A. locally developed test of logical reasoning,

known t4 ge correlated to cognitive level, was also administered.

Multiple regression Inalysis of the data permitted the computation
of partial correlatioda between the cognitive style variables and the
residual variance in the attitude variables after the variance attributable
to logical ability (cognitive style) and pretest performance were regressed

out

Results indicated that neipei cognitive style was significantly
related to the attitudes theoubject held before the course, but that fild
dependence - independence was siggificantly (p < .05) related to attitudes
toward science after the course and accounted for 15% of the residual variance
Tolerance for abiguity was significantlx.related to both attitudes toward
science aild attitudes toward teaching science (p 4: .01 in both cases), and

accounted, respectivq1y; for 21%4and 27% of the residual variancel in the

two attitude scores. Furthermo6', by varying the order in which the cognitive
style variables entered the regression equation, it was foundthat tolerance
for ambiguity was able to eyplain significant amounts of the residual
variance in attitudes after the correration of the two cognitive styles was
taken into account; field dependence was not able to do so.

The results to this itudy indicate that the cognitive style.ing4teacher
may .contibute significantly to tie development of attitudes toward Science
and science teaching in'an inquiry-oriented methods courie and that a high
tolerance for ambiguity may be particularly amporSant in the development of

positive attitudes. This may help to explain why many teachers failed to
adopt the 116F*curricula after being trained to use the curricula in science

methods courses agd workshops."
>. .
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Session,. B-1

COGNITIVE AND PERSONALITY FACTORS ASSOCIATED WITH
SUCCESS IN SCIENCE

FOR'BIOLOGICAL AND PHYSICAL SCIENCE MAJORS

Dale R. Baker
University of Utah

Salt Lake City, UT 84112 _

On hundred and eighty males and females were tested to determine what
combination of factors related to success in science were present in the
biological, physical science and non-science majors. The factors examined
were mathematical and Spatial ability, personality type, psychological
masculinity and femininity, and attitude toward science.

The subjects were given a spatial rotation teat, Cube Comparisons,
developed by Educational Testing Service, a test of psychological masculinity
and femininity, the personal Attributes Questionnaire, developed by Spence
and Helmretchl and the Myers -Briggs Type Indicator, a Jungian Personality
measure developed by Isabel Myers. The subjects' SAT quantatative score was
used as a measure of mathematical ability and a short questionnaire rating
science as t desirable career measured attitude.

The data indicate that the personality of males was different from the
personality of females primarily in terms of decision making. Hales preferred
to make decisions based on logical analysis and females preferred to make
decisions based on personal values. Hales also had higher SAT mathematics
scores than females. Science majors had higher SAT mathematics scores than
na-scaence majors, but this is attributable to the higher mathematics
scores of the physical science majors. There was no dtffereqce in SAT,
mathematics scores of biological and non-science majors.

. ,

All the science majors had the expected scientific personality on the
Myers-Briggs Type Indicator. They were thinking, intuitive and judging. The

non-science map:ma exhibited the opPTisite characteristics. They were sensing,

feeling and perceiving. Hale science and non-science majors and female
physical science majors were psychologically masculine. The feaiale non-science
majors were all psychologically feminine and the female biology majors -mere

_

' equally distributed between the categories of masculinity_and femininity.
---

Science majors had a Obsitie attitude-tiGard science-and-mere-planning
a scientific career. Non-science_majnfiThad knegative attitude toward science
and were not planning a sc E-related career. There was no difference between
sexes or among grou r spatial ability.

It a ars that mathematics as a factor in success in science is more
4 impor t fox the physical sciencesIthartlhe biological sciiCes. The

scientific perannallty and psycho gical masculinity and femininity were also
,,.,---factors more strongly related to physical science than to biological science,

-" especially for women. These factors may be related,ta the fact that there
is.a large number of female Ph.Ds in biology, 25%, than in physics, 4.5%,
reported for 1975-76 by the National Science Foundation.

,

It also poinrirdit that any form of compensatory education to increase
the number of women in science must,also include a program of early
identification of those young girls who exhibit characteristics of the
scientific personeitt. Such proSrams,should also make Clear that so-called
psychologically mascuape traits such as independence or self-confidence

, are cultural stereotypes and as such do not make a woman less female. Nor
does the possession of such traits prevent a woman or an from having the
warmth and,nurturance attributed to psychological femininity.

4
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SEX, HEED DEPENDENCE AND SCIENCE ACHIEVEMENT:
'A TRAIT- TREATMENT INTERACTION

Michael Piburn ;-

Rutgers University`
New Brunswick, NJ 08903

Norris Enyeart
Woodbridge School District
Woodbridge, NJ 07095

The cognitive style of Field Dependence-Independence (FDI) is related
to a number of educational variables, including atti e and achievement in
science, as well as to choice of academic major and car er (Witkin et al,
1977). It also interacts with other student traits, and ith teaching
strategy, in the case of achieve nt (Douglass and Kahle, ) and attitude
(Witkin et al, 1977). In parti lar, males and females are known to differ
both in FDI and attitude Sward cience. They also differ in success in
science and entry'into Mace as a profession.

This study is an evaluation of the relative influence of FDI on the
attitudes and achievement of students in very open, self -paced and highly
individualized ISCS classrooms. It wag anticipated that there would be
interactions between the traits of-FDI and sex in-such a setting.

Subjects-were 119 students in grades 7 through 9 in a large urban
New Jersey school district. They were administered_ the-Sequendal-Teit of
Educatiogal Progress - Science at_the-beginniiifand end of the school year. '

They were alsnadministeredrihe Image of Science and Scientists scale and
the-41-64 Embedded Figures Test (GEFT).

There was an increase in achievement (STEP) and a decrease in attitude
(Image of4cientists) from the seventh to the ninth grade. Attitud4 scores
were uncorrelated with GEFT scores. Achievement scores rose sharply at all
grade levels from pretest to posttest.

t.
As anticipated, there was virtually no change in achievement from

seventh to ninth grade for Field Dependent students. Field Independent
students, on the other hand, showed Continuous growth in achievement.
Similarly, males showed-little growth across these grades, while females

-had substantially improved STIX--scores. The highest mean on the STEP
posttest was achieved by Field Independentiemales, and the lowtst by
Yield-Dependent males:

We conclude from this study that attitude is unrelated td the cognitive
style of Field Dependence-Ihdependence. The curriculum appears to b effective
for females and for Field Independent subjects, but not for males or iild
Dependent subjects.
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EVALUATING REASONING ABILITIES OF FiteSHIIEN BIOLOGY STUDENTS

FOR THEIR UNDERSTANDING OF LOGICAL CONNECTIVES

Frank Duroy
Rutgers University

New Brunswick NJ 08903

The purpose of the study was to evaluate the reasoning abilities of
college freshmen biology students in their understanding of the logical .'

connectives, or disjunction (inclusive and exclusive), conditional (if-then)

and biconditional (if ail only if);

-
Eighty four (84) sub ects enrolled in a first year experimental biology

class, funded in part by n NSF grant, at,a major eastern university were

administered the pieces t sk. This test, developed by Pallrand et al has a

syllogistic format with mijOr premise, a minor premise and a conclusion.

m Resdlts of the tes indicated that students in this course. had

difficulty with the log cal connective or, both exclusive 40.4% correct and
inclusive 54.2% correc . This in agreement with studies conducteI by

Niemark (1970), Sternb rg (1979) anti Staudenmayer& Bourne (1977] Which
showed students have roblems with-the disjuftctive "or".

AA ANOVA yield a 45.7 F-value for a question variable. Students

seem tb have probl s going from one type of questioh to another.

Research is needed to determine whether topics and methodology used
In this expbrimefttal biology course aided students in comprehending the
coadlta.o.j.W--xonnective (if - then) which is necessary in understanding the

hypothisii.
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Session B-I

.A THREE YEAR STUDY OF TWO DIFFERENT APPROACHES

TO TEACHING COLLEGE ODUCfORY GENERAL BIOLOGY

Veronica Reardon Hondrinos
, Rutgers University

New Brunswick, NJ 08903

Thettroductory general biology course is usually the first science

course for most college students. This course proves to be a pivotal one at

the point in which most students choose to pursue a sciepce or non-science

major. Most large colleges and universities offer several alternative courses

to meet the various needs of the students they service. This study deals with

a comparison of two introdactory general biology courses thtt are designed for

students considering a science major.

Over a three yesr period the two courses were compared on a variety of

measures. The study took place at a large eastern university and had a

population of 1500 students. The two courses presented two totally difTerent

approaches to the teaching of genePal biology. The one was sponsored by a NSF

Comprehensive Aid to Undergraduate Science Education grant. Senior faculty

from the microbiology and physiology departments were responsible for a live
lecture format that emphasized biochemical, and molecular biology. A heavy
empfiesis was placed on the laboratories which were designed to give a "hands

on" contact with the "work horse" instruments of modern biological research.
The labs were equipped with the type ot modern instrumentation that is not

usually present in introductory courses. The second is 0. traditional general

biology course 'which is run by the botany and zoology departments. It employs

television lectures withodiscussions led by graduate teaching assistants. The
laboratories are run by the graduate assistants and follow the usual botany-

zoology approach.

During each of the three years of the study a somewhat similar design was

used. It was modified several times to include new instruments to further the

validity of the research. Each year all the students involved in both courses

completed a ueStionnaire that.had been designedto give peftinent background

infdrmatio as well as scores for science interest and attitude and scores in

science kn ledge. During the first two years the scores were used to

determine matched sample from the larger course to be compared to the entire

population the NSF sponsored course. In the third year all students

participa crin the entire evaluation process. The sequence of the evaluation

after th questionnaire included a'biology knftledge pretest, an attitude
pretest, a propositional logic test, a knowledge postteit, and attitude

posttest. The SAT Math and Verbal scores were obtained for the sample.

The results were subjected to statistical analyses such as T-Tests,
Analysis of Covariance and Item Analysis. 1p each of,the.three years the
results showed that the course taken by the ptudents did have a main effect

after adjustments for initial differences. The NSF sponsored.course students

exhibited a better performance on the biology post test in all three years. '

So it would seem that this course did have a positive effect on the students.

,o

Further research into Abe causes of this increased learning might prove

q11,

to be beneficial because of the role that.general biology plays in the future
choice df major by college students,

21
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ARAB SCIENCE fEACHERS' ATTITUDES TOWARDS TEACHING
SCIENCE BY INQUIRY IN SECONDARY SCHOOLS IN ISRAEL

it

Ratio) E. Khoufy
Reuven Lazarowitz

Israel Institute of Technology
Technion, Haifa, Israel

The goals of this study were: (1) to detect whether or not and to what
extent Atab secondary school science teachers in Israel hold positive
attitudes towards teaching science by inquiry, (2) to find out if positive
attitudes towards inquiry are related to 14 independent variables clustered in
three categories;'a - variables related to teachers' personal background, i.e.
age, s'ex, etc.; b - variables related to teachers' professional background,
i.e. yfars of teaching, grades, academic degree; and c - variablsii:related to
teachers' education, i.e. academic studies,,in-service training,irtc.

Research Design 'y

Thesple consisted of 192 Arab secondary science teachers of biology,
chemistry and physics. Host of the teachers taught in rural schools. They
answered two questionnaires: 1. Personal Data Form (PDF), which solicited
information for 14 independent variables. (2) Inquiry Science Teaching
Strategy (ISTS) developed by Lazarowitz and Led (1976) which consistecof 49,
items aimed at detecting the extent to which teachers' attitudes ikqtpobitive

.towards the inquiry method.

The ISIS used a 1 to 5 points Likert scale; 20 positive items ware valued
5-1, and 20 negative items 1-5, respectively.

Validity and Reliability

Since ISTS was used in the past with American teachers ( Lazarowitz a?id
Lee, 1976) and Israeli teachers (Lazarowit and Tamir, 1980), the instrument was
content validated for the use with,gLabwi nce teachers and its reliability
was calculated by a split half proaTuree wh ch yielded a.value of ,89.

Procedure
.

Data were collected by three specially trained students who visited the
schools and asked secondaryscience teachers lo complete the two questionnaires.

Factor analysis and analysis of variance (including Scheffe techniques)
were used.

Factor analysis revealed three fa ors

1) ContervatiLe approach in teaching science;
2) The inquiry appropch in teaching sc ence; and,
3 u por nformatory laboratory natruction.

Results

Generally the ISIS attitude scores reflected that Arab science teachers
did not hold positive attitudes towardl inquiry. On the contrary, they tended
to support the traditional expository method.

However, when the ISTS was analysed per item (and not factors) on 12
items, the Arab teachers expressed some ptsitive attitude towards-inquiry.

The background variables of the, teachers affected their attitudes slightly.
It is worth mentioning that teachers who studied History and Philosophy of ,

Science as part of their university education showed significantly mere
positive attitudes towards inquiry,

a.
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Discussion
4. '

During the last few years three teacher samples in different cultures
were investigated, using the ISTS and the background form. A gross cultural

perspecthe is,sugiested: United States teachers generally showe6thellomost
positive attitudes towards inquiryslanD background variables such as: education,

academic background, sex and years of teaching were significantly related to .-
.

their attitudes. The Israeli Jewish sample eleachers was similar to the
American sample, The Arab Israeli sample was Very different. Their-attittries

were more negative. towards inquiry and the background variables were not '

related to their attitudes. A
4

,

The results suggest a relationship between the degree of tradieionality OC

in the society as a general system and science teaching in the classroom. i.

Arab teachers are functioning in a traditional society Uhich is now on the
c 4,.

threshold of modernizing. , ,

.

Conclusions

The main conclutions drawn in this directiOn are that unless the training
programs for Arab teachers take into consideration the teachers' specific
personal and socio-cultural backgrounds, their effectiveness will be

questionable. In other words, not only considerations stemming frost subject
matters and universal discussions of methods and techniques,.but also those
stemming from teachers' backgrounds and the set-up in which they will function

should be emphasized.
,

o
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ACADEMIC ACHIEVEKENTS,-LEARNING ENWRONMENT, SELF fSTEEH,
' AND INQUIRY SKILLS OF HIGH SCHOOL STUDENTS IN BIOLOGY

TAUGHT IN COOPERATIVE-INVESTIGATIVE SMALL GROUPS

Reuven Lazarowitz
Technion, Haifa, Israel

Hugh Baird
VA Broaden

Brigham Young University
Provo, UT

Rachel Hertz-Lazarowitz
Haifa University
Haifa, Israel

The goals of this study were to determine the effects'of a cooperative-,
investigative learning approach on academic achievement, self esteem, learning
environment and inquiry skills of high school biology students.

This learning approach, which is based on the Jigsaw method as described
by Aronson (1978), uses a cooperatiywnvestigative way of instruction in '

shall groups. In this study it was Iii that the cooperative
investigative learning approach in small groups will help students ,

(1) to increase their motivation to learn, obtaining higher achievement.

(2) to increase their self esteem.
(3) to develop skills of cooperation; increase helping beha4iour,.and

assume are responsibility for their learning.

(4) develop inquiry skills, as a result of the investigative approach
Used in the instructional method.

The Learning Material

4,

o ,

For this study two.learning units were developed:

(1) "You and the Cell" and °
(2) "The Living Plant"

Each unit Gas divided into sub-tasks forlgroups-of five students, who
treated each other as resources.

Procedures °

1
The sample included one hundred and nine tenth graders in biology. The

experimenpl_group included fifty students from two classes, and the control
group consisted of fifty -nine students from two other classes which were taught,

in a traditional manner. Styents from both groups were poorly motivated to
study, had little interest in learning science, and scored below national norm
on the General Aptitude Test Battery.

The experiment lasted five weeks. Two biolmBy teachers and two aides

were involved in this study. Both groups studied the same learning material,

but in two different methods. Questionnaires regarding achievement tests,
self esteem, learning environment and inquiry skills were given as a pre- and
posttest, and the mean scores were compared for significant differences,
using,analysis of convariance.

Results and Conclusion
410

The results of the achievements tests show that the mean percent increase
of the experimental group, was higher than the mean percent increase of the
control group, when pre- and posttest mean scores Were compared. The test

items vere categorized by their cognitive level (questions related to knowledge,
comprehension, analysis and evaluation).

A°24
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On self esteem, the results show no significant differences, but on

learning environment, the experiment*.?' group had higher, scores than the

control group in all categories related to skills of cooperation,hylping

behaviour and responsibility.

Wben'comparing group results regarding inquiry skills, it was

found that thiNperimental group developed more of these skills.

The dills show that when poorly and low motivated students are involved,

ihe method of cooperation combined with the
investigative approach in small

roup instruction could be one of the ways with which students could be '

etped. Since this is the first time that cooperative investigative small

group instruction based on the Jigsaw method was used in biology at the high

br

loot level, more studies are needed in order to support our results on a

ader base.
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ISRAELI STUDENTS' CONCRETE AND FORMAL THINKING ABILITY
AND THEIR ACHIEVEMENT INAMIEMATICS AND THE SCIENCES

Avi Holstein
Vera handler

The Weizmann Institute of Science
Rehovot, Israel

4

Introduction

Several attempts have been made by science educators to establish some
correlation betwJen students' achievement in science and performance on
certain Piagetiam tasks as measured by a pencil and paper test (Tither and
Dale, 1975; Longeot, 1965).

'This paper is a report of pilot resear the relation between students'
thinking ability and their achievement i mathematics and in the sciences
(biology, chemistry and physics) in 9th and 10th grade classes.

c

For this purpose Lawson's (1978) test of Formal Reasoning was
administered. This study could af'so be considered as a revalidation of
Lawson's study in a different culture apd different educational system.

Methodology

Lawson's (1978) pencil and paper test of formal reasoning was administered
in two 9th grade (N = 66) classes and in twb 10th grade (N = 63) classes. The
test consists of 15'item5 covering the following Piagetian tasks: 1) conservation
of weight; 2) displaced value; 3) proportional reasoning; 4) controlling

variables; 5) combinational reasoning and 6) probability.

Teachers' scores (o 4-10 scale) in mattalatics, physics, biology and
chemistry were used as a measure of student achietpment in the various
subjects. .

Results and Discussion 4

- heaps and standard deviation for grade and gender on Lawson's test were
compared by a two way analysis of variance procedure. It was found that 10th
grade students scored significantly higher than 9th grade students. Similar
results were obtained by Lawson's study in the United States. This could be
regarded as an evidence for the validity:of the test.

Boys scored_signiftcantly higher than girls. HoweVer, no interaction,
grade.x gender, was obtrined.

On the bases of a frequency distrkkution three levels of thinking ability
(Lawson's test) were identified.

Level Score (on Lawson's test) N.
I 0 - 8 34

it 9 - 12 60
III 13 - 15 35

One way analysis of variance procedures were used,in order to compare students'
mean achievement scores in mathematics and in science accotding to the levels
of thinking ability.

In general, it was found that level III Ctudents scored stailicantly
higher than those who are in levFls I and II. No differences were obtained
peen levels I and II. This last finding raises asquestion concerning the

sensitivity of Lawson's test.

Summa Ty

In hisAirticle Lawson suggested that in the future similar penal And
paper tests could be used by teachers in their own classrooms. On the basis

105f our results there is a need to conduct further research in this area.

9 26
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A COMPARISON OF BIOLOGY TEACHING IN JUNIOR AND

0

SENIOR:,.
HIGH SCHOOLS IN ISRAEL. , "

rra.

Pinches Tamir
Ruth Amirj

Hebitw Uni;mrdity
'ierusalem, fgrael

I

The study was designed to compare classCoom transactions in junior and
senior high schdol biology classes in Israel, veto identify' relationships
between classroom conditions, lesson fdrmat (recitation, laboratory,
integrUed) and instructional activities. In addition, the validity and
.reliability of a new instrument, the Structured Lesson Report Fore(SLBF), .
was examined. 0

,

,

The SIRE copsists.of two parts. The items in the`first,part are
structured and require seliction of an appropriate option, as related to
students' desNiption, classroom setting, seating arrangement, students
teaming, use of audiovisual' aids, teacher and students enjoyment, special

,

features of laboratory, 'Inquiry and.homework. The second part asks the , .

teacher to desdibe ingr own wordswhat happened in the lesson: questions
'asked, activities performed and dlequence of events, The teachers' anecdotal
descriptions had been analyzed into categories and all the data were coded and
analyzed by computer programs toyield,frequency distribatrons, means and

andstandard deviations correlatiOns. The results were analyzed separately
for.junior 0 v155) and senior high 4 N'c 50) classes,

,

A high level'of'agreement (80%) das'obtained between teachers' self

reports and outside,observere..Followingrare some of the results; These are
'reported as percentage of lesson kt.junior,and senior high classes respectively:
Students read from text book in class (20%, 8%). Students had a homewofk
assignment to read from the textbook (13%, 10%) and to answer qffestions from
the textbook (17%, 5%) Laboratorf exercises from the textbooks were used by ,

most clasges (55%, 60%) The dodinant mades,of instruction wers: teacher led
iihole class discussion (86%,78%), teather explanations.(76%, 28%), posing a
problem (76%.,429%) Laboratory Nor'( was characterized by four activities:

. designing experiments (36%, 45%), perforrding experiments 451%, in both),
pooling results (35%, 23%) and discussion (80%,,in both). Different biolhgical

. fields were repgesebtea,as followt: physiology (25%, 48%), bioChemistrf,(19%,
10%), ecology (7%, 4%), genetics (3%, 13%), morpholdgy (14%, 16%), behavior
(2%, 0%), evolupion and development (4%, 6%), The dominant instructional sit _

was the chapcboar4, )ollowed by charts,Vhd diagrams. Very little use was made
. of other audiov'suals.. InAuiry learning occurrence was as follows:, 18 some .0

extent S20%% 26 );,.to a:moderate, degree (32%, 20%); to a:great extent (27%, 4
.25%) flost tea hers reported that both they and their students had enjoyed

the lesson. Th study'provides additionaljAta'and interesting differences .

between laborppbry, recitation andtintegrated.lelsons. In.sptte of cettiln
differences the general picture of teaching biology in junior and senior high0
biology classes is that of inquiryloriented laboratory -based learning Jed and

., guided'by the t acher wifh only meditlm,depen,dence on the textbook. SLRF was
', found to be a r liable, valid and useful xesearcii and eiedback.device.

,',
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SC1ENC HATERIALB.: OPEN VS. DIRECTED INSTRUCTION
.

...,

Herbert G. Cohen
Arizona State University

Tempe, AZ '85287.

The 441U
r
purpose of this investigationoas to examine whether a more

directed involvement with science manipulatives has a greater, effect on the

development Of projective spatial abilities than'a non-directed type of

involvement.

4 One - hundred and twenty fifth grade students were randomly assigned to one

of four groups, each with N=30. There were 63 female students and 57 male

students. 11

All four groups received instruction consisting of access to manipulatives

(SCIS-2nd edition, Rand RcNally). Level 5, Energy Sources was used. Activities

were chosen on the basis that they would provide the greatest potential for

manipulation.

Two fifth grade teachers taught the groups, each having responsibility

for one group receiving non-directed instruction and one group receiving

directed instruction. Instruction was provided ,twice a.week, 45 minute

periods, for six weeks.

A Battery of six Piagetian-type tasks, designed to-examine six of the

projective groupings suggested by Piaget (IGPi; IGP; IGP,; IGP6 IGP, and

IGP,) were used. These tasks were administerad to 8nehatf of the students

randomly selected before instruction began, and again to all the stUdents'at

the end of the instructional.sequence.

The experimental design was the Solomon Four Gropp Design. A 2.x2

analysis of variance was employed. This analysis yielded an F- statistic which

was not significant at the /05 level, and therefore it was cod'cluded the main

and interactive effects of pretesting were negligible. An analysis of '

'variance, pretest scores being the covariate, yielded -a significant F

statistic at tie .05_ level. A'

The basic educational implication was tfiat'since the role ofixperience,-.,

that is, manipulating materials is a significant factor in many elements

science programs, it seems that a worthwhile course to follow is an examination

of specific types of behaviors teachers should encourage their students to

pursue with manipulatives. The identificationof the specific types of

behaviors would entail further investigation concerning the develo ent of

mother groupings, in both the Iogicaj and infralogical subsystems. If the

findings of subsequent studies do identify specific types of beh iors as.

being superior in enhancing the development of groupings, then yes; behaviors

can be incorporated into science programs. It is conjectured b this author

that if this procedure does.yield positive effects"by enhancing the,developmeAt

of groupings, this would be reflected in elementary-age children becoming more

competent in doing and understanding science, both in the area of comprehending

the content, as well as becoming more conversant with science-type processes.

.

w'
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QUESTIONS IN THE NARRATIVE OF SCIENCE TEXT: .

DO THEY MAKE ANY DIFFERENCE?

- William H. Leonard
University of Nebraska

Lincoln, NE 68588

The'purpose of this research was to determine the relative effects of
certain questfbn types when these questions were interspersed through the
reading passage of textual materials for students in university introductory.
biology. It was hypothesized that students reading a passageon biokogy
concepts'with specific types of interspersed questions would comprehend and
retain'no more of that passage than students reading the same passage without
interspersed questions.

The sample consisted of all 383 students enrolled in a one-semester
,general biology course during the spring semester 1981 at a large midwestern
university. The Sample was'randomly sorted into six treatment groups of
approximately equal size. Early In the semester 54 students read 2769-wor4
.passage on the concept of multicellularity taken from a popular university
general biology textbook. A second groupof 75 students read the same passage
except that 24 rhetorical questions were interspersed through the passage at
the beginning of selected paragraphs. -A third group of 53 students read the
passage with factual or recall questions substituted in the Same position as
the previous rhetorical questions. A fourth group of 79 and a fifth group of
61 students read the passage with hypotheilzing and valuing questions
respectively placed similarly ip the passage. A final group of 61 students
did no reading whatsoever.

90

The dependent va'riabl was a 20-item test given to all students at three
different times: immediately after reading the passage, two weeks after
reading, and nine weeks after-reading. For the testing period immediately
after reading, none of the mean scores of the groups reading with questions
differed significantly from mean scores of the to-questions group. For the
testing period two weeks after reading, all groups reading with questions had
mean scores which were significantly lower, than the no-questions group
(t-values of 1:21, 3.36,, 3.83, and 3,62 respectively). In each of theSe cases

',tie groups reading with questions scored lower. At nine weeks after reading,
both the rhetorical-and the valuing-questions groups scored significantly
lower than the no-questions group (t-values 3.60 and 2.34 respectively).

As a check on,phether'reading the passage under any conditions had,an , 10
effett Upon understanding of multicellularity,,mean scores of the groups
reading the passage were contrasted with scores°of a group pf students Who did,
not read the passage. Students not reading the paslage took die tests at the
same intervals as the reading groups. Groups not reading the passage had
significantly lower scores'than the groups readiffg the passage in all but
three cases: 11) the factual questions group at two weeks (t = 2.25, p <
.015), (2) the rhetorical questions group at nine weeks (t =.94, p
and the valuing questions group at nip weeks (t = 1.65, FA .05).

Students do appear to make significant learninegains ftom reading
biology text, especially if such learningais measured Within a short period
of tine (up to two weeks). ,These data show, with few exceptions, consistently
higher tests scores for the groups reading a passage about multicellularity
concepts compared to groups not readthg the passage.

4 oIt appears that understanding and retentionof biology concepts due to
reading is not enhanced by frequentquestions of any kipd interspersed in the
passage at the beginning of selected paragraphs. In many cases, inserted
questioni'asulted in less learning, particularly over mid- and lUnger-rangeN,time intervals. ,

* 4 a

dt:



Session B -3

IMPROVING ADING COMPREHENSI N OF CHEMISTRY

TEXT KS USING POSTQ STIONS

Audrey Cha tko
Willihm G. Ho liday

University o algary

ary, Albe a N 1N4

r .

POstquestions have proven to powerful tec ique useful in helping

students identify important informati ontaindd in n rative reading material.

Previous research studies have shomatha tridents can b nduced to learn

critical characteristics of cqncepts when g these quest s presented

subsequent to segments of prose material. No er, few respar rs have

evaluated this technique as it relates to sFien duration, class

textbooks and comprehension level achievement. Th urpose of this stu y Was

to investigate the learning and instructional effectse f postquestions on

helping students to focus their attention on categories .g, reaction

. identification) of information contained in chemistry tex while helping

students learn this textual material in,different ways.

II1
The effectiveness of postquestions was examined in terms of fn r

interactive and two main effect hypotheses. Anextensive pilot stud Is

conducted to ensure the development of adequate chemical texts and ques ns.

Suhigequently, 109 students participated in the experiment, These tenth,g

eleventh grade students are enrolled in Ehemistry at three rural senior"high.

Schools near Calgary, Alberta. They were randomly assigned to one of six

groups; one placebo-control group, one
reading-only control group, and one pf.

four postquestion groups. These latter groups read a chemistry text

interspersed with postquestions measuring knowledge or comprehension. The

postquestions focused'studentsyattention on one of two categorie of

informatio%0 This arrangemew Permitted the evaluation of the four interactive'/

hypotheses hohtaining postquestions. and posttest items requiring students to

process different categories of information at different levels of cognition.

Specifically, students it these groups, were presented a series of fivefraining

(instructional) passages each followed by one of four kinds of postquestions.

Review'of the t t was.probibited. The'dependent variable was the learned

information four in a sixth transfer passage and was evaluated using i.posttest

.!.consisting of al four types of postquestions used during instruction (training).

