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PREFACE

- . -

The ERIC Clearinghouse for Science, Hathema'tlcs"a"r?d'i:nvuomental .
Education has cooperated with the National Association for Resedarch
1n Science Teaching to provide abstracts of most of the papers
presented at the 55th annual conference at The Abbey, Lake Geneva, =
Wisconsin, April 5-8, 1982. . Y

it 7 PR
All persons who had papeu;'b‘r symposi1a acdepted, were invited'to submit
abstracts for inclusion in-this publication. Some editing was done by
the ERIC stag{i_ to provideia general fgmat for the abstracts. Special
recognition should”be given to Dr. Car ,F. Berger and, the NARST Program
Committee who obtained the abstracgs and organized the program.

Many of the papers will be published 1n journals or He made available
through the ERIC system. These will be announced through Resaurces 1in
Education, Current Index to Journals an Education, and other publicatiens
of the ERIC system. g

- -

Arthur L. White and Patricia E. Blosser
. Editors

. .
This publication was prepared wath ’fundinx from the
National Institute of Education, U.S. Départmedt of
Education under contract no. 400-78-0004. Ther Opa1mions
expresseg in this report do not necessarily reflect the
. positions or*policies of NIE or U.S. Department of

Educataon. .
~
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° EFFECT OF BACKGROUND EXPERIENCE AND AN ADVANCE ORGANIZER ON THE . .-
-t ATTAINMENT OF CERTAIN SCIENCE CONCEPFS - h

. v «

a . [ b . -

. 3 Mary Kathleen McAdaragh ~ . «

Farmington High School : .

- .Farmingfon, M1 48013 ¢ . 8 )
\ : ' Burton E. Voss

University of Michigan . P .

Ann Arbor, HI %8109

- -
4 x

This study examined two major questions: (1) the effect_of an advance ’ ~
organizer on attainment of science concepts, and (2) the effect of background
experience’ in science on the attainment of stience Conceﬁts. .

) M L]

. A population of 90 nminth graders, enrolled 1n an earth science class,

was given the Dubins Earth Science Test, form A, 3 published eacth science
test, which had been modified by the xesearcher for this study. The same
students were also given the Science Background Experience Inventory, an
instrunent developed by the researcher. 0Un the Basis of the experience score,
the studepts wete placed 1nto high, medium and low experience groups. Each -
of the experience groups was further divided into a treatment and a control”
group. . °

¥y . L4 ., « A - - v
* The treatment group was given an advance organizer on the topic of the
rock cycle and the control group was given a placebo bn the same topic. .A two
week unmit on the rock cycle was then taught to all students. At the end of - .
the two weeks, the Dubins. Earth Scignce Test, form B, was given to the students -
as a post-test. Additiopal data on sex, Differential Aptitude Test.stores, ¥
socioeconomic status and grade point Were collected. Analyses were perfofmed
on the basis of these results. . ' - A .

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

significant difference in achievement as measured by the Dubins Earth Scaente
Test; (2) the background experience of a student, as measured by the Sciencg
Background Experience Inventory, made no significant difference in achievement .
on the Dubins Earth Science Test. The background experience>accounted for thihe . *
variance on performance qn.the post-test to a small®degree; (3) there was o™ °
significant 1nteraction between the method and the background experience .
of* the student; (4) there was a strong covariance relationship between the .
prfferent1al Aptitude Test section on Abstract Reasoning and achievement on
thepDubins Farth Science Test. ° :

The 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 exclusionmay have affected the &
outcome of the research; {3) The difficulties experienced 1n recording _the
time for completion may have masked an efficiency .factor. That 1s, the amount
of time necessary for completion of the unit may-be signficadtly reduced by
an advance organizer; (4) The teacher's presentation of the u%t may have been
so good that differences between'the dtudénts are reduced; (5)‘The unit of
study may not have beem bfoad enough to allow for a maximumr advance organizer
effect; and (6) The retention of the treatment group may have been significantly
greater but testing after a longer period of time would be necessary’ to measure
thas. 'l;hese interpfetations lead to many posamibilities for «fyture research.

Ly

R "’ z



Session A-l . . - .

’
.

e . o~

. »
N THE RELATIONSH1P AMONG SELECTED DEMOGRAPHIC VARIABLES,
STUDENT ATTITYDES AND SCIENCE ACHIEVEHMENT ¢ TN

. . . A
\

" Joseph P. Rilgy I1 B
John Napier 4
«": . / &~ Umiversity of® Georgia . K
' . Athens, GA .30602 °

N . >,
7 . + o

Objectives 0‘ . - "

The puspose of this study was to explore the relat,xops;ilp between selected
demographic-variables, student attitudes and science achievement utilizing
valid_and reliable ynstruments vith an appropriate representative samplang of

yesubjects  To accomplrsh this purpose, data from the 1976~77 survey of seventeen

-~
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a single. achievement scale.

= . . Chicago: NAEP Evaluation Workshop paper; 1980.
. . b

year olds fonductéd by the National Assessmant of Educauonalﬂ?rogtess vas
used. L A . .
: . ~
NAEP data vere not ongmglly collected for causal research purposes,
however, recent studies have demonstrated the feasibility and utilaty of thas
data source 1n ex‘post facto investigations (Suchner, Barrington, 1980),
(Walberg, Haertel, Pascarella, Junker, and Boulanger, 19‘81).
Procedures . Ct o
“ Because of the slirvey \atur_e of the ‘NAEP studxe.';, kndxvxdual’ cognitive
and affective 1tems were developed without the need for scales. The first
step in this study was to logically and empirigallyadevelop cognitive scales
within the NAEP data. The cognitive and affective items from NAEP Booklet &
(N=3135) were analyzed using principle factoring vnh_xterauoni and’ oblaque-"*

rotation. Factor analysis established ten scales t‘ron' the affective items 'and
. % +

.
» -

Results of sem to scale correlation and examination of Cronbach alpha
coefficients resulted 1n dropping two of the affective scales. Stepwise ~
multaple regression procedures were then used to determine the amount of
variance 16 scieace achievement that could be attributed to each of the eight
attitude varidbles and selected demographic vanablss
Results ’ . . - *

<

The Fesults ranged from 2% of »NAEP science achievement variance being ,k
explained by student apxiety to 11 4% of the variance being explained by
Student motivation Four factors accounted for a total of 16% of the variance
1n science achievement. - ’

- # 3

s
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= perceived themselves as being engaged achieved more. College 1nstructors who

. Session A-1

. .

THE RELATIONSHIP AMONG COLLEGE SCIENCE STUDENT ACHIEVEMENT, ENGAGED
- TIME AND PERSONAL CHARACTERISTICS

~ -
5 .
»

Fra'nklin Johnson °
Oconee CESA -
Sandersville, GA

¥

. David P. Bytts R
“» University of Georgia
o Athens, 'GA 30602 "
) R R ,
The relationships among college student science achievement, engaged time
(observed and perceived) and personal characteristics of academic aptitude,
teasoning ability, attitude toward science, and locus ,of control were anvestigated
Measures of personal characteristics were obtained from the subjects (N =776)
of a private, liberal arts junior college before observations began in the
lecture clagses fof the quarter. Instruments used tQ measure personal
characteristics were Scholastic Aptitude Test, Test of Logical Thinking, Test
of Scientific Attitude, and Levenson's Hultidimensional View of Locus of
Control. Based on a random selection -procedure, student¥engaged time was
‘ observed at least tgn'times for eleven lectures. Achievement tests were
constricted “and valid;}ed for the biology classes. Data were analyzed by
nultlpleg regression pfocedyres. The average achievement scores were positively
related %o academic aptitude and reasoniog ability (p £ 008, p £ .04, ~
respﬂectwely). Positive relatfonships were found between observed engaged time
and “academit aptitude (p € .02) and a negative relavionshrp was foupd between '
observed engaged time and-reasoning ability (p £ .003). Alsoc a positeve
relationship was found between perceived engaged time and achievement (p £ .06).
Pearson produét-moment correlations between achievement and observed engaged
time were sjgnificant (r = .23, p £ .05) as were the correlations between
perceived engaged time and achievement (r = .30, p £ ,009). Heasures of
engaged time (observed and perceived) were also related to each other (r = .47,
p £ .0001),* The study's data indicate that students who wete obserVed to be
engaged were dow in reasoning ability or high 1n academc aptitude. Those who

have knowledge of studeniacademc aptitude and reasoning ability may use this
knowledge to improve achilvement.

. ) [
.’ p - Engaged time measures were significantly related to achievement, which

P
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1ndicates an 1nstructor should endeavor to keep the students as engaged as
possible to enhance achievement Students who are engaged or pay:attention

or, perceve they are engaged or:paying attending during lecture classes achieve
more than students who are gbserved as non-engaged or perceive themselves as

non-engaged. . (
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SEXUAL* DIWFERENCES IN ATTITUDES ‘THAT ARE H‘}PM}{ESIZED TO BE
- RELATED TO COGNITIVE PERFORMANCE IN SECONDARY SCIENCE
WITH GRADE LEVEL AND T¥PE OF SCIENCE COURSE CONSIDERATION
A £ .
.7 . 7
James Levin S
H. Seymour Fowler, -
The Pennsylvanid Stite University
Un:versity Park, PA 168002 v
-t «“ - ~
The purpdse of this study was to collect and analyze baseline data on
sexual differences in secondary school stfdents' attitudes towards science.
Attitudinal differences'were also analyzed for the independent variables of
sciepce progranms and grade levels. Data were collected from 988 students 1n
grades ten through twelve, using a modified version of'the Fennema-Sherman
Hathematics Attitude Scales to represent attifudes toward science .

B

Reliabilities of the modified scpence subscales were all high_(> .83)
Hultivariate analysis of variance ‘(MANDVA) vas used to analyze the data -for
the main and interaction effects of the independent variables of sex (male,
female), grade level (tenth, eleyenth, twelfth) and science program (advanced °
placement, academic, general, terminal). Significant differences (p £ .05)
‘were indicated for all main effects (sex, grade, science program). InteracCtion
effects were not found MHean separations for the Various levels of sex, grade
and science program were performed Yor all attitudinal subscales.

K] -

, Females evidenced significantly (p £ .01) more positive attitude than
males on three subscales, Attitude Towards Success in Science Scale, Science
as a Hale Domain Scalé apd Teacher Scale. -Although not significant, males -
evidenced more positive attitudes on all ofethe remaining five subscales.

Eleventh graders evidenced significantly more positive attitudes than
tenth graders on all but the Effectance Motivation Scale. Stullents in eleventh
grade had more positive attitudes than twelfth grade,studentson all scales
except Science Usefulness Scale, Confidence in Learning Science Scale, Science
as a Male Domain'*Scale and Teacher Scale. . ¢

Positive attitudes decreaged from advanced placgment to terminal programs. .,
Advanced placement studenis were significantly different from students in the
other science programs Academ:ic studgats did not differ signficantly from
general students except on the Father Scale; however, they wvere significantly
different from the terminal students for all subscales. General students were
.also significantly different from termihal students except on the threes
subscales of Attitudes Towards Success in Science, Science as a Male Domain
and Effective Motivation. R
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. USING OMPUTER IN SGYENCE CLASSROOMS - A SYHPOSIUM ;'\
R ' . .o Robert Rivers '
. ' L Purdué™niversity Calumet -
. . . Hammond,” IN 46323 B
“-1-‘——$ .
Overall Sus;!narx: !
t ¢ . .
The ancreaspd availability of mitrocomputers for instzuctional use has
provided new opportunities for science educators. This symposium will examine
. several innovative applications of the computer i1n’science classrooms Data
- « - 7 will be presented to evaluatg these applications, a&q the participantg will
suggest strategies for generalizing the results to additional settings 1in
' science education.. N
» . K . ‘ « N .
* The presentations in this symposium will cover strategies for teaching
« specific concepts 1n science and for helping students to develop more
° generalized problem-solving skills. This symposium will also focus on such
factors asl dynahic reading from computer screens, group size, and variations
---. 10 the sequence or type of guidance provided to learners. Hethods for
. . condycting formative and summative evaluation by computer will also be
’ .7 discussed’ The final presentation will-intggrate research on several
‘.. different aspects of computer usage. The chairman and discussant wi}l
P promote discussion to integrate the studies and to stimulate generalization
- to new areas af research and applxcatiou' in science education.
"z ., . -t owy
The individual abstfacts give a more prec‘xse‘descnpuon of the topics
: covered in this sympgsium. .0 T
* Q . .
s . ~ ot ) N
* " OPTIMAL GROUP SIZE FOR IMPROVING PROBLEM-SOLVING '
» SKILLS WITH MICROCOMPUTERS ,
3 " ) ‘ /‘ ’ - 1
- - Dorothy Cox .
“ s University of Michigan. .
. . Arn Arbor, MI 48104 e
L . ' . ' - S .
Three interactive problem=solving microcomputer pro'gi'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
| — S metropolitan school system. Group size at the computer varied from one to five.

E

subjects at a tiga. Optimal’size of working group was found to be ‘more than
one and.less th 1ve. Suggestions for applying the results to other
computerized educatjpanal settings will be discussed.

R - Py
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CLASSROOH STUDIES USING FEATURE [DENTIFICATION TASKS

L4 .

. . -
- Arthur L. White
Ohio State ‘University

N Columbus? OIM

“ [ . . > .

An attribute~identification concept~learning task was designed for
administration by use of the Apple Il ‘microcomputer.” A simulation of a chemical
systém presented the results of a chemical reactiion to students. The prpgram
‘included graphics which were animatled 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 detérmine what

O
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. changes in the system were indicators of the presence of a
This study summarizes data from different sequences of exp
explorg effectiveness of sequence in concept acquisition.
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~GOMPUTER IN BIO EDUCATION: AN OVERVIEW & INTEGRATION

Theodore Crovello \” '
’ “otre Dame University
South Bend, IN 46556 ¢ +

b}

While some life scientists have used computers in biological education
for over 15 years, 1t 1s only within the last five years that a considerable
number are becoming involved. Current usage is characterized by the diversity
of when, where, hov and why computers are employed to enhance bio educthon
Computers are used from introductory biology through gradyate courses, ‘and
from cell biology to ecology. p. y.are used in courses for majors and,  for
non-majors, and 1n both lectures and laboratories. They are involved in
information retrieval, automatic data accumulation, and smulatxon--to{ mention B
only three uses. Computers allow bxologlsts to teach what they already teach,
but better, and to teach what 1s impossible té teach without them. As more
bio educators use computérs 1h their courses, they are demanding more,
sophisticated cokputer systeas Limited funds demand integrated plan!iing of
educational computer use at the department level to assure the greate?t
educational benéfit for the most students. .

. ; [
N |

/
/
lif/lNG COMPUTER GENERATED TASKS IN THE SCIENCE CLASSROOMS f

/
{
. ,/ James R. Okey P -
e University of Georgia -
. Athens, GA 3062 .- ’
Science t)achers have responsibility t'or both formative ant s tive

testing The burden can be bonsxderable--prepanng tests, administering thenm,
scoring answers, and 1nsuring test security all take time. Microcomputers can
be used to carry out many of the routine testing chores i1n a science classroom
using items from test pools the teacher preyare& 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
described and demonstrated.

- COMPUTER SIMULATIONS TO TEACH PROBLEM SOLVING
SKILLS IN BIOLOGY N

Edward L. Vockell , .
Robert Rivers
- Purdue University: Calumet

. Hammond, IN 46323 v
There are many experiments in biology which cannot be performed 1in
biology classrooms because the experiments would be time-consuming, expensive,
dangerous, or inconuenient for some other reason. Electronic computers make
1t possible to perform many of these exgenpentb as computerized simulations.
Examples of the use of BALANCE (which sxmulé’ es the predator/prey relationship
m nature) and PLANT {which simulates plant S/growth under varied light.conditians)
will be presented. Data ,will be provided to demonstrate the effectiveness of
_..these programs under varyfﬂg degrees of guxdance as tools to teach scientific
problem solving skills. . - N

RESEARCH IN COMPUTER BASED LEARNING
A

- Alfred Bork
University of California at Irvine
] .
. LI Irvine, CA. 92717 . _ . ,
A variety ot' modes of computer use i1n science classes aﬁ revieved, based
on exaoples developed at the Educational Technology Centér at Irvine. -Two
research projects concerning Computer Based Learning will then be discussed.

One concérns dynamic reading from computér screens, and one concerns use of .
- N material by groups of students. b . .
S » EN . ..
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THE ELEHENTARY JLEVEL SCIENCE METHODS COURSE:
OF AN APPREHENSION TOWARD SCIENCE?

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

A
v

Elepentary education majors generally teach al
Therefore, they réteive their preparation in math,
sogral studies, and science. Teacher,educators have lon
reported on the elementary teachers’ apprehensxon toward s

teaching of science.

*BREEDING

AN ETHNOGRAPRIC STUDY

school subjects.
rading, language arts,

recogmzed and
ciépce and-the

In a field study comsisting of fourteen
elgmentary education majors' science methods
education majors, and intervigws with course
science 1s berng perceived by the elementary

weeks of weekly observations 1in
classes, interviews with elementary
instructors, 1t was revealed that
education majors as a body of

knowledge that must be mastered before one pay feel comfortable teaching any
science at all., The dependence on content, or the factual aspects of science,
by elementary education majors in the science mgthods classes was very apparent.
[Eaphasis on content acquisition 1s stressed, by the student$, to such a degree
that the elementary education majors' comprehension about the processes and
dature of science may be lost. There appeared to be'a potential for confusion,
by the elementary education majors, about’ what scirence represents.

The 1ntroductory science classes the elementary education majors enroll
11 stress the empirical aspects of their respectave disciplines, 1.e learning
the vocabulary of the discipline, 1ts definitions and theoretical tenets, and
manipulating the tools unique to that scientific discipline. The total number
of sciencé courses an elementary education major must take 1s two, but.these
fwo tourses dppear to have an impact on the students' perception of what 1s
mportant when studying science. On the other hand, the‘science methods
classes stress the processes of sgience, the eleﬁxentary science curriculum
programs (which are progess oriented), and the teaching methodologies used in
elemfntary science. The stgdents 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 tg the study of science, ont content oriented, the other process
oriented, m39 contribute to elementary education majdrs' confusion, insecurity,
and avqxdance of science. The confusion may be seen as an 'antagonistic
dllema, pitting science as process, the approach of the methods course,
against science as content, the perceived view of the students which 1s
exacerbahqd by the students lack of depth in science content.™ Sych
'antagonistic dilesina’ .may be manifest 1n the lack of instructional time
accorded to scxence by elementary school teaghers.

New strategles for the training of elementary education majors in science
need to be examned. Strategies are needed which avoid the 'antagonistic
di1lemma.' Manipulation of course sequence, placing methods courses before
content courses, 1s one ,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 ol 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 gfress,
Alternatives. to the present system of educating elementary teachers in scrence
are needed since the present system appears to develop an app:ehenslgn and
insecurity toward the teaching of science.

+
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THE EFFECTS OF SYSTEMATIC FEEDBACK ON THE
- TEACHING PERFORHANCE oF UNDERGRADUATE INTERNS
William Capie
Rogéer Newton
University of Georgia
Athens, GA 30602
" A
Margaret Bowell
Clarke County Schools
Athens; GA 30602 -

Observation ®of student teachers and follow-up tonferences have been
conducted as an integral component gf teacher education. However the nature
of the observation, evaluation and teedback has been left to the discretion

_of tht observer i1n many cases. Thus, the 1di6syncrasies of the supervisor

often dictate the form and the substance of these activities. The developmept
of instruments to assess.xenenr. yeaching skills such as those used for. *
tertafication in Georgra and South Carolina has provided topls which may be
useful 1n the climcal supervision of both inservice and presetwice teachers.

Purpose . ;

v . " -
The purpose of this study was to assess the effects of systematic feedback
on the subsequent teaching performance of early childhood student teachers ™

.

-

N
Procedures ~

Twenty-six student teachers an grades K-5 were randomly asSigned to - R
erther a treatdent or a contrast group. Students id the treatment group S
itaught a lesson Which was observed by am instructor :1n elementary methods.
After the lesson the instructor rated the student on the Teacher Performance
Assessment Instruments (Capie, Johnson, Anderson, Ellett, and Okey, 1979).
The student discussed each of the TPAI ratangs with the instructor who explained
each of the ratings, citing specific examples in the lesson. This discussion
required 30 to 60 minutes. During subsequgnt observatjons and conferences, no
mention was made of the TPAl ratings. The contrast group also taught a lesson
early §n the field expenence and dxscus,sed 1t with the same, 1nstructor. Thas
discussion was focused on particular elements of the lessons. with suggestxon,s
-for improvement. This session was similar to conferences used 1n this context,
for a number of quarters. During a later copference students in the contrast
group discussed TPA] rat.mgsou).th this instructor. .

After the initial lesson and before any other observatxon and conference,
alle students were observed By an instxuctor in science methods who completed a
TPAI, assessment of each of the students. ‘He yas uninformed of the nature of
the experiment or of the trestment group of the students. Students weregnot
-aware that he was gathering TPAI data. Thirty items rated on a five point
sCale were used. Rho-squared values greater than .8 have been reported for
both instruments used if this study (Capie, Tobin, Ellett and Johnsén, 1980).

)

The TPAI ratings of the science anstructor were used in the analyses.
Umvanat‘e analyses of variance were completed on éach of the_items.” A
descriptive discriminant analysis using stepwise procedures and Wilk's
criterion was used to provxde a more parsimomious descnptxon of the
dit‘t‘e)—ences in the perfomance of the groups.

Res s ¢ ”

Seven of the. rating items showed significant differences (p. < .05),
fav_oring the reétment group. Four additional items approached s;gnihcance
(p. < -10). Only one mean Tavored the contrast group

[N

The discriminant analylu revealed on¢ discriminant fugction which was
highly correlated with treatment group (canonical correlation = .998). When
discriminant coefficients werg used to proddte scores, all subjects were
correctly placed in treemenb‘groups

.
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Discussjon . s
hd ' LI IS
Cértain students were told how to belter,c}ur scores on the TPAI. Apd,* ~
they did. However, the data collection procedures suggest that the students
‘had little reason to suspect that the TPAI were being used or that the . B

instructor who introduced them was aware of the performance in the later

lesson .The particular indicators vhere substantial differences were 1dentified
support the notion that students spontaneously used the behaviors tn the. TPAI |
Tentatively, at least, rather specific managerial behaviors are more easily .
erthanced by systematic feedbacl( than are general traits such as enthusiasm’®

, PRV N . N R N
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- subscales and for Lhe totsl mstn_xcuon/courfe rating scores.

+Session A-3

' - Vo
STUDENTS' RATING OF IHSTRUCTION- IN ELEMENTARY SCIENCE METHODS COURSES .

\ .
Willis J. Horak
Hilo K, Blecha

The University of Agizona
Tucson, AZ '85721

[ -

This. study analyzed the relat.xonshxps of students' beliefs about
-tradxtxonal/mquxry science teaching and their rating of coursey instruction in .
.elementary science methods courses. During the semester elementary pre-service
teachers were introduced to various methods of teaching science 1n the
elen®atary school. These included discovery teaching, guided discovery
teaching, rational inquiry teaching, t&ching with learning centers, teaching
wvith stience units, and pextbook oriented science teaching. ‘One of the overall
abjectives of the course was for students to develop or adopt various Leachmg
styles which they felt Lhey could implement most effectively.

Subjects t'or the study vers 169 college students eurolJed in sxx
elementdry science metheds courses. The six sectrons ‘were-taught by Lvo
different instructors. During the last regular class meeting the students
complefed_a science teacher i1deological preference scale and a course/
tnstruction evaluation questionnaire. The instructors alse completed the
sclence teacher 1deolggical preference scale. A Pearson r statistic for each,
student was computed to determine the amoynt of correlation between student's
beliefs and iastructor’s beliefs on the séxence teacher 1deological preference

*scale These correlation coefficients were then utilized to divide the
students_1nto three groups. those where insiguctor-student beliefs were
highly !‘umlar, thosevith sumiiar belxefs, and those with dissimilar beliéfs.
A one-way analysxs of varrance was ‘then used ‘to check for significant
differences among the groups in their in3tructor/ course ratings for the five

N

A total of eighteen one- way analyses of variance were carried out. These

group and for both separate instr groups.” Four of the eighteen analyses
showed s1gmf|cant differences be the 0.05 level. These.related to the
§uhscales of general course attitude, and method of ingtruction as well as the
overall,ratiag. No differences were found for the subscales course content,
interest and attention, and 1nstructqr. r

§nvolved the five subsca»Q scores i the averall rating score for the total
yon

. This study revealed that students® beliefs about teaching science 1in

the elenentary school may influwence theu; ratings of course/xnstructxon at the
higher education level 1n some 1nstances.' However, it also revealed that
student ratings of courses and instruction at the higher education leyel 14 a
very complex matter. Thys 1s aptly pointed out by the fact that the same |
significant differences were not found.for the total group and for “cach™
instructor group in this study. Additional research studies are needéd to
further clarify these findings and also to study whether other stlmc{l_t or
course cheractenstxcs interact with their ratings.
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- THE RELATIONSHIPS AMONG LOGICAL AND SPATIAL SKILLS
AND UNDERSTANDING GENETICS CONCEPTS AND PROBLEMS
' *
b Sandra J. Costello
! . Lavrenceville, NJ 08648

The purpose of This study was to determine whether relationships occur
~among spatiasl skills, logical xeagoning and various genetics concepts. The
design included twenty-one studert rolled in hasic undergraduate genetics
courses in northern New Jersey institutions. These students completed a
series of tests ahd tasks designed to measure, flexahality of closure,
v:sualxzatog, proportional schemata, induct:ion, propositional logic, and
understanding of genetics concepts.

Preliminary correlations and factor analyses showed that’certain topics
1n genetics are strongly associated with visualization skills, proportional

schemeta, i1nduction and dis.]unctx:(nasomng. It may be inferred that the _
cluster,of genetics items concermrfiy the nidmber of gamete genotypes, mitosis,

~~ me10s1s ({rom gametes to diploid cell), calculating gene fredughcy, the

Arihybrid test ctoss, the pedigre‘ and the relationship between a D}{l
sequence and 1ts complimentary RNA' sequeiice have something {n common With each
other that 15 not measured by the tests and tasks for visuzlization, So;ucal
reasoning, flexibrlity of closure and scheme of proportionality used in this
study. Interestingly, the Hidden Patterns Test and items concerning map umts
have something 1n,common and load heavily in a factor. The data frpm this
study were interpreted with caution, as the sample size was small and the
variahles were both continuous and dichotomous 1n nature,

- ~

. _“ . Further research ﬁdn;cmxng.ihese relatiogs and possihly others 1s ’

1]

recommended 1n~l1ght of #hie increased use of mijrocomputers as 1nstructional .
devrces 1n biology clas§rooms. This information\pay provade.criteria that
could be useful to teachers selecting or writing programs for® theirr genetics
courses or for biology Ecachers préparing genetics

»

e
[ . .
.
b v
-
. d
.
N
- a
., J
. ’
. . ’
. .
S .
) , - L} .
.
.
13 . .
' ~ A . ]
. d -
*
-
. .
. 's ”\
&,
- <
v, » ‘-
¢
- ¢
.
L .




. . , - .
- [} s . :

’Sess 10n A=4 3 ' i et

. -

<, THE IMPORTANCE OF VISUO-SPATIAL APTITUDE IN ° -
THE UNDERSTANDING OF BIOLOGY CONCEPTS < -

. ¢ . ’ ~ Thomas R. Lord
- BurlingZon County College ¢
. ’ ' Pemberton, NJ 08068 X
f . v |
The biological sciences have -long be(\ ignored in studies of spatial
’ thinkigg as related to varjous occupation Only 1n the last decade has
evidence begun to accumulaye that indicates a visuo-spatial cognitive linkage
to Biology. In order to ffirther examine this possible relationship, a study
was condicted on eighty undergraduates majoring in the sciences. Forty
‘liberal artst'lajors were also tested in t’h/q study to note any similarity or
difference i’ the two populations.

One hundred and twenty subjects were administered a series of visuo- . h
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 blol%gy
populatxon was divided into a contro! and an experimental group consisting of
tventy males and twenty females Group selection was random, but pretests >
scores were checked to assure that high and low spatial students were mcluded
1n each group. 13 .
~ - - [] *
Throughoyt 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 (1973); 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 involved little visuo-spatial understanding. The non- -
' science group received no, laboratory practice. At the year's end the entire 2 |
population was given other visuo-spatial tests from the Ekstrom battery.

. Siemankowski and HacKnight (1977) had found that ' stadents majoring 1n
science discrplines were significantly higher in spatial aptitude than
students in non-science curricula. It was not surprising therefore to note

B that a student who had sélected biology as his field of specialization scored '
such higher on the spatial t¢sts than the non-science major. Nnterestingly, ’ ‘
< the females it 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 important was the finding that the female
. bxologz sajors 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
3pataally gifted than females (Smith, 1964; Harris, 1978; HcGee', 1978). —
Hovever, when one realizes that roughly twenty-five percent, of all women ¢
tested for visuo-spatial accuracy score higher than the mediab%for men on the 4
test, the results 'should not be so surpriing (Haccoby and Jacklin, 1974). kg
¢+ additpon Exsenbery .and HcGinty (1977) noted that women found 1n occupations '
. traditionally seen as men's (i.e. physics) scored significantly higher on .
spatial tests than their male counterparts. Kelly (1976) noted that a Wirge ’
proportion of women in communist countries score very high on tests t'or
spatial perceptxve abxlity L]

& «

These hndmgs are surprising, however, because they contradict eariter
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’a student's spatial ability can be ¢
significantly increased through interaction. Students in the experimental
populations .seoring 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 finding of Brinkmann (1966), DeBono (1976) and Rosenthal ét al
(1977) that suggest that spat,lal thinking can be strengthened and lmproved
thrdugh practice.

. .

., N Yet encouragement of spatial pergeption in the nation's schools is sadly
M . being neglected® Today's education is still a highly yerbal experience. This
o ' - on .
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has penalized the farge number of students who conceptualize in a spatial
framevork. In addition, education that stresses only verbal attributes irr the
deiual deprives him,of his spatial potentials .

- -

“This study hﬁ revealed that spatial perception 1s a contributing factor
to the success of biology conceptualization 1n addition, spatial péfrception
can be greatly‘ enhanced 1n the low spatial_thinker througlt 1nteractive exercises

\
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hd FURTHER ANALYS1S OF SENDER RELATED DIFFERENCES
N IN SPATIAL’ FUNCTION . .
. \
o @ . 1 .
«William J. Doody .
JoAnn Feldstein
. N Boston University

‘Bostom, MA 02215 . .

N .

In previous investigations on gender r

. performance in science 1t was found that:

t

-

elated differences associated with

1) Significant gender related

differences dxisted 1n correlation between Visual Disembedding Ability and
: Achievement 1n Science (and that that difference was the most significant
among considetred factors, including Locus of Control); and 2) Signmficant
i gender related differences existed in cognitive correlates Hf performance on
' the tesr of Visugl Disembeddipg Ability (GEFT). This investigation focused on
furthey analysis of gender related differences in spatial” function (the
cognitive demain’in which significant gender related differences have been .
1dentified), and on a preliminary analysis of pergonality.and experience
correlates of groups defined by geander and achievement in science. The
“ outcome of this study 1s a clarification of factors associated with_those
groups, with particular attention given to group specific interactions beteen
. spatial function,gpersonality and éxperi{:nce factors. A hypothesis of this
study was that ¢fesent debdte on causes of gender related differences in
science aghievement is prematur®, since the nature of differences associated

a with gender and achievement are nat clear. .
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THE CONCERNS BASED ADOPTION HODEL
N ’ FOR HANAGING AND EVALUATING IMPLEMENTATION

) Robert K. James
- ' Kansas State University
* Hanhat!an‘ KS 66506

Exanmination of the science education literature regarding implementation

«.of new programs suggests three aréas where researchers need to mprove thexr

. skxlls They are:
1. Strategies for assessing. the nature and extent of ynplementatxon,
2. A data-based decision making process for assisting in the fhcilitation
» of change; and
3. A model that provides a theorgtical base from which to, understand
. the change process. - .
¥ <~
N The results of the research by Weiss (1978) and others indicate that the
ausber of clasgrooms reporting Yuge" of one of the NSF curricula is lw (7%

- or less). However, even 1n this ebench-mark study, the word "use" 1s not
defined. Criteria for establjsifing "use” would be needed before these data’
could “bé appropriately int rpreted. Numgrous studies have been reported which

, compare the relative effegfiveness of programs, but only rarely does the

~—author report having est§lished whether ot not the program was actually 1n
place at the time the evaluation was conducted. Most schools appear to
concentrate all their efforts on pre-implementation activities, while igngring
the suggestions in the change literature that long term support 1s necessary

. for effective implementation. . 2

4

. The CoH‘Ecrns Based Adoption Hodel (CBAM) provides a, theoretical pase for
r, understanding the ch:c:ge process. The dimensions of the CBAM: Stages of
) Concerns {SoC), Levels of Use (LoU), and Innovation Con%xguratlon (IC), provide
- Xtratcgiu. for assessing the nature and extent of implementation. These
strategies in the context of the overall Model enable change facilitators to
- suggest data-Based decisions about the next ioglcal step 1n the implementation
p;ﬁccss B . FN
el @
Thu trarnmg sessxon vill provide an overview of thﬁ CBAY Hodel with 1ts .
three d’mensxons and will develop; skill 1a the collectlolg gd interpretation of
concerns data.” Further informafion squrces will be pooviB#d and additional
opportunity for training will be dvailable to mterested ‘participants.

~ - w LT e « .
. ” o at
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- THE RELATIONSHIP OF COGNITIVE STYLE TO THE DEVELOPHENT
.OF POSITIVE ATTITUDES TOWARD SCIENCE AND SCIENCE TEACHING

’ o IN ELEMENTARY SCHOOL-TEACHERS
. . - L \
' - N A N
T ‘ » > Richard DeVore -
N 9 . Educational Testing Service - °
Princetonj N s

»

e

N ?
Research 1nto fggl/ors that are related to the development of positive
, attitudes toward science and science teaching has generally failed to identafy N
any ,dgnggraphxc or academic variables of consequence. Recent research
(Bowles”and Boss, 1974, Krajkovich, 1978) has indicated that cogaitive variables,
. N speci1fically the cognitive style of field dependence-independence may help to
explain the differences 1n attitude development® A second cognitive style, B
tolerance-for ambiguity, by definition (Budner, 1962) seems likely to account
A3 . for jome of the variamfée 1n teachers' attitudes developed during participation
in an 1nquiry-oryented mathods course. ' R
° Y ' e ,
» This study was.designed to determine the relationship of a subject's -
+ field dependence-i1ndependence and toleramce for ambiguity cognitive styles
. B to the development of positive attitudes toward science and science teaching
through participation 1n a sclence methods course-that stresses the
philosophies, designs, and activaties of the SAPA, SCIS, and ESS curricula.

-

* . The subjects were 33 undergraduate humanities and sociyl science majors
who_yere minoring 1n elementary education at Rutgers University The subjects
, were a reasonably *homogeneous group of students who had little or no
background 1n scierdce. . ‘ , s
) . . . B
e The design 1nvolved a pre am; posttest of attitudes toward science
and sciepce teaching with a measure developed by Hoore (1973)¢ Cogmitive -
style was assessed by use of the Group Embegded Figures Test (GEFT) developed”
by Witkin, et al. (1971) and't!’\’e ‘Tolerance-Intolerance ?or Ambiguity scale
" developed by Budner (1962). A locally deyeloped test of logical reasomng,-
known t® Be correlated to cognitive level, was also admnistered. R .

L)
Multiple regression Analysis of the data permitted the computation
of partial correlations between the cognitive style variables and the
residual Pariance 10 the attitude yariables after the variance attributable
to logical abilaty (cognitive style) and pretest performance were regressed

IS out. v
Rl

Results i1pdicated that neither cognitive style was s}gmhcantly -
relatéd to the abtitudes phe subject held before the course, but that f1éld
dependence-1ndependence was siglificantly (p & .05) telated to attitudes
toward science after the course and accounted for 15% of the residual variance
Tolerance for abiguity was gigmficantlx related to both attitudes toward .
science aqd attitydes toward teaching science (p & .01 in both cases), and .
accounted, respectivgly, for 22% and 27% of the residual variance3 in the
two attitude scorés. Furthermor®, by varying the order in which the cognitive
style varjables entefed the regression equation, it was found-that tolerance
for ambiguity was able to egplain significant amounts of the residual
variance 1n attitudes after {he correlation of the fwo cogditive styles was .
taken into account; field dependence was got able to do so. , ,

. .

’

. » »

, The results,to this gtudy“indicate that the cognitive styleofa teacher -
way .contibute significantly to the development of attitudes toward science :
and science teaching in“an inquiry-oriented metheds courde and that a high
. tolerance for ambiguity may be particularly important in the development aof’
positiye attitudes. This may help to explain why many teachers failed to _ *
adopt the WSF¥curricula after being trained to use the curricula in science -

\ * net”hod: courses and workshops. - x .. . ¢ 4
. - X .

ERIC L, oL T |
A FuiText provided by Eric ® T ‘ - . B
ey \\ | /o




- ER

);)\’ — ° be
AN REFERENCES "

Bowles, A. and M. Boss “Extent of Psychological Differentiation as Related
to Achievement 1n Science and Attitude Toward Science.” Paper presented
to the American Educational Research Association Annual Meeting,"Chicago,

. 1974. i

Budner, S., "Intolerance of Ambiguity as a \Petsonallty Variable.”

Journal of
, Personality, 1962, 30, 29-50.

Krajkovich, J., "The Relationships Among Science Attitude, Freld Dependence-
Independence, 1.Q., Sex, and Achievemeqt-rn Science.” Paper presented
at the Fifty-first Annual Convention of the National Association,for
Research i1n Science Teaching, Toronto, Canada, 1978

Moore, R. "The Development, Field Test, and Validatrion of Scales to Assess
Teachers' Attitudes Toward Teaching FElementary School Science.” Science.
Education, 1973757 (3), 271-278.

- \ -— R T e -~
witkin, H: . P. Oltman; E. Raskin, and S Karp. Manual, Eabedded Figures Test
Consulting Psychologists Press, Inc., Palo Alto, Califorma, 1971 b

17,




. —'COGNITTV/EE PERSONALITY FACTORS ASSOCIATED WITH -
e i SUCCESS IN SCIENCE
'J ‘ FOR* BIOLOGICAL AND PHYSICAL SCIENCE MAJORS

. . s Dale R. Baker .
+» Unwversity of Utah . R v
Salt Lake City, UT 84112  _ .

On hundred and eighty males and females were tested to determine what
combination of factors related to success 1n science were present 1n the .
biological, physical science and non-science majors. The factors examined
wvere mathematical and spatial ability, personalaty type, psychological

ez masculinity and femininity, and attitude toward science.

>

. The sub_)ec'ts were given a spatial rotation test, Cube Comparisons,
developed by Educational Testing Service, a test of psychological masculinity
and femininity, the Personal Attributes Questionnaire, developed by Spence
and Helmreach; 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 % desirable career measured attitude.

The data indicate that the personality of males was different from the

o personality of females primarily in terms of decision making. MHales preferred
to make decisions based on logical analysis and females preferred to make
deci1sions based on personal values. Males also had higher SAT mathematics
scores than females. Science majors had hjgher SAT mathematics scores than

N nof-science majors, but this is attributable to the higher mathematics
scores of the physical science majors. There was no difference in SAT,

s mathematics scor®s of biological and non-science majors.

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

non-science majors exhibited the oppogite characteristics. They were sensing,
feeling and perceiving. Male science and non-science majors and female

- physical science’majors were psychologically masculipe. The female non-science

— ,majors were all psychologically feminine and the female biology majors were

. © 7" equally dxstnbuted betveen the categories of mswlimty)nd £femininity.

¢ . Science majors had a positiye atutudz:ﬂard scunce_;nd—uerc pianning
¢ a scientific career. Non-science majofs had a_negative attitude toward science
R and were not planning a scieace€ related career. There was no difference between
sexes Or among grou 3 spatxal ability. P

t for the physical sciences than the biological sciences. The
scient1fic personality and psycﬁmgli;l masculinity and femininity were also
,_,.——f"‘factors more strongly related to physical science than to biological science,
. e espectaliy for women. These facCtors may be related.to the fact that there
is.a larger number of female Ph.Ds in biology, 25%, than in physics, 4.5%, -
[ - reported for 1975-76 by the National Science Foundation.
N . R also points Rt that any form of compensatory education to increase *
2 the nusber of women in science must also include a program of early *
identification of those young girls who exhibit characteristics of the
- . scientific personglity. Such programssshould also make clear that so-called
e . psyclfologically naacu}ipe 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 man from having the
warmth and_ nurturance attributed to psychological femininity.
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xv'j’. N SEX, FIED DEPENDENCE AND SCIENCE ACHIEVEMENT:
A A TRAIT-TREATMENT INTERACTION .
oo —g—' CZ. - - Hichael Piburn _ . -~ -
ST Rutgers University
New Brunswick, NJ 08903
R Morris Eayeart
. Woodbridge School District
Woodbridge, NJ 07095
p . . ’ ’
, The cognitive style of Field Dependence-Independence (FDI) 1s related
to a number of educational variables, including attityde and achievement 1n
) science, as well as to choice of academic major and carker (Witkin et al,
1977). It also interacts with other student traits, andMuth teaching
strategy, in the case of achievepent (Douglass and Kahle, ) and attitude
, (Witkin et al, '1977). In partighilar, males and females are known to differ
— ) both in FDI and attitude ward cience. ‘They also differ in success in

science and entry‘into ce a5 a profession.

This study is an evaluation of the relatyve influence of FDI on the
attitudes and achievement of students in very open, self-paced and highly
- individvalized ISCS classrooms. It wag an;xcipned ‘that there would be
interactions between the traxgq of-FDI and sex ifi"such a settxng

d
Subjects-were 119 students in grades 7 through 9 in a large urban _
_New Jersey school district. They were administered the- Sequentfa‘l"l‘—'t of
- "Educatioxal Progress - Science at the-beginoing and end of the school year.
They were also administered the Image of Scxence and Scientists scale and
thc’ﬁ’roup Embedded Figures Test (GEFI') ST .

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

. (=3
- As anticipated, there was virtually no change in achievement from
seventh to ninth grade for Field Dependent students. TField Independest
students, on the other hand, showed continuous growth in achievement.
Sx.iluly, males showed-little growth across these grades, while females

. —— " had substantfally improved STEP scores. The highest mean on the STEP
- posttest was achieved by Field Imdependent femasles, and the lowest by
Field-Dependeat ules. ) .

We conclude fron this study that attjtude is unrelated to the cognitive
. style of Field Dependence-Ihdependence. The curriculum appears to bd effect
for females and for Field Independent subjects, but not for males or [Field
o Dependent subjects.

@ . :
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EVALUATING REASONING ABILITIES OF FRESIMEN BIOLOGY STUDENTS R
FOR THEIR UNDERSTANDING OF LOGICAL CONNECTIVES _ -
. o
. ¢ Frank Duroy .
Rutgers University -
New Bruaswick, NJ 08903

<

R R
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 exclus ive), conditional (:f-then)
and biconditional (if and only if). ’

* . $
Eighty four (84) subjects enrolled in a first year experimental biology
class, funded in part by jn NSF grant, at.a major eastern university were
administered the pieces tpsk. This test developed by Palirand et al has a »
syllogistic format vith & wajor premise, a minor premise and 2 conclusion.
. .

indicated that students 1n thais couise had ¢
difficulty with the logical connective or, both exclusive 40.4% correct and
inclusivé 54.2% correct/. This As 1n agreement with studies conducted by - -—
Niemark (1970), Sternberg (1979) and Staudenmayer & Bourne (1977) which '
showed students have problems with the disjunctive "or”.

¢ Resalts of the tes

An ANOVA yield

a 45.7 F-value for a question variable. Students
seenm tb have probl

s going from one type of question to another.

Research 1s /needed to determine wWhether topics and methodology used
1n this experimental biology course aided students in comprehending the
conditional-tonnective (1f - then) which is necessary in understanding the
hypothéség. E) , N

ar
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A THREE YEAR STUDY OF TWO DIFFERENT APPROACHES
T0 TEACHING COLLEGE KQODUCTORY GENERAL BIOLOGY

~
@ Al -
Veronica Reardon Hondrinos
* . Rutgers University
New Brunswick, NJ 08903

.

Th*nuoductory 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-scieace
major. Most large colleges and universities offer several alternative courses
to meet the various needs of the students they servide. This study deals with
a comparison of two introdnétory general biology courses tth are designed for
students con.sxdering a science major.

Over a three yegr period ‘the two gcourses were compared on a variety of

measures.

The study took place at a large eastera university and had a

population of 1500 students.

The two courses presented two totally different
The one was sponsored by a NSF

approaches to L.he teaching of genePal biology.
Cowprehensive Aid to Undergraduate Science Education

rant.

Senior faculty

from the microbiology and physiology departments were’ responsible for a live
lecture format that emphasized biochemical, and molecular biology. A heavy
eopfflasis was placed on the laboratories which were designed to give a "hands
on” contact with the "work horse” instruments of modgrn biolpgical research.
The labs were equipped with the type of, modern :nstrumentation that is not
usually present ir introductory courses. The second is 3 traditional general
biology course which 1s run by the botany and zoology departments. It employs
television lectures with.discussigns led by graduate teaching assystants. The
laboratories are run by the graduate assistants and follow the usual botany-
zoology approich, 3

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 stydents involved ia both courses
completed a_questionnaire that,had been designedsto give pe¥tinent background
as well as scores for science interest and attitude and scores 1in
ledge. During the first two years the scores were used to
matched sample from the larger course to be compared-to the entyre
population the NSF sponsored course. In the thaird year all studeats
participatfd®in the entire evaluation process. 'The sequence of the evaluation
affer the/questiomaire incjuded a"biology knéwledge pretest, an attitude
pretest, a propositional logic test, a knowledge posttest, and attitude
posttest. The SAT Math and Verbal scores were obtained for the sample. s

-~
The results wege subjected to statisti
Analysis of Covariance and Item Analysis.

cal anaﬂlyse's such as T-Tests,
In each of the. three years the

results showed that the course taken by the students 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 1t would seem that this course did have a positive effect on the studeats.
. ',

.

. K4 o .
« Further research into the causes of this increased learning might prove
to be beneficial because of the role that:general hiology plays in the future
choice Of major by gollege students. "

P
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- ARAB SCIENCE TEACHERS' ATTITUDES TOWARDS TEACHING
' hd SCIENCE BY INQUIRY IN SECOND@RY SCHOOLS IN ISRAEL
e -
Hatin E. Khouty
* . Reuven Lazarowitz
Israel Institute of Technology
S Technion, Haifa, Israél .

i

The goals of this study were: (1) to detect whether or not and to what
* v extent Arab secondary school science teachers in Israel hold positive
attitudes towarda 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, sex, etf.; b - variables related to teachers' profeasional background ‘
i.e. years of teachmg, grades, academic degree; and ¢ - varubl«r:e,lated to .-
teachets’ educatxon, i.e. academic studxes,,in-servxrce training, ftc. -

Research Design ' . NS
. The ‘siluple consisted of 192 Arab secondary science teachers of biology,

_ chemistry and physics. Most of the teachers taught in rural schools. They
answered two questionnaires: 1. Personal Data Form (PDF), which aolicited
information for 14 ind‘ependent variables. (2) Inquiry Science 'Pea.chmg '

s ~ Strategy (ISTS) developed by Lazarowitz and Lee (1976) which consisted of 40,
items ajmed at detecting the extent to which teachers' attitudes !rq pokxtxve :
ttovards the inquiry method.
O~
“The ISTS used a 1 to 5 points Likert scale; 20 posxtxve items were valued
5-1, and 20 negative items 1-5, respectively.

'Valxdxty and Reliability -

Since ISTS was used i1n the past with Amerigan teachers (Lazarovitz ahd
Lee, 1976) and Israeli teachers (Lazarowita and Tamir, 1980), the instrument was
-~ content valtdated for the use with%ba goiknce teachers and ats reliabilaty
was calculated by a split half protéd which yielded a_ value of .89.

. Procedure . .
A .
. Data were collected by three specially trained students who visited the

schools and agked secondary science teachers to complete the two ‘IUCSJO“MU‘CS

Factor analysis and analysis 6f variance (i.ncludxng Scheffe techniques)
were used, v , '
- ~

Factor analysis revealed three fadtors

,.
k7
/

. 1) ConervatiVe approach in teaching sqience;
2)  The inquiry appropch in teaching scyence; and,

Results

Generally the ISTS attitude scores refleeted that Arab science feachexs
did not hold positive attitudes towards inquiry. On the contrary, they tended

to support the traditional expository method. N .
However, when the ISTS was analysed per item (and not factora) on 12 i
items, the Arab teachers expressed some pbaitive attitude tquards. inquiry.
The background variables of the, teachers affected their attitudes ahghtly.
It is worth mentioning that teachers who atudied Hiatory and Philoaophy of
Science as part of their university education-showed $ignificantly more
positive attitudes towarda inquiry,
o . .

]: " S : _A ﬁ L7 AM"
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Discussion . ’ . i

” . - o«

During the lsst few years three teacher sasples in different cultures

were' investigated, using the ISTS snd the background form. A Gross cultural * .
perlpecti've is,suggested. United States-teschers generally showed*th®®most )
positive sttitudes towards inquiryesnd background variables such as: education,
scademic background, sex and yesrs of teaching were significantly related to
their attitudes. The Israeli Jewish slmple af?eachers was similar to the
Aaericsn sample, The Arsb Israel: sample was Very gdifferent. T}leirvat.titud,es
were more negative towsrds inquiry ahd the t{ackground variables were not .
LY

. related to their attitudes. . w‘:
© ’ i - Moy
The results suggest a relationship between the degree of tradithonality 1,
. 1n the society as a general system and science teaching in the classroom. .
- Arab teachers are functioning in a traditional society Which is now on the N A
threshold of modernizing. o .
¢ - .