As predicted, students' treatment and posttest scores significantly

(p < 0.05) intermcted in three of the four conditions (K-PQ , K-PT, K;PQ X

C-PT, C-PQ X C7PT, where K-= knowledge, PQ = postquestion, PT = posttest, and

0 = comprehension). Under these-cinditions student$' scores were higher on.

posttest items from the same catelgry. as the inserted questions and ,lower on

posttest items from a different category than the inserted questions. The one

exception was the knowledge X comprehension interaction. All scores of

students in treatment groups were in.the same "range" or significantly higher

(p...e.e05) than the scores of4tbe readineonly control-group. Posttest

scores of students in all other groups far exceeded the scores of the placebo

,control group.
..

° The results of this study' suggested that
postquestions inserted in a.

chemistry text can induce a learning set influencing students' attentional

processing,. Science educators should he-aware of the-importance of determining

which information they most want students to learn and et,what level of

Ognition. Indeed, science educaturs.sbould,put more effort into the design

of adjunct questions, thus increasing the chances fa'Ae2rning of'criterial

information in sliequenb materiii;containing no. study questions.

.
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A STUDY OF CONCEPTUAL CHANGE IN THE CLASSROOM -

Joseph Nussbaum
Shimshon Novick

The Hebrew. University of Jerusalem
Jerusalem, Israel

Recent studies in cognitive learning have tended to emphasize the role of
student alternative frameworks (SAFs sometimes called preconceptions or
misconceptions). These studies confirm the thesis that learning keyscience
concepts involves a change in previously helfl conceptions. This cognitive
change is a process which is not at all easy to effect and there is considerable
ekidence that prevalent teaching methods fail to promote it in many students.
Although research clearly indicates theimportance of SAFs for the imprftement
oft aching and curriculum, very littleswork has been done on specific examples
of conceptual changes and on the application of these constructs' to the
development of new teaching strategies.

The purposes of this paper are:

(1) to propose anemake a qualitative assessment of a teaching strategy
designed to promote conceptual change;

(2) to observe and analyze in detail the dynamics of conceptual change
in a number of individual students during the course of a teaching-

unit on the structure of gases;

a
(3) to propose a taxonomy ofo4AFs for the structure of a gas.

The study was'conducted in the naturalistic paradigm through observation
and analysis of cognitive behavior in a classroom setting. Subjects were
sixfili grade students in an Ithaca, New York,, public school. Their teacher
judged them to be of average ability relative ,:to the local school population.
They were taught a ten-lesson unit on the structure of gases over a pervod,of
four weeks.

The teaching strategy c
(sisted of:

(1) initial exposure of AFs through their responses to an "exposing.
event";

0

(2) sharpening studentawareness of their own and other, students'
alternative frameworks, throUgh discussion and debate;

(3) creating conceptual conflict by attempting to explaina ; "discrepant '

event";

-- s
(4) encouraging and guiding cognitive accommodation and the invention of

a new conceptual model 'consistent with the accepted scientific
ramework (SCF).

The
1ta sources were:.

(1) a video- recording of five critical lessons;
.

(2) a written protocol of the remaining five lessons;

(3) studedt worksheets and:questionnaires. .s

The findings-contribute to our understanding of specific cognitive
diffitulties that students experience in learning thel structure of matter in
general and the structure of gases in particular. On a more general level, the

',stUdY.presents a model-teaching strategy for effecting the conceptual change
.required in learning many areas of'sciencea

ti

.



e.

Session 8-4'

THE EFFECTS OF INSTRUCTION ON IN RATED SCIENCE
PROCESS SKILL ACHIEVE NT

Michael J. Padilla '

James R. Okey
University of Georgia
Athens, GA 30602

Kathryn Garrard
P.O. Box 148

Hawkinsville, GA

(AS

The integrated Science Process Skills have been listed as desired outcomes
of many exemplary science 46;cula. Several elementary (e.g. SCIS) middle

school (e.g. ISCS) and sec y programs (e.g. BSCS) have attempted to teach
students to identify and control variables, state hypotheses and design .

experiments. Yet recent effort's have showq that neither middle or secondary
school stele:nes are very proficient in these skills.

.44.4410.141.

In>a study just completed, Padilla, Okey and Dillashaw found a significant
and high relationship between the integrated science process. skills gnd formal
operational abilities (r=.73). This result led to two possible conclusions.
The level of formal thinking could be affecting the ability of students to
master the integrated process skills. Given the low levels of formal thinking
reported among diddle and secondary students, this hypothesis does not lend
much prosfise to teaching process skills. On the other hand it could be that 4 1

teaching science process skills might not only affect process skill abilities 't

but might also enhance formal thinking abilities. 4

/
The purpose of this study was to investigate the effect of systematically

integrating science process oriented lessons into middle school science
curriculum. In addition to process outcomes the effect of the instruction on
formal thinking abilities was also studied. m

Procedures

Three sixth and thrpe eighth grade teachers were chosen, based on their
reputations as effective science teachers. One of four sections'of students
per teacher wasrandomly assigned to each of three treatments with two sections
assigned to treatment one.

0
Treatment one - involved a two week introductory unit
emphasizing the designing and carrying out of fair ,

experiments. Subsequent content units had approximately
one period-long process skill actiyity per week
integrated into the regular curriculum (n=168).

i'reatment two - involved only the same two week
introductory. unit pphasizing:fair experiments (n=85).

Treatment three - was a control treatment getting
. little direct process skill instruction (n=76):

The instructional perioklasted for approximately fourteen weeks. .All
subjects were pretested and posttested on the Test of logical Thinking (TOLT)
and the Test of Integrated Process Skills (TIPS). Previous studies had shoyn
that each test was a reliable and valid instrument for measuring the intended
abilities.

Results

Students in the three treatment,groups were compared using score* on the
integrated process skill (TIPS) and logical thinking (TOLT) tests. In each
case, pretreatment stores on the same instruments were used as covariates.

33 46
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Significant differences were found among the treatment groups on the
integrated process skill test. The group receiving extended process skill
instructions (treatment one) significantly outscored the other two groups
which did not differ in their achievement. .

The increased integrated process skill instruction Old not, however, have
a differ ntial impact on logical thinking outcomes. All three groups increased
their Ores from pretreatment to posttreatment (perhaps a testing effect) but
no differences among groups were evident.

Conclusions

The results of tku,study can be viewed differently depending on one's
point of view. Both differences in achievement and growth in achievnent
resulted from the enhanced process skill instruction. The concentrated two-week
process skill treatment by itself did not have a differential impact. But
hen it was followed by a systematic attention to integrated process skills in

a ies of units, achievement was influencted.

The 1 ical thinking skills of students were not much affected in the
time span of "his study. Either process skills instruction is not a means of
inftuencing geawth in logical thinking or the period of time devoted to that
pursuit must be extended before effects are evident,

341
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GENERAL SESSION. I

THE PRESIDENTS ADDRESS

WHAT SCIENCE TEACHERS SAY TO
SCIENCE EDUCATION RESEARCHERS

Stanley L. 4Ielgeson

The Ohio State University
Columbus, OH 41210
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INFORMAL SCIENCE STUDY: FIRST-YEAR RESEARCH RESULTS
_ ; - OF SCIENCE IN AMUSEMENT PARKS

Howard L. Jones
James Rawe I

Terry Rooney
Godrej Sethna

University of Houston
,Houston, TX 77004

Carolyn Sumnets
Houston Museum'of Natural Science

Houston, TX

William McConnell
Webster College
St. Louis, MO

Robert K. James
Kansas State University
Manhattan, KS 66506

A

41!e InformalcSeience Study is funded by the National Science Foundation
to develop instructional materials for middle-school and high school science
and mathematics students. Specifically, the IfSS materials are designed to
provide introductory, supplemental and advanced instruction in' the areas of
motAonphysics by focusing student attention on science d mathematic in
informal settings, such as sport arenas, playgrounds and liusement parks:

In 1980-81,3he first year of a tree -yEar funding period, six
instructional mini-units (designed for two d(y - three week time periods) were
developed and'pilot tested in two sites: Houston, Texas and St. Louis,
Missouri. In all some 25 teachers and 3,000 students, grades 5-12, were
involved in the pilot testing. The six,instructional mini-units are designed
around student dialogue, "providing inttoduction and review of physical science
concepts in low key, non-technical language._ Physical science terms are
introduced, atr Vhey are needed in explaining real yorld experiences. In

addition, several of themnits entail the use of laboratory experiences using
toys (race tracks, model rockets....) amusement park field trips (roller
coasters...) and the study of sporting 'vities.

Pre- and post-testing of students in the ':0 -81 field testing focused on
four major variables:

1. Student recall of past experiences in informal settings,
2. Student knowledge of physical science terms/concepts/principles.
3. Student ability to apply physical science terms/concepts/principles

to new problem settings.
4. Student attitude toward science..

Detailed in this piper set'are six studies. For each of the studies the dependent
variables Are the four:identified:above. -Specifically the studies4eport:

a. The degree to which classroom instruction focused on positive
student experiences influences student attitudes towaglscience
as well as their knowledge and application of scfenceinncepts,

b. Ilhe degree to which students' cognitive style (as measured by the
. .

Embedded Figures Test) is related to student ,gains in IfSS materials.

c. The'degree to which utilization of a dialog "storybook" text
influences student knowledge and comprehension of science concepts.

d. Pre and post achieWement differenceeliairetn- s and females on
experience recall, .tiowledge and comprehension of con epts as well
as attitudes toward science.

e. Development of randomized nested research design'for determination
of group achievement levels,.

. 466 .
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THE EFFECTS OF DIRECTED OBSERVATION ON THE`LEARNING OF
SCIENCE CONCEPTS t

Paul D. Eggen
Sandra K. Kirk

University of North Florida
Jacksonville, FL 32216

Donald P. Kauchak
University of Utah

Salt Lake City, UT 84112

Nary Alice Wolfe
St. Johns County Public Schools

Hastidgs, FL

This study investigated the hypothesis that students taught using
questioning techniques which directed observation of examples of a concept

would achieve higher scores on.posttest measuring recall of facts,

comprehension, and written and.oral production. The subjects were 44 third

graders in a rural, predominantly black elementary school. Subjects were

randomly assigned to an Experimental treatment groilp or a Control group. The

Experimental group was taught a concept using interactive questioning which

directed them in the observation of examples. The Control group was taught*

the same lesson using the same materials but the presentation was expository.
A posttest was administered immediately following each lesson. The

Experimental group scored significantly higher than the Control group on the

total posttest score and on the written production subtest add oral production

subtest. Subjects who were,directed by interactive questions to observe tM
examples were better able to identify pictorial examples of the concept, to
demonstrate comprehension of relationships, and to summarize in writing and

orally the content'of the lesson. In addition, experimental group subjects
supplied much more complete descriptions or definition t of the concept being

p taught, and independently suggested more new examples.
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Session C-2

IMPLICATIONS OF INTEGRATED.SCIENCE TEACHING UPON STUDENTS' PERCEPTION
OF THE DIFFERENT DISCIPLINES OF SCIENCE

- H. J. Arzi
a- R. Ben-Zvi

U. Ganiel
The Weizmann Institute of Science

Rehovot, Israel

Integrated science teaching is very frequent in the early phases of
science education,,, including junior high school (JHS). On the other hand, in
senior high school (SHS) there is a considerable degree of differentia ion

11according to the "classical" science disciplines, and students have to ecide
which subjects th wish to emphasize in their studies. It is. probable that
attitudes formed du o JHS science do affect SHS choices, and might have
long range implication on career choice. The consequent question is whether
integrated science souses in JHS do indeed supply students with the'necessary
basis for such decision making. This exemplifies one of the problems concerning
the need for mutual adjustment among courses, which should be preYerab.ly dTalt
with on the baiis of long term studies. This paper presents results relating
to one aspect which has been investigated within the framework of a long term
study: implications of the integrated nature of science teaching in JHS upon' i'

students' attitudes to and preferences, for different diciplines of science.

Our multistage research has been going on in Israeli 8th-10th grades , .

since 1977. The results presented are based on data from the first stages, in
particular on a cross sectional investigation in 8th and 9th grades (N=.1111).
The students studied a combined "General Scfence",curriculum with a high
degree of integration between chemistry and physics, and separated biology

f^,... courses. ,
\

. .

The research insimaments included a test of interest in science (Meyer,
1969), and specially designed instruments such as attitude questionnaires to
chemistry, physics and biology, as well as scales of preference for school
subjects. .

.

.4 ..
Factor analytic examinations of the 60 original items, as well as the 6

subject scales a priori suggested in the developing of the test, revealed
interesting patterns. These patterns were different.frOm those expected.

c. acccordiii to the "classical' dimision of science. For instance: physics'and
chemistry did not appear as distinct areas but loaded on the same factor.
Students who took part in courses which were different in content and/or
degree of integration exhibited different patterns. Both multi and univariate

., analyses of attitude scales revealed a close resemblance between physics and,
chemistry but not with biology.

1

The results indicate that students encounter difficulties in the
diffetedtiation between science disCiplines. This was most characteristic of

/students who experienced highly inteerated science courser' We thus believe
that the relative weights of the subjects taught immschOol and the approach.

,

adopted (e.g., degree of integration) contribute to the degree of differentiation
among science disciplines in thf student's mind. abis affects the formation
Of the students perception of the 'structure of science, which possibly has
further implications upon attitudes to and preferences for different scientific
subjects.

. 1
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THE EFFECTS OF STRATEGY ANALYSIS ON SCIENCE TEACHER BEHAVIORS;
A,META-ANALYSIS

Russell H. Yeany
Charles F. Porter

University of Georgia
Athens, GA 30602

In recent years, the effect of teaching strategy =sits on the behaviors

of science teachers has been the focus of many studies. These studies include

two main types pfanslyses: first is the investigation of the influence of

analyzing teaching models; second is the investigation of the influence of

self analysis. In some cases the focus of this analysis is some type of'

projected behavior such as questioning techniques or wait-time. In other cases

the focus is,on the gengral teacher behatior and is analyzed for such things
as the amount of directions or indirectness represented by the activities of

the lesson. The dependent variables of interest in these studies usually
include some which are closely related to the strategy analysis treatment
(e.g., question level, waittime or degred'of indireCtness). But, some studies

include less closely related outcome variables such as teachers' attitudes or
their pupils' achievement scores. The purpose of this proposed'paper is to

review and analyze the results of experimental studies based on science
teaching Strategy analysis as it affects teaching 'behaviors. The recently
developed statistical procedure of meta-analysis lends itself well to this

task.

Meta-analysis techniques are used for condensing and synthesizing the

results of,a multiple set of empirical studies into an interpretable form.
The procedures are quickly gaining favor as ahmeads of making sense of the
varied results usually present when one examines numerous studies on a single

topic. Meta-analysis techniques are used to calculate a statistic referred to

as "Effect-Size." This value is based upon the group means and standard,

deviations from results of individual studies.

DATA COLLECTION

Both computer and "hand" literature searches were employedoin identifying
and acquiring studies related to the above purpose. These searches identified

a body of studies on science teaching strategy analysis and teaching behaviors
which examined t total of 45 dependent varlibles (additional studies will be

added as they are reported). Subjecti used A the combined studies numbered
over 350 elementary,giliddle and secondary science teachers.

PROCEDURES

Means for treatment groups were established and standard deviations
determined for each study from the reported data. From tt* information, an

"Effect Size" was calculated for each dependent Variable.

pats were organized by categorizing All treatments into one of three types:
0

1. Control, no strategy analysis

2. Treatment If self analycsis

3, Treatment II, model analysis

This yielded a total of 70 self analysis and 25 model. analysis effect sizes.

A dean effect size was then claculated for each treatment.

RESULTS OF DATA ANALYSIS

Based on the 45 different measures of teaching behaviors, the mean effect

sizes for each category were; Treatment I = 1.11 and Treatment II.= 1.17.

39
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CONCLUSIONS

The results of metaanalysis indicate that strategy analysis is an
effective science teacher training procedure. But, there is no clear indicator
as to which method (self or model) is best. As in many cases, one method has
the adH...mtoutie contexts while ete other is best iris different context.
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REDUCTION OF ANXIETY IN PRESERVICE TEACHERS
A SYMPOSIUM

-N

Msryliesterback
Clemencia Gonzalez
C. W. Post College

Greenvale, NY 11548

James Barufaldi
University of Texas at Austin

Austin, TX 78712

Robert Sherwood
, New York University

New York, NY 10012

OVERVIEW

The avoidance of teaching science in the elementary school by the
classroom teacher is wep documented in the literature of science eduCation
(Perkes, 1975; Strawitz, 1976; Barnard, 1977; NSF; 1980). Perhaps, there is a,

linkage between anxiety about teaching science and the avoidince of teaching

the subject.

The researche'rs were unable to locate any studies which mesured anxiety
about teaching science in preservice or inservice lementarylelthers which
eight provide "base line" data for subsequent studies. Therefore, the

researchers conducted studies examining changesn anxiety about teaching
science during a sequence of science content emirties designed for preservice

elementary teachers, The Issessment instrument was the State-Trait Anxiety

Inventory. The studies were repeated Tor four years, during which ttme both .

the X and Y forms of the instrument were ed. In all fourstudies anxiety

was reduced. However, the pattern varied epending upon staffing arrangements,
,

teaching pr'actices and coutse content.
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BASIC STUDIES ON ANXIETY IN PRESERVICE TEACHERS '

Mary Westerback
C.W.. Post College

Greenvale, o

x

A six session voluntary workshop (financed bygrant monies) combining the

use of systematic-desensitization and cognitive restructuring methods was

designed specifically.for helping c.ollege students reduce anxiety about

teaching science.
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Although 80%.of the students indicated interest in the preliminary meeting

and /or the workshop, only a few.actually participated. The mast common reason
for lack of paTticipAtion was,the 'difficulty of fittini,the workshop into
their schedule The atajority of students felt the workshop should. be included
as part of the course, andgiven in a laboratory session time,frame.

4,,,, , . d

Th4re.did not appear'to be a relatioilsbip between science*xiety as
measured by the STAI and student interest in the iorkshop. Some faculty noted
that students they perceived a's highly ankious (because of thlir behavor)

i

did not6admit their anxiety and did not workshop.' .

A FACTOR ANALYTIC STUDY OF THE STATE-TRAIT ANXIETY
INVENTORY UTILfZED WITH VERSCRVICEELEHENTARY TEACHERS

t

Robert Sherwood
New York University

NewYork, NY

4

The State-Trait Anxiety Inventory (STAI)has been widely used as a measure
of anxiety in the psychological. literature. A new form (STAI-Y) has recently
been devgloped and some psychometric data were available from one previous
study of Air Force recyuits. In ordeeto validate thb instrument's use wrth
preseviice elementary teachers, a factor analytic studywas undertaken.

, O ft-
.

Preservice elementary teachers (N=103) were administered the self report'
instrument during a required science course. ,P? restricted.principal components
analysis with iterations was employed as the factmring technique. A four
factor solutiom vaccounting TOT 58:8% of the variae resulted, with a factor $

loading pattern verysimilar to the earlier study. This result along with
high interval consistency levels Supportspe:use of Cite instrument with

, 4$preservice elementary teachers. ,,. A. ,

0,
,,. ..
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FACTORS RELATED TO ANXIETY IN TEACHING GEOLOGY

$

Clemencia Gonzales
C.W Post College
Greenvale, NY

-
t .

I , . .

In a preliminary investigation these reseaFchers noted that students in a
lecture section of geology for elementptl majors expressed greater confidence
in distinguishing between minerals and rocks, andbeteen different categories
of rocks than their counternyts Am a lecture and laboratory section.
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.
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Attempts will be made during the Spring 1982 semester to determine if
there is a reTationthip between anxiety and confidence and if this appardht

,

dissonance can be lessened by training.' , 4 .
,
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IntroWUction

A deftpit in science teaching appears to be the consequence of°many

concerns elementary teachers have about science. Science educators have noted

. that elementary teachers are "frightened" of science, thereby avoiding the

teaching of. it. Anxiety may play an important role,in this avoidance behavior
aaonteachers. , o ,

Studies condticttd by Westerbacle:(1979, 1981a, 1981b) measured changes in

anxiety about teaching science and selected demographic variables of preservice

elementary teachers`: Studies conducted by Hall, George and Rutherford (1979)
and Bethel and Hord (1981) indicate that concerns teachers have about a new
practice (teaching elementary school science) or an Cgovatiion are identifiable

and develolimental. There, As an apparent void in studies dealing with both .

anxiety toward science and concerns about teaching science among.inservice
elementary teachers.

o
.
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AN EXPLORATORY STUDY": STATE ANXIETY AND CONCERNS

ABOUT TEACHING ELEMENTARY SCHOOL SCIENCE

James P. Barufaldi
The University of Texas at Austin

Austin, TX' 78712

Purpose a :

The purpose of this exploratory study was to investigate the relationship

between anxiety and concerns about teaching elementary school science among,

inservice teachers. 0 $
0 4

--,

m The study was designed to investigate the following qudstions:
O ,

.

1. Does a ralationship,exist between state anxiety and stages of concern
teachers have about teaching,science?

2. Do stages of coneerp and state anxiety fodbw the game pattern bf

change among inservice elementary teachers? -

3 What variables account for the relationship betwe9 state anxiety and
stages df concern about teaching science among inservice teachers?

,.,

'The Study
2 °'0

The study involved the administration of the x form of the A-State Scale of
the State -Trait Anxiety InventnryISpielberier, 1970) and the Stages,pf.Concern

' Questionnaire Pall, George and,Rutherford, 1979) to a group of inservice
elementary teachers enrolled in a graduate level Course in elementary science.

Procedure

The subjects (N=19) completed the S tages of Concern Questionnaire (SoCQ)

and, the A-State Scale during theedirst clats meeting and again during the -last
class meeting after approximately 45 contact hours. Correlition coefficients,

t-tests, and multiple stepwise analyses were employed to answer the above-

question).

Results
-a. 1
M A significant relatioqship (p < .05)Was'indicated between the posttest

anxiety scores and.the linear composite of the posttest stages of concerns.
Stages of concern and state'anxiety among the subjects'follow the same patterns

of change. A differente (p < .05) does exist between selected pre and post

means of selected stages of concern. A similar change in state Anxiety was

.also indicated. A difference Li) < .051,44 es exist between the means of

pre and posttest anxiety scores. ^,

Thra independent variables -- college bemester hours of science, minutes per

week teaching science, and the number of years teaching -- contkibuted most to
the relationship between post-anxiety scores and the composite of these

Jandependent Variables.
43
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Discussion
0

-
It appears that state anxitty and concerns allout teachint science may be

`elated' to a more complex multifaceted set bf variables. Subsequent research
efforts will attempt Er) identify, isOiate, and investigate variables whielA may

o directly affect inservace.elementary teachers:sannous state and stage ofigconcern
" about teaching science.

A
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EFFECTS OF STUDENT REASONING LEZAL ON POSTTEST FORMAT

John 11, 4taver
University of Illinois at-Chicago Circle

Chicago,.IL.

Douglas A. Halsted
Evansth TownihipAigh School
- Evanston,,IL 60204

.

,

Research on the effects of subjects' reasoning levels on the concrete/
abstract nature.of the evaluation process in scienct education is less
developed comared to the effectiveness of instruction, The purpose o4 the )

investigators in this study was to search for possible differences in subjects'

perfonsance on concrete and abstract sections of a posttest that could be 0,

attributed to reasoning level. The establishment of such differences could

suggest the presence of a reasoning level X test format,interaction. o m c

Participants in the study were enrolled in chemistry classes at a large

! public suburban high school north of Chicago. Thirty-fil.4 subjects were

claisified as 'concrete thinkers,' and another thirty-five subjects were
.° classiffed as 'formal thinkers,' based on their performance on the Piagetian

Logical Operations Telt, PLOT. All participants then received the tame
'ilsiructional treatment in a four-week unit op chemical bonding. InStructio&

con&isted of lectures, discussions, and'laboratory experiedces in which students

obdarved teacher demonstrations with spaces filling molecular models and actriay
,maniAlated the models themselves to study concepts in khemical bonding.

.
Students -weft administered a posttest quiz folloFing a 'sggment off,;4'

instruction on molecular shapes. The quiz contained one section in which

students were permitted to construct and ManiOulate moleculamodels used
during instruction to answer questions. A second section of the posttest,

required participants to answer qUestions without the aid of the models.
a

A check on the PLOT performance of the 'concrete thinkers' and 'formai'',

thinkers' revealed a significant'(p < .0001) difference in their performance.
The meanscore for the concrete group was 30.17, whereas the Mean score fo7

the fotdal group was 43.23.. An ANOVA yielded an F-ratid of 340.9 .(or 1 and 68

degree's of freedom.

. 1*, o
Resultsof the posttest quiz showed that the 'formal thinkers' did somewhat

better -than the 'concrete thinkers' on the model's section. However, this mean

score difference was.not statistically significant (p < .05), as in ANOVA

yielded anItvalae of 3.292 (p = .0740) for 1 and 68 degrees of freedom.
Participants' perfOtsance on the no-models section of the quiz, however, did

reveal the presence Of ,a-significant difference (p.< .05) in favor of the

,group labeled 'formal thinkers.' Due to the brief length (two questioner) ok
the-no-models section, a Kruskal-Wallis-non-parametric ANOVA was performed on,

`the data. The value of Chi-square, after coriection for ties, was found to be

4.328, significant-at-p = .037. .' --:''

. t o 9

Iv The findings suggest that the reasoning level of subjects may affect the

models and no-modtls sections of the posttest in a different manner. Whereas

this'atudy was not designed to specifically deterMine the presence of a

reasoning level X posttest format interactions its results should be considered

as a suggestieh thatiVh an interaction may exist. The next step is to

. F design an itvestigation,to evaluate the presence of such an interaction If

such an interaction does in fact exist, .then $,fience'teachers should be aware

of its presence andhimpliations for interpreting student ftrformance.

45 '
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ROLE-OF COG;ITIVE'STYLES IN PROBLEM SOLVING

,.
.

,a
1 \ .

.., Kote K. Moaning
University of Nebraska

Donald W. McCurdy
y

Nio'-io Lincoln, NE 68588 4 .4.

7-4
..

g_research in:problem solving is conceived of as beingprimarily
.

concerned with problem solving methods and with degtge of knowledge acquisitiot.
A brief argument IS advanced that this conceptualization is,inamplete because
',of failure to consider individual differences among problem solvers (other

,d than in problem solving methods and extent of knowledge). A viable theory of
,s' problem solving instruction must taWinto account,all three ateas. Evidence

for the argument is presented in the fOrm of data on problemAolvihg in
,

junior high school students with extreme score con Witksn's field independence-
field dependence measure of cognitive style. -..

.-, 4.1,
.

5
.

One hundred fifty randomly selected junior high students in a midwestlik
caty were given individually a series of problems taken from a variety of
existing cyrriculum materials. Each session was audio-taped for subsequedt

.,analysis. Student verbal responses form the data base.

the Group Embedded Figures Test wa used as the measure of field,
0 indepghdence. Tapes ofIthe 20, most s ongly field independent and the 17

most strongly field defepdent students were chosen for the study reported
here. The results indicate that junior high.students have difficulty with
problem solving - particularly problems involving proportional reasving

0 or the control and separation of variables. This'study also demonstrated
that "field independent" students solved significantly more problems than

,1. did "field dependent" students. No sex differences were evident.

43
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CREATIVITY AND THE GROUP PROBLEM SOLVING PROCESS

. Gerald WM. foster

. ,eo

liqaul University
Chicago, IL 60614

This stay was to determine' whether cooperative small groups would
stimulate creativity of fifth and sixth gradestudents more than an
individualized learning environment. Creativilyas defined as a process of

becoming sensitive to problems, identifying thWeifficulty, searching, for
olutions, testing and retesting hypotheses, and communicating the results.
The teem 'cooperative small group" refers to a collection of-intetacting
individuals who share a common goal. -

1
Student aptitudek for creative and academic work were assessed on the i

Torrance Tests of Creative Thinking (Verbal Form A), analysis of student
created electrical circuit diagrams, and a batteries and bults prediction

test. A measure of student perceptions was also used to indicate any changes
in attitudes toward the science activity and the learning environment.
Trained observers also used Shymansky snd Penick's Science Laboratory
Intefaction Categories to record classroom behaviors.

A posttestcontrol group design was used with 111 fifth and sixth grade

students. Half of the populatiANorked by themselves, while the other half
(experimental) worked together in groups of four to five student. Each half
worked in a student-structured environment on she same science activity which
involved create u. as many different'Uypes of electrical circuits from a given

set of betterielPand bulbs as pdssible. It was the same trained teacher who

guided students in the individualized setting and in the small cooperative

grouvl.setting.

Statistical analysis produced the follbwing results:
y

1. Verbal treativity was not differentially affected by the

treatment conditions. This maii,indicate that the duration

of treatment exposure is an important factor when measuring
the effects of learning environments on creativity.

;

2. Verbal creativity was differentially affected by tendekand
grade.. Tetformance was higher for girls oft the fluency and
originality testa; and sixth grade stddentsberformed higher
on all three measureg16 creativity (fluency,"flexibiliti,
and orginality).

" r
WA

3. The small cooperative-groups did significantly better on
creating electrical circuits than individuals working alone

for both the fifth and sixth grades,.

2 4. Understanding of7:electrical circuits was no differentially

affected.by the treatment conditions even-though-the-stgres
indicated both groups of, students had a better understanding

of electrical circuits from being in the study than aom
previous experience. Analysis by gender revealed that bons
did better in the experimental situation mhile,girls dia
better in the control group situation. m '

5. Attitudes measured in this study were not differentially
affectedhy the treatment conditions even hough senores
indicated that attitudes were more positive in the
experimental groups than in the control situ ion.

In general, fifth grade students were mose.positille-tomard both treatments

than sixth grade students. An overall conclUsion,is that fifth and sixth

grade students working within small cooitr'ative grouis can be molli creative
with electrical circuits than students working alone. The implication of this

study is that small cooperative groups should be' used in elementary science
classes when creativit .is one of the instructional objectives.

-5 0
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'WORKSHOP ON INTENSIVE TIME-SERIES DR8IGN

Victor J. Mayer
Peter Pezaro
John Monk

Ohio State University
Columbus, OH 43210

Victor Willson
Texas AO University,

College Station, TX 77843

Carlos Rojas
Ser Institute

Bogota,' ColoMbia

-e

The intensive time-series design has been under development at the Ohio °
State University since 1975. The design involves the daily collection of data
from students in classroom' settings over an extended period of time, varying.
from at least 20 days to as much as 70 days 4n recent studies. Because of the
uniqueness of the design for studying' certain typesof relationilips of
interest in science education and of its potential for the daily and
continuous monitoring of student understanding and attitudes toward topics, it
may be of interest to other researchers in science education.

., The first component consists of an overview of the development of the
time series design and the rationale for the use of the design. The second
component focuses on the mechanisms for collecting data in classroom
situations. The third component would be a discussion of the analysis
techniques that can be used in dealing with data from time series designs.
The fourth and last component would be, a discussion of the potential and
future for the use of intensive time-series Oesigps including current

--developments for adapting the data collection to minicomputer or micro-
, somputer usS.

To facilitate the use of thisesign by other researchei4, a handbook is
being prepared that will:

. 6

a. summarize the development and rationale for the design;
LwRr

.

b. delineate in detail the data collecting procedures;

c. describe the analysis program and explain the computer
output of selected Programs.

This handbook will, be given to each workshop registrant and forme the basis
for the preseiltations, ^

,
6.1
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OVERVIEW:
..

CLASSROOR64ACHING OF SPECIFIC SCIENCE TOPICS . '

*

Cbarle;' Anderson
Jan9X Eaton
Lucy Slinger

Edward L. Smith
-State University

Eait Lansing, NI 48821

ilee°

Science educators have been disappointed in the impact of the, science
curriculum reforminovement that reached its peak in the 1960s. The use of the

activity-based prdgrams developed inlhat movement is declining. Educators

usually explain this decline in.etrms of factors external to the programs: ,

'lack of inservice training, lack of materials, faulty materials, inadequate
teacher training in the sciences, and teachers% reluctance to teach science

in the w4ke orthe back-to-basics movement. Althougg these are definite

obstacles to science teaching,
s-
they should.hot stop educators from taking a

,

good, hare look at the science program materials themselves,

What happens when these external factors are overcome? Do teachers
-0

' experience the kind of success that will help motivate them to continue to

make this effort? What goes wroag when teachers use program materials and hove:,

do the teachers cope? Do students have common and consistent difficaletes

with; them ?. 0 .0

It is now possible to address these questions using ; research methods that

were virtually unknown to science educators when the sconce curriculum reform

movement was at its peak. Funded by the National Science Foundation, the
Planning and-Teaching Intermediate Science Project is using some of these new

methods to investigate, and ultimately to improve science teaching with
available program materials.' Following,are those methods:

I. Cognitive- introspective methods, which allow ut to study and

'c understand teacher planning and teacher thinking as itAactually.
dccurs 9 real school situations (f.g., Clark & ringer, 1979; Smith &

..,

Sendelbach, in press)...
. .

o' , ,i.

... 0.
-fi, .2.. Methods based on cognitive science that reveal hoc( studepts perceive

apd attempt t. make sense of mathematical and scieotific topics 4 '

(Davis, 19811 Larkin, *Demote, Simon, 1980; Nussbaum & Novack,
.-;0,
-

1976). A
.

3. EcolOgical add ethnographic methods for obseeving,and analyzing
classroom aitinction <Doyle, 1979; Florio, 197,9; and Russell, 1981).

.... , .
'

Phase 1 of the troject,.now complete, involved classroom otrgrvations of
. .

18 fifth-grade teachers using eitherlan activity-based prograis,(SCIIS-lhe.
Science Curriculhm Improvement Study) r g.textbook -based program (Laidlaw s'

Exploring Science). Phase 2, now in frogless,isusing thezgeaults of Phasc I
to design revised versions of the program'materi4s. Phase'' will test our e'
interpretations throdgCanalysis of the Use of the revisa materials in

.classroom instruction.
4,

,

31.

This paper set presents ...faults from Phase 1 of 'the project. Two of the

papers are case studies of teachers, one of a searcher sing the Laidlaw programs.

and one of a teacher using the SCIIS program.t.These papers describe the-1A-
problems that the teachers encountered as they used the prograi materials and
the ways that,they coped with those problems. the other two papers focus on `
how the students were affected by the classroom instruction they received,

with emphasis on the differences between theirAyays of understanding the
topics under study and those of their teachers and the authors of the-program

materials. ,

5°
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Paper ill

.

STUDENT MISCONCEPTIONS INTERFERE WITH LEARNING: CASE STUDIES

OF FIFTH-GRADE STUDENTS

Janet Eatpn
Charles Anderson
Edward L. Smith

Hichigan State University
East Lansing, HI 488/4

' Children's conceptions of a wide variety of scientific topics are markedly

different from those of scientthcally trained adults. It seems to follow

that students' preconceptions about scientific topics will affect the ways

that they understand and respond to classroom science instruction. This study

examines in detail the relationship between student preconceptions and classroom

instruction by constructing "learning stories" of six fifth-grade students as

they attempt to make sense of classroom instruction on light and-seeing.

Pretests, posttests, and classroom observation narratives
mom-

served as

' student data. Three of the six students were from one class and three from ,

another. Both teachers were interviewed. The teachers and students were part

of a larger study involving 18 teachers.

The students' pretests indicate that the students held the preconception
that we see'because light illuminates things; they did not underStand the role

of reflected light in vision. The posttests indicate that this pattern persisted

for five of the Six students at theend,of the unit. In spite of good teachers

using a popular text (Laidlaw's Exploring Science), the instructrin was.not '

successful in that conceptual change did not occur, Furthermore, the students;

belief in the preconception contributed to their failure to understand other

topics covered in the uniLsuch as the functioning of parts of the eye.

It appeari that conceptpal change did not occur because student
preconceptions were not considered an either the text or classroom instruction.
Instead students were taught and learned facts about light and facts abotit

seeing. liany of them had difficulty making sense of these facts, as their '

answers on the posttest show. The authors hypothesize that to understand-the

material, students need not only to encounter the scientific conception, but

to contrast it with the preconception. -

52
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Paper 82:

ONE VIEW OF FIFTH-GRADE TErt BASED SCIENCE INSTRUCTION

Lticy Slinger

Edward L. Smith
Charles Anderson

Michigan State University
East Lansing, MI 48821

Rationale

' This is a case study of one fifth grade classroom using the Laidlaw
Brothers Exploring Science textbook. The documentation of text-based science
instruction serves as's complement to other case studies of activity-based
science instruction.

Methods

Ethnographic methods were employed to observe one teacher and her
students as they studied Unit Four of the text (Light). The analysis-la the
teacher's guide served as a basis of comparison for teacher planning and the
instructional process. The planning process was documented by video-recordings
with stimulated recall as well as teacher interviews. -Actual instruction was
pbterved and audio-recorded for the entire six week duration of the unit.
Student seatwork, quizzes and other documentation were also.collected.' Student
conceptions were assessed using pre and posttests.

Results and Implications

This teacher demonstrated a competent and intelligent use of the curriculum
materials. In the instruction, students were presented all of the information
cpntained in the text, as well as teacher det&mined supplemental activities.
The teacher demonstrated effective management and effective teaching traits ,
and her ability to motivate students to learn was observed throughout the
unit. L.

The teachers' organizational skills were also observed in the planning
progIts. filer planning procedures were notable in that she gale great attention
to Learning outcomes of instruction. She accepted the text ai authoritative
and had established a set routine for instruction for each chapter of the
text.

Th teacher's overall response to the unit was favorable, she expressed
confide e that most students learned a lot. Howevet, the assessment of
student conceptual growth indicated that less than half (44%1 of students
understood basic concepts of light and vision at the end of the unit. Thus
the teacher's satisfaction with student learning was only partially justified.

This cast study is worthwhile for two reasons: 1) it documents how a
highly skilled teacher adaptcd a unit from g,science textbook for use in-hsr
classroom and 2) the difficulties experienced by the students raise question
about the design of the text.

F
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Paper #3

PLANTS AS PRODUCERS: A CASE STUDY OF ELEMENTARY SCHOOL
SCIENCE TEACHING

/
Edward L. Smith
Charles Anderson

15Ichigan State University
East Lansing, HI 48821

This study is part of a larger study intehtigating teachers' use of
program materials in planning and teaching speciN science topics. The

study's objectives were to:
102

1. Describe instruction on the topic including similarities and
differences compared td the suggestions in the teacher's guide,

2. Analyze the ways in which the teacher's planning and teacher's guide
influenced the.clissroom instruction.

3. Analyze changes in student conceptions and their relation to .

Instruction.

Information was obtained from analysis of the teacher's guide, video-stimulated

recall of teacher planning,, classroom observation and audio recording, formal

end informal interviews, and pre and post-instruction adminstration of a test
designed to reflect alternative student conceptions.

! The study is written -as a running account of the course of instruction
followed by an interpretive analysis and discussion of implications. The

, paper is intended to be useful to practitioners as well as researchers.'

In her planning, the cake studl! teacher emphasized attention to intended
student learning. She inched a large portion of the program in actual
instruction with the addition of discussions or changes in sequence or content
constituting the most frequent kinds of modification.

On the pretest most students appearet to believe that plants do need
light to grow, grow better or be healthy, but none demonstrated an awareness of

the role Qf light in photosynthesis. Many students also appeared to think of
water and fertilizer as "food" for plants. The teacher expressed surprise and

'frustration at the persistence of such beliefs. The teacher believed that the

adtivities had not worked because the students had not come up with
photosynthetis on their own, even though the teacher's guide anticipated this
and called foOthe teacher to introduce this concept. To overcome these

problems, the teacher used audio-visual aids-to teach about,photosynthesis
and what plants need for growth.

On the posttest, about half the class cSnld successfully apply thei
understanding of the seed and photosynthesis os. plants' sources of food. Even

these students, however, remained confused as to what food is for plants.

Contributing to the teacher's frustration and the failure of the
activities to "'work" yere:

1) the teacher's unintended modifications of the program's instructional
strategy, especially the coordination of certain discussions with
available evidence, and

2) the teacher's initial lack of awareness of the students',
preconceptions and their tendency to persist.

a

Both of these problems resulted in part from the content and information
overload imposed by organization of the teacher's Aide and the way the
teacher used it in planning.

, "
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9 The results of this and related studies suggest that problems with
activity-based programs themselves as well as external barriers must be
overcome if teachers are,to experience success in their use: A major problem
may be the inadequacy of the teacher's guides to help teachers plan instruction,
and especially to help them anticipate and deal with students' preconceptions.
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Raper #4
. .

STUDENT CONCEPTIONS-OF TWO TOPICS TAUGHT IN

FIFTH -GRADE SCIENCE: TEST DEVELOPMENT AND RESULTS

Charles Anderson
Edward L. Smith

Michigan State University,
East Lansing, MI 48821.

)

Learning about science often involves a process of conceptual change.
Students must abandon preconceptions in favor of more mature or scientific

conceptions. This pap4r describes the development of group administered testa..,,,

\:)
thattassess the degree to which conceptual change takes place in students
studying two, topics from popular elementary school science programs:
Producers (from the SCIIS Communities unit) an'd Light (from. the Laidlaw

Exploring Science text).
. ?

The tests'and analysis procedures were developed through a five-step

process. First, teacher's guides from the two programs were analyzed for the
purposes, of defining the goal conceptions that, the students were supposed to

understand as a result of instruction. rest items were then developed, and

the tests were piloted and revised. The third step was data.colleetion, ih
which the Light test was administered before and after instruction to about

9 17.0 students, and the Producers best was similarly administered to about 250'

, students. The fourth step was the development of formal'descriptions of the

most common student Preconceptions. Finally, response-coding and scoring ,

procedures were developed which made it possible to distinguish (a) students°
who believed the preconceptions, (b) students who pnderstood and believed the
gdat conceptions, and (c),students whose answers were inconsistent or confused,.

Results -indicated, that before instruction students' beliefs were dominated

by,precopceptions. The most important of these preconceptions are contrasted
with the goal conceptions defined in the prograin Table 1.

Table 1: Contrasts Between Common Student
Preconceptions and Goal Conceptions

44.

Issue Common Preconception Goal Conception

Light' ' ,:

1 )' How do we see Light shines orror.brightens

it? objects so that our eyes can
"see them directly.

2) What is color?, Color is something thatcan
be added to either light or
objects dround us. *Light
reveals the color of objects.

Our eyes detect 9

reflected light that
has bounced off .4
objects around us.

Color (wavelength)
is a property of
light. Objects /-

appear colored
'because they'reflect '

some colors of light

. While absorbing
others.

Pr oducers
1

. 1) Where do plants.,
f, get thek.food?`.+

:

Plants get their food from
the sell, in tile foxy: of water .

and/or c

2) Why do plants ' bPlants nced light.tdstay
need light? green and healthy.

4 ,

§prouttns seeds use
food stored an the
cotyledons. 'Mature
plants tie light to
make the An food.

Plants use light
energy to make their.

food.

4 56f,
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Posttest_results indicated that the beliefs of most students were affected

by instruction. However, students who came to understated and believe the goal

conceptAis were in'the minority. Hore 5o on were students who retained some

or all of their preconceptions. Evidence of confusion or contradiction in

4 students belief systems was also common on the posttest.

These results are signifidant for. two reasons. First, they'add to the

literature on. children's conceptions of scientific topics Stcond, the tests

.provide a means, of assesswg thd effects of instruttiok at a deeper and more

meaningful el than is rffrtally dolie. In this case, the test results shed

doubt on th ffectivenets of theSCIIS and taidlaw program materials, as

actually used, for promotiftg conceptual change.
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4
INVESTIGATING LEARNING MEDIARS IN THE°

kLANETARINM CLASSROOM

. ,

Thomas W.aGiles
Hempfield Area Schools
Greensburg, PA rsol

Paul E. Bell '

Pennsylvania State University
University Park, PA 16802

'The purpose of the investigation was to compare /he effects of advance
organizers and clusteiing as mediators of learning in lessons presented at a
planetarium. The comparisons of the treatments were made at various ability
track levels in order to compare interaction effgcts.

This investigatioh examined effects of ,mediators on learning in the
planetarium. A related.question posed by this investigation asked id design
of the instruction can aid lowers ability trackistudents an reaching performance
levels comparable with students of higher acade9ic ability.

Theicheme of the study was a nonrandomized pretest/posttest, design with
senior high school students in an intact school system as subficts of thee
study.

Thirty six class sections includihg 832 students participated in the.
i nvestigation. Nine Maas sections werg randomly assigned to each treatment;
therefore, there were thane class sections from each of the three academic
track levels assigned topach treatment. The control treatment oups were
instructed without the benefit of the learning mediators, clustgasng, or
advance organizer's. Tge other treatments included groups igstrated with
benefit of clustering, advance organizers, and a cinbination of these mediators
ofIlearning.

The instrument used for the 'lest and posttest Aas designed by the
-

'investigator for.use in a 1978 preliminary study compiling these treatments in
the planetarium. The internal consistency was established through the Kuder -
Richardson 21 formula. The content validity was established by a faculty
Committee representing all departments at Hempfield Area Senior High School.

An analysis of variance was conducted with the means of the posttest
scores to investigate treatment effects of academic level, and interactions.
The general linear model was performed to further -study regression and
interactions: Tretments and levels were compared by the Duncan Aethod.
Individual treatments and levels of academic track were compared by the

4 Gchgffi method.
,

ihe treatment group receiving both clustering and advance organizers in
the instruction preformed signkfiOntly higher on the posttest then any other
treatment,groull; however the cldsteringtreatient and the advance organizer
treatment,sach.produced significantly higher'performance it;an ti control
treatment. /110.

0 M

The investigation produced data that indicate that the multiple'dce of '

mediators of learning can significantly improve learning outcomes of planetarium
presentations.

Studies that have reported planetarium learning to be dependent on
characteristice'of the teacher should be questioned in light.of the information
gathered by this study. This investigation determined that one teacher utilizing
different mediatori of learning can bring about significantly different learning
OUtC01,15. -
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'ATTENTION,AND.CURIOSITY IN INFORMAL SCIENCE SETTINGS

f

John J. Koran, Jr.
Jeffrey R. Lehman

Luisa Gandara
Laura ,Morrison
Mary Lou Kotan

University of Florida
Gainesville, Flv32611

ob

tl

Two hundred and thirty-eight museum visitors of all ages were observed

as they entered the Object GAlery area of the Florida State Museum. ;.Visitors

were observed under conditiqns where objects were available for cloWinspeCtion,

but could not be manipulated (baseline data) and later when the same objects

were placed on tables and were available for visitors to touch, move, and use

a variety of senses ,to inspect them (intervention data). Data were recorded od

the number, sex, age and4time.Ss spent in this area under' each of the above

conditions.

The results obtained show a significant increase in the number of visitors

entering thil section of the museum when manipulatable objects were available :'

Baseline data showed that 58.5% of the people who entered the Object Gallery

we* into the drawer section. However,- when manipulatable objects were present,

this increased to 82.3%.
4

Chi aqua analysis was used to determine whether enterini the drawer

sectiondepe agNt lex. It was found that more children entered the

drawer sectio adults (p0 < .05) and more male children entered than

female children (p. ri .05). Chi squalre analysis was also ushd to determine '

whether the presence of manipulatable objects in the area increased the number

of people who entered this area. They did! (p. < .05). It was also found

that the total time spent in this section did not increase from the baseline to

the manipulative treatment., Howeverf the time children spent in this section

did increase when manipulative objects were readily available.

These data are supported'by considerable curiosity research indicating

that both children amld adult's are attracted to novel as well as complex

stimuli which ca&be'Manipulated in both formal and free-choice environments.

The data also support the growing movement to hands-on exhibits in natural

history museums and science centers'around the country as well as bands-on

classroom activities from the perspective of their attention attracting and

'holding power and their curiosity invoking
characteristics. 'Faiether these

positive factors also lead to increased-knowledge or skill development is a

question yet to,ba explored!

O
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Session. D.4

THE IDENTIFICATION AND REPRESENTATION OF
STUDENT KNOWLEDGE CONCERNING DENSITY

Mariana G. HeiAon
University of the Witwatersrand

;Johannesburg 2001
Africa

The problems of learning science facing Western and non-Western students
are fundamelLtally,the same. For both, the problem concerns conceptual change
from existing knowledge, i.e. knowledge accumlated from everyday experiences
new scientific knowledge, i.e.' formalised knowledge concerning natural phenomena.
The difficulties experienced by non-Western students are gr.s.141.4egng.fied by
factors sucg as their cultural and religious beliefs, social and physical
environments and language.Revertheless the findings of this cross-cultural
study have implicationslifor both Western and non-Western science education: In
this study on attempt has been made to identify, and represent the knowledge
structures of h particular group of students in a particular subject area,
namely density, and to Compare the identified knowledge structures with those
involvkd in the orthodox scientific version of density.

' The study includes'a description of the use made of these knowledge
''.

structures by representative students in solving the problem of why some
&bjects float and others sink in water. The issue of the role played by the
ability to use relational thought versus the possession of appropriate knowledge
structures in solving probtems 'is discussed in the context of the results in-
this study. 4h

6
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CHILDRENS' ALTERNATIVE FRAHEWORKS.AROUT MOTION

Sylvia Leith.
University of Manitoba "

Winnipeg, Manitoba R3i42N22:

t
A study was conducted in which tasks from Piaget's work on movement and

speed were modified and adapted to the class task format. Groups of children'

of ages 7 to 12 in England and Canada were given the tapks and the results

analyzed. All attempts at assigning developmental levdts failed, both in the

present study and a previous related one by Adey.

The children's acquisiton of the the concepts did'not correspon46with

Piaget's work or with Lovell's. Reversibility, intuition of speed, and the

understanding of relative movement and distance were attained considerably

later for both groups of children. Concepts of acceleration were not

understood until after age 11 for most children, These findings have support

frost Robertson's and Richardson's research on tame, speed and distance.

The data from this study were subsequently -an yzed using the children's

incorrect responses as well as the ages at which most children understand the

concepts of motion. tiors thisiinformation hierarqlaies of acquisition of

concepts of motion for the sample of English and Canadian children were

developed. It was also noted that the children's incorrect responsesktere
similar through the ages of seven to twelve until they finally gained the

correct understanding. a

The findings of thiAhltudy agree with the 'alternative frameworks' proposal

of driver which states ORIrchildren develop their unique reasons for phenomeha

they do not understand. The importance of this concept is that teachers must

find out what alternative frameworks the children possess before they proceed

to Elan instruction. .
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STUDENT UNDERSTANDING OF CHEMI.CAL EQUATION BALANCING

W. L. Yarroch
University of Wisconsin
Madison, WI 53706

1110

Fourteen high school chemistry students from two different schools were
interviewed in depth on how they balanced simple chemical equations, the
knowledgeothey employed while balancing the equations, and their representation
of the balanced equations with diagrams. The equations were of the type
employed when students are first introduced to chemical equation balancing in
high school.

All students were ableo successfully balance the four equations presented
to them. However, seven of the twelve students were not able to construct
diagrams which were reasonAbly consistent with the notation of the balanced
equation. It was further noted that these same studentspoisessed very poor
understanding of the concept of 'the chemical subscript and were willing to
violate the balancing rule which states that subscripts are not to be changed
while balancing equations. The five students who were able to make consistent
diagrams also possessed good concepts of subscript and the balancing rule.

9
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CAN STUANTS BE TAUGHT BY ANALOGY?

1-onald J. Polland
Florida State University
'Tallahassee, FL 32308

n-

Although the literature is replete with claims about the facilitative

effects of analogies on r soning and learning, few empirical studies have

been able to substantia these claims. Despite their-pdtential as classroom

learning aidi, analo ,have not been widely implemented because of the lack

of consensus as to' at analogies are and how they should be appropriately

used in instruct n.

A model has been proposed for systematically designing and validating

instructional analogies. The model also serves as a means for cl'arifying

the conflicting conceptions and divergent assumptions about analogy function

that exist in the eduCational literature. The model allows selection and/or

creation of analogies for different content areas and different learning

outcomes. The model is based on the theory of qualitative analogy attributes

Ahalogies are theorized to have five inherent characteristics: familiarity,

imageability, meaningfulness, relevance and complexity. Familiarity is the

amount of prior exposure to the concepts and relations in'an analogy. '

Meaningfulness is the amount of information contained iyhe analogy. Relevance

is the degree to which the analogy info oration foists an ideational link to

instructional content. Complexity is the expaosilieness'of the ahalogy; i.e.,

how far it can be elaborated. The model provides a 'reps for assessing the

potential contribution of an analogy to the learning outcome.

4
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OVERVIEW:

A META-ANALYSIS OF MAJQR SCIENCE EDUCATION QUESTIONS

Ronald D Anderson
University of Colorado

Boulder, CO 80309

The recent appearance of meta- analysis hasprOvided a useful tool or

integrating and interpreting the results of science education resea While
this technLque is being applied to a variety of specific science ed cat n

questions, it has the potential. to provide even more information if pp led to
the totality of existing science education research. Such an approac is possible
if the integrative review of research focuses upon the major research uestions
in the field, gives appropriate attention to the subquestions subsumed u er
each majnr.question, and provides for integration of data on the variables hat
pertain to two or more of these major questions.

Such an endeavor has in fact been conducted with financial support from
the National Science Foundation. Within the conceptual framework described
above, approximately one thousand research studies have been integrated, and
the results provide the basis for a compendium of interpretative and integr
statements about the major questions addressed in the science education
research literature.

Thg'questions addressed were as follows:

I. What are'the effects of different curricular programs in science?

II. What are the effects of different instructional systems used in science
teaching (e.g., programmed instruction, mastery learning, departmentalized
instruction)'

III. What are the effects of different teaching techniques(e.g., questioning,
behaviors, wait-time, advance organizers, testing practices)?

IV; What are the effects of different pre-service and in-service teacher
education programs and techniques/

V. What are the relationships between science teacher characteristics and
teacher behaviors pr student outcomes?

VI. What are the relationships,be6een student characteristics and student
outcomes in science?

The actual Coding and analysis work was conducted by researchers located
at seven different research centers ;cross the United States. At each site an
Individual or a team of up to three researchers conduCted the work. Pxior to
the beginning of this work, all of the researchers involved attended-cm week-long
session for training and coordination of efforts. This paper describes (1).
some of the overall characteristics of the science education literature
identified in the project and (2) the consistency in findings across the
several meta-analysii questions in those instances where there are related
areas.

1
One.result of the project was the clear identification of dissertations

...the best source of information rather than journal articles, when the .

-findings-have been morted in both forms. lethis project microfilmed copies
of, dissertalihns-wedkuSed for the meta-analysis In all cases where the
research had been taducted as a dissertation project. Although they take
much longer to code, the aiii contained in such sources are much more complete,
so that dissertations are far bettii-avurces of information.

Varioas summary tables are presented. which are based on the other papers
in this paper set and shoe thd consistency of, findings across the several
individual research endeavors.
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Paper #1

THE EFFECTS OF NEW SCIENCE CURRICULA
ON STUDENT PERFORMANCE

William C. Kyle, Jr.
s, James A. Shymansky

The University of Iowa
Iowa City, IA '52242

Jennifer M. Alport
University of Natal

Republic of South Africa 4001

4.0

Elementary, Junior high, and secondary school science experienced a
tremendous curriculum development and growth beginning in the late 1950's,

through the early 1970's,'that can be described ohly as phenomenal. The

public became very science and technology conscious following the historic
launching of Sputnik I by the Soviet Union on October 4, 1957. Numerous
"alphabet-sour science curricula were developed to rekind nt interest

in science and to upgrade the apparent lethargic science in the

schools: Since the inception of the NSF sponsored curricu ment era

there have been numerous evaluation efforts to assess the of the new

curricula versus traditional science courses. The question as healer the

newly developed curricula were any "better" than the traditional co rses

became a leading issue in science education.

The large body of research on the effects of the new curricula is generally

viewed as inconclusive. A brief scan through the literature reveals th t some

studies claim that the new curricula facilitate cognitive and/or affective
achievement while others claim they do not. After 25 years of sporadic

implemenation and more than 5 billion dollars spent on K-12 science improvement
(Yager, 1981), the question of how effective new science curricula actually
are in enhancing student performance is still unanswered.

This study sumarizes the results of-a quantitative synthesis of the
retrievable primary research dealing with the effects of new science curricula

on student performance. This study synthesizes the results of 105 experimental

studies involving more than 45,000 students and utilizes the quantita4Ive
synthesis perspective to research integration known as meta-ad5lysis (Glass,

1976). A total of 27 different new science curricula involving one or more
measures of student Performance are included in this meta-analysis Data were

collected for 18 a priori selected student performance measures.

In addressing the overall question of new science curriculum effectiveness,
the data are arranged in three broad categories: curricular characteristics,

student or teacher factors, and study design features. The variable analyzed

in all cases s student performance measured in terms of the meta-analysis

common metric known as effect size.

The results orthis.meta-analysis reveal definite positive patterns of
student performance in new science curricula. Across all new science curricula

analyzed, students exposed to new science curricula performes1 better than
students in traditional courses in general achievement, analytic skills,
process skills, and related skills (reading, mathematics, social studies and
communication), as well as developing a more positive attitude toward science.
On a composite basis, the average student in new science curricula exceeded
the performance of 63% of the students in fraditional science courses.

11/1
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. Paper #2 .

A META-ANALYSIS OF RESEARCH ON PRE-SERVICE AND IN-SERVICE
SCIENCE TEACHEREDUCATION PRACTICES DESIGNED

TO PRODUCE OUTCOMES ASSOCIATED WITH INQUIRY STRATEGY

Gary L. Sweitzer
Upper Arlington City Schools

Columbus, OH 43221

This study examined the discrepanty between educators' expectations for
inquiry behavior in teachers and the actual status. A quantitative assessment
of .the existing research on training outcomes, teacher inquiry behaviors and
the techniques and procedures used to obtain them was made.

" Inquiry addresses those teacher behaviors that facilitate student
acquisition of concepts and processes through strategiestsuch as problem-

s.,
solving, uses of evidence, logical and analytical reasoning, clarification of
valuer, and decision makink. The sfuantitative assessment was undertaken using
the Method termeemeta-analysis wherein an integration of studies is attained
by coding the criterion variables and expressingthe outcome variables as
effect sizes. Because of the variability in the research reports, factors
that affect meta-analysis were examined in addition to those associated with
inquiry behaviors in teachers. StudiesAfrom 1965 to 1977 were located and
reviewed.