The main conclugéions drawn in this direction are that unless the traiming
programs for Arab teachers take into comsideration the teachers' specific
personal and socio-cultural backgrounds, their effectiveness will be
questionable. In other words, mot only considerations stemming frou subject
matters and universal discussions of methods and techniques,.but also those
stesming from teachers’ baggrounds and the set-up 1n which they wall function
should be emphasized. . '

. B
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ACADEMIC ACHIEVEMENTS, LEARNING ENVIRONMENT, SELF ESTEEM,
* AND INQUIRY SKILLS OF HIGH SCHOOL STUDEKTS IN BIOLOGY
TAUGHT IN COOPERATIVE-INVESTIGATIVE SHALL GROUPS

-

Reuven Lazarowitz
Technion, Haifa, Israel

Hugh Baird
Val Bqwlden
Brigham Young University
Provo, UT
Rachel Hertz-Lazarowitz
Haifa Universaty
Haifa, Israel

-
The goals of this study were to determine the effects ‘of a cooperative-,
1nvestigative learning approach on academic achievement, self esteem, learning
enviroament and inquary skills of high school biology students.

This ldarning approach, which is based on the jigsaw method as described
by Aronson (1978), uses a cooperativesinvestigative way of instruction in
shall groups. In this study it uasc?\?pothesized that the cooperative
1nvestigative learning approach 1n small groups av1ll help students |

(1)
(2)
)

€4)

to increase their motivation to learnm, obtammg higher achievement.
to 1ncrease their self esteem.

to develop skills of cooperatxon, increase helping beha(lour, and
assume mdre, responsibility for their learming.

develop 1nquiry skills, as a result of the 1nvestigative approach

used 1n the instructional method.

[

The Learning Material Y

For this study two .learning unmits were developed:

(¢))
(2)

"You and the Cell" and &

"The Living Plant”

Each unit ¢as divided into sub-tasks for'groups of five students, who
treated each other as resources.
-

o

o .

Procedures

The sample included one hundred and nine tenth graders 1n biology. The
experimental_group included fifty students from two classes, and the control
group consisted of fifty-nine students from two other classes which were tatght
in a traditfonal manner. Students 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. B

Ve

The experiment lasted five weeks. Two biolegy teachers and two aides
were involved in this study. Both groups studied the sabe leanning material,
but in two different methods. Questionnaires reégarding achievement tests,
self esteem, learning environment and inquiry skills were given as a pre- and
posttest, and the mean scores wére Compared for significant dift’erences,
using: analysis of convariance.

°

o
<

Results and Conclusion

L

The results of the achievements tests show that the mean percent increase
of the experimental group, was higher than the mesn percent incresse of the
control group, when pre- and posttest mesn scores vere compared. The test
items were categorized by their cognitive level (Queltloai relgted to Kpowlédge,
co.prehenaion, Jnalylil and evaluation).

.
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On self esteem, the results show no sigmficant differences, but on
learning environmept, the expenmcntgfgroup had higher scores than the
-control group in all categories related to skills of cooperatlon.‘llflpmg

behaviour and responsihility. -
* When ‘cogparing group results regarding 1nquiry skills, 1t was
found that the ©xperimental group developed more of these skills.

The re.ts show that when poorly and low motivated students are involved,
he method of cooperation combined with the investigative approach in small
Eroup instruction could be one of the ways with which students could he ¢
elped. Since this 1is the first time that cooperative 1nvestigative small
group instruction hased on the jigsaw method was used in hiology at the high
sc‘;ool level, wore studiés are needed 1in order to support our results on a
brbader base. !
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ISRAELI STUDENTS' CONCRETE AND FORMAL THINKING ABILITY
AND THEIR ACHIEVEMENT IN MATHEMATICS ANDTKE SCIENCES

. <
T + Avi Hofstein
Vera Mandler ..
The Weizmann Institute of Science
Rehovot, Israel

Introduction

Several attempts have been madé by science educators to establish some
correlat’ion betwden students' achievement 1n science and performance on
certain Piagetian tasks as measured by a pencil and paper test (Tisher and
Dale, 1975; Longeot, 1965).

" T s paper is a report of pilot resea the relation between students’
thinking ability and their achievement if mathematics and 1n the sciences
(brology, chemistry and physics) in 9th and 10th grade classes.

<

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

¢ N

Hethodology A .
4 Lawson's (1978) pencil and paper test of formal reasoning was admnistered
in two 9th grade (N,= 66) classes and in twd 10th grade (N = 63) classes. The
test consists of 15 items covering the following Piagetian tagks: 1) conservation
of weight; 2) displaced value; 3) proportional reasoning; 4) controlling
variables; 5) combinational reasoning and 6) probability. .

¢

Teachers' scores (oM 4-10 scale) in math€matics, physics, biology and
chemistry were used as a measure of student achietement in the various
subjects, N .

Results and Discussion . 4 \

- Meaps and stahdard 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 sigmficantly higher than 9th grade student..s. Similar
results were obtained by Lawson's study in the United States. This could be
regarded as an evidence for tlle validity Jof t[xe test. - .

Boys scored_significantly Ahfghér than girls. However, no interaction,
grade .x gender, was obtfined. ‘ )
. k]
* On the bases of a frequency disqi‘)uuon three levels of thinking ability
(Lawson's test) were identified. N
Level Score (on Lawson's test) N
1 0. 8 . 34
11 9~ 12 60
111 . 13 -15 . 35

One way analysis of variance procedures were u_s:d An order to compare students’
mean aghievement gcores in mathematics and in Science accotding to the levels
of thinking abiliZy. . .

In general, it was found that level III ftudents scored s)m\ificantly
higher than those who are in levels I and II. No differences were obtained
bggween levels I and II. This last finding raises asquestion concerning the
sensitivity of Lawson's test. _ .

Summary ' . 4 C—\ o
™ 1In hisiarticle Lawson suggested that in the future similar pencil and
aper tests could be used by teachers in their own classrooms. On the basis
@t’ Qur results there is a need to condu¢t further research in this area.

EK S ,639-‘26
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A COMPARISON OF BIOLOGY TEACHING IN JUNTOR AND SENIOR: . . @

i vt , HIGH STHODLS IN ISRAEL. , . .
Tve 'y N s “

. ° . = © 9
RSN Pinchas Tamir .
. ) [Ruth Amir , o ‘ N *
. 4 Lt Hebrew University ?
‘Jerusalem, fsrael . ’
L3 DY N

L d 4

Iy . L. -

N The study was designed to compare classroom transictions in junior and -

senior high schdol biology classes in Israel, and'to identafy ‘relatronships

betweén classroom con&x;,ions, lesson fgrmat (recitation, laboratory,

integrited) and instructibnal activities. In addjtion, the validity and

xeliability of a new sidstrument, the Structured Lesson Report Form®(SLRF), , =«

was examined. ° ‘ . .

. : ', e W N . N .-
. The SLRF cdpsistseof two parts. The ifems in the“first part are ’

. , Structured and require seléction of an appropriate option, as related to
students' deschiption, classroom setting, seating arrangement, students
teaming, use of audiovisual' 3ids, teicher and students enjoyment, special "

‘e features of laboratory, inquiry and.homework. The second part asks the N .
teacher to describe in g:e‘r own words ‘what happened 1n the lesson: guestions

. ~asked, activities performed and €equence of events. The teachers' aneddotal
X descriptions had been analyzed into categoyies and all the data were coded and
o * 'analyze:gl by computer programs to ~yi$eld.fpequency distributfons, means and
+ standard deviations and correlations. The results were analyzed separately
for* junior .(N #155) and senior highN°c 50) cldsses. N
« . . .
A high level of "agreement (8¢f%) ﬁas’ob'taine,d between teachers’ self
o ’ reports and outsidesobserversis Follawing are some* of the results: These are
M “reported as percentage of lesson "in‘jun,xor «and seanior high classes respectively:
. . Students read from text book in class (20%, 8%). Students had a homework .
* " assignment to read from the tektbook (13%, 10%) and to answer qestions from .
! the textbook (17%, 5%). Laboratery exercises from the textbooks were used by .
' most clasges (55%, 69%). The doninant m_odeso of instruction werg: teacher led
. Yhole class discussion (86%, 78%), teakher explanations ,(76%, 28%), posing a
‘problem (76%,-29%). Laboratory siork was characterized by four activities:
«  designing experiments (36%, 45%), perforsting experiments {51%, 1a both), A
pooling results (35%, 23%) and discussion (80%, 1n both). Different bioldgical
- fields were repgesefted.as follows: physiology (25%, 48%), biochenmistry. {19%,
10%), ecology (ﬁ, 4%), genetics (3%, 13%), morphology (14%, 10%), behavior
(2%, 0%), evolution and development (4%, 6%). The dominamt instructional aid .
¢ was the 'chailkbo rd, §ollowed by charts,¥nd diagrams. Very littfe use was made , .

, » of other audiovisuals. Infuiry learning occucrence was as follows:, t3 some . [

. extent, (20‘[, 26%) »to a moderate, defree (32%, 20%); to a.great exten¥ (27%, Ty

- 25%). MHost teaphers reported that both they and their students had enjoyed

. - the lesson. The study provides additional ghta and interesting differeness - , 5 ‘/

between laboratory, recitation and gntegrat‘ecf leisons. In spite of cettdin -

° differences the|general pictute of teaching biology in junior and senior high '

‘ biology classes|is that gf inquiry-oriented laboratory-based learning Jed and

‘e guided'by the teacher wi?h only meditm dependence on the textbook. SLRF was s
‘ .* found to be a reliablg, valid®angd useful research and féedback. device. )
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Coe e , SCIENCE, HATERIALS: OPEN VS. DIRECTED INSTILUCTION ° °

«
»

Herbert G. Cohen
& Arizona State University .
Tempe, AZ ‘85287 -°

The uin)purpose of this 1nvestigation-'was 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
1nvolvement. .

°

e One-Lundred and twenty fifth grade studeats were randomly assigned to one
of four groups, each with N=30. There were 63 fems)e students and 57 male
students. N g . )

.

All four groups received instruction consisting of access to manipulatives
(s€1S-2nd edition, Rand ficNally). Level 5, Energy Sources was used. oActivities
were chosen on the basis that they would provide the greatest potential for
manipulation. .

.

Two fifth grade teachers tawght the groups, each having responsibility
for one group receiving non-directed instruction and onie group receiving
directed instruction. Instruction was provided twice a _week, 45 minute
periods, for six uesks. o

- st - . &
© A Battery of six Pisgetian-type tasks, designed to -‘examipe six of the
projective groupings suggested by Piaget (I16P ; IGP,; 1GP.; IGP:; IGP6; and
16P,) were used. These tasks were admmstertl:d to dner half of the stidents
tanaonly selected before instruction began, and again to all the students “at
the end of the instructional, sequence. 8

The experimental design was the Solomon Four Gro%p Design. A 2.Xx, 2
analysis of variance was employed. This analysis yie ded an F-statistic which
was not significant at the .05 level, and therefore 1t was corfcluded the main
and i1nteractive effects of pretesting were negligible. An nalysis of

* variance, pretest scores being the covariate, yielded .a sigmificant F .
statistic at the .05 level. i - .

The basic educational implication was that” since the role of ;xpenence,-"« .
that is, sanipulating materials is a significant factor in many elementMy -~
science programs, it seems that a worthwhile course to follow 18 an examination
of specific types of behaviors teachers should encourage their students to
pursue with manipulatives. The identification’of the specific types of
behaviors would entail further investigation concerning the develoifneﬂt of

“

mother groupings, in both the logical and infralogical subsystems. / If the
findings of subsequent studies do identify specific types of behaviors as.
being superior 1in enhancing the development of groupings; then ;Zesp behaviors
can be incorporated into science prograas. It is conjectured by this author
that if this procedure does.yield positive effects by enhanciné the developmefit
of groupings, this would be reflected in elementary-age childfen becoming more
competent in doing and understanding science, both in the 3rea of comprehending
the content, as well as becoming more conversant with science-type processes.
SR . : '
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QUESTIONS IN THE NARRATIVE OF SCIENGE 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 questfon types when these questions were interspersed through the
reading passage of textual materials for students in university jntroductory.
biology. It was hypothesized that students reading a passage- on biclogy
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. i

“

. 2 .
- <
The sample consisted of all 333 students enrolled in a one-semester
Dgeneral biology course during the spring semester 1981 at a large midwestern
umiversity. The sample was°randomly sorted into S1X treatment groups of
approximately equal size. Early in the semester 54 studenta read 2769-worh
-passage on the confept of multicellularity taken from a popular university

. general biology textbook. A second group of 75 students read the same pasgage

Aruitoxt provided by ERic:

.

except that 24 rhetorical questions were interspersed through the passage at |
the beginning of selected paragraphs. -A third group of 53 students yead the
passage with factu#l or recall questions substituted in the Same position as
the previous rhetarical questions. A fourth group of 79 and a fifth group of
61 students read the passage with hypothesizing and valuing questions
respectively placéd similarly ip the passage. A final group of 61 students
did no gzeading uhatsoeirer.'
- . 1)

* The dependent variable was a 20-item test giyen to all students at three
different times: “imme tately after reading the passage, two weeks after s
reading, and nine weeks aftér- reading. - For the testing period immediately
after’ reading, none of the mean scores of the groups reading with questions
differed sjgnificantly from mean scores of the ftio-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 3.21, 3.36, 3.83, and 3.62 respectgvely). In each of these cases
Lhe groups reading with questions gcored lower. At mine weeks after reading,
both the rhetorical-and the valuing-questions groups scored significantly
lover than the no-questions group (t-values 3.60 and 2.34 respectively).

As a check on whether Yeading the passage under any conlit;ons had<an =«
effett upon undgrstanding of multicellularity,‘mean scores of the groups "
reading the passage were contrasted with scores®of a group of students Who did |
not read the passage. Students not reading the passage took the tests at the |
same intervals ag the redding groups. Groups not reading the Eassage had .
significantly lower scores ‘than the groups readilig the passage in all but
three cases: (1) the factual questions group at two weeks (=225, p <L
.015), (2) thé rhetorical questions group at nine weeks (t=.94, p £ .79),
and the valuing questions group at ninge weeks (t = 1.65, p £ .05). X

.
Students do appear to make significant learning’gains from reading
biology text, especially if such learning#is measured within a short period
Jof time (up to two weeks). Thes¢ data show, with few exceptions, consistently
higher tests scores for the groups reading a padsage about multicellularity
concepts compared to groups not rqadi%g the passage.

~ L
It appears that undeéstanding and retentiongof biolggy concepts due to
reading is not enhanced by frequent questions of any kind interspersed in the
passage at the beginning of selected paragraphs. In many cases, inserted
quéstions™risulted in lefs learning, pdarticularly over mid- and l¥nger-range
time intervals. o ¥ Vo
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IMPROVING WEADING COMPREHENSIQN OF CHEMISTRY T
. TEXTBSQKS USING POSTQUESTIONS PR

AudreyNYy. Chaxtko .o
Willism G\JHof liday -
Ny University offCalgary

ary, Alberfa RN N4 .

.
3 .7 DN . . L
Postquestions have proven to bd.2 powerful technique useful in helping
students identify important informatiomycontainéd in dagrative reading material.
Previous research studies have shown 'thay i
critical characteristics of cqncepts when

subsequent, to segments of prose wmaterial. 2uer, few researchers have
evaluated this technique as 1t relates to sgiencey ducation, class NT/
textbooks and comprebension level achievement. They purpose of this study was
to jovestigate the learning and instructional effectsSpf postquestions on '
helping students to focus their attention on Categories g., reaction
¢ identification) of information contained in chemistry textd, while helping
gtudents learn this textual material in-differgnt ways. \\ ’
" * . ™\
The effect.iv‘eness of postqué’stions was examined in terms of four
interactive and two main effect hypotbeses. sAn extensive pilot stud®

conducted to ensure the development of adequate chemical texts and qu:s i
Subsequently, 109 students participated in the ekperiment, These tenth dnd
_eleventh grade students are enrolled in Shemistry at three rural senior®higl

schools near Calgary, Alberta. They were randomly assigned to ome of six S

groups; one placebo-control group, ond reading-only control group, and one of, -
o

four postquestion groups. These latter groups read a chemstry text
interspersed with postquestions measuring knowledge or comprehension. The
postquestions focused'stgdcnts’_‘fattent.ion on one of two categories of 2 -
information. This arrangement permitted the evaluation of the four interactived
hypotheses tofitaining postquestions. and posttest items requiring students to
process different categories of information at different levels of cognitaon.
Specifically, students in these groups.were presented 2 series of five ftraining
(instructional) passages each followed by one of four kinds of postquestions.
Review of the téxt was prohibited. The dependent variable was the learned
information found in a siXth transfer passagé and vas evaluated using d.posttest
Lconsisting of al} four types of postqugstions used during ginst.tuct.ion (training).

As predicted, students’ treatment and posttest scores significantly
(p £ 0.05) interacted in three of the four conditions (K-PQ , K-PT, X-PQ X
¢-PT, C-PQ X C-PT, where K.= knowledge, PQ = postquestion, PT = posttest, and
.( = comprehension). Under thesel snditions students' scores were higher on'*
posttest items from the same cat . as the inserted questions and lower on’
posttest items from a different category than the inserted questions. The one
exception was the knowledge X cotiprehension interaction. All scores of
students in treatment groups were im-the same “range"” or si’gniﬁcantly',higher
(p. 4 0705) than the scores of <the reading<only control group. Posttest
scores of students in all other groups far exceeded. the scores of the placebo~
contrdl group. . , ‘ !

° The results of this study suggested that postquestions inserted in a«
chemistry text can induce a learning set influencing students' atteational
processing. Science educators should he.aware of the- importance 6f determining
which {nformation they most want students to learn and at, what level of
gcognition. Indged, sciencg educators "should put more, etfort into the design

of adjunct questions, thus intregsing the chances fof dearning ofs’critrial
information 1ie su(}:iequenh mteriil,‘cont*ainin'g no_study questiots. '
a4y
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’, ¢ L. A STUDY OF CONCEPTUAL CHANGE IN THE CLASSROOM . . -
’ ¥ ) Joseph Nussbaun

a Shimshon Novick =
¢ The Hebrew.University of Jerusalem . ‘
. , Jerusalem, Israel
, coen .
Recent studies {n'cognitive learning have tended to emphasize the role of
studert alternative frameworks (SAFs -- sometimes called preconceptions or -
e misconceptions). These studies confirm the thesis that learning key, science |

concepts involves a change in praviously held, conceptrons. This cognitive

change is a process which 1s not at all easy to effect and there is considerable

. elidence that prevalent teaching methods fail to promote 1Y in many students.
Although research clearly indicates the 4mportance of SAFs for the fmprdvement

» ot‘/éaching and curriculum, very littléwork has been done on specific examples .
of“conceptual changes and on the application of these constructs to the
developnent of new teaching strategies.

B 5 ’ + )
.

The purposes of this paper are: . .
(1) to propose an;lamake a qualitative assessment of a teaching strategy
designed to promote conceptual change;

(2) to observe and analyze in detail the dynamics of conceptual change "
s 1a a numbey of individual students dyring the course of a teaching~
¢ unit on the structure pf gases;

~

3
. o (Z?) to propose a taxonomy of ;SAFs 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
six¢h grade students in an Ithaca, New York,: public school. Their teacher M LA
judged them to be of average ability relative to the local school population. N

They were taught a ten-lesson unit on the structure of gases over a per)od -of
four weeks.

]
<

K |
¢ The teaching strategy c<:1sted of: o : v
|
(1) initial exposure of “5AFs through their responses to an "exposing s |
" ° N . |
event"; : .
. s . N
(2) sharpening student awareness of their own and other. students’ . ‘
. alternative frameworks, through discussion and debate; |
S
. (3) creating conceptual conflict by attempting to explain a 'discrepant *
. s event"; . .
i, . . -~ [
- ' * (4) encouraging and guiding ‘cegnitive accommodation and the invgntion of
R a new congeptual model Consistent with the accepte&l scientific * o
ramework (SCF).
The fata sources were:. . ’ c e
+ N .
. { .
(1) a video-recording of five critical lessons; S ' . |
N .

(2) a written proto‘col of the remaining five l;essons;
: . (3) studert worksheets and questionnafires. @

The findings -contribute to our understanding of specific cognitive

LT :j B difficulties that student® experience in learning thé structure of matter in
< - %% gemeral and the strucfure of gases in particular. 0d a more general level, the
s+ :stufly presents a model teaching strategy for effecting the conceptual change -

- requiged in learning many areas ofsciencea
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PROCESS SKILL ACHIEVEMENT

THE EFFECTS OF INSTRUCTION ON IN?RATED SCIENCE

HMichae} J. Padilla
. James R. COkey
N University of Georgia
" Athens, GA 30602
Kathryn Garrard
- P.0. Box 148
Haw)tinsvillc, GA

Purpose ~ |

The integrated Sciénce Process Skills have been listed as desired outcomes
of many exemplary science cupficula. 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 L%
experiments. Yet recent efforts have show that neither, mmddle or Secondary
sclool stidents are very proficient 1n these skills.

e

. [ ]

, -

and high relationship between the integrated science process. skills apd formal
operational abilities (r=.73). This result led to two possible conclusiens.

The level of formal thinking could be affecting the ability of students to

master the integrated process skills. Given the low levels of forgal thinking
reporteg'(mong giddle and secondary students, this hypothesis does“not lend °

much prothse to’ teaching process skills. On the other hand it could be that 3
teaching science process skills might not only affect process skill abilities - ," ’
but might also enhance formal thinking abilities. «

Ipa study just completed, Padilla, Okey and Dillashaw found a significant )
-
y
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. . @

- - -

-

Procedures N \ -

Three sixth and thrge eighth grade teachers were chosen, based on their
reputations as effective science teachers. One of four sections of students ~
per teacher was, randomly assigned to each of three treatments with two sectionms
assigned to treatment ofe.

<@
Treagment one - involved a two week introductory unit
emphasizing the desigming and carrying out of fair . l
experiments. Subsequent content units had approximately
one period-long process skill actiyity per week
integrated into the regular curriculum (n=168). . Bz
’ N {D

Treatment two - involved only the same two week
introductory ,unit emphasizing ‘fair experiments (n=85).

Treatment three - was a control treatment gettin®

. Tittle direct process skill instruction (n=76) .

The instructional period_lasted for approximately fourteen weeks. .All o

. 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 interded

abilities. . .. o
. S ®
- -
Results . ¢ . -,

+ »

Student§ in the three treatment groups Were cowpared using score® on the
integrated process skill (TIPS) and logical thinking (TOLT) tests. In each
case, pretreatment scores on the same instruments were used as covariates.

: 3 | X
: 33 T t- - o -
L 46 - . .
T . . -




- . @ 3 .
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 did not, however, have
a differential impact on logical thinking outcomes. All three groups increased
their ;jres from pretreat®ent to posttreatment (perhaps a testing effect) but
no differegces among groups were evident. v

AY .
Conclusions

v

The results of t tudy can be viewed differently depending on one's
poxnt of view. Both fference_g in achievement and growth in achievement |
resulted from the enhanced process skil} instruction. The concentrated two-week
process skill treatment by itself did not have a differential impact. But
hen 1t was followed by a systematic attention to integrated process skills in

tes of units, achievement was mfluenc'ed

xcal thinking skills of students were not much affected in the
time span of this study. Either process skills pnstruction is not a means of
1nfluencing gruwth in logical thinking or the penod of time devoted to that
pursuit must be extended before effects are evident.

s
~ as °
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< GENERAL SESSION. I

THE PRESIDENTS ADDRESS

WHAT SCIENCE TEACHERS SAY TO
-~ "SCIENCE wucmdx RESEARCHERS

.
Stanley L. delgeson
The Ohio State University
Columbus, OH 43210
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- INFORMAL SCIENCE STUDY: FIRST-YEAR RESEARCH RESULTS .
_ ¢ - -OF SCIENCE TN AMUSEMENT PARKS -
- . o g ‘" Howard L. Jones T
‘ T, James Rawe ¢
° Terry Rooney '
N Godrej Sethna ' .

___/\\ University of Houston

JHouston, TX 77004 >
| ' '
Carolyn Sumnets
Houston Museum of Natural Science
Houston, TX * ,
William HcConnell
Webster College »
St. Louis, MO ' '
kH
Robert K. James
Kansas State University
Manhattan, KS 66506

“Infomal‘%lence Study 1s funded by the National Science Foundation
to develop instructional materials for middle-school and high school science
.and mathematics students. Specifically, the 1fSS materials are designed to
provide introductory, supplemental and advanced instruction in’ the areas of
mataon physics by focusing student attention on science agd mathemati in
informfl settings, such as sport aremas, playgrounds andxusement parks.

In 1980<81,%he first year of a t three-year funding period, six
instructional mini~units (desxgned for two diy - three week time periods) were
developed and ‘pilot tested in two sites: Hduston, Texas and St. Louis,
Missoura. In all, some 25 teachers and 3,000 students, grades 5-12, were
involved in the pilot testing. The si nstructxonal mini-units are desxgned
around student dialogue, Pproviding intfoduction and review of physical science
concepts in low key, non-technical language. Physical science terms are
introduced, ag they are needed 1n explauqu real world experiences. In
addition, several of the .units entail the use of laboratory experiences using
toys (race tracks, model rockets....) apusement park field trips (roller
coasters...) ap,d the study of sport.mg

Pre- and post-testing of studeats in the 0~81 field testing focused on
four major variables: .
N

Studeat recall of past experiences 1n informal settings?®

Student knowledge of physical sciente te'rps/concepts/prainciples.
Student ability to apply physical science tems/ccncepts/princxples
to dew problem settings.

5. St.;xdent attitude toward science. .

n

W R

‘ «

variables are the four identifled ’above -Specxfxcally the studiesfeport:

’a. The degree ;o which classroom mstructlon focused on posnxve
student experiences influences student attitudes towat science
as well as _L_Eeu knowledge and application of sctence cepts,
. 24 . .
b. “Fhe degree to which students' cognitive style (as measured by the
Embedded Fxgures Test) is related to student gains in IfSS materials.
c. The degree to which utilizatign of a dialog "storybook" text
influences student knowledge and comprehension of science concepts.
) ‘. R .g@
d. Pre and post achievement differences” betweexr s and females on
experience recall, fnowledge and comprehension of contcepts,. as well
as attitudes toward science.

Development of randomized nested research design'for determination
of group achievement levels(

1“:“ h . 49, . -’ . v L

- ¥ . S . . ! . . .

Detailed in this pdper set’are six studies. For each of the studies the dependent
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THE EFFECTS OF DIRECTED OBSERVATION ON THE “ LEARNING OF -

s
SCIENCE CONCEPTS *

Paul D. Eggen

Sandra K. Kirk

, Experimental group scored significantly higher than the Control group on the
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University of North Florida
Jacksonvalle, FL 32216

. Donald P. Kauchal.t
University of Utah
Salt Lake City, UT 84112

Mary Alice Wolfe .
st. Johns County Public Schools ~
Hastintgs, 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 group or a Control group. The
Experimental group was taught a concept using 1nteractive 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

total posttest score and on the written production subtest aad oral production
subtest. Subjects wio were-directed by 1interactive questions to observe thé
examples vere better able to ideatify 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 of the concept being
-taught, and independéntly_suggested more new examples.
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. .I}.IPLICATIONS OF INTEGRATED SCIENCE TEACHING UPON STUDENTS' PERCEPTION
: ’ OF THE DIFFERENT DISCIPLINES OF SCIENCE .

>

H. J. Arzi
- R. Ben-Zvi - N N
. U. Ganiel . v
. The Weizmann Institute of Science . =

Rehovot, Israel

Integrated science teaching §s 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 congiderable degreé of differentiation
according to the'classical" science disciplines, and students have to Yecide
L. which' subjects thdy wish to emphasize in their studies. It is probabledthat

© attitudes formed du€Nto JHS science do affect SHS choices, and might have

long range implication} on career chojce. The consequent question is whether

integrated science courses in JHS do indeed supply students with the necessary

basis for such decision making. This exegplifies one of the problems concerning
- the need for mutual adjustment among courses, which should be preferahly dgalt

with on the basis 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® /'

students’ attitudes to and preferences for different giciplines‘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 fipst stages, in
particular on 2 cross sectional investigation in 8th and 9%h grades (N=1111), ~
The students studied a combined "General Science" curriculum with a high
degree of integration between chemistry and physics,’and 'separated biology *

£\ courses. \ P

The research ins®puments 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. . . -

<%
K Factor analytic(’examinations of the 60 original items; as well as the 6
subject scales a priori suggested in the developing of the test, reyealed
. interesting patterns. These patterns were different. from those expected-
o . acccording to the "classical® division of science. For instance: physics”and
chemistry did. not appear as distinct areas but loaded on the same factor.
Students who %ook part in courses which were different in content and/or
degree of integration exhibited different patterns. Both multi and univariate A
. analyses of attitude scales revealed a close resemblance between physics and .
' chemistry but not with biology., R

N 1
The results indicate that students encoynter difficulties in the
differedtiation bétween spience disciplines. This was most_characteristic of
/ students who experienced highly _{nteg'rate'd science course‘??i We thus believe
that the relative weights of the subjects taught ineschool and the approach
adopted (e.g» degree of integration) contribute to the degree of differentiation

? among science disciplines in thg student's mind. Jhis affécts the formation
- of the student|s perception of the structure of science, which possibly has
further implications upon attitudes to and preferences for different scientific
subjects. ¢ . ’ .
- ~ N " N . 4 -
- - . . - .
., REFERENCE ——
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THE EFFECTS OF STRATEGY ANALYSIS ON SCIENdE TEACHER BEHAVIORS:
. ' A META-ANALYSIS .
Russell H. Yeany .
. , - Chsrles F. Porter

University of Georgia
Athens, GA 30602

In recent yéars, the effect of teaching strategy analydis on the behaviors
of science teachers has been the focus of many studies. These studies include
two main types of .anslyses: first is the investigation of the influence of
analyzing tesching 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 behavior and is analyzed for such thangs
as the amount of directions or indirgctness represented by the activities of
the lesson. The dependent variables of interest in these studies usually
include some which are closely relsted to the strategy analysis treatmeat
(e.g., question level, waittime or degree of indirettness). But, some studies
include less closely related outcome variables such as teachers' attitudes or
their pupils' achievement scores. The purpose of this propoged -paper is to
review and snalyze the results of experimental studies based on science
tesching Strstegy analysis ss it affects teaching ‘behaviors. The recently
developed ststistical procedure of meta-analysis lends itself well to this
task. N

Meta-analysis techniques are used for condensing and symthesizing the ,
results of.a multiple set of empirical studies into an interpretable form.
The procedures are quickly gaining favor as a*means of making sense of the
vsried results usually present when one examines numerdus studies on a sihgle
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 'st.udies.

-

DATA COLLECTION ’ . ‘-

4 v

»

Both computer and "hand" lLiterature searches were employed,in identifying
and acquiring studies related to the above purpase. These searches identified
a body of studies on science teaching strategy analysis and teaching behaviors
which examined & total of 45 dependent varfibles (additidonal studies will be
added as they are reported). Subjects used i% the combined studies numbered
over 350 elementsry,middle and secondary science teachers.

PROCEDURES

.

Means for treatment groups were established and standard deviations

/ determined for each study from the reported data. From t.!i’ information, an

‘“Effect Size" wss calculated for each dependent variable.

. .
Psta were organized by categqrizing 4ll treatments into one of three types:
. [ .

1. Co’nt.ro'l, no strategy analysis

2. Treatment I; self anal¥sis ..
3, Trestment II, model analysis
T 2n
This yielded a total of 20 self analysis and 25 model analysis effect sizes.
é 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 tategory were: Treatment I = 1.11 and Treatment II.= 1.17.

e . S~

39
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CONCLUSIONS

3

The results of meta~analysis indicate that strategy analysis 1s an .
effectave science teacher training procedure. But, there 1s no clear indicator
as to_which method (self or model) 1s best. As in many cases, one merhod has
the aabﬂziigs_lg_snﬁe contexts while the other 1s bfst 1, a dxi{erent context.

. . 3
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- *  REDUCTION OF ANXIETY IN PRESERVICE TEACHERS
A SYMPOSIUM
~N ot . .
. -, Mgry Westerback b

Clemencia Gonzalez
C. W. Post College . .
‘ s Greenvale, NY 11548 > ¢

James .Barufaldi N
“ University of Texas at Austin | T
, Austin, TX 78712
! Robert Sherwood o~ ‘
. . New York University '
¢ . New York, !fY 10012

. ‘ OVERVIEW |
o .
% * The avoidance of teaching science in the elementary school by the .
classroom teacher 1s 1 documented in the literature of science education
(Perkes, 1975; Strawitz, 1976; Barnard, 1977; NSF, 1980). Perhaps, there is aa
linkage between anxiety about teaching science and the avoidance of teaching
the subject. ‘

. «
The researchers were unable to locate any studies which sured anxiety

. about, teaching science in preservice or 1inservice lementargy hers which *
[ might provide "base line" data for subsequent studies. Therefore, the
researchers conducted studies examining changes in anxiety about teaching .
science during a sequence of science content codrses designed for preservice
elementary teachers, The §ssessment instrument was the State-Trait Anxiety
Invéntory. The studies were repeated Tor four years, during which time both .
the X and Y forms of the instrument-were used. In all four+studies anxiety
was reduced. However, the pattern varied/fepending upon staffing arrangements,
tea.ching practices and coufse content. K

3 »
N / N
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Adequacy To Teach Elementary Science."” Journal of Research in Science
Teaching, 1935, 21 €1), 85-88.
Strawitz, B. M., "The Effects of an Activity Centered Elementary Education .
Science Methods Lourse on the Attitude of Preservige Teachers." Paper . - !
presented at annual meeting of NARST, San Francisco, April 23-25, 1976. N
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s " : BASIC STUDIES ON ANXIETY IN PRESERVICE TEACHERS * ’
. P - . .
. » Mary Westerback . ' v,
< > ; . . C.Wa Post College *
, - Greenvale, - - : e e '
. - - )
A six session voluntary workshop (financed by grant monies) combining the
use of systematic desensitization and cognitive restructuring methods was ]
designed specifically.for helping ¢ollege students reduce anxiety sbout | ’
NP teaching sci¢nce. : ?
N v\y."u " . . ™
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" Although 80X of the students indicited intereust in the preliminary meeting
and/or the workshop, only a few actually participated. The’ mest common reason
for lack of participagioff was,the difffculty of fitting,the workshop into
their schedule The Majority of students felt the workshop should be ingcluded
. as part of the course, ahd*given in a laboratory sessi.on tiu}e_fra'me.
) N . . . . s
. ! Thére did not appear to be a rélatxomiﬁ between science“inxiety as’ °
, measured by the STAI and student intdrest in the porKshop. Some faculty noted |
° ¢ that students they perceived &5 highly an¥1ous (because of th¥ir behavjor) |
- " ,odid not®admt their anxiety and did not aﬂithe workshop. ’ . 1 ‘
- L 4
v "? - v, : \ ° :

- A FACTOR ANALYTIE $TUDY OF THE STAPE-TRAIT ANXIETY g
: INVENTORY UTILTZED WITH PERSERVICE- ELEMENTARY TEACHERS g
*. - v t ‘ot
. »  Robert SHerwood ., h
.New York Uaiversity - a g ; R ;
. N i

ﬁ ’ New York, NY =
e P . . ’

N The State-Trait Anxiety Invento‘ry (STAI) :has been uxdelypused 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 recruits. 1In order to walidate th: 1nstrument's use wrth . .

* preservige elementary teachers, a factor anilytlc study was undertaken.
. # . B @ p-

at Pl
" Preservice elementary teachers (N=103) were administered the self report | Lk
s “instrument during a required £cience course. & restricted.principal components
#e . analysis with iterations was employed as the factoring technique. A four
" factor solution actounting for 58 8% of the variagce resulted, with a factor °©
‘s loading pattern very‘similar to the earlier study. This result along with .
high interval consistency levels s‘upport\}!’xe-‘use of the instrument ux*h

. preservice elementary teachers. * ’ KN
-

-~

i ,

o - .
. b5l °
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' * PACTORS RELATED TO ANXIETY IN '{EAC}!IN%’ GEOLOGY N

- 0y

.- .“ M . - . a

% ! Ut « Clemencia Gonzales
) . Cw C.W Post College . /
‘.‘e 9 e : Greenvale, NY- * . .
’ . v
) ¢ o N

¥ In a preliminary iavestigation these researchers noted that students in a &

‘; lecture section of geology for elementary majors expressed greater confidence .
10 distinguishing between minerals and rocks, and, betteen different categories

. of rocks than their counterpg-ts an a lecture Ind laboratory section.
; Y . 'Y . .o, R Il
PR ! Attempts will be made during the Spring 1982 seméster to determine 1f ”
R ! there 1s a rel'auqnfship between anxiety and confidence and if this apparétt =
: . -

dissonance can be lesséned by training.'
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Bt AN EXPLORATORY STUBY: STATE ANXIETY AND CONCERNS e
3 i ABOUT TEACHING ELEMENTARY scnoo;. SCIENCE .
T . - . . N
+ James P. Baryfaldi
i, The University of Texas at Austin .
v - Austin, TX" 78712 N . -
A Y
't T .
. N . R
Intr;%dctton M o
g A defigit in science teachang appears 'to be the consequence of’many
concexrns eﬁmentary teachers have about sdience. Science educators have noted

‘The Study % ., a

- elementary teachers enrolled in a graduate level course 1n elementary science.

.also {ndicated. A difference {p < .05),dmes exist bétveen the means of
. -

-

~“ndependent Variables.

that elementary teéachers are "frightened" of science, thereby avoiding the
teaching of. it. Anxiety may play an important role in this avoidance behavior
o : H

among, teachers. . S
i& n A b

Studies conducted by Westerback™ (1979, 1981a, 198ib) measured changes in
anxiety about teaching science and selected demographic variables of preservice
elementary teachers¢ Studies tonducted by Hall, George .and Rutherford (1979)
and Bethel and Hord (1981) indicate that concerns teachers have about a new
practice (tea.chmg elementary school science) or an ifinovation are identifiable
and developmental. There.1s an apparent void in studies dealing with both , -
ansiety toward science and concerns about teaching science among, inservice .
elementary teachers. - b ’

. ) . N C <
Purpose - . -

L)
The purpose of this exploratory study was to investijate the relationsh’ip
between anxiety and concerns about teaching elementary school science among .
inservice teachefs. . s
kS - ® . 2
The study was dgsigned to mv}est’xgate the following qudstions:
L3 SO S
1. Dots 4 relationship exist between state anxiety and stages of concern i
teachers have about teaching science? L
2. Do stages of concern agd state anxiety folisbv the same pattern bf
, Cchange amofig inservice elémentary teachers? .
3. What variables account for the relationship betweep state anxiety and
stages 6f concern about teaching science among inservice teachers?
> i ’
'WTbe study involved ‘the administration of the x form of the A-State Scale of
the State-Trail Anxiety Inventory (Spielberger, 1970) and the Stages of, Concern
Questionnsire (Hall, George and. Rutherford, 1979) to a group of inservice

Procedure . E . S
—_— A, .~ . . ¢
The subjects (N=19) completed the Stages of Concern Questionnaire (SoCQ)
and_ the A-State Scale during the’*first clags meeting and again during the iast
class meeting after approximately 45 contact hours. Corrélation coefficients,

«

t-tests, and multiple stepvise analyses were employed to answer the above <
questions. " - -

. - 2
Result‘g . o

A significant relatiogship (p & .05)- was’indjcated between the posttest
anxisty 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 betveén selected pre and post
‘means of selécted Stages of concern. A similar change in state anxiety was

pre and posttest anxiely scores. '* , -
~ L. L . N e . N

The independent variables -- college Semester hours of science, minutes per
week tesching science, and the fiumber of ye‘ar.s teaching ~- contPibuted most to

the relationship between post-anxiety scores and the composite of these

43 *
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Discyssion

It appears that state anxxet.y and concérns ahout teaching science may be ‘
¥elated to a more complex multxfacete¢set ®f varigples. Subsequent research
efforts will attemp‘tmgo wdent1fy, 1solate, and investigate variables which may
directly affect inservace elementary teachers ranxaous state and stage o oncern
about teaching science.

£y . ' a
. . L? e .8 1. ; N
. - - ™ - . . 9
- . N N :1 . !
REFERENCK, . E3 -
"s . . . ' Tose

-] .
B'ethel L.J..and S..4. Hord, -"4 Case Study of Change- Inservice Teachers in a . |
Nauonal Science Foundauon Enviropméntal Science Education Program
Paper presented at the anhual meeting of <the American Educational Research |
&socxaugn, Los Angeles, Califormia, 1981. i L
Hall, G.E.,>A. A. George, and W. L. Ru'therfoid,' Heasurmgiﬁges of Concern
About the Innovation: A Manual for Use ofBhe SoC Questionnaire.
Research and Pevelopment Certer for Teactkmﬁducahon The University N
of Texas at Austin ‘"1,979 .
% N \ . .
prelberger, c.D., R L. Gotsuch, and R. E. Lushene, STAI Manual for the R °
State~Trait Anxxetz Inventory. Palo Alto, California, Consulting 1
" Bsychologist Press, 1970. ‘ ¢ . ’

-
. . k3 .

o L4
Wedterback, Mary ¥. "Four tonsecuthe Studxes'on Anxiety About Teaching
Science in Presexyice Elemehtary Teachers." C.W. Post Center, , .ot
Long Islafd Umverht.y, breenvale, New York, 1981a. T

2 . "Studies og, Atquc—’foward Teaching Scierice andW

Teaching Scxencc in Preservice Elepentary Teachers.' Paper accepted by . .
the Journal ‘of Research.an Scxence Teaching, 1981b o |
A . “The Rel,auonshxps Amo]g Attitude waard Teaching” Scxence, v |

Antiety About Teaching Science, and-Selected Demographic Information in
Sample of Preservice El,ementary Teachers."” Unpub11§hed doctoral dlssertauon,

. Nev York Um\rersxtl, 1979. . . -
-] - -
, . ; -
° - N -
S - . * . ’
_iﬂ . - kd ~ ,} 1y 'l 4
° 4 ’ i <, . 4 , 3
L4 . -
B N - - A
- 0
e A
< LN ° *
- . > -
- - v
. - L . ¢
~ . N4 -
. Lt PR . ¥
“ . . .
> o
& ° -
? » . ° N > -
+ ’ .
a e 7. - @
- ., £ . ‘
L. - 2 hd
b * ‘e . v . -
. 1
i V ' , e
. ~ o
‘ R
: 0 . & Lo
Y . ~a R
e . - \ .t
[ L
- - 0 . . . “
o . ' -~ . » .
- 4 . " )
s EX Sy
. ot & . » N v
,ﬁ’_ - [
" >
4
-
]




> - W < a e - -4
H f e ’
3 . . < * - °
° . « Session C-4 . LT ) . —_—
a -
‘ P i M * <
@ L . EFFECTS OF STUDENT REASONING LEVEL ON POSTTEST FORMAT s,
. N . John R. §taver s
. University of Illinois at-Chicags Circle
A . Chicago,- IL.
’ Douglas A. Halsted ‘ & RN
S N . ouglas A. Halste N .. -
Evanst$n Township.High School e :
. . ‘. - Evanston, .IL 60204 : ¥
] ¢ . . Y
T o -
3 . - Research on the effects of subjects' reagoning levels on the concréte/ o
+ , abstract nature.of the evaluation process in sciencé education is less .
- developed conggared to the effectiveness of instruction, The purpose of, the 2 s
' ._ anvestigators in this study was to séarch for possible di2ferences in subjects' .
~ performance on concrete and abstract sections of a posttest that could be < , R
. attributed to reasoning level. The establishment of such differences could’
. suggest the presence of a reasoning level X test format, interaction. o » S
hd N v P . 3

a . R .
- Participants in the study were enrolled in chemistry classes at a large
4 . public subusban high school north of Chicago, Thirty-fivé subjects were
; classified as 'concrete thinkers,' and another thirty-five subjects were .
) w classified as 'formal thinkers,' based on their performance on the Piagetian
RV Logical Operations Test, PLOT. All participants then received the same
*‘ “sistructional treatment in a four-week unit on chemical bonding. Instruction

3 . consisted of lectures, discussions, and’ laboratory experiedces in which studegts

~ observed teacher demonstrations with space, filling molecular models and actf\i&l‘y

.. _manipulated the models themselves to study concepts in $hegical bonding. ..
- - N . - ~ -

A

Lo
Ey

8
F

. . ..
’ . Students-wefz admnistered a posttest quiz folloying a ‘segment of.™
instruction on molecular shapes. The quiz contained one section 1n which

- students were permitted to copstruct and madipulatg molecular models used | -

during instruction to answer questions. A second section of the posttest,

required participants to answer questions without the aid of the models.
@ < . IS
i A check on the PLOT performance of the 'concrete thinkers' and 'foma]:"
. thinkers' revealed a significant*(p < .0001) difference in their performance. -
2 . The mean-score for the concrete group was 30.17, whereas the kean score for
the formal group was 43.23. An ANOVA yielded an F-ratic of 340.9 for 1 and 68
degrees of freedom. . . . . .

EFeN

&
i

@

o .

_ * Results-of the posttest quiz showed that the ‘formal thinkers' did somewhat

: . better-than the 'concrete thinkers' on the models section. However, this mean
score diffeyence was.got statistically sigmficant (p < .05), as an ANOVA .

yieided an %vaﬂlﬁ‘e of 3.292 (p = .0740) for 1 and 68 degrees of freedom. ~

Participants' perfogmance on the no-models section of the quiz, however, did ~

. teveal the presence 6f a-significant difference (p.& .05) 1n favor of the

h . group labeled *formal thinkers.’ Due to the brief length (two questiongy) ofs.

L the- no-models section, a Kruskal-Wallis -non-parametric ANOVA was performed on

®the data. The value of Chi-square, after corfection for tiei, was found to be

. »

Pes

e 4.328, significant at'p = .037. o X - .
1 4 : 5 ’ . ™
' » The ufindings suggest that the reasoning level of subjects may affect the R i
N models and no-mod€ls segctions of the posttest in a different mannér. Wheteas L
this "study was not designed to specifically deterbine the presence of a

- . reasoming level X posttest format i_rmarfa'ctioa~z its results should be considered |

c e as a suggestich that»siich an interaction may exist.” The next step is to , .
. . + design an ifvestigation ‘to evaluate the presepce of such an intei‘actioﬁ‘. If

=y o such an interaction does in fact exist, :then geience teachexrs should be aware . .

ou . of its presence and implications for interpreting sfudent ferformance. ’ -
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T~ . AN THE ROLE-OF COGNITIVE' STYLES IN PROBLEM SOLVING
, - . : b Y
- . . Donald W. McCurdy . D 4
v T T T oyce K. Roantng -~ __  + "\«
. §. Umiversity of Nebraska - R
‘ Y “Sgyg Lincoln, NE 68588 ¢ ° .
s »

>

hA Present research in,problem solving is conceived of as being primarily
concerned with problem solving methods and with degege of knowledge acquisition.
+ _ A brief argument 15 advanced that this conceptualization 1s incomplete because
rof fai}ure to consider individual differences among problem solvers (other
P than in problem solving methods and extent of knowledge). A viable theory of Lo
§ problem solving instruction must tak®,into account ,all three ateas, Evidence
for the argument 1s presented in the form of data on problem solving in
junmor high school students with extreme scoreg po Witkan's field independence-
R field dependence measure of cognjtive style. . R

> . .
. One hundred fifty randomly selected Junior hxl'gh students 1n a2 midwest, R
- ', caty were given individually a series of Problems taken from a variety of v
. existing cyrriculum materials. Each session was audio-taped for subsequert L
w»:analysis‘ Student verbal responses form the data base. ’ L 3
R *

The Group Embedded Figares Test@ used as the measure of field* * *
* indepétdence. Tapes of rhe 20, most strongly field independent and the 17 -
b most styongly field de}?egtdent students were chosen for the study reported
here. The results indicate that jumior high.students have difficulty with .
problem solving - particularly problems involving proportional reasquing
) or the control and separatjon of variables. This 'study also demonstrated
B that "field independent” students solved significantly more problems than
Al did "field dependent” students. No sex differencgs were evident.
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CREATIVITY AND THE GROUP PROBLEM SOLVING PROCESS ‘. I3
‘. . X . .
. ’
S . - Gerald Wm. Foster . -
L . UePaul University 5 .
. . _Chicago, IL 60614 -
t v . &
. This stuay was to determine 'whether cooperative small groups woild
.- gtimulate creativity of fifth and sixth grade ;studeats more than an '
individualized learning environmeft. 'Creztiv&\w_as defined as a process of
LN . becoming sensitive to problems, identifying t Sifficulty, searching, for
\ . solutions, testing and retesting hypotheses, and communicating the results. .
N The term 'cooperative small group” refers to a_collection of~1interacting
\\)f\dividuals who share a .common goal. v e < a- J
' Student aptitudet for creative and academic work were assessed on the \ >
Torrance Tests of Creative Thinking (Verbal Form A), ?nalysw of student .
. created electrical circmit diagrams, and a batteries and bulbs prediction -
. ’ test. A measure of student perceptions was also used to indicate any changes ~
in attitudes toward the science activity and the leatning environment. '
' Trained observers also used Shymansky and Penick's Science Laboratory
Interaction Categories to record classroom behaviors. Q: v
. .
= A posttest .control group design was used with 111 fifth and sixth grade
students. Half of the p_gpulati(?ﬁ*worked by themselves, while the other half
N (experimental) worked together in groups of four to five studenrg. Each half
worked 1n a student-structured envir nt on the same science activity which
invollved creau? as mapy different types of electrical circuits from a given |
set of batterie® and bulbs as possible. It was the same trained teacher who o
guided students in the individualized setting and in the small cooperative A
. group. setting. 2\". ) o e
- . Statistical analysis produced the follbwing results: ; .
. > K .
1. Verbal éreativity was not differentially affected by the < d
> s treatment conditions. This mayiindicate that the duration » "
of treatment exposure is an important factor whén measuring =
the effects of learning environmgnts on creativity. . e
R > : : ol .
:’ 2. Verbal credtivity was differentially affected by EEndea and » 7 -
A grade. - -Pepformance was higher for girls oft the fluency and .
. originality testst and sixth grade stildents’performed higher .
on all thrée measures ™6 creativity (fluency,” flexibilaty,
! s and orginality). . < -
‘. I
n >4
: 3. The small cooperative-groups did sigaificantly better on
creating electrical circuity than individuals working alone o
for both the fifth and sixth grades. . ¢ N 2 "
. - 4 { - * <
% A - e ) 5 s
¥ 2 4., Understanding of3electrical circuits was pot differentially O "
. ¢ N ~affected.by the treafﬁﬁrtmmmvsrrthoughﬂc—aﬁ‘“
t ; indicated both groups of, studeats had a better understanding . .
TSI - .of electrical circuits from being in the study than from . R
s previous experience. Analysis by gender revealed that boys¢
N did better in the experimental situation while girls did 2
better 1n the control group situatu&n. . - .
i . P .
, 5. Attitudes measured in this study were not differentially S
' affected by the treatment conditidns even though sdares P ®
indicateéd that attitudes were more positive in the ~ . .
experimental groups than in the control situﬁgn. e .
. . N o,
In general, fifth grade students were moye positive-toward both treatmeats P
than sixth grade students. An overall conclusion, Is that fifth and sixth
grade students working within small cooperative groups can be mof@ creative
. with electrical c¥rcuits than students working alone. The ifiplication of this . :
study is that small cooperative groups should be used in elementary science -
. classes when creativity. is one of the instructional objectives. R
. - R k ) . c A
~ \)‘ » ~47 ™ . " ‘a

-ERIC

Aruitoxt provided by Eric

»

60 .