Studies which contained sufficient data for the calculation of an effect
sfze were coded for one hundred and fourteen variables. These variables were
divided into the following six major categories: study information and design
characteristics, teacher and teacher trained characteristics, student
characteristics, treatment description, outcome description, and effect size
calculation. A total of sixty-ei,ght studies resulting in 177 effect size
calculations were coded. Mean effect sizes broken across selected variables
were calculated and correlation and analysis of variance were used to
investigate relationships among criterion and outcome variables..

A

.11.

The effect sizes measured on teachers were distributed as follows:
sixty-two from journal articles, eighty-four from dissertations, and seven
from unpublished sources. Analysis of variance of the effect size means
associated with these Aources was significant at the .05 level. Ninety of the
above effect sizes were associated with outcomes consistent with inquiry

7.. strategy and resulted in a mean of 1.054 and a standard deviation of 1.547.
Strong correlations existed among many of the criterion and outcome vankables
and further enumeration of mean effect sizes across variables of interest was

o presented.

Themethod of calculating the effect size and the source of the means
used for the calculation were each found to contribute less than one percent
to the variance of the sample. The form of the document/supplying the
information for the effect size calcRlation,correlated .lath effect size
significant at the .002 level and thd measurement method correlated with
effectsize at the .007 level.

If other studies support the findingse this study,some of the practices
used in meta-analysis may strongly questioned.

to
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Paper #1

A META-ANALYSIS OF TEACHING SYSTEMS IN SCIEgeE

;
John B. Willett

June J. M. Yamashita
Stanford University
Stahford, CA 94305

'

Ronlld D. Anderson
University of Colorado

Boulder,,,CO 80309

This paper is a report ,pf a meta-analysis on the question: "What are the

elects of different instructional systems used in science teaching'," The

fbllowing definition was employed:

An instructional system is a general plan for conducting a courvb

over an extended period of time. It is general in that it ofted

encompasses many aspects of a course (e.g., preedntaton of content',

testing, size of study groups). Examples of instructional systeafs

are: mastery learning, competency-based instruction, programmed'
instruction, modular instruction, mini-cpurses, ability grouping,

team teaching, departmentalized versus self-contained, diagnostic -

prescriptive instruction, independent studies/ projects; computers

managed or computer-a'ssisted instruction, audio-tutorial.

The studies utilized in this meta-analysis were identified by a process that

included a systematic screening of all dissertations completed in the field of

science eduCation since 1950, an ERIC search of literature, a systematic-

screening of selected research journals, and the standard procedure of

identifying potentially relevant studies through examination of bibliographies

of studies.reviewed.

The final coding 4ieet employ consisted of the following eleven sections,

each with a number of c ing variables:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

identification of the study;

student identification (treatment group:

context characteristics (treatment group:

teacher characteristics (treatment group.

.design characteristics (treatment group.

control group);

control group);

control group);

treatment characteristics (treatment group. control group);

features (treatment group: control group);

group structure (treatment group: control group);

materials (treatment group: control group);

(10) outcome characteristics;

(11) effecyfriae calculation.
/

In all, the 130 studies coded gave rise to 341 effect sizes distributed

over the.years 1950 through 1980, with the bulk of effect sizes being obtained

in the years 1961 throlIgh 1974. The mean effect size produced over all systems

was 0.10 with a standard deviation of 0.41, indicating that, on the average,

an innovative teaching system in this sample produced one-tenth of a standard ..
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deviation better performance than traditional science teaching. Mean effect
S'izes were also computed by yearof publication, form of publication, grade' .

level, student assignmenk toes, subject matter, type' of outcome criterion,
origin of instrument used, method of data analysis, as well as'type of teaching-.
system. . 0
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Paper ill,

I
A META-AnALYSFS OF THE IMPACT FIF AFFERENT SCIENCE TEAGHING

TECHNIQUES ON ST14)ENT ACHIEVEMENT
4

C. Wise
James R. Okey

-Universiti of Georgia
Atherisi-GA 10602

Objectives

This study is a meta-analysis of theAquestiin "What are the effects on

achievement of different teaching techriiques1" Welve categories of-leaching

techniques were speciTled. Among these aneThestioning, wait-time, testing,

focusing, approa , inquiry or drscpvery, audlp-visual

an teacher direction.
a .

t"

' 1A quantitative overAew ;al how teaching techniques an4other important

varlibles are a;siciated with strident achievement has impoinnt implications

for teaching as yell o'?esearch. This is acOmplished through meta-analysis.

r, . .

Methods
2'

A" ,o
--. .

Reports and documents in the'sctence education lite atura Yre'Allected

and examined to determine features of the studies (e.g., number of Students,

e
content area, context characteristics) and the effects techniques used.

A coding form was then developed to allow for the unifor examination and

recording of 76 variables from each study..
*A.

podanding process involved examining each selected Study to determine

and r rd values for as siany of each of the variables as possibl1e. One or

more effect sizes were calculated am0,coded for each stn ky. In eirlis" investigation

the effect size is a standard measure of the'difference between an experimental '

teaching technique and a traditional method.

To compute effect size when comparing an experlmental teaching technique

to a control method, the mean oflipe control group is subtracted from the mean

of the experimental group and th divided by the standard deviation of the

control group. A study results in multiple effect sizes when there is more

than one experimental treatment or when there are two or.more post measures.

Data Sources

4 Initial selection of studies for coding was based oh title. Over 300

microfilRed dissertations covering the past 30 years were selected and provided

by the ERIC 06ter at Ohio State University. Semi 20400 ERIC sciences abstracts

.

were,rev ewed and auitable studies were obtained locally qn acrofiche. Finally,

ar e titles were reviewed in all issues of the Journal of College cience

achin , the Journal oT Research in Science Teaching and issues of Science

duca

,

rade sixxt0 college freshman.

di' .

esults

I: Altotal of 411 effect sizes representing 160 studies Are,produced for
the question "What are the effects on achievement of different teaching techniqueq?"

The mean effect size overall was 0.336 with a standard deviation of 0.414.

Thus, for all samples consi4ered the experimental science teaching techniques

' on the average resulted in one-third of a standard deviation improvement over

traditional techniqUes.
4

More tha 20 other variables such as class size, community type and

scie'nce subject area were cross-tabulated with effect size,'.

4

-.
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'The meta-analysis-of the impact of different teaching teChniQues is partit 1.. .

of a concerted effort to gamine seven ateah of science'educetion judged to be
ei sufficient importance to justify an effolt to Integrate the research. The.
findings of this effort tan provide ,a valuable data bank for practitioners,
researchers tnd Wier decision makers. ,
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Paper #5. .

A SYNTHESIS OF RESEARCH CONCERNING INQUIRY TEACHING AND

ADVANCE ORGANIZERS IN SCIENCE EDUCATION

Gerald W. Lott
. .Hichigan.State University NI,-

East Lansing, HI, 48821

A

This study involved the coding, of 128 characteristics for 72 studies

which spanned the period from 1956 through 1980. The coding variables included

57 which were concerned with features of the trearment while 12 were concerned

with outcome attributes. 'Aspects such as research methodology, sample .

characteristics, and instructional experiences Were examined quantitatively in

terms of their relationships to the
efeatment effects through the use of a

common metric for 311 studies as defined by Glais (1978).

.
Three areas of research were explored: the comparison pf the inductive; .. .

vs. deductive approach, the use oi,advance organi;ers, and the leverof inquiry

of the learning experiences. Tie data analysis procedures involved the use of

the exploratory4data analysis methodology 134ey, L2*.
Exploratory data

analysis has the potential for clarifyingoanterrehtlonships end giving direction

to the science'education research effort. The. intent: Jas thus to formulate

kmplications and questions for further research and to prOVide directions for

research programs through the refinement or expanfton of the ,research effort.

' .
.....' - 1. .

The discovery of relationships betVeen effect sites and study characteristics

involved the comparison of tffect sizes itross the6-levelof each descriptive

variablJ for each o'f the.threv!defined,research
topics- This included the

Feview of correlation boefficients across
study characte'risticso the examination

of studydesign charactekistics in relation'to effeet size, and treatment

characteristics in relation to effect size., et,

1 '
.

.
10

, .

. °

This meta- analysis for th, research
variablei' examined may provide a

foundation for the continued exploratim of learning and, teaching in science 0

_education. The results of thistantlysis have influenced the fol-mulation of

conjectures concerning treatment effectiveness and have provided needed,

information for ;stablishing methodological and
investigative directions for

future're'sSarch. '
..

,

, , . f

It is hoped that the coding variables formulated,for this study can

provide a beginning framework for the design and communication of research

characteristics in future studies. The lack of descriptive information

in the coded studies resulted in the inability to explore complex interactions

' and the effect of confounding variables not addressed in individual studies.

tek
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Paper 06

A KM-ANALYSIS OF THE TEACHER CHARACTERISTICS,
TEACHER BEHAVIORS AND STUDENT OUTCOMES IN SCIENCE

Cindy Druva
University of Minnesota

,Minneapolis, MN 55455

Th4 question addressed oas the` relationship between teacher backgroUnd
characteristics (gender, coursework, IQ, etc.) as the independent factor, and:
(I) their teaching behavior in the classroom (questioning behavior, teaching
orientation, etc.); and (2) student outcome characteristics (achievement,
Ittitude toward science, etc.) as the two dependent factors.

=
44a

The population under study was science glasses, ranging from kindergarten
through twelfth glade, located in the Unit* States, and the teachers of theseclasses ,

The studies coded under this
joianal articles, and unpublished articles stored on microfiche.

Protocol fesi Coding

I The statement Of the problem addressed'by an article was reviewed to, see
trtte study actually fell within the boundaries of the question, If the
study pertained to the question at hand, it was given a study number.

In dissertations, the methods ceapter-was_referenced to find descriptions
of' instruments used, the composition of.the sample, and the'statistics
.used.

quation came from three lilaurces: . d.ssertations,

2

3. The chapter relating study results was eh consulted to code reported
' statistics: All statistics were convefted tb Searson product moment

carelatiebs. If.the statistics reported were in a form that would
relive a,higlidegree of manipulation to-reportfin the form of a Pearson
So nflation, 'the appendices were refetenced to see if raw data were
reported. If statistical manipulation was required, notes were ma,de at
the en4'of the coding sheet.

7
4. Difficulties in codiqg were carefully noted so that procedures for solving

these,alificulties could be referenced when they were agaircencountered
insubsequent studies.

40( .1Analysis

.
...

. Use was made of the SESS package. The data. were first sorted into criteria
that related to;studeht outcome and acher behavior. Data were then ' 4
sorted by the %titles of the ctitiffoiletaable within each of the sifate

.
.

,(student outer.* and teachethehavlor).
.._ , i

-, .. 4k.
Tor

`t
each value of;the.'eriterion variables, a test was made to check whet4ew I

4 specific teacher characteristic had been studied as correlatiiig with the'
criteria If a Tralatioh was reported for. that teacher chargieteristic (a , .

specific predict r): the correlation was repotted along with several Oontextual
A

variabla of the study, and an-average calculated of all thoseAtudes in a ,-,
,

' r

category relating a specific triterion with a teacherchara.sterisStc.

....." .

In general, quite low relationships we found between teacher background
characteristics and (1) their teaching hehaWir in the classroom and (2)
studentubcome charictecisties. Silmmary tables shbwing all the relationships r '

have been praared and wily be presented. , .

. . ' .
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Paper #7

WHAT ARE THE RELATIONSHIPS BETWEEN STUDENT CHARACTERISTICS AND
OUTCOMES...IN SCIENCE?

, ,

lark R. tea'Ione

Lynette Fleming 7
University of Colorado

13641der, CO 80302 .

A meta-analysis procedure was employed by researchers at the University
of Colorado to study relationships between student characteristies and student
outcomes in science The Investigationsoncentrated on three main 'areas of
student eharacteristtes. academic ability, personological factors, and

, personality chaActeristics. The study was restricted to only those
investigations conducted with kindergarten through twelfth grade students in

41taUnt.tad-States since 1960.

The search process for locating relevant studies involved review of.
pdblished dissertation titles and absYrages, research summaries, entire .
collecttonsbof science-related jounrals, referral& of articles from other
universities, and computer- generated searches. A total of 169 studies was
coded for the project. Of these, 72% were dissertations, 24% were journal
articles, 3% were from fugitive documents, and ,1% were from NAEP data. Althobgh
NAEP data accounted for only 1% of the studies., it accounts for a much larger
proportion of the data b3se. Data for,personologicaL factors were analyzed
with and without tnilusi% of the NAEP data for comparison.

.,

. . Apr
In addition to reporting these data, an attemprwas madeto det.4D ermine

.

whether,resufts.'were consistent across,several factors. To this end, data
were collapsed in several nays. contgt and level by cognitive variables, .

content and level by affective! variables, and level by specifiC criterion
measures.

L
i

0
The data were also organized by crtterion types liSting the best predictors

of each student outcome. For instance, the strongest relationship detebmined,
by the present study was acorrelation between elementary s tence achievement
and Verbal SAT scores Cr = .48) a eclotely by a cor latien betweenillowe

*/?4Aelementary science achievement and language ability'(r .48).

. .

Generally speaking, the strongest predictors of student outcomes in ; ,

scien were foeftSamonethe variops measures of academic ability. This was

folio% by personality characteristics and, finally, personologieal factors

tIt sho Id be noted that even the weakest relationship between student outcomes
and personolngical factors is of intereSt. The'useof the effect siie,measure,
for these ractors has enabled the present authors to show not only the direction
but also the strength of thete relationships. Generally speaking, the relationships
between race, SES, or'sex and iCtudeitts' outcotes hale shown small%but very St

consiptent differences favoring whites, high SES, and males. However, interesting ,
exceptiobs to these trends hav been noted, particularly In the area of affective
measures.

. ,
..._

After-pursuing a large numberof studies related to student characteristics
and science outcomes, the authors are prepared to comment on the state of the
literature. Topics of consideration are. the quality ant organization nf. .

studies and how this affects the ability to code them in a meta-analysis form,
the time period during which most stediet on a particular topic have been
investigated, suggestions for further research and suggestions for others
interested on Conducting meta-analysti. .

01411i
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THE EFFECT OF WAIT TIME"FEEDBACK ON,TEACNER-STUDENT INTERACTION
IN CLASSROOM DISISION

J. Natharl'Sw*
C. Thomai Gooding

State University of New York at Oswego!
Osweio; NY 13126

variable in research on scle'd teaching.: ThisPproject investIgated the

Watt tulle, the duri ton tteacheropauses after que ions, Is'an Important

effects of tncreaping teachers watt tunes on general qdesttonfrig skills In
science teaching. In previous research, the influence of watt time training 0
has been confounded with inseructtoo In general questioning skills, making It '

diffiCult to test the hypothesta that Increasing the watt time will by itself
Improve classroom discussions. In th.s project, these variables were separated
through the use of four treatment groups made up of science teachers. One .1'

group received Instruction In watt tate using a newly developed electronic
feedback device that monitors the duration of teacher and student pauses; a
second group received Instruction in general questioning skirls; a third
group received both types of rnstiuction; a,comparison group received no
Instruct-ton of either type. Audio tape recordings of clavtoom interaction
were analyzed In terms of teacher questioning behavior (Including watt time as
well as other variables) aqd'student responses.

a
Printed materials produced only a slight increase in the teacher's wait

times. Theoise of the feedback devices caused the teachet4 Ed increase their
watt Woes significantly. Interaction effects were also significant, favoring
those who had access to the devices wahout the additional complication of
reading the written materials. Treatment effects were maximized at the fifth
week of theproiect, then diminished as the end of the school year approached.
The greatest change in behavior that was noted to the analysts was the amount
of time that students were able to actively participate In disctisstons.

e

4'

6

8 7.
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"MUST A COLLEGE TEACHER, DO RESEARCHr,AHDpTIIER AXIOMS

Gloria J. Dyer
eigh Dickinson University
Rutherford, NJ 07070

In'bigber education a teacher implies a researcher (CUEBS, 1969). Numerous
studies indicate the criterion used most frequently for promotion is research
produc ity (Hayes, 1971; Siegfried and White, 1973.) But what, if any, is

ir
the r 'odihip between teaching and research? /lust a teacher publish or

perish, does research detract from teaching? Can persistent axioms be
endorsed statistically?

...

The current study quantified some of the relation's ips that exist between
publications, grants and teaching effectiveness. The s dy was conducted in.

c:i the sciepce Oepartments of two different universities The sample consisted
of 157 men and women who Had been promoted in the ten years from 1969-1979

,

Pearson product-moment correlations were used. ,
. 0.

1, A

,o

ASignificant relationship.between student evaluations and publication
evaluation is reported (r = 0.26). No significant correlation was found between
student evaluations and other measures or scholarly paiductivity. Sign(ftcant'
correlations are reported for publication evaluation vs publication counts
(r = 0.89); citation counts.vs publication evaluations (r = 0 58); citation
counts and publication counts (r = 0.51); publication counts vs grants
(r = 0.38); grants vs publication evaluation (r = '14:24) and citatiowounts
vs grants (r = 0.20).

By quantifying data it has been possible to examine persistent woes and
to reach the following conclusions. 1) there is a weak correlacion (r = 0.26)
between publication evaluation and teaching effectiveness; 2) there is a IA&
correlation between the quality and, quantity of publications (r= 0.51,,for
citation vs publication count); .3) research activities apparen.tly do not
detract from teaching effectiveness, 4) itwas possible-to obtain a grant

&without publications, 5) promoitions were apparently not more difficult td
obtain at the end of the 1f70's based on the data categories in this study,
6) not all schools demand "publish or ilerish.r ,*
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THE RELATIOIISHIP AMONG TEACHER CLASSROOM MANAGEMENT BEHAVIORS,
STUDENT ENGAGEMENT AND STUDENT ACHIEVEMENT OF MIDDLE AND HIGH SCHOOL

SCIENCE STUDENTS OF V4/XING APTITUDE

John R. McGarity, Jr.
Elbert County Comprehensive High School

Elberton, GA1,30635

David P. Butts
University of Georgia
Athens, GA 30602

This study was designed to determine the relationship among teacher
classroom management behavior, student engagement and student achievement of
middle-and high school science students. These variables were 4nvestigated
across varying levels of academic aptitude. Two week long unit4 were taught
by 30 experienced science teachers. During this period of time teacher
classroom management behavior, student achievement (N = 570), student
engagement (N = 269) and student academic aptitude (N = 649) were'"measured.
Twelve.selected management indicators from Georgia Teacher Performance
Assessment Indicators (TPAI) were used to measure teacher classroom management
behaviors.

Regcession analysis was used to determine the relationship between the
4ariables, and appropriate post hoc procedures were used. Analyses showed
that there was a significant relationship among all variables. Post hoc
analysis showed that these results were consistent across levels of aptitude.
Other relationships found were between student engagement and.achievement,
student aptitude and achievement, and student aptitude and engagement.
Correlation coefficients were obtained for each individual managment '

indicator.

Those particular management behaviors which were correlated with
achieveMent and engagement are, identifies students%ho don't understartd
directions and helps them iwdividually,,maintains learner involvement in
lessons, reinforces and encourages the efforts of learhers to maintain
involvement, attends to routine tasks, uses irfstructional tcsie efficiently,
provides feedback to lear ers about their behavior, manages disruptive
behavior among learners. . to
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THE DEVELOPMENT AND EVALUATION OF AN INTERACTIVE COMPUTER PROGRAM

SIMULATION DESIGNED TO TEACH SCIENCE CLASSROOM LABORATORY SAFETY
TO'PRESERVICE AND INSERVICE TEACHERS

Floyd D. Ptoeger
The University of Texas at Austin

Austin, TX 78712

The results of this study demonstrate that a computer program simulation
was effective in teaching science classroom laboratory safety to preservice

teachers. The study also dei6strated 1.hat.the subjects transferred the
ability to correctly recognize and prioritize safety hazards in another simulated

science classroom laboratory setting.

' The Solomon Four-Group designwai used with this study The design

was modified slightly to include a transfer measure immediately following

t,h posttest measure.

The subjects were'boih preservice elementary teachers and preservice
science teachers enrolled in the student teaching field experience program
at The University of Texas at AunOan, during the Spring semester, 1981. A

total of 74 subjects were used in this study.

414

Date analysis was accomplished by a random effects analysis of variance
which produced results in the farm of reliability coefficients of the subjects'

ranking, Comparison'of the response sets for the pretest, posttest and transfer
measure determined that a significant confidence level may be placed in the

indicated correlation statistics.

The subjects having interacted with the computer program simulation were
capable of correctly recognizing and'prioritizing the safety situations

(r=.98). The no treatment subjects were incapable of correctly prioritizing

the safety situations (r=.69). ('

r
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COMPUTER-AIDED FORMATIVOESTING

James R. Okey
University of Georgia
Athens, GA 30602.

Joffn McGarity

Elbert founty 'Comprehensive High School

Elberton, GA 30635

Emmett Wright
University of Maryland°
College Park, HD. 20742

Purpose/Objectives

The yalue of frequent formative tests has been demonstrated in a number/
of studies. Brief objectives-referenced tests, frequently given, aid both
teachers and students in identifying learning problems. Reteaching and
restudying efforts cad then remedy the problems identified by the tests.
Frequenttesting,4however, places a burden on the teacher.. Administering and
scoring tests takes time that could be devoteC bento other becial teaching
aCtivitres The purpose of this project was tg study the effectiveness of
using computers to administer and score diagnostic tests in science classrooms.

ProceHures

Students in four ninth-grade physicai.science classes? were randomly,. '-
assigned to lour treatment conditions. One.group received the regular classroom

.C7instruction with summative unit tests given at about two week intervals The
dther three groups all received formative (diagnostic) tests twice each week,
These three formative tested groups differed in how they were tested. One
group took paper and pencil tests and received feedback from the teacher, the
second group took paper and pencil tests and checked responses on the compur
and the.third group used a computer to take the diagnostic test and to the
the answers. Following the tests. (whether paper-and pencil or computer),
students wereliadvised about which objectives thty had not achieved and were

..")

dsrected to speciiic materials to study.

All computergrork was done using two Commodore microprocessors in a
preparation room ihjacent to the classroom. Sieents worked in pairs at the
computer terminals, Each formative test took fEola 5 to 10 minutes to complete.
The study was conducted over a period of 6 weeks. A total of 12 formative
tests were given.

At the end of each two-week unit, students in all classes completed a
4 aluffiTle choice test,prepared.by the researchers on the unit objectives.

Scores on these three sompAlive tests and on an attitude measure were used to
compare classes.

Results

Based4on scores from the three unit tests, no consistent differences in
cogaItive achievement were found. Students in all groups scoredat about the
65% level on the three cognitive.tests. Attitude .results, however, strongly

_favored the use of the computers in diagnostic testing and feedback. Almost
without exception, students receiving either of the compuierlbased treatments

...commented favorably in solicited feedback about the experience. Students
receiviu the, paper and pencil diagnostic tests viewed them as helpful
although test results4 showed no effect related to the4r use. .

Conclusions/Implications,

COmputer-aided formative testing had no beneficial impact in this study
thodgh students and the teacher were enthusiastic about the experience.

Although diagnostic testing has been shown to be, generally effective in other
studies, thatleesult was not borne out here. The general en;husiasmfor the
process of coeputet based testing needs t& be translated into careful use of
formatIve'test results in order to derive benefit from the effort.

91 78 1;.
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A THREE -PART TEST FOR JUDGING THE EVALUATIVE QUALITY OF
L1KERT'ATTITUDE ITEMS

Robert L. Shrigley
The Pennsylvania State University

Univeisity Park, PA 16802

Thomas R. Koballa, Jr.
Pikeville College

4
Pikeville, KY 41501

Introduction

That which is unique to attitude, when compared to other phcholdgieal
concepts, is its emotional charactecistics. Social psychologists call it

evaiiiative quality- -that tendency to be for or against something (Fishbein

and Ajzen, 1975). Attitude, this readiness to respond favorably or unfavorably
toward an object, is be t, represented by p like-dislike continuum. A

conceptually valid ate ude scale, therefore, should havetvaldative quality
which means that each i em will'generate data that clusters at each end of

Likert's five-point con inuum.

Preblem

The purpose of this paper was: (1) to design a three-part model for
testing the evaluative quality of attitude qatements, and (2) todemonstrate
the model by applying at to pilot data from select energy attitude items
generated by 93 preservicea teachers who responded Co the trial attitude

statements (Koballa, 1981). .,"1.

1. Bipolar data If aiievaluative, pro-con quality is necessary for a

statement to represent the attitude concept, data should cluster at Lath ends

of Likert's five-point contInuum. Those subjects 'favorable toward energy
conservation should respond with "strongly agree" and "agree" and those opposed
should respond with "disagree" and "strongly disagree.': Therefore, a distribution
skewed in either direction on Likert's continuum makes an item suspect, suggesting
that it be rewritten and prloted again or discarded.

2. Neutral data A statement that stimulates emotion will'generate data

s. in two polar camps, the pro and con. So the less the responses at Likert's

neutral point, the more prone the distribution is to be clustered at the polei.
If a'high number of respondents are undecided:, say more than 30, the neutral
responses erode the numbers of the agreement-disagreement ends of otir continuum

implying low evaluative qdplity. The item,with a high undecided response
suggests neutrality of subjects, or an item that lacks clarity. It shAtid be

rewritten or dropped.
Ar
3. The Validity Index :Not only should our pilot data on an attitude

ement be clustered at tilrpoles with ?low neutral response, the data on
each must discriminate subjffts with a po4itive attitude from those with a

nega ive attitude. Subjects with the most positive attitude, i.e., those with

the high total score on an attitude scale, should be the ones who respond most
positively to a positive attitude stateadt And, of .cou'rse, subjects with a.
low total score should respond negatively to our positive statement Item-tchal

correlation provides discrimination data necessary for judging the evaluative

quality of in attitude statement. The item-total correlation sould be at

least .30 (Crano and Brewer, 1973). ,
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RESEARCH IN INFORMAL SETTINGS - ASYMPOSIO

J611.11. Falk (Chair)

Smithsonian Institute
Edgetatei, MD 21037

Eugene Gennaro
University of Minnesota
Minneapolis, MN 55812

John J. Koran
University. of Florida 0

Gainesville, FL 32611

Marcia C. Linn
i& Lawrence Hall,of Science

, Berkelry, CA 94720

, Emmett Wright,
University of Maryland
College Park, MD 20742

r

A smallgut growing humber of Investigators in the U.S. are becoming
interested in conducting research in informal education settings. Museums,
zoos, natureicenters and aquaria provide a unique environment for studyin4 a
wide range of learner behaviors, attitudes abd cognitions. Within the last
fivesyears, several clusteis of informal education researchers (as'opposed to
evaluators)efave developed in semi-isolation in dispal-ate parts of the country.
The purpose of ehis°symposium woull be to bring together key'figures from each
of these groups tn,order to initiate a substantive dialogue 9n tire issues and
direttions for research in out-of-schOol settings.

The National Science Foundation has stated that ielience education need
not, in fact should not, be confined to the ppblic schools. Unfortunately,
the numerous organizarldns .that exist outside of the formal education system
have traditionally not received much attention from researchers or material
developers. This is true despite the fact that many youths spend significant
percentages of their time participating in science-related "extra-curricular"
activitiesin.informal settings. In addition, numerous testimonials suggest
that these intensive, free choice associations within Informal educational
orgapizations can have a profound iniluince on career decisions. Many scientists
pinpoint their u'apprenticeships" atmilseums or nature centers as being instrumental
in-guiding their ultimate decisions to become scientists.

Attendance at scibnce centers in the United Stales has recently exploded,
and other in('ormal settings-Wave described comparable booms. Informal settings
differ in mady significa dimensions from formal school-based educational ,

settings. By its ve efinition, informal education is,neither compulsory
nor Itrongly.evalult e. The piFEthpants are, by'and large: there because
they want to be and they are performing for their own self-satisfaction. As a
result, people in informal settings are more likely a be receptive to new
ideas andacftvities. They have the expectation that the experience will be
inhcrentlytnjoyable or that they can do things to make it enjoyable. 1nformaI
'education settings are ideal environments for investigating a wide4varieb of
basic science education research concerns and issues.

Each panel member will briefly outline past, current, and fnture lines
of research. Topics to bedicussed in the symposium include: a S

.a), factors leadingaup to and influencing problem solving behavior in
informal settings; i-

b) I-. setting effects on !earning, the iole of environmental,nnvelty on
cognition and behatrior;

a
IL
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c) factors that influence leirners' attention in museums and science
centers;

d) the role of advance organizers in influencing leaning, specifically,
within a school fielq trip context;

e) changes in cognition and affect as a function of infamal education
experiences;

f) investigatio-ns into mental imagery and its contribution to learning
ip oliject-orNnked settings,

. gr curiosity and itScontribution to` learning in informal settings;
h) cognitive gains from museum experience versus comparable classroom

experience,
11 male and female differences in behavior in inforskl settings; and
3) pedagogical ,t*actices of lunteers or educational persOnhel.

A
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ENERGY KNOWLEDGE AND A TIMES AND LOCUS OF

. CONTROL OF SECOND TEACHERS

\
Lloyd H. Barrow

Uaiversity of Maine
' Orono, ME 04469

The purpose of the study was to measure the energy kpowledge and attitudes
and locus of control between the participants of a DOE faculty development

workshop on alternate energy sources and a control group.