Session C+5
‘WORKSHOP ON INTENSIVE TIME~SERIES DE§IGN *

Victor J. Mayer
v Peter Pezaro

, 4 Joha Hoak - -
Qhio State University .
5 Columbus, OH 43210

h Victor Willson s .
Texas ASM Universaty 7
College Station, TX 77843

Carlos Rojas .
Ser Institute

Bogota, Colombia o
v

3

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 studeats in classroom settings over an extended perlod of time, varyin;
from at least 20 days to as muth as 70 days in recent studies. Because of the
uniqueness of the design for studying' certain types "of relationships of
interest in science education and of 1ts poteatial for the daily and ° .
continuous momtoring of studeat understanding and attitudes toward topics, 1t
nay be of ‘interest to other researchers in scieace education. .

e
. -4

_r The farst 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
techaiques that can be used in dealing with data from time serieg designs.
The fourth and last component would be, a discussioft of the potential and
future for the use of intensivé tipe-series desigps including current . .
developments for adapting the data collection :o’tumcomputer or micro~ -
somputer usé. .

~

To facilitate the use of thxs%ersxgn by other researchers, a handbook 1s
being prepared that will: : ' . . .
3 - .

a. summarize the development and rationale for the design;
ke . .
b. delineate in detail the data collecting procedures;

c. desCribe the analysis program and explain the computer
” outpup of selected programs. L . .
-,

»
This handbook will, be given to each workshop registrant agpd forms the basis
fgr the presentations., Y-
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M OVERVIEW: .
CLASSROOM, TRACHING OF SPECIFIC SCIENCE TOPICS _. *
. ‘ A
L

= ! ’ FA
Charles Andgrson A e
Jangt Eaton )
Lucy Slinger e . s
: : . . FEdvard L. Smith © * . v )
. N . T<Michigan State University
. East Lansing, HI 48821
s e AL o
. Science educators have been disappointed 1n thg impact of the science
curriculum reform movement that reached its peak in the 1960s. The use of the *
activity-based prégrams developed in {hat movement is declining. Educators
usually explain this decline 1n.texms of factors extérpal to the programs:
*lack of inservice training, lack of materials, faulty materials, inadequate
teacher trainipg 1n the sciences, and teachers’ reluctance to teach scienge

' 11 the wpke of the back-to-basics movement, AlthougK Chese are definite

obstacles to science teachmg,rthey should hot stop educators from taking a
good, hard look at the science” program materials themselves, ~

x . . "
What happens when these external factors are overcome? Do teache¥s

» * /s experience the kind of success that will help motivate them to continue to

‘wake this effort? What goes wrong when teachers use program materials and howy *
do the teachers cope? Do studénts have common and consistent difficylt¥es ’
“with;i?hen?» ' “ L ' <
. £y
It is now possible to address these questions using?research methods that
were virtually unknown to science educators when the sci¥nce curriculum reform
movement was 4t i1ts peak. Funded by the Natjonal Science Foundation, the
Planning and-Teaching Intermediate Science Project 1s using some of these new
methods td investigate, and ultimately to improve stience teaching with
£ available program materials.* Following,are those methods:
" < .
1. Cognitive-infrospective methods, which allow us to study and
5 understand teach#r planning and teacher thinking as it actually.
dccurs 1g geal school situations (g.g., Clark & Yinger, 1979; Smth &
- Sendelbach, 10 press).® * S O3
. - - .

% 2.

(3

s

N . R A °
Hethodt based on cognitive science that reveal hoy studepts perceive
nd attempt tg make sense of mathematical and scienti1fic topics .
E)avxs, 1981 Larkin, MgDermott, Simon, 1980; Nussbaum & Novack,
1976). N .

- o -

3. Ecolo‘g{cgl adg ethnographic methods for observing-and analyzing
. classroom instruction <Doyle, 1979; Florio, 1979; and Russell, 1981).
- o . . G N .
Phase 1 of the Rroject,.now complete, invoived classroom ohgt\mtiohs of »
18 fifth-grade teachers using either’ an activity-based prograti, (SCI11S--The S
Science Curriculbg Improvement Study) gr 3 textbook-based program (Laidlaw's
Exploring Science).” Phase 2, now in ogress,*is_using the%e’sults of Phasg 1
to design revised versions of the ptogram"materlﬂs. Phase®8 will test our
1nterpretations through analysis of the use of the reviséd materials in
. -classroom instru,ct&i’?n. K -

This paper set presents Qgsulxs from Phase 1 of"tf:e project. Two of the
papers are case studies of teachers, one of a teacher #ising the Laidlaw program”
and one of a teacher using the SCIIS program. . These papers describe thesh

problems that the teachers encountered as they used the program miterials and ¢

Llie ways that.they coped with those problems. The ‘other two papers fotus on

how the students weye affected by the classroom instruction they teceivéd_,

with emphasis on the differences between theiriways of understanding the

topics under study and those of their teachers and the authors of the-program )
- materials. - . ' . .-
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b Session D-1 : Lo -

Paper #1
‘ . ’ . -~
T ) -
*  STUDENT PRCONCEPTIONS INTERFERE WITH LEARNING: CASE STUDIES P
A OF FIFTH-GRADE STUDENTS . . e v
» . ~ ’ . -
: Janet Eaten . - -t
. Charles Anderson .7
Edward L. Smith o0 “
. , Michigan State University i
- : . East Lansing, M1 48371
-~ A .
X ;, -
. . * Children's conceptions of a wide variety of scientific topics are markedly

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

that students' preconceptions about scientific topics will affect the ways

e that they understand dnd respond to classroom science 1mstruction. This stody
examines 10 deta1l the reldtionship 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, posttes{s, and classroom observation narratlv‘e:' served as
3 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 1nvolving 18 teachers. - ‘ o

N ,
The st\gdents' pretests 1ndicate that the students held the preconception

* « that we see because light 1lluminates thijngs; they did mot undertand the role
of reflected light in vision. The posttests indicate that this pattern persisted
for five of the six students at theend_of the umit. In spite of good teachers
using a popular text (Laidlaw's Exploring Science), the instrucmé was wnot *
successful 1n that conceptual change did not occur. Furthermore, the students)
belief 1n the preconception contributed to their failure to understand other

t topics covered in the uni& _such as the fufictioning of parts of the eye. '

® It appea'ré that conceptyal change did not occur because student
preconceptions were not considered an either the text or classroom mstrgctlon.
X Instead students were taught and learned facts about light and facts about -
seeing. * Many 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 scient1fic conception, but
-

. to contrast it with the preconception. -
.
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Paper {2

ONE VIEW OF FIFTH-GRADE TEXT BAéED SCIENCE INSTRUCTION

Lucy Slinger
Edward L. Smith
Charles Anderson
' Michigan State Universaty

East Lansing, MI 48831 N

Rationale

.

' This 1s a case stﬁdy of one fifth grade classroom using the Laidlaw

Brothers Exploring Science textbook. The documentation of text-based sc;ence'
1astruction serves as,a complement to other case studies of activity-based
science instruction. -

s -

Methods

Ethnographic methods were employed to observe one teacher and her
students as they studied Umt Four of the text (Light). The analysis of the
teacher's guide served as a basis of comparison for teacher planning and the
instructional process. The plannipg process was documented by video-recordings
with st{mulated recall as well as teacher interviews. Actual instruction was
obgerved and audio-recorded for the entire six week duration of the umit.

Student seatwork, quizzes and other documentat:ion were also. collected.'

Student

conceptions weye assessed using pre and posttests.

Results and Implications .

Thrs teacher demonstrated a competent and intelligent use of the curriculum

materials. In the instruction, students were, presented
contained in the text, as well as teacher det@rmined su
The teacher demonstrated effective management and effec

5

all of the information
lemental activitaes.
r1ve teachang traits ,

and her ability to motxvaté students to learn was observed throughout the

unit.

~

<

. s
The teachers' osxganizational skills were also observed :n the planning
procegss. dler planning procedures were notable in that she gaye great attention
to learning outcomes of instruction. She accepted the text as authoritative
and had established a set routine for 1ustructxon for each chapter of the
text.

T
confid

teacher’s overall response to the unit was favorable, she expressed
€4l p

e that most students learned a lot.

Howeveg, the assessment of

student conceptual growth indicated that less than half (44%) of students
understood basic concepts of light and vision at the end 6f the umit. Thus
t?e teacher's satisfaction with student learnming was only partially justified.

" This case study is worthwhile for two reasons: 1) 1t documents how a
highly skilled teacher adaptgd a unit from &' science textbook for use 1n-her
classroom and 2) the difficulties experienced by the students raise questxg
about the design of the text.

N

. L]

/]

RIC

53

ot




0

Session D-1

Paper #3
PLANTS AS PRODUCERS: A CASE STUDY OF ELEMENTARY SCHOOL
SCIENCE TEACHING -
-
Charles Anderson

%ichxgan State University
East Lansmg, MI 48821

\ Edward L. Smith

This study 1s part of a larger study 1n6e°st1 ting teachers' use of
program materials in planning and teaching specx $ science topics. The
study's obJectxves were to: -

\_1;§ &

1. Describe instruction on the topxc mcludmg similgrities and ¢

drfferences compared to the suggestions 1n the teacher's guide,

Analyze the ways in which the teacher’s planmng and teacher’ s guirde
influenced the.classroom instruction. B

e
3. Analyze changes 1n students' conceptions and their relation to -

1nstruction.
- K
.

’
Information was obtained from analysis of the teacher's guide, video-stimulated
recall of teacher planning, classroom observation and' audio recorfing, formal
and 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 1hterpretive analysis and discussion of implications. The
paper 1s intended to be useful to practitioners as well as researchers,” ~—
. v

In her plann;ng, the cage study teacher emphasized attention to intended
student learning. She inclufled a large portion of the program 1n actual
instruction with the addition of discussions or changes 1n sequence or content
constituting she most frequent. kinds of modification.

1

’

On the pretest most students appeare‘a to believe 4hat plants do need
light to grow, grow better or be healthy, but none demonstrated an awar;eness of
the role ¢f light 1n photosyiithesis.’ 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 f:ehefs. The teacher believed that the -
attivities had not worked because the students had not come up with
photosynthedis on their own, even though the teacher's guide anticipated this <
and called fo#®he 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 c8uld successfully apply their
understandmg of the seed and photosynthesis as plants’ sources of food. Even
these students, however, remained confused as to what ft:gd is for plants.

A L

Contrxbutmg to the teacher's frustratiof and the faxlure of the
acwatles to "work" yere: .
1) the teacher's unintended modif:rcations of the program s instructional
strategy, éspecially the coordination of certain discussions with
available evidence, and ' ~‘

L3

2) the teacher's initial lack of awareness of the students’

preconceptxons and their tendency to persxst.

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

-
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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 1nadequacy 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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. STUDEN? CONCEPTIONS.OF TWO TOPICS TAUGHT IN ' .
N FIFTH~GRADE SCIENCE: TEST DEVELOPMEN‘T AND RESULTS -
° ” Charles Anderson ) o . .
. Edward L. ®mith : )
h Michigan State Universaty,
S ’ : East Lansing, MI 48821 N
2 ¥ @ 2 .
. - L0 ‘ v

Learning about science often tnvolves a process of conceptual change.
Students must abandon preconceptions in favor of more mature or scientific
comceptidns. This papér describes the development of group administered Lests‘/\ (‘
\)th@gsess the degree to which concéptual change takes place 1n students ’
studying two, topics from popular elementary school science programs:

v’ Producers (from the SCIIS Communities unit) and Light (from.the Laidlaw
: Exploring Science text). ' N *
R o
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. ‘Test items were then developed, and
s , the tests were piloted and revised. The third step was data_collection, ih
which the Light test was admimistered before and after instruttion to about ?A
9 170 studdnts, and the Producers test was simlarly admnistered to aboyt 2507
. . students. The fourth step was the development of formal®descriptions of the
S post common student pteconceptions. Finally, response-coding and scoring .
procedures were developed which made 1t possiple to distingumish (a) students’
who believed the preconceptions, (b) students who gnderstood and believed the .
N gdal conceptions, and (c).students whose answers were inconsistent or confused.
. H N

Results 4ndicated, that before instruction students' beliefs wege .domnatéd
by, precogceptions. The most important of these preconceptions are contrasted
with the goal conceptions defined in the program‘in Table 1. ) ‘.

. . -amy

* .
3 - ' Table 1: Contrasts Between Common Student .
o ) . - Preconceptions and Goal Conceptions .
’ o ‘v Issue Gommon Preconception Goal Conception
. h - N . ‘At o
* . ' - P v -
: Light ‘ .7~ ‘s - »
. . ) 1)" How do we see Light shines on™or ‘brightens Our eyes detect '
., 1t? objects so that our eyes can reflected light that
. R L *see them directly. has bounced off .4 °:
. ML | [N objects around us. .
. . .
’ ° . - . & . N -
' +2) What 1s color?, Color is something thatecan * Color (waveléngth) -
. .. ’ be added to either light or ‘1s a property of | N
20 objects dround us. " Light - light. Objects =
3 : . reveals -the color of objects. appear colored - .
- - ‘because they reflect ’
b °. : some colors of light
< . * ' o yhile absorbing .
* * K orhers. .
. . - - — _ -
- Producers ' . o 7 N '
. ot . ; ’ . 3 R
. « 1) vhere do plants. Plants get their food from Sprouting seeds use ‘
A . ¢« get théir. food?" ! the seil, in the form of water . * food stored jn the
. . O ’ andfor . L. cotyledons. - Hature
et - . . ¢ plants uge light to o
.. ’ . . o . make the¥r oWn food. »
o . Y 2) %hy do plants ~ sPlants nged light ;“’{ ;tay Plants use light N
b 3 . need light? green and healthy. ~ energy to make their. .
.o . ~ - . & food. -
. . . PEEIEY - s
- . — _ , . .
Y. - . . - :560 ~. ‘, o . -
\‘1 ' 7 » 69 v «/ ' ' -’ .
E lC . . 2& . '
soammmEm - ., M. T - e T . N
.:. '{w“ » - ':‘ 3 :; Co . . (-‘ ' '-.. . -~ . P W j
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*ﬂ ’ . Posttest _results ind1cated that the beliefs of most students were atfected
by instruction. However, students who came to understahd and believe the goal

conceptidns were 1n' the minority. ‘Hore gopfon were students who retaifed some
+ or all of their preconceptions. Evidence of confusion or contradiction 1in
+ students' belief systems was also common on the posttest.
~

* These results are sigmificant for. two reasons. First, they'add to the-
- literature on.children's conceptions of scientafic topics  Skcond, the tests °©
R ,provide a means of assess the effects of fnstructiep at a deeper and more ~
o meaningful €l than 1s nBrmally done. I[n this case, the test results shed
. - doubt on thé effectiveness of the*SCIIS and Laidlaw program materials, as
actually used, for promotiftg conceptual change.
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LINVESTIGATING LEARNING MEDIATORS IN THE'
L. PLANETARIUM CLASSROOH ’
- q g = - I I3
- - « :
' Thomas W.oGiles {
¥ Hempfield Area Schools !
Greensburg, PA 15601 (N

- Paul E. Bell °* T .
. L Pennsylvania State Universjity »
“ . . University Park, PA 16802 . . '

IS

. * - *

“The purpose of the investigation was to compare the effects of advance
organizers and clusteting as mediators of learning in lessons present'.ed at a
planetarium. The comparisons of the treatments were made at various ability
track levels in order to compare interaction effgets. .

- .
This investigatioh examined effects of mediators on learning 1n the o

- Planetarium. A related.question posed by this inyestigation asked if design

of the instruction can aid lower.ability trackistudents in reaching performance
levels comparable with students of higher acadepic ability. —

. L 1 v

) The Scheme of the study was a nonrandomized pretest/posttesty design with
senior high school studeats in an fntact school system as subjécts of thec
_study. . o ! ¥

Py .

¥
Thirty .six class sections ingludihg 832 stydeats participated in the ¢

tovestigation. Nine ®lass sections verg randomly assigned to each treatment;
therefore, there wefe thnee class sections from each of the three academic
track levels assigned to kach treatment. The cControl treatmen oups were
instructed without the benefit of the learning mediators, clust g, or
advance organizet’s. The other treatments included roups ipstructed with
benefit of clustering, advance organizers, and a c#pbination of these mediators
of |Jearning. . o .

[ [ .

| The"instrument used for the protest and posttest Was designed by the
- in\i‘estigator for .use 1n a 1978 preliminary study compJﬁns these treatmeénts in+
the planetarium. The internal consistency was established through the Kuder -
Richardson 21 formula. The content valddity was established by a faculty
commi ttee representil}g 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 ingeractions.
The general linear model was performed to Sfurther-study regression and
lnteractions. Treatments and+levels vere compared by the Duncan dethod.
In8ividual treatments and levels of academic track were compared by the
Gchéffé methody, - -

LN ’

% The treatment group r\e‘ceivi;ng both clustering and advance organizers 1n
the instruction preformed sigoffi¢antly higher on the pgsttest then any other
treatment group; however the clistering-treatmert and the .advance organizer
treatment each'produced significantly higher performance than tiy, control .
treatment. . < \ ® W

) a
. ' 2 N N ¥
The investigation produced data that indicate that the multiple u{e of *
mediators of learning can significantly improve learning outcomes of pfanetarium

presentations. .
.v

Studies that have reported planetarium learning to be dependent on
characteristice#'of the teacher should be questioned jn light ,of the tnformstion
gathered by this study. This investigation determined that one tescher utilizing
different mediators of learaing can bring apout significantly different learning

outcm,s. e

N | |
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* ATTENTION AND CURIOSITY IN INFORMAL SCIENCE SETTINGS o
s . 3
. " N * o

- * John J. Koran, Jr.
e - Jeffrey R. Lehman ' @
° - Luisa Gandara
4 L N Laura Horrison . a
- f . * Hary Lou Kotan ) 3
. . - . University of Florida =~ = - -
- - Gaines’ville, I-“Lv- 3261)

. «

- @ . 4
. Two hundred and thirty-eight museum visitors of all ages were observed

N as they entered the Object Gallery area of the Florida State Huseum. Visitors .
were observed under conditions where objects were avéflable for cloge inspection, »
but éould not be madipulated (baseline data) and later wh&n 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 oz
the number; sex, age and Xime-Ss spent 1n this area under each of the above
‘comditions. i .

o The results obtained show a significant increase in the number of visitors °
entering thi3 section of the museum when manipulatable objects were avatlable.’

. Baseline data showed that 58.5% of the people who entéred the Object Gallery
wenp into the drawer section. However, when manipulatable objects.were preseat,
this increased to 82.3%. - . ’

. k]
. Chi squa analysis was used to determine whether enterin® the drawer
section- depe agt\ot Jex. It was found that more children entered the
’ drawer sectiol adults (p'* < .05) and more male children entered than ©
female children (p. < .05). Chi square analysis was also ustd 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 Do
the manipulative treatment., However, the time children spent in this section
. did increase when manipulative objects were readily available. ay
- . . “
. These data are supported by considerable curiosity research indicating »
lthat both children apd adults are attracted to novel as well as complex 3
- ’ stimuli which can®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 centersaround the country as well as bhands-on g
classroom activities from the perspective of their attention attracting and °
»holding power and their curiosity invoking characteristics. Whether these
- __positive factors also lead to increased knowledge or skill development 1s a
“qiiestion yet to ba explored! - »
. s .
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.THE IDENTIFICATION AND REPRESENTATION OF -
STUDENT KNOWLEDGE CONCERNING DENSITY

‘. - N o * ’ ‘
Mariana G. Hewsan

Enivcrsity of the Witwatersrand

D :Johannesburg 2001
South Africa
% . -
. = L]
The problems of learning science facing Western and non-Western studénts .

are fundamegtally the same. For both, the problem concerns conceptual change;
from existing kanowledge, i.e. knowledge accumlated from everyday experiences 't%
new scientific knowledge, 1.e." formalased knowlédge concerning natural phenomena.
The difficulties experienced by non-Western students are prestly-asgmafied by
factors suclf as their cultural and religious beliefs, social and physical
environments and language. “Nevertheless the findings of thfs cross-cultural
study have mphcatxons‘l
this study an attempt has been made to ident1fy .and represent the knowledge
structur®s of & particular group of students in a particular subject area,
namely density, and to compare the identified knowledge structures with those
1nvolWd 1n the orthodox scientific version of density. !

€

The study includes*a description of the use made of these knowledge M
structures by representative students 1n solving the problem of why some .
objects float and others sink 1n water. The issue of the role played by the
ability to use relatiomal thought versus the possession of appropriate knowledge
structures :n solving probfems 1s discussed in the context of the r8sults in e
thas study.~ e’ -
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CHILDRENS' ALTERNATIVE FRAMEWORKS +ABOUT MOTION

‘4

- . M . ¢
’ . ] . - .
?.. Sylvia Leith. A .
. 0" University of Mamitoba .

Winnipeg, Manmitoba, R3’l;2N2 ,“"'

A a v

-~

A study vas copducted 1n which tasks from Piaget's work on movement and '
speed vere modified and adapted to the class task format. Groups of children
of ages 7 to 12 in England and Canada were given the tagks and the results

B analyzed. All attempts at assigoing developmental levis failed, both 1n the
present study and a previous related one by Adey.
k4

_ The chaldren’s acquisiton of the the concepts did’ not correspondy with ’
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 ‘
undéfstood unt:i after age 11 for most children. These findings have support
from Robertson's and Richardson's research on ®ime, speed and distance. .

The data from this Study were subsequently ry¥-angdyzed using the childrep's
incorrect responses as well as the ages at which most children understand the
concepts of motion. From thas information hierarghies of acquisition of
concepts of motion for the sample of English and Cdnadian children were
developed. It was also noted that the children's incorrect responses-were
similar through the ages of seven to twelve unt:l they finally gained the

~ cérrect understanding. " .
PO : % -y »
The findings of thigwtudy agree with the *alternative framevorks' proposal
N of Praver which states chrldren develop their unique reasons for phenonméha

they do not understand. The importance of this concept 1is that teachers must
find out what alternative framevorks the children possess before they proceed

O

to plan nstruction. . o
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STUDENT UNDERSTANDiNG OF CHEMICAL EQUA‘I"ION BALANCING .

. W. L. Yarroch

University of Wisconsin - .
Hadison, WI 53706 .
-» ’
Fourteen high school chemistry students from two different schools were
interviewed in depth on how they balanced simple chemical equations, the e

knowledges they 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 chemcal equation balancing in
L . high school. . . ’
All students were able to successfully balance the four equations presented
N to them. However, seven of {he twelve students were not able to comstruct
dragrams which were reasonibly consistent with the notation of the balanced
equation. It was further noted that these same students possessed 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
vhile balancing equations. The five students who were able to make consistent
dragrams also possessed good concepts of subscript and the balancing rule.
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Although the literature 1s replete wit
effects of analogies oQ ¥

been able to substant:
learning aids, analogj
of consensus as to,
used 10 instructbon.