The 100 item Energy Inventory (Glass, 1979) and Environmental Q-sort
(Humphreys, 1975) were utilized to determine the energy attitudes for both

groups. The Rotter internal- External L6cus of Control Scale (1966) was

administered to the participants and a control group.

Pre-test data were collected from 38 secondary teachers (23 science teachers,

10 social studies teachers, and 5 industrial arts teachers) who participated

in the DOE program. The Energy Inventory and Q-sort were administered on the

first day of the program (July, 1980). For the Energy Inventory, each subject

responded to the 100 items as either yes, no, or I don't know. FOr the Q-sort,

the subjects arranged 50 adjective% from the most positive to most negative.

A control group (N=9) was randomly selected using one course of the existing

graduate summer course offerings. All subjects completed the same three

ihktruments.

Data were analyzed by SPSS (Nie, 19.75). Prior to the workshop, the

participants in the DOE workshop had significantly greater knowledge about

energy than the control group. The internal DOE participants showed a'

significant correlation between the Q-sort score (both pre and post). The

workshop participants who utilized biomass for either primary or secondary

home heating had a significantly greater knowledge, as measured by Energy

Inventory, than non-wood users prior to the'workshop.
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Session F-4

r
iHE EFFECT OF A PERSUASIVE COHIRINICATION ON THE ENERGY

ATTITUDES OF COLLEGE STUDENTS

4
, Thomas R. Kobarla, Jr.

Pikeville College
Pikeville, KY 41501

Robert L. Shrigley
The Pennsylvania State University
'University Park, PA 16802

The Problem"

0

ThS purpose of this investlgatioh was to compare the attitudinal effect
of a placebo treatment with.a systematically designed persuasive communication'

'

using Hovland, Janis, and Kelly's. four -part model, 'Who says what to whom with
what effectinchanging the energy attitudes of college- students preparing
to become elementary teachers.

---

Question Central to tit &tidy

Does a persuasive communication modeled after Hovland's approach result
a positive attitude change and does that communication resist

weeks later',

Pedure

A pretest, posttest, delayed-posttest, control group design was used with
subjects randomly assigns' to either treatment or placebo group. '

P
The sample, 120 pre service elementary school teachers, represented Hovland's

"whom" component of the Model. The investigators administered the attitude
instrument as a pretest to the subjects enrolled in classes at an eastern
university. Three weeks later, the subjects received either the treatment or
placebo, both via videotape.

1. The placebo consisted of a 13:10 minute presentation on
siphons. the videotape in no way eluded to the?-p rceived importance
of energy4sonservation, making it a viable selection for the, placebo.

2. The treatment consisted of a persdasive;communication, the core of
which'was seven belief statements Alla the importance of energy
conservation in the eleWentary school curriculum. The duration of
the treatment was 13:25 minutes.

Immediately frollowing the presentation of the videotapes. and three weeks
later, the attitude scale was readministered by the investigators.

Results

The results indicated that the systemitically lesigned persuasive,
communication was significaqtly more effective thafi the placebo in changing.

V. and sustaining attitudes toward energy conservation.

Conclusions

1. A short', systematically deigned persuasive communication can change
the attitudes of college students t ard energy conservation. .

2. The attitude. change did not ditiipai4 as shown by a,delayed posttest
given three weeks after:the treatment.
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Session F-4

THE DEVELOPMENT AND USE OF ENERGY KNOWLEDGE AND ATTITUDE TESTS

FROM RELEASED NATIONAL ASSESSMENT ITEMS

Joseph P. Riley
Michael Waugh

University of Georgia
Athens, GA 30602

r

Statement of the Problem

. ,

Can valid and reliable measures of energy knowledge and attitudes be

developed from NAEP released items, Can these tests be successfully used-to

evaluate inservite teacher energy workshops?

Rationale

The investigators were interested an evaluating cognitive and affective

odtcomes of a Department of Energy faculty development workshop. A review of

the research was unable to identify any.valid and reliable energy Bests

specifically designed for adillts.

-Procedures

The items used to develop the tests came from NAEP Booklet 4-given to

young, adults during the 1976-77 National Assessment.of Educational Progress

survey. The pdrpose ofithe NAEP survey was to indicate what portions of

students successfully achieved Various objectives. Therefore, the grouping of

NAEP items used in the survey did not contain priori validated affective and

cognitive scales which ,could be used outright as criterion measures. The

groupings for both affective and cognitive seems appeared 'content" valid.

However, the questioTi of whether the items in the varioui a priori groupings

actualy formed separate factor had to be examined. In addition, the question

of reliability of the groupings interm of their scale hid to be itiVestigated

After validity and reliability analysis using NAEP Data (N=1,300) the

'sca*es were used in an evaluation study. -

Resqlts'and Conclusions '

s
The instruments were able to idengfy significant pre to post gains in

energy knowledge by participants enroll4d.in a summer energy workshop (N=22).

Significant changes in attitudes were also measured. 'N

Results indicate that these evaluation instrum developed from released

BAEP items, can be used as validiand reliable measures of teachers' energy

knowledge and attitudes' °

11
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Session F-4

VALIDATION OF THE TEST OF ENERGY CONCEPTS AND VALUES
FOR HIGH SCHOOL STUDENTS.

Constance C. HplOen ,

Oropo High School
Orono, ME 04473

Lloyd H. Barrow
University of Maine
Orono, ME 04469

f
. The purpose of the study was to develop and validate an energy education

test that would be appropriate for secondary school.

The National Assessment of Education Progress administered a 146 item
test to young adults (ages 26-35) in 1977. This test, Energy Assessment
Awareness Among Young Adults, had both a knowledge about and attitude towards
energy actions. This,test was reviewed and inappropriate items weg deleted
prior to administration. The test edition of Test of Energy Concepts and Values
consisted of 39 attitudinal items and 35 knowledge items. The split-half
reliability for attitude section was 0.795 and for the knowledge Section was '

0.754.

A factor analysis was done on the attitude and knowledge sections
separately. One sijItificant factor, accounting for 254% of the variance, was
found for the attitude section, and one significant factor, accounting for
31.1% of the'variance, was found for the knowledge section.

4 An item by item com rison between the Test of Energy Concepts and Values

and the National,Assessm t test was made using a,,pre and posttest design

with a 'total of 350 st ents in grades 7-12.
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Session F-5

CONDU&TING CONTEXTUALIST.HESEARCH IN SelElICE EDUCATION

"'

L

Douglas A. Roberts
,University of Calgary

Calgary, Alberta

Thomas L. Russell
Hugh Hunby

Queen's University
Kingston, OntXrio

Graham W. F. Orpwood
Science Council o/LCanada

Ottawa, Ontario

This two-hour research methods workshop is intended to provide participants
with an introduction to issues and techniques associated with oontextualist
research in science education., .The workshop includes an overview and bibliography
of some recent contextual research in science education, but special attention..
is given' to two critical questions:

e' 4

I. Where does one find appropriate analytic categories for contextual
research''

2. How does one ensure precision in the application of selected:Categories?

. -

Specifically, the workshop builds onfthe arguments and analyses reported in
--Roberts tin pre-Sat thinby,,Prpwood,-and Russell 119801 and-Roheits and Russell

(1975). Working with participants in.small gioupt, the workshop leaders
provide illustration and practice in the development and.application of perspectives
for analyzidg contextual data. Classroom events, science textbooks, and

curriculum polacy deliberations areamong the examples considered.

REFERENCES

Hunby, H., G. Orpvood, an3 T. Russell, (eds.) Seeing Curriculum in a NoeLrght,:
Essays from Science education Toronto: OISE Press, 1980,

. .

Roberts, Douglas A. "The"Place of Qualitative Research in Education."
Journal of Research in-Science.Teaching (in press). .

Roberts D, and T. Russell, "An Alternative Approach 1.0 Science Education

Research. Drawing from Philosophical Analysis to Examine Practice."

Curriculum Theory Network, 1975, 5, 407-125.

86



A

Session G-1

CLASSROOM BEHAVIOR, CAUSAL ATTRIBUTIONS AFD ACHIEVEMENT OF URBAN JUNIOR
HIGH SCHOOL SCIENCE STUDENTS

Ann C. Howe
Norman Ledermah
Mabel Bankston
gKaren Brown

Vernon Hall
Syracuse cniveraity
Syracuse, NY 1N,10,,"

Method. A systematic obsetvational study of pupil classroom behavior was
conducted in five desegregated urban junior high schools. Subjects were 80 /
students, equally divided by race and sex, drawn from 10 classes taught by 5
teachers .Two subjects of each race and sex were chosen at random from each

Observational data on student behavior were collected by means of a
previously developed on-site multiple category coding system. Trained observers
coded the behavior of one student at a time using 14 categories of behavior.
Each subject. was observed for a total of 60 minutes-luring ten six-minute
periods.

Entering scores on the SRA reading and math tests were
of ability. 'Final course grade was used as the achievement

'Data on causal attribution of success and failure were
of an Attribution Scale (Fennema, Wolleat, and Pedro, 1979)

Results. Behaviors were combined into- three categories:- Active learning,
PaSsIvePerrai aid Non-attending. Correlations of odd-even behaaeior frequencies
showed classroom behavior to be a stable charactgristic of individual students.

Behavior frequencies were approximately equal in the three categories;
i.e., two-thirds of the class time was spent in active or passive learning
activities. There were not significant differences by race or sex in any
behavior category.

'Analysis of variance showed a significant main'effect for race, favoring
whites," on SRA math, SRA reading, and final grade. Themes no main effect
for sex on 'any of these measures:

A significait positive correlation was found between Active Learning'and
final grade and a significant negative correlation between Non-attending and
final grade. SRA math score was the best predictor of final grade, followed
by SRA reading. When the effects ol'these scores were removed, Active Learning
was the only variable'that significantly increased the variance accounted for
in final grade.

There were no main effects for race in causal attribution but there were'
significant sex differences in attributions of success to ability and effort.
-Boys attributed success in science to their 'awn ability while girls attributed '

it to effort. There was no correlation between attribution and actual effort
as measured by Active Learning.

used as measures\
measure. A

obtained bye means

adapted for science.

Although teachers were not observed directly, two pupil behavior categories
(listening in a group, and disengaged while teacher is talking) gave a measure
of teacher control and cenvergence as opposed to student independence. The.
five sets of classes (two per teacher) were categorized on this dimension.

Those classes intermediate between the two extremes had the lowest frequencies
, of student nonattending behaviors andthehighest-frequenciesnflUdiits who

attributed ucc --s-t o environment.

Significance. The results suggest that the causes for sex and race
lIffirences An-achievement in science are not to bi found in differences in
Overt classroom behavior. All students exhibited active learning behaviors
and there were no significant sex or race differences. The highacorrelation

' 'between final grade and entering math and reading scores indicates that students
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who -lack tl se skills have a poor prospect for a good, grade 4n Science but

some of.the disadvantage can b, overcome by effort, since time spent an Alive

Learning b havior is also a significant redictor of final grade The etfek

of sex differences causal attribution is not clear since causal attribution

was not cohrelated as expected with obserftd behavior.

Overall, the results offer

centered science curricula in
. -

Rationale

encouragement for/the use of activity-'.

segregated classrooms

Paper I1 - Rationale and Objectives

1 Three consecutive national surveys of science achievement (National
Assessment of Educational Progress, 1978) have found that white students score
higher than black students at all three age levels tested and that males score

higher than females at all age levels.
*

The reasons for these differenps have not been determined It is well

,known that a significant proportion of the variance in achievement is accounted

- fpr by differences in socio-economic status and, IQ, but these heave a substantial

proportion of variance unaccounted for The purpose of this study was to

determine whether some of the group variance in athaeveMent_ can be explained
by differences in' classroom behavior and/or causal attributions of-success and

failure. The relation of classroom organization to these variables was arso

examined.

r

Common sense suggests that achievement should be related to classrooM

'behavior. Pupils who spend more time in on-task or learning activities would
be intuitively expected to learn more than pupils of equal ability who spend
less tie engaged in such behavior 'ReSearch in this drea has been extensive

but supports the anticipated positive relationship between behavior Ind. '

achievement (Hoge and Luce, 1979, Centra and Potter', 1980). We have sought to

determine whetOrthere are sex and/or race differences in classroom behavior
and whether clissroom behaN4or is significantly related to achievement for4

junior high school science students.

Another factor tlitt may be relaCed to achievement is causal attribution

of success and failure. Tflere is some evidence Chat girls are more likely to

attribute success to effort, and failure.to lack of ability, and thlt boys are

more likely to attribute success to ability (Rogers, 1980) There is also

some evidence of differences between black and white children, with white

children judging ability and effort as the most important factors in success

and black children judging/luck and difficulty of the task as more important

(friend and Neale, 1972). We have sought to determine.whether there are race
and/or sex dafecences irthis factor and whether causai attribution was

corr d with t earttral effort expended in the classroom, as measured by

the frequ cy of 4 Live learning behaviors

Objectives

The objectives if this 'study were (1) to obser and characterize student

behaviors In racially integrated, activity-centered science classes at the
junior high school level, (2). to determine the relationsh0 of behavior to .

race and sex,, (3) to determine whether behavior is a significant predictor of

achievement after 'removing the effect of standardized math and reading test
scores, (4) to determine whether significant race or sex differences exist in
causal attribution of success and failure in science, and (5) to dete?miue the

IP
effects of classroom organization on student behavior_andusal'attri-butionl--------

Setting

T e

sCt...-

study was conducted in Syracuse, New York, a city with a population '

of abo t 200,000 in a metropolitan area of about half a pillion people.,
Syracuis an old industrial city With a mixed ethnic population About 40%

of the present school populatiorvare'members of a minority group, ostly

it'.

black.' Desegregation has been achieved by busing and redistrictt g Most of

the youngsters now in the junior hilkschoels have always attende desegregated

schools. While the average socioeconomic status of the,.black po lation is

c.
Paper 1/2 - Method
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probably lower than that of the w Le population, there,is a growing black

middle class and there are alsii (any white children whose families art poor.

Sample

Eighty subjects,,evenly divided by race and sex, were drawn from ten

classes taught by five teachers. Five urban junior high schools wiLh'black=white

student ratios betwe4 sixty -five and thirty -five percent were identified.

One science Leac r in' each school was selected on the basis of (a) agreeing

to use informally structured, activiLy-cefiLered Leaching methods, and

(b)'having two c sses that each contained at ltast two black girls, two black

boys, two white girls, and two whiteoboys. All five teachers were white; one ,,111,.

wasfemile.Theaverageclasssizewastwenty-fivestudents.
*

lass rosters were obtained for each class with names identified by race,

,sex'a sly attendance record. After eliminating from the rosters students

}rho had been absent for more than five days in the Present semester, two black

girls, two black boys, two white girls, and tw6 white boys were drawn at

" random frod those available. The final sample contained twenty subjects in

each of the foOr race by'sex categories . '

'.Observational Instrument

. ,

Data ou student behavior were collected to, means of a previously developed

oft-site multiple category coding system

Observers,wbra trained first by coding behavior observed on videotapes-

.and then by ceding behavior ob5erved in classrooms A minimum inter - observer

reliability of 85% agreement wilb a critprionpbserver was required before I

data collection began. Two subsequent reliability checks were made during the -__.._

course of the obervaLions. ,

,
.

An observer recorded the behavior of one student at a time, coding the,

subject's.betailioc(S),'the race and sex of the students *lab, whom the subject

. , interacted, and whether the subject InitiaLed'the interaction Interactions

with the teacher were coded and recorded, but the teacher was not observed -, ,

11b) lirectly. Each subject was observed for ten six - minute segments The observers,

carried smolt battery - powered Lape,recorders that signalled, gia one earphone,

a
five setonds for each observalaop Bellowed by seven seconds-for recording
Each subject had two observers who 0/ere responkible for'five observations

each, made onten separate school days.

© . All behaviors were coded into'one of the following exhaustive and mutually

excltsive categories:
4

'Preparing /returning (Pr) - gathering and retbrninvinalerials; sharpening
pencil,1,,alking sOcifically necessary,for gatheringpand returning materials

, ' o..

Waiting (Wa).- waiting for the teacher's attention; waiting for
.

teacher

% to check notebook or quiz. .

. ,

.

Observing (0) - watching another's .performance of experimpat_or task-, .---- '

listening Ato discusmion-;hetween-other -Stiidents., a

-,--t----
4 ...,,,

Experimenting (E) - purposeful.phxsical manifulation'Of apparatus
1

, .
Discussiqn-(D) talking about Performapce of a tack W

.

ILh peer, teaches, .

,b or group; questions/ig; follow-up of quektions; InformaLioft giving; answering

A teacher's questions

I.
4

i.Readng/Writing (Rw) - using Lext.bobk; recording,data. Does.not include'

taking group test.
a -

1

Coping (C) - copying information withoUt hating had any input into, its '

. formu4atiod. .
.

. .

.

. %Listening (L) c listening to teacher give explanation to class qs a

group, ...

,
Codveriing (i4) - to about subjects unrelated to clams tasks (+0o,7)*

89 1(.04
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Touching (T) - hitting; jabbing; hugging;'tapping; putting hands on, etc.
( or -)*

Disengaged (Dt) - out of contact with people, ideas, classroom situation;
daydreaming; looking around the room at other people, not related fo
task.

bisengaged (Ta) - not listening while teacher talks to class as a group.

The coding1system made it possible to code all observed behaviors
and to code each observed behavior in one category only.

After an initial introduction to the classes-and explanation of the
project, observers slipped io and out of classrooms almost unnoticed. Ohl
the observers knew the identity of the subjects until all observational data
collection had been completed.

At the end of each observation the data for each student were summed for
each category and subsequeqtly entered into a computekto be held until. needed
for data analysis.

After the completion of observational data collection all students in
each class were administered the'Attribution Scale andorelated questions. SRA
math and reading scores'frOm the preceding falland final course gradwere
obtained after the close of the school year from school records.

Correlatidnal analysis, analysis of variance, and multiple regreviod
analysis were employed to answer the research questions.

Two behmvior categories. a I

Paper 03 - Behaelot and Achievement

Data

The data provided by the observational instrument consisted of frequencies
of occurrence of each behaviorbduring each 6-minute time sample for each
subject

. Analysis of Classroom Behavior
k

The frequencies of occurrence of each behavior during 60 minutes of
observation wak calculated for each subject. Analysis of variance showed no
significant difference between black and white subjects on any of the 14
behaviors. This replicates a previoui study in Which all subjects were male
and is arinteresting finding, since it refutes the view that black youngsters
are more aggressive, more "physical" and apt to engage in fewer learning
activities (cf. Smith, 1978, p. 97).

There were no sex differences in behavior frequencies except for one ,

behavior -- waiting for the teacher -- and the boys were more often waiting
than the girls. This also runs counter to conventional wisdom, which is that
teachers are more prompt in responding to boys than to girls.

With t)is one 'lather minor exception, there were no race or sex differences
in behavipr.

Stability of Behaviors

In order for behavior to be a useful variable in making predictiobs or
establishing relatiOnships, it has to be shown to be a stable characteristic
of the learnef under the conditions studied. Since the 14 categdries o'
behavior included some that had,very low frequencies and were not ekhiblat
all by some subjects, behaviors were collapsed into three categories as ows:
Active Learning, Pafsive Learning, and Noh-Attending.

Frequencies of these behaviors were then calculated for each subject for
each 6- minute observation period. Correlations between odd and even observations
(or each of the main behaviors were 0.69 for Active Learning, 0.59 for Passive
Learding,afid 0.64 for Hon-Attending. The totals for these three categories of
behavior were toed in subsequent analyses. A 2 x"3 analysis of variance yielded
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no significant main effects for sex or race and no significant interaction.

The evidence seems clear that girls participate as actively as boys in science

classes and that.there are.no behaviors that distinguish between black and

white youngsters.-

Ability and Achievement

The school administered SRA math and reading tests early in the School

year. These scores were used as indicators of academic ability for science.
The final course grade was used as the measure of achievement. Analysis of

variancestiowed a significant main effect for race, favoring whites, on SRA

math, SRA reading and final grade. There was no main effect for sex. The

final grade and SRA scores were intercorrelated for all groups.

Behavior and Achievement

Regression analysis was used to determine whether classroom behavior
accounted for variance in final grade over 4nd above the variance accounted

for by SRA scores. Analyses were carried out on the total sample and for each

subgroup. In all cases SRA math score was the best predictor of final grade,

follower! by Active Learning and SRA reading. Passive Learning and Non-attending
behavior here negatively correlated with final grade. Some of the data are

given below.

1. Correlation,Matrix

)-
Grade -SRA !lath SRA Read. Act. Lrn. Pass. Lrn.

Grade 1.00
\

SRA 'Math 0.66 1.00

SRA. Read. 0.51 0.69... 1.00
I Act. Lrn. 0.64 0.50 . 0.25 1.00

.
, Pass. Lim: -0.30 -0.36 -0.25 :.-0.42 1,00

Ron-Att. ! -0.28 -0.05 0:03 -0.44 -0.58

111

SRA Math

SRA Read.

Act. Lrn.

Pass. Lrn.

Non-Att.

a.

2. Summlry of Fixed-Order Regression Analysis

Ad1, R2 Prob.

.43

.45

.58

.59

Aso

.01

. s .

n.s.

n.s,

The most significant finding, in addition to those previously-mtliffOied

in regard to behavior frequencies, was that. Active learning behavior is a

significantpredictdr of final grade for all groups. Much of the research .

relating time-on-task to achievement has used a measure of the amount of time

spent by the teacher in teaching a specifiC subject. The significance of this

finding liei in the use of the pupil as. the unit of analysis and the removal

of math and readinworei before entering behavior into the equation.

One of the research questions that prompted the study was whethem group

differences in achievement'in science could be accounted for by differences in

classroom behavior. Our data indicate that there are, no Significant differences

among the groups iii classroom behavior and that behavior accounts for variance

among individuals'but not among groups.

Paper #4 - Students' Perceptions of the Causes
of Success and Failure in Science'

.
. ...c.

'
...,

One variable that we have found to be related to achievement is .the

behavior we have labeled Active Learning, a,category that'repsesents task-
oriented, purposeful behavior or effort. Ability and effort are generally
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thought to be predictors of success in, school and elsewhere but while ability
is relatively stable, effort is not, since it depends on motivation and context.

.Two assumptions that have been useful in motivational theory are (1) that
effort is directed towards ends or goals thht are valued by the individual
(reward value), and (2) that effort mill be guided by the expectation of
success or failure, i.e , causal attribution is a factor in Motivation.

The most fully developed theory of motivation based on attribution is
that of Weiner (1979) which, in its simplest fofm, yields four main causes to
which success or faildre is attributed -- ability, effort, task difficulty and

St

tick. The only one of these 'ariables over whirl( a student has control is
' (fort and the amount of effort kxpended may depend on the student's belief

but what brings about success In that situation

Previous'tudies have found that white children fudged effort and ability
to be more important while black children chose luck and task difficulty
(Friend and Neale, 1972). Other researchers (Halperin andiAbrams, 1978,
Rogers, 1980) have ,found sex differences in attribution

/ ,,, t

. We adapted to science an Attribution Scale (Fennema, Wolleat, and Pedro,
1929) developed for mathematics and administered it after the completion of
the observational data collectqn This instrument yields eight scores for'
ea'bh subject as follows success-ability, success-effort, success-task,

,

s'ucces4-luck, and failure - ability, failure-effort, failure-task, failure-luck
Analysis of variance (2 x 2) showed that there were no significant main effects
for race in any category bit that there were two igteresting sex differences
Boys attributed'surcess.to ability while girls attrlibutteil it to effort. This
is. particularly string in,vtew.of the fact_that there were not significant
sex differences in either SRA math or reading scores or in cjassloom behaviors
that indicated effort. We did not find support for our hypothesis that Causal,
attribution would Infruence cla.ssroom behavior except that there were negative
correlations between Active Learning and the attribution of failure to lack of
ability and to bad luck It should benoted that those who attributed - ailure
to lack of ability had an accurate Orception since theytended to be those
with low SRA scores.

3

.42
Paper 115 - The RelatIon of Classroom Organization to

Student Behaviors and Causal Attributions

,

The degree of student Independence (student - directed hehaviors) in the
classroom and its effects upon student behaVior and achievement is of major
concern to science educators. en order to investigate this question au
objective measure of classroom structure had to be derived from the data
obtained through the observation of students Specifically, the reseachers.
wished to classify objaPtively the classrooms as to their levels of student
autonomy, If a teacher Irequently.addresses a class as d whole (1 e.,
lecturing) it should be obvious thlt such a class could hardry be topsidered
student-directed Thus, kft0Ging the frequency of "tealher talk" "in a classroom
gives one.a valuable ohjective measure of student independence within the
classroom.

'Cpnveniently, the behavior categories of "student disengaged while teacher
talking" (Ta) and "student listening" (L) yield a measure' of how often the

.

teacher addressed theclasi: as a whole . Therefore, a mean value for the sum
of the two behaviors (Ta and L) was calculated for each set of science classrooms
'There was one'classroom set per teacher, with each set consisting of two
classes, making 5 grand .total of ten classrooms.)

Mean "Teacher Talk Per " % "Teacher Talk" of_ -

Observation Observation fnterVals
Teacher/Classroom Set- Period Per Observation Period

1 -1.47
2 6 20
3 8441
4 10.39
5 15 99

I '92

4.9
20 6
28 0
34 6
53 3
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The five sets of classrooms were placed into three categories: (1)

student-centered, ) teacher-centered, and (3) intermediate Classrooms with

the lowest mean va ue were Classified as student-centered and those with the

highest mean value were classified as,teacher-centered Sind classroom sets

2, 3 and 4 tended to be tightly clustered, but significantly deviant from the

extremes` established by classroom sets.1 and 5, they were categorized as

intermediate.

Many interesting results were uncovered when the data were analyzed for

differences among the various classrooms (teachers) A few of interest will

be noted here. The measures of ability used in this study were the scores on

SRA math and reading tests. These tesle were found to be the best predictors

o final grade for our sample of students. However, the correlation of the

math and reading subtests with final grade varied with student independence

.-the classrooms which were student-centered the SRA math score correlated

si ificantly with student grades while the SRA reading scores did not

Al rnately, in those classrooms which were teacher - centered the SRA reading
score correlated significantly with final grades, while the math score did

not Furthermore, the apparent trend was reinforced by the findings that both

the SRA math and reading scores correlated significantly with final grades in

those classes which were classified as intermediate.

Comparisons between classes which were teacher-centered and thon which
were student-centered showed, as one would expect, that the pupils in the

teacher-centered classrooms engaged in significantly less ?ctive learning and

significantly more passiu4. learning. In'addition, pupils in the student-centered

classrpoms engaged in a significantly greater amount of on-task interactions

than wax, found in teather7centered.classrooms Since copperative learning has

been shown to be useful in improving race relations in *segregated schools

(Slavin, 1980), this finding is of particular interest.

Aninteresting trend appeared regarding the frequency of off-task behaviors

Classrooms with an intermediate student-teacher focus exhibited the lowest
frequency of such behavior, while classrooms which were either student-centered

or teacher-centered1 showed significantly higher frequencies of off-task behaviors

Furthermore, a comparison between the student - centered and teacher-centered

classes did not yield a significant difference in off.task behavior

An interesting finding surfaced with regard to student attrikutions

within the various categories of classrooms 9thdents in classrooms of

intermediate student/teacher fonts attributed their success in science to the

classroom environment at a significantly higher frequency than students in

either student-centered or teacher-centered classrooms In addition, no

significant difference between classes of the two extreme sturctures was found

on this variable It appears, therefore, that students believe that an

environment that provides an intermediate imount 9f independence is facilitative

to learning.

These. results may be relevant to the current popular demand

for a return to the'more traditional (i.e , teacher-centered) classroom

structure..
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A NEO- PIAGETIAN APPROACH TO TEACHING FORMAL
RgASONING SKILLS TO COLLEGE PREPARATORY STUDENTS

Marianne Betkodaki
Univers'ity of North Florida

JackConville, FL 32216

Jamei,-Cortez

Anne tann
The Bolles School.

Jacksonville, FL 32216

.

The Case theory, a Neo- ifgetian approach to problem-solving, holds that

the "executive" schemes uss4 so YE problems shoulU be as.efficient as

possible.' The authors have use treatment patterned after Case to.teach

high r.cheol students to centric' variables. The ability to solve proportions

was alritienhanced. Howeveracertain anomalies in the results when compared

with other results have encouraged the authors to replicate the study.with 173

college preparatory students in 9th grade physical science add to record
qualitative classroom data regarding student-teacher interaction, student

responsiveness, student background, etc. In addition, further data have seen

gatheited in the area of retention of formal reasoning skills on last year's

data as well as bn.the study currently in progress. Early scanning of results

shows a classic retention curve for controlling variables ability, but an
increase in proportional ability in the treatment 'group. All data have beed

analyzed using a genera,' linear models program.

The total sample involved'in\he entire iwo year study is 325 9th grade_

college preparatory students at a Northeast Florida private school StudentsJ

formal reasoning abilities have been,assessed using the Test of Logical Thinking

LTOLT). In addition, the propositional Logic Test (PLT) and Test of Integrated

Process Skills (TIPS) haye been'administered for factor analysis and correlation

purposes, respectively. On a combined factor analysis of the TOLT and PET

test, no factor overlap was noted.