'

A model has been proposed for s
instructional analogies.
the conflictang conceptions and divergen
that exist in the educational literature.

CAN STUﬁENTS BE TAUGHT BY ANALOGY?

)

TRopald J. Polland
Florida State University
Tallahassee, FL 32308

.

soning and learning, few empirical
these claims. Despite their pstential as classroom

.

-

h claims about the facilltatfve
studles have

" have not been videly implementéd because o the lack

at analogies are and howv they should be af)pronnately
. . (S

ystematically designing and validating

The model also serves as a meins for clarifying

t agsumptions about analogy function
The model allows selection and/or

creation of analogies for different content areas and different l¢asning

outcomes. The model 1s based on the t
Abalogies are theorized to have five inherent characteris

~

1mageability, meaningfulness, relevance and complexity.

amount of prior exposure to
the amount of information contained i

*Heaningfulness 1s

tics:+ famliarity,
Familiarity 1s the

the concepts and relations in“an analogy.
the analogy .

»

is the degree to vhich the analogy infoxmation fo¥ms an ideational link to
Complexity is the expansiveness‘of the ahalogy; i.e.,
v1d

instructional content.

how far it can be elaborated. ‘The model pro

potential contribution of an analogy to the learning outcome.
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OVERVIEW:
A META-ANALYSIS OF MAJQR SCIENCE EDUCATION QUESTIONS

4

Ronald D Anderson
University of Colorado
Boulder, CO 80309

the totality of existing science education research. Such an approach is possible
1f the integrative review of research focuses upon the major research Questions
in the field, gives appropriate attention to the subquestions subSumed uUhder -
each majar.-guestion, and provides for integration of data on the variables
pertain to two or more of these major questions.
T

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 1ntegrated, and
the results provide the basis for a compendium of interpretative and integr
statements about the major questions addressed 1n the science educanon
research literature. R

°
‘

Tﬂ?questions addressed were as follows: O
*

What aye’the effects of different curricular programs im science?
What are the effects of different i1nstructional systems used in science
teaching (e.g., programned instruction, mastery learning, departmentalized
1nstruction)?

What are the effects of dr.fferent teachmg techniques. (e.g. questlomng
behavxors, wait-time, advance organizers, testxng practlces)" Y.,
What are the effects of different pre-service and in-service teacher
education programs and techniques?

What are the relationships between science teacher charactenstﬁs' and
teacher behaviors pr student outcomes?

W/
What are the relatlonshlps‘beﬁieen student characteristics and student
outcomes 10 science?

The actual Coding and analysis worK was conducted by researchers located
at seven different research centers 3cross the United States. At each site an
individual or a team of up to three researchers conducted the work. Prior to
the beginning of this work, all of the résearchers involved attendedi® week-long
session for training and coordmatlon of efforts. This pape? describes (1)
some of the overall characteristics of the scienCe education literature
identi1fied in the project and (2) the consistency in findings across the
several meta-analysis questions in those instances where there are related
areas. »
, .
One’result of the project was t’he clear 1dent1f1catlon of dissertations
“a;%&‘er best. source of information rather than journal articles, when the
findings. have been reported in both forms. In“this project microfilmed copies
of dlss&lk‘ﬁonxme used for the meta-amalysis In all cases where the
research had beed c‘&ﬁduct.ed as 8 dissertation project. Although they take
much longer to code, the dsta contamed in such sources are much more complete, .
so that dissertations are far bett‘et“‘soumes of information.

4
Variofis summary tables are presented whlch are based on the otfer papers
ifi this paper set and show the consistency of findings across the several
individual research endeavors.

Aruitoxt provided by Eic:
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. . Paper #1

THE EFFECTS OF NEW SCIENCE CURRICULA
. ON STUDENT PERFORMANCE

; -
. William C. Kyle, Jr.
', James A. Shymansky
The University of lowa . !
Iowa City, IA *52242
. Jennifer M. Alport o
' University of Natal o,
Republic of South Africa 4001 7 s
L
’ .ot b
Elementary, junior high, and secondary school science experienced a
tremendous curriculum development and growth beginning 1n the late 1950's,
Y, 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-soup' science curricula were "developed to rekindpe dent 1interest
in science and to upgrade the apparent lethargic science in the
schools. Since the inception of the NSF spoasored curricu
there have been numerous evaluation efforts to assess the/im
curricula versus traditional science courses. The question as .
~ newly developed curricula were any "better" than the traditional cojrses
. became a leading issue 1n science education. .
’ The large body ‘of research on the effects of the new curricula 1s\generally

- viewed as inconclusive. A brief scan through the literature reveals thyt some
studies claim that the new curricula facilitate cognitive and/or affecti¥e
. achievement while others claim they do not. After 25 years of sporadic
wmplemenation and more than 5 billion dollars speat on K-12 science improvemgnt
- (Yager, 1981), the question of how effective new science curricula -actually
*are in enhancing student- performance is still unanswered. 4

This study sumarizes the results of~a quantitative sygthesis 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 mvolvmg morg than 105,000‘ stydents and utilizes the :%ng&ax‘we
synthesis perspective to research integration known as meta-analysis (Glass,
1976). A total of 27 different new science curricula 1nvolving one or more
measures of student performance are included 1n this meta-analysis Data were
collected for 18 a priori selected student performance measures.

‘ In addressing the overall qQuestion of new science curriculum effectiveness,
the data are arranged in three broad categories: curricular characterastics,
student or teacher factors, and study design features. The variable analyzed
1 all cases 1s student performance measured 1n terms of the meta-analysis e
common metric known as effect size. ’

.

The results of this-meta-analysis reyeal definite positive patterns of
student performance 1n new science curricula. Across all new sciencé curricula
analyzed, students exposed to new science curricula perfome9 better than
students 1n traditional courses in general achizvement, analytic skills,
process skills, and related skills (reading, mathematics, social studies and

M 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.
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) Paper §2 . ' .
; A META~ANALYSIS oF RESEARCH ON PRE-SERVICE AND IN-SERVICE
- SCIENCE TEACHER- EDUCATION PRACTICES DESIGNED
«TO PRODUCE OUTCOMES ASSOC{ATED WITH INQUIRY STRATEGY
- » )
Gary L. Sweitzer .
\_/ Upper Arlington City Schools
Columbus, OH 43221 -

\

.
;

This study examined the discrepanty between educators' expectations for
1nquiry behavior in teachers and the actual status. A quantitative assessment
of rthe existing research on trginfng outcomes, teacher inquiry behaviars 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 strategiesisuch as problem~
solving, uses of evidence, logical and analytical reasoning, clarification of
values, and decision making. The quantitative assessment was undestaken using
the kethod terme8”meta-analys:is wherein an integration of studies 1s attained
by coding the criterion variables and expressing the outcome variables as
effect sizes. Because of the variability in the research reports, factors
that affect meta-analysis were examined 1n addition to those associated with
inquiry behaviors in teachers. Studiesafrom 1965 to 1977 were located and

reviewed.

« L]

* Studies/which contained sufficient data for the calculation of an effect
size were coded for one hundred and fourteen varialfles. These variables were
divided into the following six major categories: study information and design
characteristics, teacher and teacher traineé characteristics, student
characteristics, treatment description, outcome descriptidn, and effect size
calculation. A total of sixty-eight studies resulting in 177 effect size
calculations were coded. Mean effect sizes broken acress selected variables
were calculated and correlation and analysis of variance were used to
investigate relationships among criterion and outcomg varrables..

The effect sizes measured on teachers were distributed as follows:

'sxxty-two from journal articles, eighty-four from dissertations, and seven

from uanpublished sources. Analysis of variance of the effect size means
associated with these sources was significant at the .05 level. Ninety of the
above effect sizes were associated with outcomes consistent with inguiry

st fategy and resulted 1n a mean of 1.054 and a standard deviation of 1.547.
Strong correlations existed among many of the criterion and outcome vanbables
and further enumeration of mean effect sizes across variables of interest was
presented. . *

The.method of calculating the effect size and the source of the means
used for the calcu}ation 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 calcylation co;relatéd ith effect size
significant at the .002 level and thd measuremen? method correlated with
effect'sizs at the .007 level.

If other studies support the findings 3)f this study, -some of the practices
used 1n meta-analysis may ﬁé’strongly questioned.
n

Y
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Paper #3 . ’ 3

.
A META-ANALYS}S OF TEACHING SYSTEMS IN SCIENCE

< ./ - D
John B. Willett )
,June J. M. Yamashita | 9
¥ Stanford University |
Stanford, CA 94305 *

- Ronald D. Anderson
University of Colorado . ¢
Boulder, €0 80309 . ’ >

( " L]
This paper is a report of a meta:analysm on the qQuestion; '"What are the .
:'fjgcts of different instructional systems used 1n science teaching?" The l
s following definition was employed: : ‘
. . 2 .
An instructional system 1s 2a ieneral plan for conducting a cours@
over an extended period of time. It 1s generdl in that it ofted
encompasses many aspects of a course (e.g., presentaton of Contey,
testing, size of study groups). Examples of instructional systeds -
. are: mastery learning, competency-based imstruction, programmed*® . 2
- - " instruction, modular instrycti&x_l, mini-courses, ability grouping, ‘
tean teechmg’, departmentalized ¥ersus self-contained, diagnostic-
prescriptive instruction, independent studies/ projects; computer? ° £
managed or computer-sssisted instruction, audxo-tutor,xal.‘ N

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 systematict

. screening of selected research journals, and the standard procedure of ..
1dentifying potentially relevant studies through examination of bibliographies

“

‘of studies.revieved. A . .
A
The final coding ‘g:et employeﬁ consisted of the following eleven sections,
each with a number of cdding variables: .
“°
N (1) identifrcation of the study;
. . ’ ‘- ’-\
- (2) student identification (treatment group: control grodp);
(3) context characteristics (treatment group: c3ntrol group); .
(4) teacher characteristics (treatment group' control group); ~
“ -
(53 .design characteristics (treatment group. control group);
” .
(6) treatment charactensﬂxics (treatment group. control group); " R
. (7) features (treatment group: control group); R ! ’
(8) group structure (treatment group: control group); e
< -
A (9) materials (treatment group: control group);
. - » |
Y (10) outcome characteristics; ’ L. }
(11) effect geae calcu-lation. ‘ . .
9 /o . L]
In all, the 130 studies coded gave rise to 341 effect sizes distributed
over thee.years 1950 through 1980, with the bulk of effect sizes being obtained
. - 1n the years 1961 throdgh 1974. The mean effect size produced over all systems
vas 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 .
/7 80 .
7 . N
- O 67 )
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dcvxatxon better performance than traditional science teaching.
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S \' 13 NS ) VB . . ’
~4 A HETA-ANALYSIS OF THE IMPACT F D‘FFERENT SCIENCE TEAGHING
~ TECHNIQUES ON STUPENT ACHIEVEMENT . ’
. pL
. \\ i o . $ N . v ,
: . -0t 0 Ko C7 Wise ’ \
. wJames R. Okey ‘ .
-~ “University of Georgid . o
- . B * Athens; -GA 30602
3 . N o : .z > - A _‘\ .
Objectives T . T S 4
/ e , Y. - .

This study 1s a meta-analysis of thesquestibn "What are' the effects on
achievement of different teaching techiiques?” Tdelve categories of teaching
techniques were specified. Among these awe eséjoning, wait-time, testing,

. focusing, manipulative, presentation approad), inquiry or drscpvery, audx’o-vxsual
an8 teacher drrection. ‘\ :
E ] 4 L4 2 ~
~ A quarititative overvlew of how teaching technigues an%other important 3
van!bles are a:?s:ycxated with student achievement has important implications
for tca'climg as gell ap Pesearch. This 1is acéomphshed thfough meta-analysis.
) © + .

Methods - B 1;

n
2

-~ . »
, Reports and documents m the ‘scaence educataon liteTatura gér‘e’ Bllected
and ‘examined to determine features of the studies (e.g., number of students,
content area, context characteristics) and the effects the techniques used.
A coding form was then developed to allow for the umfogexammatxon and
recérding of 76 variables from each study.. L “ ., % .
. [ T - 3
Th ding process involved examining each selected study tq detemmine
and r@ord values for as many of each of the variables as possible. One ar | .
more effect sizes were calculated amd.coded for each study. In tlhs 1avestigation
the éffect size 1s a standard measure of the difference between an experimental °*
teaching technique and a tradis_lonai meghosi.’ : ' ) .
v L3
To compute effect size when comparing an experjymental teaching technique
to a control method, the mean of the control group is subtracted from the mgan
of the experimental greup and th divided by the sta’ndard deviation of the -
. control group. A study results in multiple effect sizes whep there is more
than one experimental treatment or when there ate two Or» more post measures.
© R B &

~

-

Data Saurces - ¢

9 ‘ “ ]

¥ < Initial selection of studies for coding was based oh title. Over 300

- * *  microfilmed dissertations covering the past 30 years were selected and provided
by the ERIC Ceﬁlcr at Ohio State University. Some 2000 ERIC sciénce abstracts

Q)

eved and guitable studies were obtained locally gn Mcrofiche. Finally,
% titles were reviewed in all issues of the Journal of College Science .
the Journal of Research in Science Teaching and issues of Science .
ducation, 1978 _and later. The bulk of the studies involved subjects fromK

rade sixwto co lege freshman. N .2
\ » fag 2

‘? esults [ .
e - A . . - .
» o
¥ Artotal of 411 effect sizes representing 160 studies yere produced for
'y * the question "What are the effects on achievepent of different teaching techmquef?"

The mean effect size overall was 0.336 with a-standard deviation of 0.414.
Thus, for all samples considered the experimental science teaching techniques
¢ on the average resulted in one-third of a standard deviation improvement over
” r

* traditionsl techniques. , . .
- A
)  Hore than. 20 other variables such as class size, community type and
¢ «science subject area were cross-tabulated with effect size,'
P . - N .
3 - 3
SN .6 !
\) . [ Y . 8 9 . . < ”
‘ERIC AR - Yol 2T .
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Conofusions . c ;

“The meta-analysis *of the\impa_ct of different teaching tec’hm‘ques 1s part
of a coacerted effort to exami1Ge séven aread of science ‘education )udged to be
of sufficrent wmportance to justify an effoft to integrate the research. The.
findings of 'this effort tan provide .z valuable data bank for practitioners,
rssearchers ‘and ogHer decx{sxon makers. . :
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) -, ¢ o . Paper #5. . R o [
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. ] A SYNTHESIS OF RESEARCH CONCERNING INQUIRY TEACHING AND B *
. * 'Y ADVANCE ORGANIZERS IN SCIENCE EDU(EATION
e T ) " ° . - . ' . e - .
. - i Gerald W. Lott N .
H N . Hichigan. State University ° 'y .
-~ East Lansing, HI, 48821 ¢ °
» . . - . A <

This study involved the coding of 128 characteristics for 72 studies
which spansed the period from 1956 through 1980. The coding variables included
57 which vere concerned with features of the*treatment while 12 were concerned -
with outcome attributes. 'Aspects such as research methodology, sample '
N characteristics, and 1nstructional experiences were examined quantitatively in <
terms of their relationships tothe ®featment effects through the use of a
common metric for 311 studigs as defined by Glass (1978). 1 .

* Three areas gf research were exploreds the comparison pf the inductivé™’ e n
. vs. deductive approach, the use of advance organizers, and the level' of inquiry
of the learning experiences. The data aralysis procedures 1nvolved the use of
- the exploratoyy data analysis methodology {Tugey, 193%). Exploratory daga
analysis bas the potentidl Yor clar1fying gnterrelatzonships and giving direction
¢o the science education research effort. The- intent Was thus to formulate
“implacations and questions for further research and to preyide directions for o
research programs through the cefinement or expanston o¥ the sesearch effort'. ®
P - -~ a .
. The discovery of relationships betWeen effect siZzes and study characteristics
- 1nvolved tha comparison of #ffect sizes atross thed—lgvelyof each descriptive N
. variablé for each of the ,three=defined research topics.. This included the
' review of correlation boefficients across study characteristics, the examination ,
of study -design charactetistics in relation’to effede size, and treatment
characteristics 1n relation to effect size.; . “‘@ .
This meta-analysas for Qh! researcht variables examined mdy provide a
" foundation for the continued exploratiop of learning and, teachang in sciegce
education. The results of thisgnblysis have influenced the formulation of »
. conjectures concerning treatment effectiveness and have provided peeded: ’
v °, information for }stablxshmg sethodological and investigative directions for ¢
future' research. 3 N . ’ % v p «
. 3 . .
LA It 1s hoped that the coding variables formulated for this study can
. provade a beginning framework for the design an commimication ¢f research
Teoo- characteristics in futuze studies. The lack of descriptive information
’ in the coded stydres resulted 1n the 1mability to explore complex interactions
. , | and the effect of confounding wvariables not addressed 1n individual studies.
- - . - . .
. ¢ - . \
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Paper {#6

.

" A MPTA-ANALYSIS OF THE TEACHER CHARACTERISTICS,
TEACHER BEHAVIORS AND STUDENT QUTCGMES IN SCIENCF,

Cindy Druva.
University of Minnesota ‘
,Minneapolis, MN 55455

P

. -
relationship between teacher backgro‘imd
characteristics (gender, coursework, 1Q, etc.) as the 1ndependent factor, and:
(1) their teaching behavior in the classroom (questioning behavior, teaching
orientation, etc.); and {2) student outcome characteristics (achievement, .

attitude toward science, etc.) as the two dependent factors. ,.9@
.

Thé question addressed was the-

]
»

N s E
[ . The population ynder stud
through twelfth gfade,
classes ‘.

y was sciertce dlasses, ranging from kmdérgarten
located 1n the Unated States, and the teachers of these
X

. Y

The studies «<oded under this queStion came from three %urces: ~d

al articles, and wnpublished articles stored on microfiche.
. ’ .

“

“ joukn

.

Protdcol fom Cod 1ng
, .
1

w

*

The Statement 6f the problem addressed by an article was reviewed to, see
{f'the study actually fell within the boundaries of the question.. If the
gtudy pertained to the question at hand, 1t was.given a study number.
: - v

In dissértauogs, the methods c&pierwas.re’ferenced to find descriptions
ot i1nstruzents used, the ceompositjon of the sample, and the‘statystics
Lused. " . '
The chapter relating study. fesults was afie consultéd to code reported .
,statistics]  All statistics were convefted t® Pearson product moment
cofrelatiens. If.the statistics reported were in a form that would
reguire a high degree of manigulatlon to-report 1in the form of a Pearson
CO“atxon, ‘the appendices were referenced to See 1f raw data were

reported. If statistical manipulation was required,

notes were made at

the end “of the goding sheet.

4.
these, di1fficulties
1o subsequent studies.

¥

!

1
Analysig

N . T .
Use was made of he SBSS package.
g . that related to;student outcome and

. .

>

°%

Difficulties 1n coding were carefully noted so that procedures for solving *
could be referenced when they werd again encountered

o
L]

PR
The data. were f)
acher hehavior.

B

X

¥
LY

.

e
rst sorted into criteria
Ddta were then ¥ ]

* sorted by the values of the criters
. . .(student outcode and teachér behavior),

ariable within each of the stfata
.

-~ ’ «

. -

~ -
a3 test was made to check whethes

' "*‘or\eacb value of .thé criterion variables,
4 sPecific teachqr characteristic had been studied as correlat: g with the:
critgfia  If a gorrélation was reported for, that téacher charieteristic {a s,
specific predicthr),’ the correlation was ceported along with severa] Pontextual
variables of the study, and an”average calculated of all ghosefstudies 1n ac °
category redating’ a spegaific Sriterion with a teacKer c_ha;aﬁteristxc. Lo
. : ’

- In general, quite dow celationships wegg found between teacher background
charactéristics and (1) their teaching bchamr 1n the classroom antl (2)
student’outcore charicteristies. Simmary tables showing all the relationships
have been prdfared and wilk be presented. . - -t .
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. . ) . !' Paper #7 )
WIAT ARE THE RELATIONSH}PS BETWEEN STUDENT CHARACTERISTICS AND
. . * OUTCOHES-IN SCIENCE" :
* ) . . v ) L ’
\ Mark R. Halone Cop
. . .. Lynette, Fleming ¢
- RS University of Lolorado
N . Boulder, CO 80302 .~
- " .
. v A meta-analysis procedure was employed by researchers at the University

of Colorado to study relationships between student characteristicS and student
- outcomes 10 science The investigation concentrgted on three main areas of
student Characmnsnas acadenic abilyty, personological factors, and
, personality characteristics. The study was restricted to only those
invegtigations conducted with kindergarten through twelfth grade students in
~the-United- States smce 1960.

The search process for locating relevant studies mvolved review of.
piblished dissertation, titles and absﬁracts, résearch summaries, entire .
collections¥of science-related jounrals, reférrals of articles from other
universities, and comhuter-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 studaes, 1t account§$ for a much larger

» peoportion of fhe data base. Data for .personological. fagtors were analyzed
B with and wn.houf u{lusi of the NAEP data for .comparison. .
" . O addn.xon $o repon.'mg thesé dna,’an attenpywas made”to dﬁemme
- whether, results“were consistent acrosg, several factors. To this end, data .
* - were collapsed in several «ays. com.&t and level by cognitive vanables, -
content and level by affecnveW variables, and ievel by specifit criterion
measures. . . , L ¢
s . ’ L4

The data were also organized by criterion types listing the best predictors
of each student outcome. For instance, the strongest relationship detedmined, .
by the present study was a'correlation betwgen elementary sgience achievement
. and Verbal SAT scores (r = .48) fb‘llowed closely by a c:r}AaLmn betwesn
. &lementary science achxevenent and language abilaity'(r 48).
N Vo ¢ .
Generally speakmg, the strongest predxct.ors oi student outcomes in 3y .
sci1enge were foufif\among ‘the various gleasures of academic ability. This was
' follp\?? by personality characteristics and, finally, personologuil facrors
It sho§ld be nated that even the weakest relanonshxp between studenf outcomes
N~ and personological factors 1s of interest. The“use_of the effect siie ,measure
for these fictors has enabled the present aushors to show pot only the direction
but also ‘the strength of these r;latxonsbxps Generally speaking, tHe relationships X

.~ between race, $ES, or'sex and gtudefits' outcomes have shown small “but very §
consgstent dxfferences favoring whites, high SES, and males. However, interesting ,
M \ exceapdions to these Lrends bau been noted, parncularly in the area of affective
aeasures. < . . Y
L] ,\ - 4 td < :
. & After-pursuing a large number of stddies 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 and organization of . P
* studies and how this affects the ability to code them 1n a méta~analysis f’om, ot
the tive period during which most studies on a particular topic have been
iavestigated, suggestions for fugrther research,.and suggestions for others

'mterested «in conducn?g meta- analysxs ., . ” . © .
.~ N .
. ) .
. . . " - . " ¢
ETEEEN r v . . *
) . . . . . \
b . 1 ) * B
. . . . e 4 : ! . hid . )
. . ' ¢ [ 2 73“' K P
Q . . . . 8 ’ -
EMC - .ot J R e
Ao o - . ., ’ e . : .
. . ‘ . . M ¢

A < —~ ° .




Session E-2 / . N ) - R

a . » .

THE EFFECT OF WAIT TIME FEEDBACK ON TEACHER-STUDENT INTERACTION
. IN CLASSROOM DIS’SION L4 b
I 1 . .

e e
- “

J. Natharf Swift : .

C. Thomas Gooding N .
' State Univérsity of New York at Oswego’ B

Oswedo; NY 13126 IR

Wait time, the dJuragion of teacher, pauses after queftions, 1s’an impartant .
variable in résearch on scxeﬁgf teaching. ; Thiseproject 1gvestygated the » »
effects of increaping teachers' wait times on general qiestionfng skills 1in . - .,
science teaghmg. In previous research, the influence of wait time training «
has be‘en confounded with \inst'ructxon in general questioning skills, making it °* °

« difficult to test the hypothesi$ that increasing the wait time will by 1itself
taprove classroom discussions. In this project, these variables were separated
through the use of four treatflent groups made up of 3cience teachers. One ¥
group recerved instruction in wait tibke using a newly developed electronic
feedback device that monitors the duration of teachef and student pauses; a 4
second group received instruction 1n general questioning skaIfs; a third
group received both types of instrfuction; a comparison group received no - »
tnstruction of either type. Audio tape recordings of classroom interaction
were analyzed in terms of teacher questioning behavior (including wait time as
well as other varifbles) and‘student respanses. h

‘

¢

t & - .
Printed materials produced only a slight increase yn the teacher's wait
times., The use of the feedback devices caused the teachers to increase their
wait times significantly. Interaction effects were also significant, favoring
' those who had access to the devices without the additional complication of .
reading the written aaterials. Treatment effects were max:muzed at the fifth
week of the project, then diainished as the end of the school year approached.
The greatest change in behavior that was noted in the analys:is was the amount N
of time that students were able to actu:'ely participate in discussions.