The authors' chief goal is Xo use thp Case theory in an instructionally

significant manner. Since the nuances of working memory are difficult to

assess with paper and pericil tests alothe, a, qualitative classroom interaction^

mode will add to ow understanding of the eduratidnal implications of the Case

__theory-
-t" Al*

These classroom data a/e especially importane when considering the following

Case-based problem4solving steps:

Insure that each stident.knows why his or her unsuccessf6l strategy

is inadequate and why the appropriate strategy istbetter, tidual/y by

employing questioning probes first followed by explanation and

. 'modeling if the probes don't work.
r-

ProvideProvide opportunities 'lot greticIllirtne appropriate strategy 4n a

variety of situations.
. %.

Introduce new problem featured one at a time until students are able

to solye complex problems.

Insteuctional sequences can be designed and revised on the basis of studies

which combine the quantitativE and qualitative aspects of problem- solving.

a
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ARE PROPORTIONAL AD PROBABILISTIC REASONING NECESSARY -

PREREQUISITES TO CORRELATIONAL REASONING?

Danny L. McKenzie
Michael J. Padilla
University of Georgia
Athens, GA 30602

Purpose/Qbjectives ' a

The development-of- various formal reasoning modes has become an area of
prime interest for many educators. Knowledge concerning the emergence of
these abilities has been shoOn to be vital to the development of various
science curricula and teaching strategies. This paper will focus on one of
these modes of formal reasoning, correlational reasoning.

A task analysis suggests a logical hieiarchy in which proportional and
probabilistic reasoning are prerequisites for correlational reasoning.
Correlational seasoning requires a determination of. both the proportion of
instances in which two attributes appear arid the probability of'various
combinations of attributes occurring. It is the aim of this study to test the
proposed logical hierarchy and determine if proportional and probabilistic
reasoning are prerequisite to correlational reasoning.

Procedures

Approximately 800 subjects in grade; 6-12.Zere administered the Test of
Logical Thinking (TOLT) which includes two items each on probabilistic,
proportional and correlational reasoning. Responses fromrsubjects displaying
competence in'at least one of the three reasoning modes of interest were
selected for study (N=579). Response patterns were analyzed to determine if
subjects who successfully completed correlational reasoning items also displayed

'competence in proportional and probabilistip reasoning. For - xample, a pfittern
that fits the logical hieraithy is: success on probability, failure on
proportions and failure on correlational reasoning. A patterh which disputes
the hierarchy is: failure on probisbility, success on proportions and success
on correlational reasoning.

.)

Results and Discussion

Analysis Of subject responses reveals that approximately 45% fit the
logical hierarchy while 55% of the responses negate the hierischy., Furthermore
29% of the subjects successfully cempleted at least one correlational reasoning
*problem without displaying competence With either proportional or probabilistic
reasoning.--

These responses suggest that in many cases probabilistic and OtpcTrtional
reasoning are not necessary prerequisites to correlational reasoning. However,
it could be argued that the TOLT items allowed success without the full
utilization of correlational reasoning, primarily because of the way the
problems are posed. In previous studies, It had been noted that subjects of
similar age and ability generally scored higher on TOLT correlational items
than alternative medsures. The impact.of very easy correlational items on the
proposed.logical hierarchy might be significant. To investigate this
possibility approximately 200 ninth and tenth grade stience students were
'randomly assigned to three groups and were administered either two Piagetian
interview tasks of correlational reasoning (n=40), two correlational reaso ng
items(n=80 or two alternate items having a question format suggested by
other correlational research (n=77). Problem context was identical in all
three group,-

-
Statistical analysis revealed TOLT scores (R=.51) were significantly

higher than either interview scores (X =.29) or scores on the alternate items
(X=.16). Maximum score for each item type was 2.0. These results may
partially account for the success achieved on correlational reasoning items by
student& lacking proportional and probabilistic reasoning. However, because
the absolute magnitude of differences between the three item ties is

cis

tre



relatively 1,pw, it also seems likely that other explanations including the
,inadequacy of the hierarchical mddel, might also account for a large part of

.11ese observed discrepancies. Further research into the hierarchical

relationship of correlatitbal% probabilistic and proportional reasoning is

needed.
)
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SEX AS A FACTOR IN RELATING THE WORDS USED IN DESCRIBING THE ENERGY CRISJS
TO THE:COGNITION OF FIGURAL PERCEPTION TRANSFORMATIONS

David P. Kielbowick
1525 Woodside Drive
Ambrid e,pA 15003

40`
The purpose of this study was ,t utilize an information processing approach

to determine if sex is a factor in p dicting performance on figural transformation
tasks from prose descriptions'of the participant's perception of the energy
crisis The,memory processes which control the figural.and verbal cognitive
input and output were important considerations.

c

The participants in this study consisted of one hundred and three seventh
grade students ranging enrage from 12 to14 years. This group of students
included.53 males and SO females from a.suburban Pittsburgh area school district.
They had been identified on the basis of past Performance to be average to e
above average in.mental ability.

-

'Fourooriginal figural perception transformstion tasks were administered
to deterhine performance on figural perception transformation operations.

' Prose data Jas collected by asking each student to write a fifteen minute
prose statement based onthe question.- "What do you think of the energy
crisis?"

The prose data-was treated with the Hnobol ^i comptter program and then
entered into a multiple linear regression computer program as the,independent
variables. The perception transformation taLk spores were entered as the
dependent variables. The data were alsp entered into a stepwise regression
and then into an all possible subsets regression and finally back into'the
multiple linear regression. The intent of this analysis was to utilize the
fewest number tf independent variables to explain the greatest amount of
variance in the dependent variables.,'

Prelimanary.findings indicate that males and females do differ in the way
they relate to the energy crisis and the cognition of certain figural perception
transformations

t

4

.a

)

98 ,

.44



. . :

' Session G-4

lelso

A NEEDS ASSESSMENT SURVEY OF HOME ENERGY ANALYSIS TRAINING

James D. Ellis,
The University of Texas at Au'stin

Austin, TX 78712

The Center for Energy Studies and the Science Education Center at The

University of Texas at.'Austin hade been collaborating to develop and.implement
educational materials for Home Energy, Analysis Training (HEAT). This energy

conservat4bn education service first began in anticipation of the 1978 National
Energy Act which required.all utilityetompanies and energy distribution related
businesses to provide to their customers free or for a minimal fee home energy

analysis services. The project to date has developed the Home Enemy Analysis
Training Manual and an instructor's manual for the home energy auditor training

workshop. An independent study instructional manual and an audio-visdal media
paclige are currently underdevelopment to supplement the program-

A needs assessment survey of participating Texas utility companies was
performed as one part of the (wean project to determine the current status
of home energy audit services in Texas and to assess th level of importance

and need for the instructional objectives of the HEAT prbgram. The responses

to the survey were analyzed by. 1) Describing the importance of the objective,

2) Describing the leybl of attainment of the objective, 3) Describing the

gap between what is important and what "as attained, and 4) Factor analys,is of

`the gap between what is important and what is attained. As'a result of the

analysts o( the responses to the survey the following recommendations are made

for future'llEAT program development:

1. More on-the-job training is indicated to reinforce HEAT instruction

2. Encourage ranaining utility companies to impleAent home energy

analysis services.

3. Additional ,study is needed to identify the most cost effective.

siodifications\for regions within Texas.

4. An information siissemination service to auditors is needed t rovide

continued education on new developments in energy conservatio7trtand

home,energy auditilig procedures?

5, Additional emphasis i HEAT training should be directed toward heat

transfer and heat lossIgain concepts.,'
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TEACHE1440NCERNS AND IR
4
IMPIEKENTATION FOR ENERGY EDUCATION

p.

Robert K. James
Kansas State University
Manhattan, KS t605.04,

Cuirent attention eing given energy education ,suggests consideration of
strategies for monitor ng its implementation.. Difficulties inherent in this
sometimes controversi 1 and multidisciplinary area 'suggest that its infusion
into existent curric la may be difficult. Tbe Concerns Based Adoption Model
(CRAM) has been dev loped for understanding and managing the implementation
process. One dime sion of CBA1I is Stages of Concern (SoC) SoC has been used
to monitor the co cerns of teachers implementing new programs.

-Thirty-thr e teachers were chosen for a two week energy education workshop
supported by f ads from the Department of Energy. The Stases o'1 Concerns

, Questionnaire was' administered pre and poet to the workshop. The results show
that awarene s, informational and-personal concerns were most intense and
management, consequence, collabor'ative and refocusing concerns were least
intense. Phis is consistent with concerns theory. Workshop activities and
protedure -attended to those initial concerns.

Re ults of the post assessment showed that the initial concerns had been
somewh t resolved and that participant concerns liad intensified at consequence,

' rolls oration and'refocUsing. SoC would appear to be a valuable tool in
moni oring the implementation of energy education and in ditecting the work of

' tho e who manage that process.

a
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AN ASSESSML OF THE VALIDITY,AND PRECISION OF THE INTENSIVE

IPIE- SERIES DESI THROUGH MONITORING LEARNING DIFFERENCES IN GROUPS

OP STUDENTS WITH, FORMAL AND WO CONCRETE COGNITIVE TENDENCIES

Carolyn It. Farnsworth
Victor J Mayer

Ohio State University
Columbus, OH 43210

Intensive time- series design for.classroom investigations
has been under

development since 1975. Studies have beentconducted to determine their

feasibility (Mayer and Lewis, 1979), their potential for monitoring knowledge

acquisition (Mayer andlEozlow, 1980), and the /potential threat to validity of

the frequency of testing inherent in the design (Rojas, 1979), This study, an

extension of thoe, previous studies, is an attempt to determine the degree of

precision the design.allows in collecting data on achievement. It also serves

as a replicaton of the Mayer and Koalow study, an atteipt to determine design

validity for collOtting achievement data.

. The in/estigator used her eighth grade earth science students, from a

suburban Columbus (Ohio) junior high school. A multiple-group single

intervention time-series.desigq (Glass, Wilson and Gottman, 1975) was adapted

to the collection of daily achievement data on the topic of the intervention,

a unit on plate tectonics.
Single multiple-choice items were randomly - assigned

to each of three groups of students, identified on the basis of their ranking

on a written teat of cognitive'tevel (Lawson, 1978). The top third, or those

with formal cognitive tendencies, was compared on the basis of knowledge

achievement and on the basis of understanding
achievement with the lowest

third of the students or those with concrete
cognitive tendencie4, to determine

if the data collegted in the design
would discriminate between4the two groups.

Several,studies (Goodstein_ and Howe, 1978, ,Lawson and Renner, 1975) indicated -

that students with formal cognitive tendencies
should learn a formal concept

such as Plate tectonics with greater
understanding than those students with

concrete cognitive tendencies. Analyses used were a comparison of regression

lines in each of the three study stages,"
baseline, intervention and follow -up,

t-tests of means of days swaged across each stage, and a tide-series analysis.

. ,

Statistically sighificant differences were found between the two groups

in both slopes of regressions
lines (.0001) and in t-tests (.0005) on both

knowledge and understanding levels of learning. This confirms the precision

of the intensive time series design in that it can distinguish differences in

learning between st ents having formal cognitive tendencies and those having

concrete cognitiv ndencies.

The time-series analysis found tat a model having a trend in the

intervention wasdpktter than a model hlth no trend for both groups of students

in that it accouited for a greater
amoul4 of variance in the data from both

knowledge and understnding levels of learning. This finding adds additional

con'f'idence in the validity ofethe design for obtaining achievement data. The

analysis models with trend using data from the group with bridal cognitive

tendencies'accounted forts greater degree of variance than the same model

applied to the data from the group with concrete cognitive tendencies. This

more conservative analysis
therefore gave results consistent with those from .

the more usual linear 'regressive,techniques
and t-tests, further adding to the

confideple in the precision of the design.
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PROBLEM SWING 'ANALYSIS: A PPAGETIAH STUDY

,

James P. Hale
The University of South Dakota School of Medicine

Vermillion, SD 57069.

Fifty-nine second year medical students were asked to solve twelve

Piagetian formal operational tasks. The purpose.rwas.to describe the formal

logical characteristics of this medical student smog, (59 of a total,65

postible).-in terms,of their abilities. to solve problems in four formal logical

'
schemata (i.e., combinatorial logic, probabilistic reasoning propositional

logic, and proportional reasoning). These tasks were presented as videotape

demonstrations or in written form, depending op whether or not equipment
required, and were scored using conventional, pre-specified

scoringcri ria. The results of this stuily show that approXimately ninety-six

percent of the sample function, at the transitional (i.e.,Tiaget's 3A level)

stage of formal operations on all tasks and approximately four percent function

at the full formal (Piaget's 3B level) staglrof formal operations on all

tasks. This sample of students demonstrates formal level thinking to a much

greater degree than all ethers_repoited in the literature to date and these

students seem adequately prepared/developed to meet the challengs of

their training (i.e., medical problem solving).
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RESEARCH INTO PRACTICE: ISSUES.IN APPLYING
PIAGETIAN-BASED RESEARCH TO TEACHING AND LEARNING SCIENCE

A.SYMPOSIUM

Mania C. Linn
University_of California-Berkeley,

Be"Aeley,, CA 94720

Rodger Bybee
Calleton College

Northfield, MN 55657

Jane Bowyer
Mill; College

Oakland, CA 94613

Carl F, Berger
The University of Michigan

Ann Arbor, MI 4809

Overview

Piigetian theory has guided reseat5ch in a variety of science education
related areas. Yor example, instruments developed to assess science education
programs frequently rely. on Piagetian tasks. Innovafi'e educational programs
such as the Science Curriculum Improvement Study are based on ideas from
Piageta'an theory Teacher training programs frequently present the development
of reasoning in a child using the Piagetian model. In these and other ways
Piagetian theory has had a profound effect on the practice ot-srience education
In this symposium we identify some of the continuing issues involved in translating
Piagetian theory into practiCe and evaluate the advantages of using Piagetian
'theosyglor advancing science education. Examples of different applications of
Piaget(an theory to teaching and learning science will be given.

Presenbers

One preserstafioh will focus on the apglication:o,Piaget's equilibrAidb
model rto teaching and. learning science. The general application of Piaget's
theory)has centered on understanding the stages.of deveLoppeht. Fer the most
part, the process of development as explained by Paaget', has not beCn given

'

---=theattention it deserves. The reason for this omission is'probably due to a
the fact that Piaiet"s-equitabration model is'difficult to understand.
Nonetheless, it is essential thaTadrapplication of Piaget's theory underscore
the n6ed to 1) understand the process of equtlibratianihd.2)translate the

understanding into teachirig,strategies that enhance the possibility of learn-mg--
And.deVelopment. While difficult to understand,'Piaget's model of equilibration

J does provide a "learning model" within the debelopmenial theory.

heIn theosecond presentaVion, the dire.ctor of a teaeher training program
will present examples of how Piagetian theory has influenced teacher preparation.
Both the protedurevused to teach pi'e-service elementary school teachers and
the content of their programs reflect an influence of Piagetian theory. Based

se on Piaget's emphasis on concrete experience, teacher_training includes a great
deal of concrete experience, with children and concrete examples of how they
reason. In addition, teachers restive experience in diagnosing students'
reasoning strategies by comparing student relponse in interview situations to

' expectations based on Piagetian theory. Piagetian research helps teachpis
recognize,alternatLve conceptualizations of scientific phenomena that students
mighX hold and assists teachers in designing educational programs to remedtate
thealternative conceptualizations.

The 'application of any theoretical model to practical problem's raises
methodologiCal issues. A methodologist and a science education researcher
will discuss the ramifications of applying_Piagetian theory to educational
practice. For example, what has been4calIed in Piagetian theory, horizontal
decalage or variablility in performance amnia individuals thought to be at a

particular Piagetian stage is, difficult to incorporate..into'a method for

7,
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diagnosang strategies used by learners In addition, the content or context

-of a particular reasoning problem often influenlbs performance but is not

part of the theory developed by Piaget. Finally, issues in the rPljebility

and validity of measurement of reasoning strategies often make it difficult to

translate theoretical views of Piagetian theory into educational practice

ESch presenter will con4ider the difficulties of applying a theory that
ptimarily focuses on development to science education practice which primayly

focuses on learrith* Whereas-Viagetlan theory may be more.suited to assessment

of developmental Ir.'sl tion to design of instructional programs, it has been

used in both domains Piagetian theory has had a profound effect on science

education practice This effect Ileserves continued examination

Each of these presenters will focus, then, on a different aspect of the
application of Piagetian theory ko sc. Lend? education practice The first

presenter will focus on applicatrn of the equilibratron model to tetsching and

learning science The second will focus on teacher preparation ° The third

will focus on methodological Issues tran ferrog research ihto practice The

fourth will serve as a discussant to br len the perspective of the

presentation by considering the implica ions for graduate studept training in

education
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BRIDGE BETWEEN NEURO-COGNITIVE RESEARCH AND SCIENCE EDUCATION

Rita W. Peterson '
University of California, Irvine

, Irvine, CA 92717

,

Historically there has been interest_tn_the connection between the human
baa.in and learding or teaching Early research on learning depicted the brain

black box while teaching and learning were simulated by electric-shocks,
f6od pellets and so forth. The science fiction and horror films watched by
children vagpely allude to the connection between altering the brain and
subsequent bizarre behaiior. Today the computer industry bears further testimony
to aistnittions about the connection betwirnthe human brain and learning or
the storage of information.

Yet in spite of our intuitive acceptance of t'he relationship between the
human brain and learning, there has been little direct contact or collaboration
among researchers from the fields of neuroscience, cognitive science, and
education In fact, until quite recently neuroscientists, cognitive scientists
and educathrs rarely sat down at the same table to Calk about arias of common
interest. However, the past decade - the 1970's - has witnessed a'change; and
some are 'uggesting th.at a new field of science is about to emerge.

In 1975, a group Alucientists met at Asilomai, California, expressly to --
discuss the relttionship of recent researchein neurophysiology and brain
bidchemistry.to'learning.- The results of tfitir meeting Appeared in a report,

' -"Neurai Mechanisms of Learning and Memory."
so .Then early 1981, assymposium,entitled, "The Brain Sciences and

Education" was pffslinted at the American Association for the Advancement of
Science annual meeting in Washington, D.C. Neuroscientists, cognitive psychologists
and educators were brought together to describA the most important advances
and research questions in theirjpelds, and to explpre possible areas of
overlap and mutual interest. 'A'

s,...

Host recently (March, 1981) theional Science Foundation, the National
Institute of Education and the Sloan Foundation jointly sp.onsored a meeting in
Washington, D C in order to bring together 30 outstanding neuroscientists,
cognitive Scientists and educators. The conference was designed to enable ,.

participants to share information aboua research in their three areas to see
the implications of theiir work for the -other fields represented and to explore
promising research questions for the future.

..,

_- What is the significance of these activities for those concerned about
research in science educations The purpose of this paper is to describe the
highlights of the papers presente't these three meetings, to summarize tlie-

i
discussions that followed, and to e plore the implications far persons whose
research interests are in science e4cation. The following questions will be
addressed:

\

o 1i11.*;t theor;tical models and frameworks are dominant
,4/ in neuroscience, cognitive sc ence,..sand education todiY?

.

o What aee the most promisthg methods and techniques used in each
of these fields?

0 .

What recent findings from neuroscience and cognitive science have
greatest relevance for research lin science education?

o What or where are the gaps kn.:WI:edge among these iree fields?
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IDENTIFYING MEDIATING FACTORS OF pORAL REASONING IN SCIENCE EDUCATION

Dana Lewis Zeidler
Syracuse University
Syracuse, NY 13210

Piaget (1972) and Iozzi (1976) have suggested that individuals tend to
season at more sophisticated levels in areas in which they have more knowledge;

interest and experience. The central purpose of this study was to investigate

to-uhat extent and how such failure as knowledge of content, attitudes, value,
commitment and past experiencesmediaerthe formation of moral judgments og.
science oriented moral dilemmas. Specifically, the three main objectives.'

were: 1) to determine if environmental science majors exhibit higher levels
of moral reasoning on non-technical environmental social issues than on general

social issues; 2) to examine the extent to which possible mediating factors
(enutrodoental attitudes, knowledge, and personal,experaence) account for the
differences in moral reasoning;'and 1) to examine how; in'1/4addition to what
extent, such factors are revealed as people form moral judgments

Subjects were obtained from two4::tinct groups. 1) Environmsntal Science

'Jors from SONY at Syracuse, School of Forestry (86 subjects); a08 2)
_nonmactence majors from Syracuse Untoersityt(106 subjects).

Phase One of the study involved a multiple posttest only design with

predicted higher order interactions. Two major types of analyses were performed

1) a 2 x 2 repeated measures ANOVA, which examined group (environmental science
,vs. non-science) differences in moral reasoning applied to different contexts.
(social and environmental),'and 2) stepwise and hierarchical multiple regression
to determine to what exteat mediating factors account for differences in moral

% reasoning applied to envilgamental issues, (D.V. = moral reasoning on
environmental issues, I.V.'s-moral reasoning on general social issues, ecology
comprehension, environment /attitude, verbal commitment, actual commitment,

affect and group membership).

ff
Phase Two of the study employed ..unique qualitative design. Ten pates

45,f subjects were matched on the basis Of standardized factor scores (obtained
from the data of Phase One) and selected to participate in a tape-recorded

interview. *its phase examined how subjects' koowfedge, attitudes, value
commitments and past experiences were expressed and used as they discussed
ecolpgy-oriented moral dilemmas and attempted to resolve them.

The results for Phase One showPd a signifilant 'Interaction effect (group,
by moral reasoning context, p 4: .05) and a significant main effect for moral/

reasonigg context (p. < %001). Significant differences in moral reasoning IP'
.05) %xisted between environmental science majors and non-science majors on

environmental dilemmas, but not on general social dilemmas. The results also

show that moral seasoning ability on general social issues uniquely accounts
{or 30.7% of the 4ariance ofvnvironmental,mora/ reasoning (p .000 while
affect, group membership, environmental attitude and ecology comprehension
uniquely account for 3.1%, 2.1%, 1.0% and .09% of the unexplained variance (p
4: .001) respectively. o

a

- The results of Phase Two identified four trends which revealed how
subjects construed the environmental moral dilemmas. Those trends were

labeled as follows: 1) Causistical Reasdning: Fact vs. the Hypothetical;

2) Stage Response Dilferentiatiert; 3) Resolving Means and Ends; and

4) Normative Reasonine The InfluencA of Personal Experience. 4
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Sessi'o'n H-4

AN ADULT MARINE INVENTORY II: SUBSAMPLE DIFFERENCES' -

John W. Butzow

University of Maine
Orono, HE 04469

Wesley Hedlund
Bangor High School
Bangor, HE 04491

co

NeedtFor The Study:

This report is a c tinuation of a study reported it the 1981 NARST
meeting in which the development and validation of an inventory of adult
marine Imo:fledge were described. The present study was conducted to determine
if there were differences in such descriptor variables as sex, place of
residence, educational level, occupation and marine studies course backgrout10.
These two studies were conducted in preparation for an adult marine education
and information project sponsored by National Sea Grant.

Procedure

The "Northern New England Marine Inventory" was administered to a final
ample of 479 adults in eiggren test centers klected from coastal and Inland
Ha e Potential significa6F-differenCes were ibmgfit using one Way analysis
of va nce along with the Scheffe procedUre and t-tests on total scores.
Factor an (kis and multiple linear regression were used to investigated score
trees. ility using KR20 and split half methods were recalculated for
the 'complete sample

Results

Split half reltabikity of 0.882 and KR20 of 0.883 improved with the full
sample as compared to the previously reported pilot study. Significant
differences by descriptor variables were found when-the sample was divided
into groups by sex, age, level of educatdn, occupation, number of marine
courses taken, and distance of residence from the coast.

Sample members who were teachers out scor4non-teacher q, with science
teachers significantly out .scoring other teacher groups. Multiple regression
showed that thirty percent of the'variance was accounted, for by education and
distance. f residence from the coast. ,Other variables'accounted for less than
ten percent of the variance. Factor analysis revealed little item clustering
of any real importance.
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Session I-1

LOGICAL ABILITY AHL1ACHIEVEHENT IN COLLEGE LEVEL PHYSICS

George J. Pallrand
Rutgers University

New Brunswick,'NJ 08903

Two tests of logical ability were administered to 155 undergraduate
students taking college level physics Co !determine the relationship between
logical ability and achievement iii,sucH courses. The first test (P.L.T.) is
reptesentative of a conditional evaluation task in which the truth of a

'proposition is determined by the truth of its component parts. A second test
(P.0 ) is rep.resentative of a conditional syllogism task in which the conclusion
necessarily foll8ws ftom the truth of the premises. These two forms of the
conditional have produCed differing results and interpretations as to the
meaning of conditionals. Results from these tests were then analyzed and
related to the examination results.

. Most subjects were able'Sto answer correctly both material biconditional
(M.B ) and material implication (H.1) items on the P.L.T. In general these
subjects were able to interpret ttie N.B. and M.I. conditionals by correctly
processing instances referred to them. Considerable variation was, howeoqI,
found.in'the conditional syllogism in both form and type. Modus ponens (M.P.)
items were corred.), answered by almost all subjects. The affirmation of the
consequent.(A.CPritems proved to be somewhat more difficult than M.P. Within
the A.0 ',tells the M.I. were more difficult than M.B. The denying the antecedent
(U.A ) and'modus tollens (H.T.) appeared.about equally difficult and were both
more difficult than A.C."and M.P.

Responses to the conditional syllogisms appear to be related to the
associative and logical properties of itS elements. When the attributes in
the minor premise and conclusion correspond to those in the conditional,
subjects encounter almost no difficulties. When the sequence of attributes
appearing in the minor premise and conclusion is the reverse of their appearance
in the conditional, some,difficulties occur. If the attribute in the minor
premise is the complement of one appearing in the conditional, the error rate
increases substantially. Finally when attributes in both the minor premise
and conclusion are the complements of those appearing in the conditional, .
approximately 50 percent of the subjects_jespond incorrectly. The degree of
,inference required by the task appears related to subject difficulties.

A facteranalysis.generated four clearly identifiable factors represent}ng
different cognitive abilities and levels of difficulty. These factort were
marginally related to results on the final examination. The factor most
related (r=0.3) was one requiring a subject to generate a subset of possible
Instances from a single attrib The simplest factor requiring matching
ability.did not correlate with hievetent'since students correctly answered .

these aims. Factors requiring higher degrees of inferencing ability appeared
only weakly related to achievement.

A number of questions can be raised about student abilities engaged in
introductory courses `as well as evaluation procedures. Examinations are
frequently multiPle choice items which may fail to adequately reflect what is
taught as well asiwhat is learned. Greater effort is needed to understand the
cognitive abilities of students and how they are engaged and influenced in
such courses. :
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Session 1-1

LOGIFAL ABILITY AND ACHIEVEMENT IN HIGH SCHOOL LEVEL PHYSICS

Walter E. Lockwood
George J. Pallrand
Rutgers University

New Brunswick, NJ 08903
4

David VanHarlingen
Somerset County Cgllege
Somerville, NJ 08876

Two testa of logical ability were given to 72 high school students enrolled

in a PSSC physics curriculum. The results of these tests were compared with

two measures of achievement.

'The tests of logical ability were used to evaluate two forms of conditionals.
The first test (P.L.T.) evaluates the truth of a proposition by the truth of

its component parts. The second test (P.C.) employs the conditional syllogism
consisting of a conditional statement followed by a minor premise and conclusion.
These lead to the four types of syllogistic responses forthe two forms of

conditionals.

Most students respon d correctly to the material biconditional (M.B.).

,- and the material implic on (M.I.) on the P.L.T. The syllogistic form yields

considerable variation o both form and type.

The two measures of physics achievement are PSSC unit tests on mechanics

(PSSC) and the Dunning-Abeles Physics Test (D.A.). The two tests are quite

different in terms of the types of question asked and the reasoning apparently

needed forikorrecl '

A regression analysis of the.data indicates the M.I. types d`the P.C.,

affirming the consequent (A.C.), and denying the anXecedent (D.A. , form a

significant cognitive factor. This factor is found to correlate r..35

with the PSSC test and r=.32 with the D.A. test. The PSSC and .A. tests

correlated with each other with r=.70.

The percent of correct responses on the P,C. forms and types were compared

for the high school and university sample. This high school sample exhibited

greater accuracy on A.C. and D.A.'types than did their university physiis

counterparts. They were very nearly equivalent on modus tollens (H.T.) responses

and Rightly better on modus ponens (M.P.) types.

These data raise the question as to how recognition of the A.C. and D.A.

types is related to problem solving strategies on achievement tests. Individual

test items need to be grouped and these groups or clusters compared with
individual respaisse types on both the M.B. and M.I. forms of the P.C. test.

Greater effort is deeded to understand howmarious types of achievement
questions engage or require the various forms and types of conditionals.

ft
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TWO YEAR COMMUNITY COLLEGE STUDENTS AND SYLLOGISTIC
REASONING SKILLS

0

David VanHarlingen
Sbmerset County College
§omerville, NJ 08876

Sixty-five students taking a course i0jeneral physics at a ftwo year
rural community colleA) in an industrializ stern state were administered
tasks at the beginning'of the semester which involved the evaluation of instances
in telation to a conditional statement, and analysis of logical syllogisms.
The s4qAentt were from two kinds of programs: career (technically) oriented
and transfer (science) oriented. One fourth of the students were female.