-
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In’ higher education a teacher implies a researcher (CUEBS,
studies 1ndicate the criterion used most frequently for promotion s gesearch
Sregfried and White, 1973.) But what, if any, 1s
Hust a teacher publish or

Can persistent axioms be

productivity (Hayes, 1971;

the r
perish?
eadorsed statistically?

”

The current study quantified some of the relat 1ons
publications, grants and teaching effectiveness. The s dy was conducted tn.
the sciepce departments of two different universities

ionship between teaching and redearch?
does research detract from teachimg?

. W‘-‘ ‘\ '

IRV ]
Glor:ia J. Dyer

e:1gh Dickiason Universxty

Rutherford, NJ 07070

)

‘(ﬂ‘ . "~
PR S *
.

. e ol
. "MUST A COLLEGE TEACHER DO RES'EARCH!:sMDﬁT}ER AXIOMS

.

1969).

Numerous

The sample consisted

of 157 men and women who Had been promoted in the ten years from 1969-1979

. Pearson product-moment correlations vere usgd. 4

-

ot
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Hayes, J.R.,

- - Y T $ T
A significant relationship.between student evaluations and publication

evaluation 1s reported (r = 0.26). No significant correlation was found between

student evaluations and other measures of scholarly productivity.
correlations are reported for publication evaluation vs publication counts

(r=

0.89); citation counts.vs publication evaluations (r
\ counts and publication counts (r = 0.51); publication counts vs grants

p‘s. that exist between

Signfficant”

= 0 58); citation

(r = 0.38); grants vs publication evaluation (r = T24) and citatiogy counts

e vs grants (r = 0.20).

By quant:fying data it has been possible to examine persistent
1) there 1s a weak correlation

to reach the following conclusions.
between publication evaluation .and teaching effectiveness; 2) there s a high
correlation between the quality and, quantity of publications (r, = 0.51 for

citation vs publication count); .3) research activities apparenlLy do not.

&

r0ms ‘and
0.26)

etract from teaching effectiveness, 4) itswas possible- to obtain a grant

8 obtain at the end of the 1
o 6) nol all schools deasnd “publish or ;fensh root et

.

.
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THE RELATIONSHIP AMONG TEACHER CLASSROOM MANAGEMENT BEHAVIORS,
STUDENT ENGAGEMENT AND STUDENT ACHIEVEMENT OF HIDDLE AND HIGH SCHOOL
SCIENCE STUDENTS OF VARXING APTITUDE
. . . John R. McGarity, Jr. .
. : Elbert County Comprehensive High Schoel -
Elberton, GAL30635

. David P. Butts
University of Georgia € e
’Athens. GA 39602 . *

A -

. This study was designed to determine the relationship among teacher ¢
classroom management behavior, student engagement and student achievement of
ar1ddle and high school science students. These variables were \avestigated
across varying lavels of academic aptitude. Two week long unitd were taught
by 30 experienced science teachers. During this period of time teacher
classroom management behavior, student achievement (N = 570), student g
engagement (N = 269) and student academic aptitude (N = 649) were measured.
Twelverselected management indicataers from Georgia Teacher Performance
Assesssent Indicators (TPAI) were used to measure teacher :laxsroom management
behaviors.

.

Regression analysis was used to determine the x‘elatxonsh’xp between the
dariables, and appropriate post hoc procedures were used. Apalyses showed ¥
that there was a signmificant relationship among all “variables. Post hoc
analysis showed that these rasults were consistent across levels of aptitude.
Other relationships found were between student engagement and .achievement,
student aptitude and achievemeat, and student aptitude and engagement.
Correlation coefficients were obtatned for each individual managment
indicator. .
> ¥ 4 .

* Those particular management behaviors which were correlated with
achxeveﬂent and engagement are. 1dentifies students’ Vho don’t understadd
dxrections and helps them 1ndividually, maintains learner involvement 1in
lessons, reinforces and encourages the efforts of learners to maintain
invelyement, attends to routine tasks, uses ifstructional teme efficiently,
ptovxdes—feedback to lea?ets about theu‘ behavior, manages disruptive

&

>

behavior among leatners
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¢ THE DEVELOPHENT AND EVALUATION OF AN INTERACTIVE COMPUTER PROGRAM
SIMULATION DESIGNED TO TEACH SCIENCE CLASSROOHM LABORATORY SAFETY
TO*PRESERVICE AND INSERVICE TEAGHERS

4 . v
Floyd D. Ploeger : -
) The University of Texas at Austin
.- ’/\ Austin, TX 78712
- , . . P’ *

The results of this study demonstrate that a computer program simulation
was effective in teachmng science classroom laboratory safety td preservicé
teachers. The study also demonstrated that_ the subjects transferred the
ability to correctly recognize and prioritize safety hazards 3o another simulated
science classroom laboratory setting.

*  The Solomon Four-Group design-wad used with this study The design
was modified slightly to include a transfer measure immediately following
_the posttest measure. A .

The subjetts were ‘both preservice eleﬁentq;y teachers and preservice
science teachers enrolled 1n the student teaching field experience program
at The Univergity of Texas at Ausdan, during theé Spring semester, 1981. A
total of 74 subjects were used in this study. P -

. ~ -
Data analysis was accomplished by a random effects analysis of variance
which produced resu:}s 1n the fowm of reliability coefficients of the subjects’
ranking Compariso of the response sets for the pretest, posttest and transfer
veasure determined that a significant confidence level may be placed in the
indicated correlation statistics. “

The subjects having interacted with the computer progras simulation were
capable of correctly recognizing and prioritizing the safety &ituations
(r=.98). The no treatmeat Subjects were incapable of correctly prioritizing
the safety situations {(r=.69). i -
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Coe . COMPUTER-AIDED FORMATIVE YESTING :
, ‘: < . . .
- . . ; James R. Okey ' *
, P - University of Georgia
*% : . Athens, GA 30602
M \ . - \ .-
’ Jolin HcGarity L.
. Elbert €ounty Comprehensive High School .
. - Elberton, GA 30635 " . .
- \, ’ Eomet} Wright P
- . University of Maryland,
College Park, MDD,k 20742
R P .
urgose/Oblec ives — R
o o
The yalue of frequent formative tests has been demon,strated 10 a numbe .
. of studtes. Brief objectives-referenced tests, frequently given, aid both

teachers and students in identifying learning problems. Reteaching and
restudying efforts can then remedy the problems identified by the tests.

Frequeat, testing,” however, places a burden on the teacher..r Administering and
scoring tests takes Lime that could be devoted.to other bene¥icial teaching ‘
activitres The purpose of this project was ty study the effectiveness of

using computers to admmster and score diagnostic tests in science classrooms.

- .

Procelures N e s ' ]
Students in four ninth-grade physicali.science classed were randomly .« [ 3¢

instruction with summative unit tests gaven at about two week intervals The
dther three groups all received formative (diagnostic) tests twice each week«
s These three formative tested groups differed in how they were tested. One ]
group took paper 3nd penc:il tests and received feedbpck from the teacher, the
® second group took p(per and pencil tests and checked responses én the comly(
- and the.third group/used a codputer to take the diagnestic test and to che
the ansyers. Following the tests, (whether paper -and pencil or computer),
students werejadvised about which objectaves they had not achieved and were

dyrected to specific materials to study. ")

Sassxgned to four treatment corditions. One.group receivéd the regular classroom

- o

All computengyork was done using two Comodore m1Croprocessors in a
preparation room aljacent to the classroom. Stjdents worked in patrs at the
computer terminals., Each formative test togk from 5 to 10 minutés to complete.
The study was conducted over a period of 6 weeks. A total of I2 formative

‘ tests were gwen.

At the énd of each two-week unit, students in all classes completed a

< muftxple choice test, prepared'by the rese%rchers on the unit objectives.
‘ *  Scores on these three sun'uﬁwe tests and on an attxtude measure were used to
compare classes.
I PR
Results . M ’ . >

Based on scores from the three umt tests, no consistent differences in
cogmtxve achievement were found. Students in all, groups scored.at about the
. 65% level on the Phree cognitjve.tests. Attitude .results, however, strongly -
»  _favorcd the use of the computers in diagnostic testing and feedback. Almost
without exception, students receiving either of the computerased treatments
.- Commented favorably in solicited feedback about the experience. Students
recerving the.paper and pencil diagnostic tests viewed them as helpt’ul
although test results* showed no effect rela\ted to thei:r use. g
. -’
Conclusxons/[nghcatxom,, { * a

Computer-alded fogmativestesting had no beneficial impact in this study
~even though students and the teacher were efnthusiastic about the experience.
Although diagndstic testing has been shown to be, generally effective in other
studies, that \vesult was not barne out here( ‘l’he gerneral enthusiasm_for the N
process of computet based \esting needs t& be translated into careful use of
formative test results in order to derive benefit from the effort. e -
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. A THREE-PART TEST FOR JUDGING THE EVALUATIVE QUALITY OF
. . LIKEIET'ATTITUDE ITEMS :

- . Robert L. Shrigley
The Pennsylvania State University
. Univérsity Park, PA 16802
. EN .
A Thomas R. Koballa) Jr.
. Pikeville College
v _ Pikeville, KY 41501 “ .

Iatroductions :

That which 1s unique t{attxtude, when compared to othér ps“ycholdgxeai
concepts, 1s its emotional charactegistics. Social psychologists call 1t
evaluative qualxty--that tendency to be for or against something (Fishbein
and Ajzen, 1975). Attitude, this readiness to respond favorably or unfavorably
toward an object, 1s begt, represented by a like-dislike continuum. A
conceptually valid attifude scale, therefore, should have ‘evaliat ive quality
which means that each i1}em will-generate data that clusters at each end of R
Likert’'s five-poiat continuum. v

& [} . N
Problem . ! .
. o .

The purpose of this papér was: (1) to design a three-part model for

* testing the evaluative quality of attitud® sgatements, and (2) to ‘demonstrate

v the model by applying 1t to pilot data from select enérgy attitude items
generated by 93 preserviced teachers who lresponded €o the trial agttitude
statements (Koballa, 1981). R . ’

.

1. Bipolar data If all-evaluatxve, pro-con aualxty 1s necessary for a
statement to represent the attitude concept, data should cluster at bath ends
of Likert's five-point cont¥nuum. Those subjects favorable toward energy
conservation should respond with "strongly agree" and "agree" and those opposed .

R skewed 1n either direction on Likert's continuum makes an item suspect, suggesting
. that it be rewritten and prloted again or discarded.
*

2. Negtral data A statement that stimulates emotion will' generate data
r * 10 two polar camps, the pro and con. So the less the responses at Likert's
seutral point, the more prone the distribution 1s to be clustered at thé poles.
If a'high number of respondents are undecided, say more than 30, the neutral
. responses erode the numbers of the agreement-disagreement ends of our continuum
" 1mplying low evaluative quility. The item with ‘a high undecided response
suggests deutrality of subjests, or an item that lacks clarity. It sho¥id be
revrit;'en or dropped.

-

~ [}
’ @

3. The Validity Index /Not only should our pilot data on an attitude

ement be clustered at t§@fpoles with o’ low neutral response, the data on
each) must discriainate sub)®tts with a positive attitude from those with a
. negative atfitude. Subjects with the most positive attitude, 1.e., those with
s the high tatal score on an attitude scale, should be the ones who regpond most
positively to a positive attitude statemébt. And, of «ourse, subjects with a.
low total score should respond negatively to our positive statement Item-total
+  correlation provides discrimination data necessary for judging the evaluative

quality of an attitude statement. The 1tem-total correlation sould be at

least .30 (Crano and Brewer, 1973). -

-2 »

) N A »
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RI’iS}-ZARCH IN INFORMAL SETTINGS - A -SYMEOSIUM

e

. . J&hh.H. Falk (Chair)
> Smthsonian Institute
- . Edgeﬁater MD 21037

, . ,
. « | Eugene Gennaro : -
University of Minnesota ° !

o ’ . HMinneapolis, MN 55812 .
v . ' - f
. °" John J. Koran 7 s .
. University of Florida ° g‘*@ ‘.
Gainesville, FL 32611 * >
o -

. C Nt Marcia C. Linn
. * 4s - Lawrence Hall of Science
o ° . Berkeley, CA 94720

. Emmett Wright
< ., W University of Maryland
College Park, MD 20742

)

- - —

A small but growing humber of 1nvestigators in the U.S. are becoming

interested m conducting - research 1n informal education settings. Museums, .

zoos, nature®enters and aquaria provide a unique environment for studying a

wide range of legrner behavxors, attitudes ahd cognitions. Within the last

five years, several clustegs of informal education researchers (as” opposed to "

evaluators) dfave developed 1n semi-1solation in dispatate parts of the country. ]
* The purpose of ¢his’ symposium would be to bring together key' fxgu’res from each

of these groups o, order to initiate a substantive dialogue gn the rssues and

directions for researgh in out-of-schéol settings. N

The Niational Science Fopndation has stated that sdience education need
not, in fact skould not, be confined to the public schools. Unfortunately,
the numerous organizatlions that exist outside of the formal education system
have traditionally not recerved much attention from researchers or material
developers. This 1s true despite the fact that many youths spend signi facant
percentages of their time participating in science- -related "extra-curricular”
activities an,informal settyngs. In addition, nimerous testimdnials suggest
that these mtensxvcﬁ, free choice associauons within informal educational '
orgapizations can have a prafound milucnce on career decisions. Hany scientists
pinpoint their -Yapprenuceshxps at mlseums or nature centers as being instrumental
&n-guxdxng their ultimate decisions to bccome scientists.

. .

Attengance at science centers 1n thc Umted States has recently exploded,
and other informal settings Mave described comparable booms. Informal settings
differ in mafdy significag¥ dimensions from formal school-based educational
settings. By its ve efinition, informal education is .neither compulsory
nor strongly evaluity¥e. The pa'ﬁ\cipants are, by and large there because
théy want to be and they are performing for their own self-satisfaction. As a
result, pcople in informal setfings are more likely td be receptive to new
tdeas and- actx.vxtxcs  They have the expectation that the experierce w%ll be

- mhgrcntly'tnjoyable or that they can do things to make it enjoyable. “Informal.
‘education settings are ideal environments for investigating a wide Jarie Kof
basyc scxencc éducation research concerns and issues.

. . hd

Each panel member will briefly outline past, current, and fnture lines L
of research. Topics to be-dicussed in the Symposium includc' Y

a), factors leadmg.up to and mflucncmg problcm solving behavior in
informal settings; . 3~
'b) & setting effects on learning, the Zole of envxronmental novclty on »
* cognition and behavior;

Q ~ RS 80 ‘ .
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factors that influence ledrners' attention in museums and science

centers; s .

the role of advance organizers in influencing lea‘nmg, specifically

within a school field trip context; ' -
changes 1n cognition and affect as a function of infd¥mal education
éxperiences; - >
mvestxgatno’r_\’s into mental imagery and 1ts contribution to learning

1p ofject-orikpked settings,

curiosity and its ¢ontribution te* learning in informal settings;
cognitiye gains from museum experience versus comparable classroom
expertence, .

male 3nd female differences 1n behavior in informpl settings; and
pedagogical gractices of ¥ lunteers or edycational ‘perso'n'nel.
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ENERGY KNOWLEDGE AND ATTFUDES AND LOCUS OF ‘A .
CONTROL OF SECOND TEACHERS \ A

s

Lloyd H. Barrow
Ufiversity of Haine
. ' Orono, ME 04469

L » L
-

P .

- The purpose of the study was to measure the’energy kpowledge and attitudes
and locus of control between the participants of a DOE faculty deve lopment '
workshop on alternate energy sources and a control group.

“ -

“The 100 1tem Energiv Inventory\(Glass, 1979) and Environmental Q-sort v
(Humphreys, 1975) were utilized to determine the energy attitudes for both
The Rotter Internal-External Lécus of Control Scale (1966) was
administered to the participants and a control group. v

Pre-test data were_collected from 38 secondary teachers (23 science teachers,
10 social stadies teachers, and 5 1ndustrial arts teachers) who participated
1n the DOE program. The Energy Inventory and Q-sort were administered on the
first day of the program (July, 1980). For the Energy Inveatory, each subject
responded to the 100 1tems as either yes, no, or i don't know. For the Q-sort,
the subjects arranged 50 adjectives, from the most positive to most negative.
A control group (N=9) was randomly selected using one course of the existing v
graduate summer courge offerings. All subjects completed the same three
it ruments . o

Data were analyzed by SPSS (Nie, 1975). Prior to the workshop, the Eh

participants 1n the DOE workshop
energy than the coatrol group.

had significantly greater knowledge about
The internal DOE participants showed a’

significant corcelation between the

Q-sort score (both pre and post). The

workshop participants who utilized biomass for either primary or secondary

home heatang had a significantly greater knowledge, as measured by Energy

Inventory, than non-wood users prior to the’ workshop.
. . r

. ) REFERENCES .

Glass, L.W. "An A‘nalysxs of Outcomes in an Energy Education Workshop for
Junior and Senior High School Teachers of Science.” A paper presented
at the 52nd annual meeting of the National Association for Reseaych in
Science_Teaching, Atlanta, Harch, 1979.

Humphreys, D.W. ‘'Developing a Q-sort to Heasure Student Attitudes about
Science."” Journal of Education, 1975, 96: 45-9. . . LN

Nie, N., C. Hull, J. Jenkinos, K. Strelnbrer;ner, and D. Bent, Statistical .
Package for the Social Sciences (2nd edition). New York: McGraw-Hill ,
Book Company, 1975. Toe ' ’

S

v .

Rottér, J.B., "Generalized Expectancies for Intetnal Versus EXternal Control
of Reinfofcement.” Psychological Monograph, 1966, 80 (609). .

v . t,




Session F24 . N .

. v ) P

’ © r - I N e » . N *
THE EFFECT OF A PERSUASIVE COMMUNICATION ON THE ENERGY .

' - ATTITUDES OF COLLEGE STUDENTS | .

» »

4
\ , Thomas R. Koballa, Jr. .
* Pikeyille College \
v . Pikevilie, KY 41501 -

3 - .

Robert L. Shrigley . ®
The Pennsylvama State Umiversity
. ‘Unmiversity Park, PA 16802

. - ¢ .o

» The Problem”

The purpose of this investigation was to compare the attitudinal effect
of a plycebo treatment wvith a systematically designed persuasive commupication”
using Hovland, Janis, and Kelly's: four-part model, "Who says what to whom \uth )
what effect," in changing the energy attatudes of college students prcpanng -t
i to becoze elementary teachers. §- 2 -
Questxon Centra.l to tlt Study ¢ . ’ {.4

. °

Does a persuasxve communication modeled after Hovland's approach result r
10 a positive attitude change and does that comfunication resist dxssxpatxo
veeks later? r\

NG . ..
\ g

' Prgcdure ) . * . N
A pretest, posttest, delayed-posttest, control group design was used with

subgects randonly assignad to either treatment or piaccbo group
\ v
The sample, 120 pre§erv1ce elementary school teachers, represented Hovland's
"whom" component of the hmodel. The investigators admmstered the attitude
. nstrument as a pretest to the spbjects enrolled i1n classes 3t an eastern -
university. Three wecks later, the subjects received either Ehe treatment or
placebo, both via videotape. 4
. ¢ Y ~
1. The placebo consisted of a 13:10 mnute presentation on
siphons. €the videotape 1n no vay eluded to therperceived importance
of energy sonservation, making it a viable selection for the placebo.
-~
2. The trcatgnent conslsted of a persdasavmcomumcatmn the core of \ g
® vhich'was seven belief statements abut the importance of energy )
~ conservation 1n the elementary school curnculum The duration of
the treatment was 13225 minutes. °

Imedlately fqt’loving the presentation of the v1deotapes and three vecks
later, the attitude scale was readministered by the investigators. ° ,
\ v .
Results - . N T * i
. The results indicated that the systematically ﬁesxgned persuasive ' i
communication was sxgmhcala.ly more effective thad the placebo 1n changmg
S and sustaming attitudes toward energy conscrvatlon

° Conclusions - * i, ‘

v

v
*d

* 1. A short, ‘syst‘enatlca),ly de 'gl;ed persuasive comumc;tion car_l change .
the attitudes of college students t. ard cnerg)' conservation. .

2. The attltude change did not dxéshpa e as shovn by a. delayed posttest o R

-

givcn ‘three weeks after” the treatment. K
... (. [ ;ﬁ‘ .ot
. ( S ES . Q.

A6




Session F-}o

THE DEVELOPMENT AND USE OF ENERGY KNOWLEDGE AND ATTITUDE TESTS
FROM RELEASED NATIONAL ASSESSHENT ITEMS :

A

Joseph P. Riley 1]
Hichae] Waugh
Universaby of Georgia

Athens, GA 30602
L4 L4

-

. Statément of the Problem .
5

. Can valid and reliable measures Of energy fmoﬁledge and attltude.s be
developed from NAEP released items® Can these tests be successfully used to
, evaluate inservite teacher energy workshops? -
t e

.

Rationale e .

« ‘The 1nvestigators wére interested 4n evaluating cognitive and affective .
ottcomes of a Dgpartment of Energy faculty development workshop. A review of
the research vas upable to identify any.valid and reliable energy Cests
specafically designed for adilts.

.
” .

" Proceduges .

The items used to develop the tests came from NAEP Booklet 4 -given to
yoing, adults during the 1976-77 Nitaonal Assessment «of Edugational Progress
survey. The purpose ofsthe NAEP survey was to indicate what portions of
students successfully achieved yarious objectives. Therefore, the grouping of
NAEP items used :1n the survey did not contain 3 priori validated affective ,and

~ cognitive scales which «could be used outright as criteriqn measures. The
groupings for both affective and cognitive items appeared “content” valid.
However, the questi0h of whether the items in the varioug a prior: groupings
actually formed separate factory had to be examined. In addition, the question
of retrability of the groupings 1n-term of their scale had to be 1irfvestigated.

3 - N .
After v3lidity and reliability analysis using NAEP Data (N=1,300) the
* scaltes were used in an evaluation study. i - “ ’

'

Results'and Conclusions ° [ .
S LA . -
5 The :nstrfusents were able to iden Y sigmiic'ant pre to posi gains 1n
energy knowledge by participants enral¥d in a summer energy workshop (N=22).
Significant changes in attitudes were alsc measured. o é '
Résults ndicate that these evaluation instrum developed from released
NAEP items, can be used as valid wind reliable measures of teachers' energy
knowledge and attitudes’ ' . ¥
L4




Session F-4 ‘
i VALIDATION oF THE TEST OF ENERGY CONCEPTS
' FOR HIGH SCHOOL STUDENTS -

2
Constance C. Holden'
Orogo High School
Orono, ME 04473

Lloyd H. Barrow
University of Maine
Orono, ME 04469
¢ .
. The purpose of the study was to develop and validate am energy education .
test that would be appropriate for secondary school,

The National Assessment of Education Progress administered a 146 i1tem
test to young adults (ages 26-35) in 1977. This test, Energy Assessént
Awareness Among Young Adults, had both a knowledge about and attitude towards
energy actions. This, test was reviewéd and inappropriate items werg 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 sttitude section was 0.795 and for thé knowledge fection was
0.754. . \ .

, [N -

A factor analysis was done on the attitude and kno:ledge sections
separately. One sighificant factor, accounting for 25.4% 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.

An item by 1tem comparison between the Test of Energy Concepts and Values
and the National,Assessmpht test was made using a pre apd posttest design
with a total of 350 styflents in grades 7-12.

’
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.t CONDULTING CONTEXTUALIST .RESEARCH IN SC‘IE}{CE EDUCATION , ) s
8 « -

. ' N ; .

Douglas A. Roberts .
University of Calgary

Calgary, Alberta . .

- Hugh Hunby _¢
f . \ Queen's University
. Kingston, Ontario
Ve 4 /’

4 h \ Thomas L. Russell - oo {

Graham W. F. Orpwood
“ Science Council ofSCanada
Ottawa, Ongario

. <

This two-hour research methods workshop is intended to provide participants
with an introduction to issues and techniques associated with contextualist
research i1n science edutation., «The worksKop includes an overview :and bibliography
of some recent contextual resechh in science education, but special attent:ion .

i1s giverd to two critical questrons: - - -,
¢ . <
RE Wwhere does one find appropriate analytic categories for contextual
research? . : .
‘. 2. How does one ensure precision in the application of selected;éategones?
. PO -,
. Specifically, the workshop builds on/the arguments and analyses reported in
T 7 77 77 "7 "Roberts (in press), Munby, Orpwood, and Russell €1980); and Roberts and Russell
(1975). Working with participanits in, small gfoups, the workshop leaders .
. " provide 1llustration and practice in the development and.application of pefspectives

for analyzing contextual data. Classroom events, science textbooks, and
curriculun polacy deliberations are'among the examples considered.

. A !
. / . . .

B
- .

- A Y '
Muaby, H., 6. Orpwood, and T. Russell, (eds.) Seeing Curriculum in a Ne\"m;
+ "Essays from Science Fducation Toronto: OISE Press, 1980, -~ hd

Roberts, Douglas A.» "The”Place of Qualitative Research in Education.”