The performance of the students on both tasks was weaker than among
studsits taking similar courses at high school and university level. However,
the pattern of responses, the rank ordering of item"dffficulty and the factor
structure of the tests were consistent across the three groups.

The performance was also related to achievement in the physics course.
The moderate correlation of these skills to achievement in science suggests
that more studies must examine the facets of logic requited in our science
courses. In addition, it appears that a re-examination of our testing and
evaluation procedures relative to our objectives in the coursed we teach may
be necessary. Further, if the ability to understand and follow rule statements
is.important at the university level as found in other studies, and two year .

students are weak it this regard, then our definition of "basic" skills, at
least for science 'students, may have to le modified.
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Session 1-2

LOGICAL REASONING ABILITY OF PRE - NURSING AND NURSING STUDENTS

AT AN URBAN COMMUNITY COLLEGE

Carol Biermann
Kingsborqugh Community College

New York, NY

Walter E., Lockwood

David VanHarlingen
Rutgers University

New Brunswick, NJ 08903

The intent of this ex post facto investigation is to determine the logic;t1
reasoning ability of pre-nursing and nursing students enrolled at an urban
community college. In order to do this two groups were given a number of
tests designed to. discover different aspects of logical reasoning,ability,4uch
as rule learning, concept identification, ability to utilize disconfirmi g
strategy and comtunatorial reasoning ability. VarioUs forms of the tes
were used-and refined in this preliminary study. It was determined th
nursing students exhibit greater ability-to perform some logical reasutigi
tests than pre-nursing students. Disjunctive logical operators in sigue logical

e communitysome of the difficulty encountered by th s
forms were found to be better understood by nursing students
students. It may be that
college students is the result of experiential deprivations early in life.
Design of new curricula should take into account deficiencies i logical

reasoning.
4k
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Session 1 -2

REASONING SKILLS AND SCIENCE COURSE ACHIEVEMENT

Walter H. Rothaug
George J. Pallrand
Rutgers University

New Brunswick, NJ 08903

A study was conducted using a sample of 47 suburban community college
students in an introductory level chemistry course during the 1980-81asacletnic_

year. The purpose of the study was to determine if a relationship existed
between course achievement and skills exhibited by students on various measures
of deductive and inductive reasoning. A secondary purpose of the study was to
examine the interrelationships between the various reasoning tasks.

The results of thh study indicate that course achievement was significantly
correlated with the measures of deductive reasoning and cognitive style, but
not with the inductive reasoning tasks. The tasks of deductive reasoning,
mathematics skills and propositional logic were significantly intercorrelated,
indicating that they have a common component, probably a deductive ,reasoning
skill, The Group Embedded Figures Test was correlated significantly with
course,ach4evement and inductive reasoning, but the latter two were not
correlated with each other. It is speculated that it was probably a cognitive

onent of the Group EmbOded Figures Test which was related to course
achievement.,

4,
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N., A STUDY OF REASONING SKILLS-IN INTRODUCTORY COLLEGE SCIENCE COURSES

Oe'Orge T. O'Hearn

University4of Wisconsin Green Bay
Green Bay, WI 54302

Ilithard Haney

University of Wisconsin, Milyaukee
Milwaukee, WI 53201

.

John Rusch
.

University of Wisconsin, Superior
Superior, WI 54880 ' .

James Felker
Marquette University
Milwaukee, WI 53233

This is a report of a pilot study of selected reasoning skills identified
as important in the study of science. The intent was to explore different
diagnostic instruments which could also be used in s sequent studies to
indicate progress in overcoming these deficiAncies. T e questions considered
in this pilot- Liddy are :' I. 'to wUat eXtia and in wha ays do u csity
ffculty perceive'evidence oeproblems with science re SK1 is among
students in introductory cours s? 2. nstruct a meaningful operational
definition of Reasonin: rtantin science separate from the general
intelli en ) cto 3. Can we demonstrate a range of science reasoning

s n selected science skill areas (for students enrolled in introductory
science courses) which show positive corrilation'with overall performance in
the course as indicated by earned grade?

The population selected for study consisted of students enrolled in lower '

level introductory science courses on the University of Wiscoatin campuses at
Green Bay, Milwaukee,.and Superior and At Marquette University, Milwaukee.

Cognitive tests were taken f;Ois the ETS Kit of Factor Referenced Tests
(Harmon, 1975). This is a well researched battery of tests that appears to
cover the essential cognitive abilities related to science reasoning skills.
With the help of an advisory committee, eight.factors were chosen for careful
examination. These are: Verbal Closure, CV; Verbal Comprehension, V;
Reasoning General, RG6; Reasoning Logical, RL; Spatial Orientation, SO; Spatial
Scanning, SS; Visualikatioh, VZ; and Integrative 14ocesses, IP. In addition
to the .ETS Factor tests, the TOLT test (Test of Logical Thinking) was included
in the battery of tests as another measure of quantitative skills: 'controlling
variables, proportional reasoning, probabilistic reasoning, combinatorial 7
reasoning and correlational reasoning.

Significant. differences in science reasoning skills were reported by a
majority of'the faculty. At least half of the students had significant
problems and in at least one of the classess, 70 to 80 percent of the
students had problems with science reasoning skills.

Completed tests booklets were Obtained from 254 students, at f ur
institutions. Multiple regression analysis shows that the vocabula test,

used here as an indication of general intelligence, accounts for mo t 'of the
variance in final grades. Two conclusions can be drawn from this. First, the
data collected in this pilot study do not support a definition of " easoning
skills' important to science" independent of general intelligence. econd, it
may well bethat the introductory science courses have become tuff ciently
descriptive and verbal rather than quantitative so that the quanti ative/

'spatial/multiple variable skills examined in this study play only secondary
*ole achievement as indicated by earned grade. s.

Major differences, on'mott cognitive flctors many of which re

statistically significant, were found between science majors and non-science
majors, between males and females and Irtween those students classified foimal
And concrete operational by means of sores on the 'VOLT test.

.1, I
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Session 1-4 I

THE EFFECTIVENESS OF PERTINENT BIOLOCItAL SCIENCE-CONTENT ARTICLES
AND THE RELATING OF BIOLOGICAL SCIENCE CONTENT TO THE
NON-SCIENCE STUDENT'S MAJOR ON ATTITUDE HODIPICAfION

AND ACADEMIC ACHIEVEMENT

Tom Crosby
Horgan State University

' Baltimore., HD 21234

H. Seymour Fowler
Pennsylvania State University
University Park, PA 16802

The objective of this study was two-fold The first objective was to
investigate the effectiveness of emphasizing pertinent biological science
articles Sad articles' source on positive attitude development toward science,
scientists and scientific careers and on biological science content achievement
for the nonscience major student. The second objective was to- investigate the
personal relating of biological science content in written form to the nonscience
student's major on positive attitude development toward science, scientists,
and scientific careers and on biological science content achievement.

A population of 60 undergraduate subjects consisting of 56 freshman and 4
sophomores participated in the study. Each subject was administered the
investigator- constructed biOlogical science final examination instrument, the
Allison instrument, and the investigator- constructed instrument of perceived
relevance of biological'science content to the subject's major. The instruments
assessed prior and pcist study biological science content,achievement, attitude
toward science, scientists, and scientific careers and the relevance of
biological science content to the subject's major, respectively. Each subject
was randomly assigned to one of four treatment groups for a duration of 10
weeks in the required biological science course for nonscience major students.

An analysis of covariance using pre$est scores as the covariate and a
correlational analysis were used for data. analysis. Significant difference
was observed at the .05 level between the two levels of emphasizing/not
emphasizing biological science content articles and articles"source relLive
to course content on attitude and on academic achievement in biological
science content as measured by the Allison instrument and the investigator-
constrdcted biological science final examination, respectively.

There also was a significant difference at the .01 level for prior to the.
study versus post-study perceived relevance of biological science content to
the nonscience student's major in favor of treatment level B, (pertinent
biological science-content articles and articles' source emphasized).

There were no significant correlations between beginning of the course
attitude toward science, scientists, and scientific careers'and beginning of
the course biological science content achievement scores for each of the
subjects in the four treatment groups as measured by tbe Allison instrument 0'
and the investigator - constructed biological science final examinaton,
respectively.

There was a significadl correlation betWeen post-attitude toward science,
scientists, and scientific careers and post-academic achievement in biological
science content as measured by the Allison instrument and the investigator-
.constructed final examination, respectively. This finding was in favor of the
treatment group having personally related biological science content to the
studenE's major and experienced the emphasizing of pertinent biologral
science-content articles and articles' source.

There were no significant interactions betwpen personally relating/dot
relating biological'science knowledge. to the non-science student's major and
emphasizinf pertinent biological science,- content articles and articles' source
relative &course content as measured by tbe investigator-constructed and the%
Allisod post criterion instruments, respectively, on neither attitude toward
science, scientists, ancescientlfic careers nor for academic achievement in_
biological, science.
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The results obtained in4this st dy indicatell that emphasizing the
content in pertinent biological scien - euntent articles and articles' source
had a significant effect on positive atti e development toward science., -
scientists, and scientific careers and on academic achievement in biological
science content Finally, there was a significant correlation between
post-attitude toward science, scientists, and scientific careers and on biological
science content achievement as measured by the Allison instrument and the
invettigaSvconstructed biological science final examination.
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Session 1-4

NSF CURRICULUM PROJECTS AS SCIENCE.. COURSES FOR ELEMENTARY

EDUCATION MAJORS
.

Everett S. Stallings
Phillip. H. Astwood
Winthrop College

Rock Hill, SC 24733

This study compares the use of ESS and IPS as vehicles for science

courses for pre - service elementhry education students. Student scores on the

Test,of Understanding Scienci (TOUS); Cognitive development; Tuckman semantic
differential, 'Laboratory Program Variables Inventory and a questionnaire based
on .the Science Curriculum Assessment System Of Interaction Analysis are

reported.
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Session J-1

THE DEVELOPMENT, IMPLEMENTATION AND- GENERAL RESULTS

OF THE MANITOBA SCIENCE ASSESSMENT PROGRAM

K. R. Slentz
T. Meadows
S. Leith
H. Grunau

H. Williams
University of Manitoba

Winnipeg, Canada R3T 2N2

OVERVIEW

,,The Manitoba Science Assessment Prbgram was a large scale systemlor

assessing the ability of science students as well ai for obtaining current

information regarding the facilities, the curriculum and the instructors.,
Information concerning the development, implementation and general results of

the 1980-81 assessment-is presented. Emphasis is placed upon the unique

aspects of the program which were developed to-haodle the problems, of involving

a variety of interested personnel, obtaining valid instruients-and_acquiiing a

base line for, handling the results.

The Manitoba Science Assessment Program was structured'to measure a broad

spectrum of student ability. The purposes of`the assessment as stated in the

1981 report are:

I. To provide benchmark indicators about- the-level of student pchievement in

the_Trovince-11-Manitoba.-4-
2. To obtain data on.student achievement that will assist in curriculum and

program improvement, both at the provincial and local level.

he

3. To assist school divisions in both studentlnd system evaluation.
- '

O. To help teachers improve their student vialuation skills.
es

The goal areas selected for the pcience assessment were:

1. Knowledge and comprehension of important generalizations, facts, terms,

principles and concepts of science. C

Application of scientific knowledge and principles to new situations as'

well as to practical problems.

3e Higher cognitive level thinking, including the ability to analyze and

evaluate science data.

4. Theprrasses of science, both basic and integrated:

5. The nature of science.i

' 6. Knowledge of safety procedures and precautions in the use,,,of materials

and equipment.

7. Interest in and attitudes toward science,

The assessment instrument, developed by a contract team, was administered to

an estimated 36,400 students in Manitoba schools, in grades live, eight and

eleveh. .The results of a ten percent sample were analyzed and publfshed in a.

Department of Education Publication entitled Preliminary Rep6rt: Test Data.
t'" .

Interpretations of the,results were then made by

,,

teaspers, other educators,

and trustees. A second publication entitled Final Mort, which contains the

results and interpretations based upon these results, was released in June,

1981.
.

A teacher questionnaire was administereeconcurrentl,with the assessment

,instrument 4o all grader five, eight and eleven science teachers in the Province.

: 120
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The results of this questionnaire were used to.structure a normative profile of

the science teacher at each respective grade level. The profile and other

relevant data from the questionnaire IA included in the.Final Report.
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Paper di

ALTERNATIVE METHODS
FOR INTERPRETING SCIENCE ASSESSMENT DATA

The purpose of the study was to investigate the suitability of each of
several,approaches to the interpretation of results of data Mom student
testing in broadly -based studies of student achievement such as the Manitoba
Science Assessment Program,(1980) Both norm-refereved comparisons including
progress assessment, and various judgements about provincerwide or state-wide
performance made by panels of teachers and others have a role to play in
'student assessment studies. Approaches to interpretation of such results need
to be clarified in the context of testing theory. They also need to demonstrate
their utility through application in an actual assessment setting.

Methodologies for establishing ratings for, student performance data using
estimates of minimal acceptable and desired performance were presented. The
contribution which can be made to rating panels by non-teaching experts and
both pre- and in-service teachers as well as members of the public was presented
and discussed. Individual and group consensus approaches to making estimates.
were also compared and discussed. (___-------

Observations, methods, and data especially from Manitoba (1980), but also
from Alberta (1979) and British Columbia (1978) science assessment or
ach}evement programs and the National Assessment of Educational Progress
(1967-77) were used as data sources to illUstrate points relative to the
discussion. Specifically, prospects fqr meaningful inter- provincial and
international comparisons of student scores were made, Emphasis was placed on
interpretation for the purRose of progress testing as well as for determining
the status of science education in Manitoba.

The conclusions indicated that both norm-referenced comparisons of
achievement and various other standards centering around teacher ratings of
appropriate performance were theoretically defensible. They also in4icated2
that when applied in the ways described they could make a useful contribution
to assessment interprets ion efforts such as the Manitoba, Science Assessment
Program (1980) and other milar studies. r

(.,.. #

Paper 02

DISPARITIES BETWEEN SCIENCE CURRICULUM THEORY AND TEACHER PRIORITY
AND PRACTICE AS REVEALED BY A TEACHER-DESIGNED SCIENCE ASSESSMENT

The unique feature of the Manitoba Science'Assessment (NSA) was4the role
that science teachers played in the assessment process. The contract'team
served as a facilitator by formulating an exhaustive list of science objectives
which were screened by leachers and subsequently used by the 'Contract team in
drafting a large number of test items. Teachers thernselected the items to be
included in the assessment instruments. Upon completion of testing, teachers
judged the percentages of pupils responding correctly to each item and to
subsets of items reflecting the various subtests as "strength," "very
satisfactory," "satisfactory," "marginally satisfactory" and "weak".

This approach to assessment differed from other educational assessments
described in the literature such as the National Assessment of Educational
Progress, the British Columbia AssessmentN the Alberta Science Achievement
Study that teachers were not heavily inv ved in the test design.

The assessment results revealed as much about science teachers as about
science students. Teachers were unable to select accurately test items that a
majority of theirrstudents could answer correctly. Performanclowas judged
very satisfactory to marginally satisfactory on 59 items missed by 50% or more
144udents and no item missed by more than 47% of the students was judged weak.

Inresponse tom opinionaire, teachers t all !three levels, ranked history
and philosophy of science- lowest in terms of ortance in teacher education,
psychology of learning third lowest, just after special education, and science
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as a way orthi4ing at the Median or below on a list of 16 items. However,

all the objectivesdraftsd by the contract team inrthe area of nature of
-

science were ranked.ohigelor inclusion in the assessment.

Teaching techniques, science content and laboratory safety inpre- and

in-service training, were rated high. Teacher reports on a survey',of classroom

-activities-indicated a strong emphasis on teacher direction and control as

440pposed to opportunity for stedentrdirected inquiry activity.

The implications of these results are that a wide discrepancy exists

t between theory as expounded by the science education "establishmedt" and

practice and priority as expressed by teachers. Teachers seem to be content-

oriented, unaware of the intellectual abilities of their pupils and disinterested
in professional prepariayion that might change their orientation or increase

their understanding of the the learner. On the other hand, those who talk and

write about science education and teach science teachers how to teach science,

advocate understanding of the process of learning, the nature of science and

student inquiry.

If science educators are to bridge.the gap between theory and practice,.
they must develop programs of science teacher education that encourage and
enable beginning teachers to implement their (the science,educators') theories.

Paper #3

THE RELATIONSHIPS BETWEEN STUDENT' ACHIEVEMENT IN
THE MANITOBA SCIENCE ASStSSMENT PROGRAM AND TWO

VARIABLES: TEACHER RATINGS OF IIVORTANCE OF OBJECTIVES AND TEACHER

JUDGMENTS OF STUDENT SUCCESS

This study consists of investigating two aspects of the results of a

province-wide testing program in science. The science tests which were given

to pupils in grades 5, 8 and 11 were designed to assess knowledge,

understanding and skills to pAide an indication of student performance for
curricular areas in science as well as information on other goals such as
processed of science, safety procedures and the nature of science.

The relationship between student achievement and teachlgatings of the

importance of the objectives on which the items were based sh ed a parallel

or one-to-one relationship. The areas of processes of science/safety/nature

of science were selected as most importance, and the student scores on these

areas were highest. Success in other areas (life science, earth and space

science, and lowest physical science) paralleled the, importance given to the

objectives in these areas. The only exceptions were the grade 11 results

where earth science results were lowest rather than physical science.

The relationship between student achievement and teacher judgements of

student success shows a somewhit similar trend. Teachers expect high

performance on the processes of science/safety/nature areas, and were generally

dissatisfied ,with the pupil scores. Teachers rated the content areas as
baiically satisfactory." Life science was rated best for grades 5 and 8, but

no clear distinction shows up for the grade 11 results.

(Many questions are suggested by, these apparent relationships. Ddes the

importance expressed by teachers for the different areas influence the pupil

success? Also, if teachers value the presses of science/safety/inure of
science areas to highly, why are they not reflected in their instructional

responses,
practices as -indicated in tBe accompanying teacher survey? These questions

urgently need satisfactory
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Paper #4

PROCESSES OF SCIENCE AND NAME OF SCIENCE COMPARISONS,
AND ANALYSES FOR THE MANITOBA SCIENCE ASSESSMENT

PROGRAM FOR GRADES FIVE, EIGHT AND ELEVEN

6
The purpose of this study was to compare and analyze the.Processes of

Science and the Nature of Science data derived from the Manitoba Science
Assessment Program (680) for grades five, eight'and eleven. The findings
relatdd to the two topics are presented an8 `discussed in relation to (a)he

prioritiiingnd Bre-assessment of,objectives used for itas selection; (b)
teacher committee estimations and expectations of student performance on test
items; (c) demogiaphic,information pertaiping to classroom teachers of the
tested students,, particularly for teaching and classroom operataoni.' The
performance of females versus males and limited cross-grade comparisons are
Bresented in terms of.the,science processes and the nature of science items.

9

Several impottant findings were noted.. The stores of both males and
femalei were quite similar for both the processes of science and the nature of
science items. The proportions of test items allotted to processes and to
nature of science, as compared to content -type items, reflected a high stress
on content goals, but-did not reflect the high teacher ratidgs of the importance
of the corresponding.processes objectives. Measuring, as a process, showed,
improvement as grades progressed upwards. Close scrutiny given to classroom
teaching data and to correspond' evaluative comments did not, reveal a concern
for the teaching.of the science processes. While student-centered science is
readily revealed at the gride five level: grade eleven teacher data show a
such more directed and controlled and a less personal approach. "Graphing of
experimeneal data" was 'hardly ever' to 'occasionally' done at any of the
three grade levels, while '"listening to lectures" was one of the highest
frequency activities Hate&

"Science as a way of thinking') was not considered'as being important as'
an inservice topic. While teachers'expressed the need for help in designing
experiments and for activity-based Science, they did not seem to recognize. the
role that processes of. science could play in supporting that type of endeavor.

;

Among recommendationsderived frearteacher committees there were several ,

Of concern: ;here is a need for the processes of sqence to enhance classroom
ctivities, with recognition to be given to the explicit practice of. experimenting,
hypothesizing, and the controlling of variables. There is a need for the .
teaching of the more quantitativh'type of measurement. The nature of science
must be related more deliberately.to everyday activities; and there is a need
to develop supplementary resources for teachers in the processes of science
and the nature of scisoce areas. ms
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Session J-2

EFFECT OF FORMAT AND INTERVIEWER
ON PERFORMANCE IN PIAGETIAN TASKS

Robert E. Pearson
University of Maryland
College Park, MD 420742

Originally, Piagetian tasks were administered by the clinical method, for

the purpose of gaining insight into an
individual's pattern of thinking. More

recently, the tasks have beeq used to diagnose the level of cognitive development

reached by an individual, implying an acceptance of the structures proposed by

Piaget. Recent applications of this diagnostic technique have used large

samples, for which the traditional clinical method -is too inefficient, and

have led to the domelopment.of penciland paper
tests given to class-size

groups. Despite the increasingly widespread use of group tests, few studies

have undereliken to determine whether student
performance differs under

conditions "of group or individual testing. Most of the comparative studies

have been correlay4ona4 none have shown how the average levels of performance

on a range of tasks differ betweed the two formats.

In prepbration for a national survey of the cognitive development of

Ghanaian secondary school students, this author developed a number of

Piagetian tasks in a format suitable for
administration to about eight students

it a time. This format seems to offer an attraaive compromise between the

efficiency of the group method and theAnteraction and fexibility of the

:! clinical sephod." These last features are
particularly important in a situation

where the subjects are senfronted with an
unfamiliar type of test and a

language which is not their mother tongue.
In order to validate the test for

use on.a large sample, it,,,seemed necessary to investigate the effect on students'

perforionces of using different forms of the same tasks, and the use of

different interviewers, especially those
from'a culture different from that of

the students. tor this purpose, a sample of 192 staents was drawn at random

from classes 1 and 3 fiom fbur different
secondary schools and given the

battery of teaks, either in the individual'or
smallliroup format, by one of

four different interviews (two Ghanaian Men, a Malaysian woman, and an American

man). Results of a three-way analysis of
variance with level in school, form

Of test, and interviewer as fixedteffects,
showed that for four out of eight

tasks, there was not significant differencein the effect of either form of

task or interviewer on performance (p < 0.25, power 0.99 for a h2pothesized

difference in means of 0.25 of a fullgivelopmental level). The Four tAOks

- which met these,criteria were Rorigontality
of Water Level (from The Child's

Conception of Space), Curves of Movement (from The Child's Conception of Geometry)

Combination of Colorless CheMicals (from The Growth of Logical Thinking), and

t Quantification of Probability (from The Child's Conception of Chance), The

,,Ofiaast three of these.7tasks each cover g wide range of intellectual levels, from

'pre-concrete to full realization of formal operational thinking. Low

correlations are found among all these tasks, casting doubt on the existence

Of a unified structure for formal operational
thought, at least in'the sample

used in this study.
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Session J-2

AN INVESTIGAIION OF THE USE OF THE SHIPLEY TEST AND THE
PIAGETIAN TYPE BATTERY FOR DIFFERENTIATING STUDENTS OF
SAKE GRADE LEVEL FROM TWO DIFFERENT JUNIOR HIGH SCHOOLS

Pastor R. Rojas
Ninoska R. Rojas

University of Pittsburgh

0. Pittsburgh, PA 15213

The purpose of this study'was to compare the effectiVeness of the
Piagetian type battery (Moser, 1977) and of the Shipley test on abstract
reasoning (1940) in detecting differences in mental ability for students Of
the same grade level from two different junior high schools. Mental ability in
'relation to certain characteristics of adolescents was also investigated.
Students' characteristics were categorized for their home environment and
their degree of openmindedness. The home environment variables were sibling
rank and the education of their parents. Their degree-of openmindedness was
measured with the Form E of Rokeach's dogmatism scale (1960). Their vcrbal
and figural mental ability were measured with the Shipley test on abstfact
reasoning (1940) and the Piagetian type battery, respectively. Piagetian
operations were seriation, correspondence, reversibility, transitivity,, class
inclusion, transformation, logical add-subtract, horizontal classification,
and multiple classification.

One hundted and eighty eight students, enrolled at the same grade levels,
were from two suburban schdel districts in the Pittsburgh area, Southwestern
Pennsylvania. Ninety one subjects were from school A (39 girls and 52 boys),
and ninety seven subjects from school B (48 girls and 49 boys). Their average
.age was 13.5 yearns.

4

The Pearson's Chi-Square Test of Association (Hayes, 1966) was used to
test the hypotheses of no statistical association between schools and home
environment variables. The investigation forsignificant differences' in mental
ability between one school and the other, and in degree of openmindedness
between one school and the other, was conducted using the BMDP7D program

"'(Dixon, 1979).

Results demonstrate that subjects from the two junior high schools differ
in a) 44.44 percent of the mental ability traits measured by the Piagetian
Ntype,battery, b) 5.0 percent of the aspects of the belief-disbelief system
measured by the Form E of Rokeach's dogmitism scale, c) the number of older
siblings; and 4) the education levels of their parents.

The Shipley test was found ineffective in detecting the differences in
students' mental ability. This could be, attributable to thc fact that the
Rhipley4tedt on abstract reasoning is built upon problems related to the order
of the letters in the alphabet, the sequence of the natural numbers, and the
position of the cardinal pointh. In our culture, children grow up with these
problems.

For these particular samples it may be concluded that adolescents with
the larger number of older siblings, and adolescents whose. parents have a
higher level of education, perform better on the PAgetian type.battery tasks.
It may also be concluded that students who agree strongly'with.item number 10

/of the Form E of Rokeach's dogmatism' scale ("There is so much to be done and
so.little time to do it in.") perform better on the tasks of the Piagetian
type batteiy. This item is intended to measure students' beliefs regarding
the uncettainty of the luture.
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Session J-2

INSTMUNENT DEVELOPMENT TOWARDS THE ASSESSMENT OF GENERIC
PROBLEM SOLVING ABILITY IN MEDICAL STUDENTS

James P. Hale
Donald B. Witzke

The University of South Dakota
Vermillion, S1__57069

_ a

The purpose of this investigation was to develop a'set of problem solving
cases which could be used to assess the problem solving ability of pre-clinical
medical students. As a result of the instrument development pilot study,
eight problem solving cases were developed` for use with a sample of sixty-seven
University of South Dakota freshman medical students during the spring of
1980. These problem cases were administered dunk a two hour class session
oh,d the subjects were asked to attempt solution to all of the problems_during
the time allotted. The problem cases were scored by the investigators, using
pre-specified scoring criteria, and it was determined that the majority of
subjects '(57 to 91%, depending on the problem case) operated at the Piagetian
f'formal' level, the Gagneo'higher order rule invention' level or at Bloom's
'evaluation' level. Each of these operational levels are the highest levels of
thinking and are generally referred to as problem solving.

An attempt was made to identify significant relationships between these
eight problem solving cases and the subject's various grade point averages and
Medical College Admissions Test scores (MCAT). Few strong relationships were
found and it was Concluded that the'eight problem cases taken together assessed
-a level of problem -solving not assessed by the liCATs or the Various GPAs.
This problem solving level is the formal level and requires the subject to
arrive at interim solutions (higher order rule invention), then using them to
combine with other data in the problem to, ultimately, arrive at the final
solution. In Bloom's terminology, this is a combination of analytic,
iynthesis and evaluative thinking.
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EFFECTS OF ENGAGEMENT QUALITY ON INTEG TED PROCESS SKILL

ACHIEVEMENT IN GRADE 7-8 SCIENCE STUDENTS OF VARYING ABILITY.I.EVELS 4

Roger Newton
University of Georgia
Athens, GA 30602

Introduction

Time on-task has been identified as a process variable that accounts for

much of the variation in achievement. Most studies 1:4, student engagement have

used a dichotomous system in which a student may be coded as being on-task
off-task, This study, however, goes beyond this dichotomy in attempting-to
determine the effects of engagement quality on achievement.

Purpose ,

The objectave of the study was to determine the effects of enhanced
levels of generalizing and planning engagement on integrated process skill
achievement.:Ip grade 7-8 science students or varying formil reasoning ability.

Specificaft,this study addresses the following questions:

1. Does greater frequency of student, planning and generalizing a

engagement produce greater acquisition of integrated process

skills', and

Z. .Are these effect's_consistent across levels of formal '
reasoning ability?

Procedures
.

This study involved twelve students in each of eight intact middle school

science classes. Levels of student generalizing and planning engagement were
manipulated by providing lesson plans to teachers together with model analysis

and systematic feedback about performance. Student reasoning ability.rs
measured by the Test of Logical Thinking (TOLT) developed by Tobin,and Capie

(1981). A posttest only control group design was employed involving three
treatments that varied in levels of generalizing and planning engagement. '

Student engagement was coded using a time sampling procedure in which students

were observed in random order. The Science Instruction Observation Guide
(SLOG) used consists of the following four broad groups of behavior:
(1) activity-focused behaviors, (2) teacher-focused behaviors, (3) self-focused

behaviors and (4) off-task behaviors. Each of these four groups are then

sabdivided
1
into specific categories. Multiple regression,analy es were

conducted on numerous models using Statistical Analysis System SAS)

procedures.

Results

, Five of the twelve on-task categories in the SIOG were significantly"

correlated with process-skill achievement: planning,' generalizing, ,

comprehending, data quantification and data collection. Student reasoning

ability correlates highly .67) with process skill achievement and

accounts for the largest portion of variation in student achievement. When

Just the specific engagement categoriei are tested as predictors of achievement,'

planning and generalizing emerge as the two best single predictors as welllas

----the best two-variable model.

Conclusion ---

The results of this study suggest-that the quality of engagemeqX is

indeed a factor in classroom learning. Levels of-- planning and generalizing'

engagement, Pt particular, promote acquisition of process-skill objecti4es:

The single best ptedictor of process skill achievement is reasoning agility.
Student engagement is manipulable within the capacity of the student. Concrete

students, however, do not seem capable of such generalizing or planning.
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Session

STUDENT CONCEPTION OF STRUCTURE'AND PROCESS IN CHEMISTRY
(PART I)

B. Eylon
R. Ben-Zvi

J. Silberstein ,
The Weizmann Institute

Rehovot, Israel

4
Very early in the study of chemistry the student is introduced to the

- '.
concept of atom and atomic models. It is essential that students'have a
sound,understanding of atomic models, if one is to build on them the study of

more advanced topics. Thus the present study was,undertaken to investigate

the following questions:
.. .

el) How do beginning, chemistry students view the structure of a single
-.9

T. molecule? ' 4 ,,.

. . ,

(2) Now do these students conceptualize chemical processes such as synthesis

and dissociation? )

I .

Method;

The sample consisted of 331 students from 11 tenth grade chemistry classes

'(average age 1$),and represented a wide range. of academic abilities. A written

questionnaire was administered during one'class hour (about 45 minutes), it

t` consisted of five questions and involved extensive use of drawings.

ResUlts
/

05 Now do students view the structure of a molecule?

The students we're askeeto describe by dra47Ing the meaning of the symbols
.

N 0 , 2N0 and Q. (An atom of R'was represented by the letter N with a

.' arZle.,artunt it similarly the atop 0.) Host of ,the students in the -

sample(94%) realized that a molecule of ab element, denotedhy 0,, consists

4 of two atoms bonded together, However only 64% of the sample destribed

ebrrectly the molecule roe. About 2% drew a collection of free atoms without

bonds. About 16%.drew tOo distinctsfragments - one corresponding to N2 and

,the otlimi to 04. There were variations in the drawings and the fragments were

either' connected or not to each other ("mxtnrir or "glue"). About 11% drew
-A an ordered row of six connected atoms witH'tweatoms of N and then four atoms

Students drew consistently the same type, of drawingslalso fo; 2NO2.
Interviews with students confirmed that those in the fragment category indeed

believecpthet the molecule is made up oif two fragments. Also the-meaning of

the.mixture;%glue and row drawings was clarified.

A4
. (2) Now do students conceptualize the chemical process?

. 9 '
4,

... ., .,
. .

?'Ac.The students were asked ty describe,'by drawing,, the dissociation of C120

A into-chlorine and oxygen. Ine.quesponatated explicitly thlrthe molecules

of chlorine and oxygen were diaXomic,- About 39% of'the sample described the

products as Cl , and 0 rather than C1,,and 0,, i.e., these students viewed the

Process as a sPlit'int fragments. This Vitwwas also manifested in another

: question where many stu ents claimed that one cannot get the product N205.from

the reactants N2 and 0,, since 0 is'not present among the reactants.

Interviews with students onfinagdthis view. o

"
. . -..

um.aS

.° This study indicates that a sizalle,proportion of beginning,chemistry

students have, an additive rather than interactive view of structure and
,process; a compou3Z717fewed as made up of 'fragments rather than as anew

-\:. entity. Similselly, the chemical'proeess is viewed as ajrocess of mixing and
gluing,reactents, pr as a split of a compound into fragments rather than as a

Prdeess'of bond breaking and bond formation:
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STUDS CONCEPTION CT GAS:A.ND SOLID-DIFFICULTIES TO FUNCTION
IN A f(U4TI -ATOMIC CONTEXT

. (PART II)

R. Ben-Zvi 4
* B. Eylon
I. Silberstein

.
. "Ike eizmann Institute

. R hovot, Israel, ,

.: .

The purpOse of this study was to investigate how beginning chemistry
students function in a multiatomit context, e.g. describe,the dissotiationrof
a- compound in the gaseous state Into its elements. To function well in such a
context the student must,at least la) realize that in a gas (or solid) there
are many Atoms or molecules-, (h) know how the molecules are organizeli in a gas
or Solid, (c) know tbs structure of a.single molecule. Difficulties with any
of these aspects dal *se errors; yet a student may know each aspect by
itself, but have:difficdlty to coordinate all three together.

. . .

Meth

is study'vas a pkrt'of a comprehensive investigation of student
rstanding o'basic concepts in chemistry. Sample and method were discussed

in the previous abstract (part).

Results

The analysis considered hcee*Well students coordinate all threell!!!!$t
mentioned abovge as well as difficulties,that studenti have with each aspect.

as
_(1) Coordination of three pecti: Aooirt 7u% of the sample answered correctly

the simpler question where,student's hadiZ, deassiNe the 'contents of a container
filled with,gas (anratOM was represented by a.letter,With A circle around it).
In a more complex question which inVpived a dissociation ptodessk only 35%
answered correctly.

1.W°

(2) Hulti-atomi,aspect,of molter: About 23%-30% ofAthe students.in our
sample described consistently a gas,or a solid by a single unit. These proportiens
went up to 88% when the itildiht had o describe 02(8) , probably because of
translation difficulties.

(3) Organization of molecules ill a gas'or solid: 11 students whO-drew many
molecules for'the gas drew item in. scattered manner. However, among the 78% i..

who drew many molecules for the sola, only about two thirds die/ them in an
ordered fashion.

(.4) Structure of molecules: ('a) Some students held the view that transition
to a gaseous state inV9lves a change in the molecule itself; about 8% of the
sample described the gas O. by three atoms placed,as far as possible from each
other at the corners of th6 container. Similar notions were revealed in
drawings of Ow '(b) Aboht 51% of the sample held the view that a molecule
of gas or solIdgis a small portion of that substance carrying. is macroscopic
properties. Only 24% realized thatwhen a material undergoes a change of
state, the molecule does not change. Ont 21% realised.thatake properties of
matter depend in part on the fact that there is an aggregatidT"Of particlei
organised in some fashion. (c) About 55% of the students drew incorrectly ''.
the structure of a compound molecule (the same categories were found as in
Part I)..

Summary

Students have diffieulty'operatinlain a multi-atomic context. Some oft,

the difficulties are special to this context, such as the view that in a gas
the distance between the atoms in a molecule is larger than.their distAnce,in
a molecule of soli. Many students fixated, in the multi-atomic context, on i
sinile particle,Although they knew that a gas is'composed of many particles.
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CONCEPT-HAPPING AS.A RESEARCH TOOL
4

s Joseph D. Novak
Larne Gurley

Cornell University
Ithaca, NY 14853

' Protima Roy
Drury College

Springfield,' NO

What is Concept Mapping

Concept maps are two-dimensional representatio6 of relationdhips between

concepts expressed simply as hieraraical arrangements of concept labels and

linking works. -WE define concepts as regularities in events or objects

designated by a sign or symbol (the concept label). :No or more concepts

'4, linked together meaningfully form propositions that represent a-specific

relationship between the two-,conceptsotsuch as-"dogs bairn tails." In turn the

meanings of a conceptis "dogs wag their tails"; "dogs are Mammals"; etc. are

propositiohs that giver the concept dog when the propositions are

learned. Concept maps represent simple Oiopositional'struvAres that

illustrate principal meanings of the complaent concepts.

.... studies, either as a toolAto analyze and represent the condtptual and

propositional structure of a body of subject matter or to represent a segment

.
of cognitive organization for a given student. In some of our work, concept

maps have been constructed from
propositions stated by students during a

21inical interview, whereas other studies:have 44d concept maps constructed'

by students (after some instruction on concept mapping.) Various,scoring keys

have been devised tp qualify, assessment of concepOvuips, thus permitting

statistical analysis. Concept maps are one useful form of'data reduction when

clinical interviews are dsed with students. Students from age,six and older

' haveobeen successfully instructed ileconcept mapping-, 0
. i

..
ft,...

.

Workshop Plan ° ..". . ,

.
.

- -,

oe, ! '

a , o .,,e

1. Several illustrative concept maps will be presented,along frith a brief c,,,

a
introduction to the psychological prindOes underlying concept maps as '-' ,

we have'developed them. v e, ' 6

.

_ N. 4444 , '40' .

2. A simple concept map wild 14 enatrpcted on an oyerhead tqnsparency_by o
the workshop leader from a short text, and algofi7oM a, list d refated

concept words, o 4,,, 4. ,,,,, ," .

3. Participants will construct a simply concept map froM a shdrriext!, and -,s %A

sample maps will be placed on overhead transparencies and discussed. .,-

.

Workshop leader and helpers assist participants 'in conStiuceien of ,.,';',' ',)

,

maps<Ai
0

,),0
p i, .6

k.

0 s

4. coring keys pill be discussed with sample maps projected fro
A

1
trsaisparencies and scored with group discussion. V .

. 4,11 ....

I, ' ) '. ,
,,,, ., .

.i;!...

. '

5.20, Participants will beegiven sample concept maps to score; their sable ,.,

maps wild be projected with group discussion of scoring by individual 0:4 : ;-

participants. N 't

1
-4' 6. Examples of procedures -..o teacli"concept mapping tostudents will be

--.;-7

yrovided, along with discussion ofthe Procedures.

7. ,,A list of research rpiestiondelling with the structure and use of

' concept maps will be piesented and discussed. .

Since 1975, we have employed concept mapping in most of our research

4

ems'
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CREATION, EVOLUTION AND C6RICULU1i

Brent Kilbourn
The Ontario Institute for Studies in Education

Toronto, Ontario

Edward Anderson .

East YorkCollegiate Institute
: *East York, Ontario

This paper is a philosophical Analysis of the creation /evolution
conflict as it relates to the structure and function of the curriculum.
Philosophical analyses of the concept of Leaching are taken as the starting
point for examinin wider curricular implications of the conflict. The
paper attempts to s 'w that current literature on the topic tends to be
based on issues within hilosophy of science and that this focus is inadequate
,as the only growis for osiiingand weighing curricular alternatives.
.Distinctions from concept al analyses of teaching (e.g., indoctrinatioh/
instruction) are used to address the question bow evolution and/or creation
couldbe taught in a defensible manner.
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THE CLOUD OF CREATIONISM: IS THERE A SILVER LINING?

AO
James Stewart

University of Wisconsin
Madison; VI /3706

The revival oainterest in creationism does not make many biology teachers

happy. The most common reaction is one of rejecting creationism as having any

potential for positive influence on biology education. Atli

14.

A more optimistic view will be set out in this paper. It Will be argued

that:

1. tIZ,...e""turrent evolution/creationism controversy could-prompt

a serious and rational debate on the composition of intro-

ductory highoschool biology courses; and,,,1

2. biology teachers; knowledge" of science in general, of evolutionary

biology and of the history and philosophy-of science could be .

enhanced because of the creationist/evolftion controversy-.

The debate would focus on the present practice of giving approximately

'final weight to all arias of biology in introductory courses.
Since evolutionary

biology is the "atomic theory" of biologists, it should receive increased

coverage. The benefits to students of this increased coverage are that it

Would increase their`:

1. awareness of the importance of controversy in science;

2. understanding of the intellectual Heveropment of a,discipline;,

1

3 knowledge of the current controversies in evolutionary biology

and paleobiology; and

4. understandinkof the "natule of science."

-ft

,

a
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EVOLUTION AND CREATIONISM: A QUESTION OF DEMARCATION

Michael W. Dale
University of Wisconsin
Madison, W 53706

-\:-/-------- .

..
,

In the current controversy concgining he inclusion of "scientific
creationism" in the science cutricul he co its and legislatures will
undoubtedly play a major role. Regardless o the legal outcome, the
assertions made by creationists reflect a sig 'ficant philosophical question,
the demarcation question, to which science edu ators must respond.
Implicitly, the science curriculum is in part a,result of applying demarcation
criteria (astronomy, not astrology, is taught as science). The creationist .
claim is that no substantive criteria can be invo ed which would result in the

'concldsion that evolutionary theory is science andd creationism is not. In
support of that oiaim tpe writings of K. Popper an. T. Kuhn are brought forth.

Discussions concerning the demarcation between cience and non-science
(or pseudo-science) are by no means exhausted by a re ing of Kuhn and Popper.
However, a critical examination of their ideas, in co unction with a
philosopher who claimed to have significantly improved tipper's demarcation
criteria, I. Lakatos, provides a valuable introduction r science educators
concerned the question of demarcation raised by creationists. From such
an analysis, demarcAtion criteria will emerge to support he scientific status
of evolution and the rejection of creationism as science.

4
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Session k-17.

EVOLUTION AS AN HEURISTIC: A DARWINIAN DEFENSE

Robert Siegfried
University of Wisconsin
Madison, WI 53706

' In spite of the almost unanimous resection by the scatntific community of

the creationists' claim for scientific validity, those laymen whose responsibility

it is to decide on school curricula (legislators, school hoards, and school

administrators) continue to be persuaded that "scientific creationism" deserves'

equal time in the public school science curricula. The creationists have been

largely successful in keeping. the debates focused on techrirtal arguments so
that the decision makers, not typically drawn from the ranks of scientists,

can often be persuaded that the choice is,alsatter of personal opinion and

equal time is the fair procedure to follow. I offer in this paper a criterion

less dependent on technical evidence or argument and by which the superiority ,

of evolution as a scientific theory is unambiguous. Evolution is and has been

a superb scientific heuristic, that is as a theory it organizes the knowledge

of. a vast array of ?articular disciplines into an orderly. and coherent structure

At the same time it contoues to suggest questions to be answered by a.further

exploration of nature and thereby leads to the continued increase in natural

knowledge. Creationism utterly falls by these standardso I support my position

by a brief analysis of the historical introduction of Darwin's theory of

evolution and his defense of it.

14 has been implied that if creationism and evolution weekualli availalfle

in`the classroom, creationism would come out the winner. History suggests

,otherwise, for nearly every natural historian before the appearance of the

Origin of Species in 1859 was a creationist, but ten years later virtually'all

of them had become evolutionists. The reason seems to have been that the

theory explained so much, it gave coherence to an enormous body of gederal

information. In response to early criticism Darwin wrote that "I do not

pretad to adduce direct evidence of one species changing into another, but

that. I belaeve that this view in the main is correct, because so many phenomena

can be thus grouped together and explained." Speplically Darwin suggested

that it explains " a large number of facts in geographical distribution- -

geological succession, classification, morphology, embryology, etc." A

woodpecker hying on the treeless plains of La Platao,makes no sense from a -

creotionist perspective, but is readily understood from an evolutionary one.

Similarly evolution gives a plausible and rational explanation why the

cave-dwelling'creature5 in North America so closely resemble the creatures

outside the caves there, and so little ;esemtir'e the creatures dwelling in the

caves of Europe, while a creationist perspective has nothing to say on this.

Creationism answers all such question with the same answer: things are the way,

they were created. Such a view not only fails to organize. present knowledge in

any useful way, it also fails to generate questions whose attempted answers

generate new knowledge.
414
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SessibniC-2

id

COGNITIVE DEVELOPMENT AND ACADEMIC ACHIEVEMENT IN
HEARING IMPAIRED EARLY ADOLESCENTS

$'

penis -SOhkl
West Virginia University.
lloriantotcAgt 26506 4'2

t.

( .
.. .

O The hearing impaired early adoles is do not verbally receive feedback
= about the environment or manipulate aymho s do their hearing oo rairts.

, , Thus, the thought patterns and processesdeveloped in cognitive etructirtes for
--,, these students do not use auditory inpyt or votalization as a central means oti...,

proc$ssing the environment. The major difference.between hearing and bearing,"
t.

impaired early adOlescents may be in the form, rate, or botli form and rate that
the cognitive symbol system assumes and develops'

.
.

. . .

Researchers investigating cognitive development of hearing impaired
students in small sample studies havereported minimal discrepancy and similarities
in the development-of thought processes (Furth, 1964, Furth and Youniss,
1971). Yet, in national samples surveying hearing impaired students, many are
functioning in'classroom materials two to five years lower than their hearing
peers, Research to date also indicates that science is generally nbt taught,
or is taught using traditional school science materials, in a large majority of
hearing impairedearly adolescent classtOoms. jhii leaves, the teacher loith
the full responsibility (if science is taihO of adapting text, activities,
sequence and evaluation among otheedefici ncies to the specipl needs of the
student (Sunal and Burch 1978). ,

.

0
The Purpose of this,study was to determine the level of cognitive

functioning bf early adolescent; taken from a,,,national sample of hearing
impaired classrooms and relate this lev.el to performance and achievement in
Classroom work. The relationship of appropriatenetos of classroom ipstruction
was also investigated; '

One hundred and six eerily adolescent subjedts 45 DB or greater hearing
loss) enrolled in 18 classrooms from hearing,impaired schools in three statesa
were given serits of develnpmantal tasks (10) at the beginning of the school
year.and again eight months latir.° Classroom variables involving variety and
forms of feedback and activity were monitored. Ss (mean age 11.5 years) were
also administered achievement tests, the dependent.variable.

Large differences (up to six yeark in comparable attainment) were noted
between the cognitive developmental level ofhearing impaired students and--
their pew, showing a discrepancy with earlier research results. This
discrepancy accounted for a large proportion (10-15% for various ages) of thew
differences noted in the student's performance on achievement tests in science.
After long sustained periqgs of science instruction rated as much higher in
variety and level of feedbtck and activity than preyious student experience, $

large discrepancies. noted in,cognitive.developmental level at the beginfiing of
the !chool year diminished. Discrepancies in claSsroom functioning with

e-of-one-year-or-less
Students who remained in clas';roome of high or low variety and level of feedback
and activity showed small,changes'in'cognitive developmental level.

.
,

F This research supports thehypq,thesis thaethe.varfous though processes
,.

typical of concrete operatiopa Cnilformal-reasoning are f and similar
in form and development rate betwan hearing impaired and earing adolescents.
Discrepancies noted in classrooms werefoupd to be refated,to problems in
appropriateness of instruction, This research suggests an effective process efor measuring hearing impaired cognitive,developmental level for possible
grouping and monitoring of student,outcopes. /t also supports the idea that a
planned curricnlym,"effective,with bearing adolescents and adipted to the .

special needs ofIthe hearing impairecliwould be successful. in developing
thinking and science achievement:

, ' .
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Session K -2

F61HAL OPERA IONAL THINKING OF GIFTED STUDENTS IN GRADES 5, 6,7 AND 8

----Steve Tipps
University of Virginia"

Charlottesville, VA 22903

The est Of Logical 'Thinking was deyeloped as a group paper and penci,1
test of ormal thinking based on PiAgetian protocols. Capie and Tobin (t980)
report reliability and validity values that supported the test for further
use i investigation of formal thought and variables which might contribute to
the tainment of formal thought. This study reports the scores of 220 students
in ades 5, 6, 7 and 8 enrolled in a summer program for the gifted on-TOLT
Fo A. Questions asked with regard to this population included:

L. .How does the performance of a gifted population compare
to the nonmed group?

2. What variables (age, grade,. IQ, aehievement) relate to
score on the TOLT?

3. What e'rrbr.patterns exist in the answers of gifted students
..

of questions oV subscales which demonstrates.

on the TOLT?

-4. ' Ispthrre a sequence
developmental chang in formal thdught?

FormlitoftheTOLTwasadministeretosixtystudentsinadditimForty of
these tests were given after two wee s as an Alternative form reliability
check.

The measurement scores for Form A reported previously were upheld with
the gifted population. A unitary actbr solution accounted for almost 40
pertentof the variance. Coefficient alpha for the test was near .80. OVerall
perfOrmance of the kifted students was much higher than the scores for the
.groups reportedpreviously. While almost fifty percedt ,af tie previous group

-0
had scored zero on the ten item.jsenle, ohly 10 percent of the gifted group
scored 0 correct. She gifted group also.demonstrated a high percentage who.
scored at the criterion of 4 established for formal thinking while almost nose
of ttie comiarable age group scored 4 or higher.

Jr

Preliminary analysis of variables which relate to performance on the Tall'
revealed that age in months is tbe first predictor and Science Achievement is
the second predictor. Further analysis is being conducted to remove the influence
of intercorrelat \ons among the student variables. Ecror analysis by age and
-grade level demonstrated changes ist type, qf answer and reasoning used.
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Session IC-24. °

O

QIAGNOSIS OF LEARNING AND REASONING DIFFICUEldES OF 9TH GRADE PHYSICS

- STUDENTS AS A BASIS FOR DEVELOPING REMEDIAL TEACHING METHODS ,

. ,J. /dal I.

`U. Ganiel
1.

The Weizmann Institute of Science, Pi ...

Rehovotyl e . ,

The research repdrted here was designed to identify the previous
knowledge, rational and linguistic prerequisites of an existing 9th grade °

physics course and to test in natural classroom conditions the Effectiveness
of providing immediate feedback, based on the cognitive conflict strategy, as
a Method of remedial teaching. The research was conducted in four consecutive
stages. In the first stage, a detailed task analysis of'the contents of the
course was performed Following this'analysis, a detailed list of the
prerequisites of the course was compiled. This list was utilii'ed for the'

preparation of four paper-and-pencil, multiple choice, background tests: .8

"Algebra," ':Graphs," "Reading Comprehension" and "Separation of Variables."
In addition, a clinical physics questionnaire was prepared.. The investigative
style of this questionnaire was an adaptation of the clinical interview
originated by Piaget. students were individually interviewed, their responses
were described in detailed protocols and analyzed. Information about
deficiencies in students' prerequisite kndWledge and dkills, as well as an
understanding of the reasoning difficulties they face during their work in the
laboratory, was obtained at this stage of the study. In the following stage,
this information was used in the development of a remedial teaching method and
in the prepaSation of its accompanyinglEarning materials. Two premises

served as guidelines in the development of these methods and materials; (a)
content relatedAfeedback should be provided to each student, individually,
Immediately after he finishes the study of a specific topic. This (iedback

was designed accqrding to the guidelines of the cognitive-dissonance approach:'-
(b) The feedback materials should be presented in a way that closely simulltes
the situations and equipment the student met in the laboratory exercises.
Drawings and pictures,-as similar as possible,to the experimental Set-up, were
included in the feedback materials prepared for the students. A set of 20

diagnostic self-test booklets were prepared, along with their corresponding
answer booklets for immediate feedback.

In the fourth and final stage of the study, the impact of the new
teaching methods and materials on students' achievement was tested. An
experimental group of 44 classes and a control group of 14 comparable classes

took part in the experiment. A total of 1500 students were involved, during a

`',period of 7 months. The experimental group used the new method and materials
in addition to the regular physics textbook. The control group used only the

regular textbdok and the traditional teaching'methods. Three multiple-choice
achievement.tests dirtirepared and administered during this stage of the

study.

Analysis of the results of these tests for the total population shows
that achievement in physics, was strongly dependent On background parameters,
and deficiencies in prerequisites could explain'over 40% of the variance in

achievement scores. .

However, thecomparison of the achievement in the experimental group with
that ,of the control group, aftek controlling for differences in the four
backgtound tests; indicated that achievement was significantly improved by the
use of the methods and Materials developed during theastudy.

This strategy, of clearly identifying tbe deficiencieb in prerequisites,
and tilt consequent application of remedialjeedback miterials designed to
compensate forisuch deficiencies, was found to be a very effective approach in

our case. We believe that similar strategies will prove useful in other areas

of science teaching.
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A STUDY OF THE RELAIONSHIP BETWEEN QUALITY,OF IMPLEMENTATION
AND TYPE OF SCIENCE TEACHING STRATEGY AND STUDENT ENGAGEMENT .

Vantipa Roadrangka
Russell H. Yeany

411SF
University of Georgia

2 Athena, GA 30602

Because'effective teaching antes student learning, it is a crucial
goal of the teacher training progr . It is important to find out what-type
and equality of teaching strategies s mulate the students to become engaged in
the business of learning.

Purpose

The objective of this study was to ideaorfy the lelatiOnship between the
type and quality of science teaching strategy ale student engagement._

Procedures

SIX' student teachers and their students in middle and high'schools in
' Athens and Jefferson, Georgia, w observed on ten-occasions during Fall

ere)
Quarter, 1981. A total of 60 observa 'ins were made of all student teachers
and ten of each of their students. using each observation period, the type
and quality of 'implementation of leaching strategy were identified and student
engagement was rated.

The,leaching Strategies Observation Differential (TSOD) (Andtrson, James,
and Struthers, 1974) was used to measure teaching strategies. It was selected

f" becadse of its ability to genergte a score on a direct-indirect teaching
stratgey continuum. --

Ten students were selected for each classroom observation. Each student
was Aserved to code his/her on-task or off-task behavior at one minute
intervals (Anderson, 1976) throughout the lesson.

'Ile quality of teaching was measured using a ratisng system developed by
the investigator. Criteria for each teaching strategy were defined which
assessed the quality of implementation of that strategy. High quality was
Indicated as a greater number of criteria were met.

Results
t

Data collected were examined by regression analyses. The results
indicated that the type and.quality of implementation a teaching strategies
did significantly and positively relate to ttudent engagement. Analyzed
ihdividuaOly, the type of teaching strategy predicted 12 per cent of the 4,
variance in engagement, while khe quality of teaching strategy predicted 35
per cent. Overall, both f3ctdr msdels, the type and quality of teaching
strategy, predicted 37 per cent of the variance in engagment, the data also
showed that the more indirect the teaching strattgy, the greater the students'
involvement in learning tasks.

Conclusions

The type as well as the qilality of implementation of teaching strategy
has an influence on student engagement. Also, the more indirect the teaching
strategy, the higher the student's engagement in learning. Both of .these
factors should be emphasized and considered as part of the teacher training
program.

N.
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Session K-4

FACTORS INFLUENCING THE RECEPTIVITY
OF EDUCATORS TO CURRICULUM CHANGE

Harriett S. Stubbs
1037 Bidwell Street

West St. Paul, MN 55118

Many studies have been reported in the literature on the topic of
implementation of curriculum innovation and change, however momf of this work
is based on major curriculum changes, e.g. BSCS, PSSC, Project Read (Helgeson
et al, 1978; Weiss, 1978). The attitudes of teachers have been examined in
relation to these changes (Bird, 1971; Hall, 1976; Howe, 1978; and Welch,
1979).

The study proposed here deals with the use of curricular materials on a
current environmental topic - acid precipitation, mare commonly known as 'acid
rain' - by secondary science teachers in the state of Minnesota. These
materials were designed to be utilized during a 2-3 day time period. Therefore,
inclusion of this topic does not represent a major curricular change on the .

part of the teacher. For example; acid precipitation may affect the
germination of seeds. Most life science classes study seed germination. Will
teachers incorporate an activity addressing,this topic?

.

The Rochester Environmental Education Board, the Freshwater Biolowal
Research Foundation, the Minnesota Environmental Education Board, and Minnesota
Sea Grant - Duluth, 1979-80, and a major grant from ESEA Title IV-C AOld
Precipitation Awareness in 1980-82 have provided the author and others with
the opportunity to develop Curriculum and to give teacher workshops'on the
topic of acid rain. Multi-disciplinary activities easily incorporated into
on-going curriculum of life, earth, physical science in the junior high and
biology and chemistry in the senior high school as well as social studies at
both levels were developed. The activitieslare fctiviey-centered, inquiry A
oriented, and designed to create scientific awareness, aswell as enhancing
*decision-making abilities. .

During this two year development phase, many different types of .

presentations, seminars and workshops have been given to hundreds of teachers
throughout the state. Some workshops were to discuss the gegeral topic of
acid precipitation and others were specifically designed for science teachers.

Many teachers have been Interested in implementing the new curriculum;
others are nit. To determine what factors influence the receptivity of
educators to curriculum change, add why some teachers will implement acid
precipitation activities in the classroom, thijvstudy is proposed.

This stbdy examines by survey and case study techniques the following two
major questions:

1. Are edutators who have a tendencrto accept new knowledge
more likely to include a current environmedtal issue
into ongoing curriculum in science grades 7-12? The
Welch Curriculum Attitude Survey, basedNen, the seven Havelock
dissemInation and utilization factors, wilt]. be administered
to science teachers in Minnesota who. have and have not used
the 'acid rain' materials. Each of these two larger groups
will be divided into three smaller groups identified as those
with a high tendency to accept new knowledge, those who score
in the mid-range, and those with a low tendency to accept new
knowledge.

2. What are tie characteristics of educators that influence
their receptivity to curriculum change? By meansbf a
general questionnaire sent out along with the survey and
case studies of individuals within each grouping, additional
factors influencing eduCators' receptivity to change will be
identified. Satisfaction and enjoyment of the job, the pupil-
teacher relationship and knowledge of science process skills

1
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are a few of the questions which will be addressed by case

study.

4 Outcomes,

The identification of the most appropriate target audience for the
introduction of another environmental problem will be considered.

To'

Another outcome'will be a better u rstanding of the factors affecting

knowledge dissemination nn schools an n indication of strategies, directions

and dissemination techniques which ure environmental curriculum projects
a_

could utilizer^
4

m
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