Journal of Research in”Science ,Teadliu (in press). . . .
- &, - . ) . ’ .
Roberts D. and T. Ryssell, "Arn Alternatjve Approach &° Science Educat:ion ‘(\ -
- Research: Draving from Philosophical Analysis to Examine Practice.” °
. Curriculun Theory Network, 1975, 5, #07-125. *
! - .
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CLASSROOM: BEHAVIOR, CAUSAL ATTRIBUTIONS A{ID ACHI’EVEHERT OF URBAN JUNIOR
HIGH SCHOOL SCIENCE'STUDEXTS

-~ . [N
. . , v
. . N Ann C. Howe . -
\ Norman Ledermah :
. Habel Bankston
- ((aren Brown
' \ Vernon Hall R
Syracuse Ynive:qity et "
Syracuse, JNY 1310 . .
Method. A systematic ob;etvanonal study of pupil classroom behavior was
conducted in five desegregated urban junxor high schools. Subjects were 80
students, equally divided by race and sex, drawn from 10 classes taught by 5 v T
teachers _Two subjects of each race and sex were chosen at random from each : -
Mass. > . -

o -
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 Msing 14 categories of behavior. , .
Each subject.was observed for a total of 60 minutes~during ten si1x-minute

L

periods. [

-

Entering seores on the SRA reading and math tests were
of a.bility. Final course grade was used as tlie achievement

used as measuresy
measure.

obtained b means

Al

° ‘Data on causal attribution of success and failure were
of an Attribution Scale (Fennema, Wolleat, amd Pedro, 1979) adapted l‘or science.
. Results. Behaviors were combined into-three catcgorres - A‘ctwe Learning,
- - PagsiVe Learning and Non-attending. Correlations of cdd-even behavior frequenc.es
showed classroom beghavior to be a stable charactgristic of individual students.

Behavior frequencies were approxxmtely equal in the three categories;
t.e., two-thirds of the class time was spent in act%ve or passive learning
activities. There were not significant dxfferences by race or sex in any
behavior czrtegory .
v o . .

*Analysis of vanance showéd & significant main‘effect for race, favoring
whites, on SRA math, SRA readmg, and final grade. Ther® Was no main effect .
for sex on ‘any of these mcasutes ' * .
‘ . . «

A significadt positive correlatxon was found between Active Learning’ and
final grade and a significant negative correlation between Non-attending and

R final grade. SRA math score was the best predictor of final grade, followed

by SRA reading. When the eﬁects of ‘these scores were removed, Active Learning
was the only variablecthat significantly mcreased the variance accounted for
xn final grade. -

. .

e

There were no main effects for race in causal attribution but there were *

significant sex differences in attributions
“Boys attributed success in science to their

of success to ability and effort.
\wn ability while girls attributed *

it to effort.

There was no correlation between attribution and actual effort

as measured by Active Learning.

Although teachers were not observed directly, two pupil behavior categories f
(listening in a group, and disengaged while teacher is talking) gave a measure
of teacher control and @nvergence 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 frequeneies
. of student nonattendmg behaviors and the highest frequencies Uf’ét"deits who
attribu envxronment .

Signiiicance The results suggest that the causes for sex and race
'a'{ff‘rehce: 1n-achievement in science are not to be’l‘ound in dxffercnces( 1in
overt classroom hehsvior. All students exhibited active learning behaviérs
and there were no significsnt sex or race differences. The high»correlation

°  "betveen final grade and entering math and reading scores indicates that students

£ (O 100 -

.




- k] 4
who 1ack these skills have a poor prospect for a good,grade ju science but
some of the) d1sadvantage can be overcome by effort, since time spent in Mtave
Learning bchavior 15 also a sxgmhcaut\gredlctor of final grade The etfeft

of sex differences 1n causal®attribution”is not clear since causal attribution
was not codrelated as expected with observed behavior.

Overall, the results offer encouragement for7the use of activity-'.
centered science curricula 1n dfsegregated classrooms

.
~

"Paper #1 - Rationale and Objectives

.
Rationale ‘v ' . :

, Three consecutive national surveys of science achievement, (National
Assessment of Pducational Progress, 1978) have found that white students score
higher than black students at all three age levels tested and that males score

- highér than females at all age levels. . .
/

4 The reasons for these dxfferel‘xr'gs have not been determined ¥ It s well
_known that a significant praportion of the variance in achievement 1s accounted .
- fpr by differences 1n socio-economic status and, 1Q, but these beave a substantial
proportion of vartance unagcounted for The purpose of this study was te
. determine whether some of the group variance in schievement can be explained ‘
. by differences in*classroom behavior and/or causal attributibns of -success and
failur®. The relation of classroom organization to these variables was also =
examined. - : . .

0y

,

Comeon sense suggests that achievement should be related to classroom *
' tbehavior. Pupils who spend more time in on-task or learning acuv‘ll'les would,
/ “ be 1ntuitively expected to learn more than pupils of equal ability who spend
. less tige engaged in such behavior *ReSearch in this area has been extensive .
but supports the anticipated positive relationship between behavior and , . -
achievement (Hoge and Luce, 1979, Centra and Potter, 1980). We have sought to v
determine whet&er\lhere are sex and/or race differences 1n classroom behavior
and whether cldssroom bethaytor 1s significantly related to achievement fcr@
\ jumior high school science students. 4 '
v . .

’ . . Another factor th#t may be related to achievement is causal attribution oL
of success and failure. TRere 15 some evidence Chat girls are more likely to
attribute success to effort, and failure.to lack of ability, and that boys are ..

s gore likely {o attribute success to ability (Rogers, 1980) There 1s also
some evidence of dxffe‘rences between black and white children, with white

. ¢huldren judging ability and effort as the most important factors 1n success

and black children judging, luck and difficully of the task as more important 4

(friend and Neale, 1972). ' We have sought to determine,whether there are race

and/or sex drffearel:jes igfmhis factor and whether causal attribution was .

corr d with t actdal effort expended 1n the classroom, as measured by
the frequdacy of dttive Tearning behaviors

Obyectives . ‘SE

-

i
.

3 -
The objectives ff_ this 'study were (1) to observe and characterize student
behaviors {n racially integrated, activity-centered science classes at the .
junior high school level, (2).to determine the relatiofiship of behavior to » §
.- race and.sex, (3) to determine whether behavior 1s 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 1n
causal attribution of sugcess and failure 1n science, and (5) to detetmiue the
e effects of classroom organization on student behwgumgausﬂf‘atmbnmﬂ“ﬂ‘
,,I/~;f/_’_’_/ ’

.

,,_/—,—’_/__——l_ N L4 . .
- " Paper %2 - Hethod , ' :
s C . . R
Setting * ‘
st Thé study was conducted in Syracuse, New York, a city with 3 i:opulaﬁ‘on
* of abott 200,000 1n a metropolitan area of about half a @miblion people.

Syracus&(1s an old industrial city with a mixed ethnic population  About 40%

of the, present school population+are ‘members of a minority“group, mostly

b black.l Pesegregation has been achreved by busing and redistrictigg MHost of
. the youngsters now in the junior hifl; schodls have always attende desegregated
schools. While the average socioeconomic status of the black popfulation 1s

" o 101' 88 ) . .

[ . .
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probably lower than that of the white population, there.1s a growing black
middle class and there are alsb many white children whose families arg poor. ‘f';g

)

. A 12 ~ .
ample .

Ei1ghty subjects, evenly divided by race and sex, were drawn from ten
classes taught by five teachers. Five urban junior high schools with"blackswhite
student ratjos betweedd sixty-five and thirty-five percent were 1dent1fied.

One science teacDr 1f each school was selected on the basis of (a) agreeing

to use 1nformally|structured, activity-centered teachrng methods, and

tb)’having two clisses that each tontained at ‘least two black girls, two black
.boys, two white girls, and two whitesboys. Akl five teachers were white; one -
was fet‘na'le. The average class size was twenty-five students.

x ¢ ' PR |

lass rosters were obtained for each class with names 1dent1fied by race,
,sex’a 1ly attendance record. - After elumnating from the rosters students
who had been absent for more than five days 1n the present semester, two black
girls, two black boys, two white girls, and two white boys were drawn at
candom fros these available. [The final sample contained twenty subjects in
each of the folr race by’sex cutegories. ’ o~

“Obsétvational Instrument ’ <
Data oo student behavior were collected means of a previously developed
on-site multiple ¢ategory coding system - / .
. ’ )
Observersowere trained first by coding behavior observed on videotapes®
. and then by coding behavior obServed 1n classrooms 4 minimum inter-oyserver
—reliaby L1ty of 85% agreement wilh a critgrion observer was requl red before
data collection began. Two sub;equent re'llabxhty checks were made during the o
course of the obServations. ' )

v . - » b
An obsé!uer re;orded the behavior of one student at a time, coding the,
sub;ect's.béﬁﬁuor(s),’the .race and sex of the students Wsth whom the subject
intéracted, and vhether the subject 1nitiated’the ifteraction Intefactions
with the teacher wgre coded and recorded, but the_téacher was not observed -
¢rrectly. Each subject was observ?d for ten six-minite segments The obstrvers:c
carfied smpll battery-powered tape, recorders that signalled, Y1a one earphone,
five sefonds for each abservataon Epllowed by seven seconds*for recording
Each subject had two observers who were responSible for “f1ve observatrons
each, made on- ten separate school days. . .
. . . .
. All behaviors were coded 1nto‘one of the following exhiustive and mdtually
excllisive categories: ~ ' e
‘Preparing/returning (Pr) - gathering and reYurning miterials; sharpening
pencil, vwalking spicifically necegsary Jfor gatherings and returning materials
7 . .

4 s .
waiting (Wa) ~ waiting for the teacher's attention; waiting for teacher
to check notebook or Quiz. -
Observm’g (0) - watching another's perfqrm‘ ce of experimpnt or tasks - -
listening to 3 discussion between other stddents.™ ° »

I N ¢ LAY . *
Experimenting (E) - purpose{ul.phxsncal manipulation’ of apparatus
C . . A e

Piscussiga-(D) * talking about performance of a task with peer, teacher,

or group; questioning; follow-up of questions; informationi giving; answering

teacher’s questions ’ ' PUn ”

. N 3 R
.Reading/Writing {&w) - using textbook; recording, data. Does. not 1nclude
takang group test. -

. M NS
. . - .
Copting (C) - copylﬁg 1nformation without haying had any 1nput 1nto. it,\s
formudation. .
N . [ : 1N
~.L1§Lemng L) 4 listening to teacher give explanation to class 35 a
group. ° "

»

. . -

Codvering (Cv) m about subjects _unrela’te‘d' to class tasks (+.of 2)¥

e .
« .

" e - - A
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v

. /

Touching (T) - hittang; jabbing; hugging;-tapping; putting hands on, etc.
(+ or -)* . . -

. ‘

Disengaged (Dt) - out of contact with people, 1deas, classrool sxt‘uation;
daydreaming; looking around the room at other people, not related to
task. ' * .

Disengaged (Ta) - not listening while teacher talks to class as a group.

The coding,system made 1t possible to code 411 observed behaviors
and to code each observed behavior in-one category only.

~~ After an 1mitial introduction to the classes- and explanation of the
project, observers slipped in and out of classrooms almost unnot:ced. Only
the observers knew the identity of the subjectssuntil all observational data
collection had been completed.

0 LY .

At the end of each observation the data for each student were summed for

each category and subsequently enteéred into a computt:';t to be held unt:l needed
for data aralysis.

After the completion of gbservational data collection all students in
each class were admnistered the ‘Attribution Scale andsrelated questions. SRA
math and reading scores ‘from the preceding fall®and final course gradeg, were

, obtained after the close of the school year from school records. ‘

"Correlatidnal analysis, analysis of variance, and multiple r“egre%;ioﬂ
+analysis were employed to answer the research questions. - *

*Two bebsvior categories. . - PO |

.

' * Paper {##3 - Behavi10f and Achievement )
. " ’
The data provided by the observational instrument consisted of frequencies
of occutrence of each behavior during each 6-minute time sample for each -
. subject ~ :
° t
< Analysis of Classroom Behavior & .
R - ’ \ - -
- . , The frequencies 6f occurrence of each behavior during 60 minutes of
M observation wa} calculated for each subject. Analysds of variance showed no
. sigmficant difference between black and whate subjects on any of the 14

" behaviors. This replicates a previous study in which all subjects were male
and 1s anyinteresting finding, since it refutes the view that black youngsters
are more aggresstve, more "physical” and apt to engage in fewer learning

‘. activataes (cf. Samith, 1978, p. 97). . -
< - . .
s . There were no sex differences 1n behavior frequencies except for one “
. behavior -- waiting for the geacher -- and the boys were more often warting °
than the girls  This also runs counter to conventional wisdom, which 1s that
) teachers are more prompt 1in responding to boys than to girls.
. . With t}us one rather minor exception, there were no race or sex differences '
in behavigr. - ‘
i . Stabalaty of Behaviors ~
. In order for behavior to be a useful variable in making ptedxctloLs or
' establishing relationships, it has to be shown to be a stable characteristic
- of the learner under the conditions studied. Since the 14 categories o
. behavior included some that had:very low frequencies and were not eXhib t
i all by some subjects, behaviors were collapséd into three categories as ows:
Active Learning, Pagsive Learning, and Non-Attending.

- *Frequencies of these behaviors were then calculated for each subject for
each 6-mioute observation period. Correlations between odd and even observations
for each of the main behaviors were 0.69 for Active Learning, 0.59 for Pagsiwe

. Learding,and 0.64 for Non-Attending. The totals for these three categories of
behavior were Uised in subsequent analyses. A 2 x*3 analysis of variance yielded
. . ' . . .
- . N 90 .
. . '1
N \‘1 . - ) 03 ' .. .
. ERIC V. :
[N . .
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. Abilit.§ and Achievement . *

. variance shoved a significant main effect for race, favoring whites, on SRA

ERIC

Aruitoxt provided by Eic:
.

. .
.
.

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. '

The school administered SRA math and reading tests early in the school
year. These scores were used as indicatoys of academic ability for science.
The final course grade was used as the measure of achievement. Analysis of

math, SRA reading and final grade. There vas no main effect for sex. The
final grade and SRA scores were intercorrelated for all groups. .

Behavior and Achievement ? R .

Regression analys:is was used to determine vhether classroom behavior
accounted for variance in final g'rade over 3nd 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,
followed b Active Learning and SRA reading. Passive Learning and Non-attending
behavior were negatively 'corgelated vith final grage. Some of the data are

given below. ° M - -

1. Correlation Matrix

' et X
Grade | 'SRA Math SRA Read. Act. Lrn. Pass. Lra.
Grade 1.00 \ ' \ x
SRA Hath 0.66 1.00 . : )
SRA. Read. 0.51 0.69%" 1.00, , P
¢ Act. Len. 0.64 050 . 025 1.00 .
. Pass. L,  -0.30 " -0.36 0.2 ° t0.42 1,00
Non-Att. ' -0.28  -0.05 ~0.03 -0.44 -0.58
. : ' . “ . ot
2. Summiry of Fixed-Order Regtession Analysis -~ -
L o AdJ,Jz ’ Pro\')..‘ *
SRA Math & . .43 4.01 - ) -
SRA Read. ’ 3 .45 .5. ’
Act. Lrn. ’ .58 £. ) 'ﬂ
Pass. Lrn. .1 n.s.> .
Non-~Att. ' .60 .Con.s, ) -

v

The most significant finding, 1n additfon to those previousty m¥ntioned
Ao regard to behavior frequencies, was that Active Learning behavior is a
sigmificant. predictsr of final grade for all groups. Much of the research P
relating time-on-task to achievement has used a measure of the amount of time
spent by the teacher in teaching a specafié subject. The sigmficance of this
finding lied in the use o§ the pupil as-the unit of analysis and the removal
of math and readin‘fores before entering behavior into the equation.

One of the research questions that prompted the study vas whethes group
differences in achievement: in science could be accounted for by differences in
classroom bebiavior. Our data imdicate that there are no Significant differences
among the groupa in classroom behavior and that behavior accounts for variance

among individuals ‘but not amomg groups. - .

Paper #i4 - Students' Perceptions of the Causes
. of Success and Failure in Science’ . ¢
-~ N . ‘
b ¢ . ~
One yariable that we have found to be related to achievement is the
behavior ve have labeled Actiye Learning, a,category that'repsesents task- -
oriented, purposgful behavior or effort. Ability and effort are generally
’ .

- ¢ 9] g -

.
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Lhoug\llxt to be predictors of success 1n. school and elsewhere but while ability -
15 relatively stable, effort 1s not, since 1t depends on motivation and context.
+Two assumptions that have been useful 1n motivational theory are (1) that
effort 1s directed towards ends or goals that are valued by the individual
(reward value), and (2) that effort ®1ll be guided by the expectation of
success or failure, 1.e , causal attribution 1s a factdr 1n motivation.

The most fully developed theory of motivation based on attribution 1s .
that of Werner (1979) which, 1n 1ts simplest fofnm, yields four main causes to
E:hxch success or faildre 1s attributed -- ability, effort, task difficulty and

uck. The only one of these Variables over whicl a student has control 1s
ffort and the amount of effort £xpended may depend on the student's Belief
about what brings about success 1 that situation N
F) e
Previous Ytudies have found that white children gudged effort and ability
to be more important while black children chose luck and task di fficulty
+ (Friend and Neale, 1972). Other researchers (Halperain andlAbrqms. 1978,
Rogers, 1980) have found sex differences 1n attribution -

e Q
» We adapted to science an Attribution Scale (Fennema, Wolleat, and Pedro,
1979) developed for mathematics and administered it aff:er the completion of
the observational data collectign ' This instrument yields eight scores for*
eath subject as follows success-ability, success-effort, success-task,
succesé-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 i1n any category byt that there were two 1 teresting sex differences
Boys attributed 'success &o ability while girls att buted 1t to effort. This
N 1s'parucularly strking im view of the fact.that there were not sigmficant
sex differences 1n either SRA math or geading scores or 1n classtoom behavigrs
that indicated effort. We did not find support for our hypothes1s that tausal,
attribution would infFuence classroom behavior except that there were negative
correlations between Active Learning and the attribution of failure to lack of
ability and to bad luck 1t should bertnoted that those who attributed £ailure
to lack of ability had an accurate perception since they.tended to be those
with low SRA scores. ‘
'
L] *

Paper #5 - The Relaton of Classroom Organization to

Student Behaviors and_Causal Attributions
’ + *
[ . A 4

v .
The degree of student 1ndependence (student-directed hehiviors) in the
classroom and 1ts effects upon student behavior and achievement 1s of major
concern to science educators. @ order to 1nvestigate this question an
objective measure of classroom structure had to be derived from the datas
obtained through the observation of students Specifically, the' reseachers.
wished to classify obyl'uvely the classrooms as to their levels of student
autonomy. 1f a teacher frequently,addresses a class as a whole (1e.,
lectunng') 1t should be obvious that such a class could hardly be copsidered
student-directed Thus, kioWing the frequency of "teg’her talk" "in a classroom
glves one.a valuable ohjective measure of student independence within the
classroom. * .
- . ) -
‘Conveniently, the behavior categories of "stydent disengaged while teacher
talking” (Ta) and “student listening" (L) yield a measure' of how often the
teacher addressed the®class as a whole . Therefore, a mean value for the sum
of the two behaviors (Ta and L) was ealculated for each set of science ‘classrooms
There was pne' classroom set per teacher, with each set consisting of two
classes, making % grand total of ten classrooms.)

- . ) >

Hean "Teacher Talk per . % "Teacher Talk" of _
. > Observation Observation—Hitérvals
Teacher/Classroom Set~ Period o Per Observation Period

‘ 1,47
- 6 20 2
L 2N 2
10.39 - 3
5

4.9
06
8 0
46
33

?‘
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The five sets of classrooms were placed 1nto three categories: {1) .
student-centered, ) teacher-centered, and (3) intermediate Classrooms with :
the lowest mean value were Classified as student-centered and those with the
highest mean value’were classified asiteacher-centered Sincé 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 1nteresting results were uncovered when the data were analyzed for
dyfferences 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 tesBs weré found to be the best predictors
o} final grade for our sample of students. However, the correlation of the
SHA math and reading subtests with final grade varied with student 1ndependénce
Il -the classrooms which were student-centered the SRA math score correlated o
sighificantly with Student grades while the SRA reading scores did not . [
Alfernstely, 1n those classrooms which were teacher-centered the SRA reading
score correlated significantly with final g§rades, while the math score- d1d
not Furthermore, the apparent trend was reinforced by the findings that both
the SRA math and reading scores corfelated sigmficantly with final grades 1n
tHose classes whicl were classified as intermediate. °

,
.

Comparisons between classes which were teacher-centered amd thoge which -
were student-centered shawed, as one would expect, that the pupils 1n the
teacher-centered classrooms engaged 1n significantly less Active learning and
significantly more passivg learning. In"addition, pupils 1n the student-centered
classrooms engaged 1n a signmificantly greater amount of on-task interactions
than was found in teacherrcentered.classrooms Since copperative learning has
been sbown to be useful 1n 1mproving race relations 1in xsegregatcd schodls
(Slavin, 1980), this finding 1s of‘parucular interest.

. - . . - t

Ansinteresting trend appeared regarding the frequéncy 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-centered showed significantly higher frequencyes of of f-task behaviors
Furthermore, a comparison between the student-centered and teacher-centered
classes did not yield a sigmificagt difference 1n offstask behavior -

B ) 3 .

An interesting finding surfaced with regard to student attributions
within the various categories of classrooms Students 1in classrooms of ,
intermediate student/teacher focus attributed their success in science to the
classroom envirdnment at a significantly higher frequency than students 1n,
either student-centered or teacher-centered ¢lassrooms In addition, no
significant difference between classes of the two extreme sturctures was found X
on this variable It appears, therefore, that students believe that an 4
environment that provides an intermediate 3mpunt of independence 1s facilitative
to learning. . *

These. results may be relevant $o the current popular demand 4
for a return to the"more traditional (1.e , teacher-centered) clasSroom =~

° structure.
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- - A NEO-PIAGETIAN APPROACH TO TEACHING FORMAL .

- REASONING SKIELS T0 COLLEGE PREPARATORY STUDENTS -

3 , - .
s Har.unne Betkousk: iy ¢

- University of North Florida : .
- Jacksonville, FL 32216

L James~Cortez
@ Anffe Mann . .
. ' The Bolles School R ,
Jacksonville, FL 32216 .

. ~
‘ sy

The Case theory, a Neo-ﬁ\:z;‘j?an approach to prablem-solving, holds tbat: .
the "executive” schemes used solve problems should be as.efficient as
possible.’' The authors have use treatment patterned after Case tpateach -
. high 0ol students to contrpl varzables. The ability to solve proportions
N vas also“enhanced. However,;c)grtam anomalies 1n the results when compared
with other results have encouraged the atithors to replicate the study with 173
college preparatory students in 9th grade physical science afd to record °
- qualitative classroom data yegarding student-teacher interaction, student
responsiveness, studgnt background, etc. In iddition, further data have been
gathered in the area of retention of formal reasoning skills on last year's
data as well as dn.the study currently 1in progress. Early scanming of results
. shows a classic retention curve for controlling variables abilaty, but ar
increase in proportional abplity in the treatment ‘group. All data have beer
"’ analyzed using a general linear models program. f
The total sample 1nvolved m"the entire two year study 1s 325 9th grade .
college preparatory students at a Northeast Florida private school Students!
formal reasoning abilities have been assessed using the Test of Logical Thinking
. (TOLT). 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 to use the Case theory 1n an :nstructionally
significapt manner. Since the nuances of working memory are difficult to . ,
" assess with paper and penc:l tests alohe, a qualitative classroom interaction”
mode will add to our understanding of the edugatidnal mplications of the Case ' -
-——theory. » ’

y ”~ .
These classroom data gfe especially important’ when cénsxderu’lg the following

+s ,, Case~based problem<solving steps: g

¢ [
Insure that each stﬂdent-know_s why his or her unsuccessfll sgrategy -
. ie inadequate and why the appropriate strategy 1sibetter, usually by
employing questioning probes first followed by explanation and - »
. ‘modeling 1f the probes don't work. c 0
€~ .
. Provide opportumities for pPECticifg the}approﬂnate strategy an a
“ variety of situations. '
. L YRR N .
’ ' Introduce new problem features one at a time until students are able - .
to solye complex problems. . v

_ Instfuctional sequences can be designed and revised on the basis of studies k4
wbick} combine the quantitative and qualitative aspects of problem-solving.

e ., : B )5 I
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\ . ARE PROPORTIDNAL ARD PROBABILISTIC REASONING NECESSARY -
- K PREREQUISITES TO CORRELATIONAL REASONING?
’ - ‘ . * * . .
! M Danny L. McKenzie
Tt - . Michael J. Padilla
v University of Georgra .
. - . - - Athens, GA 30602
» . e d
¢ .. . .

. Purpose/Qbjectives . LS -

-

become an area of .

+——The development of-various formal reasoning modes has
prime 1nterest for many educators. Knowledge concerning the emergence of
these abilities has been shown to be vital to the development of various
science curracula and teaching strategres. This paper will focus on one of
these. modes of formal r;a!onmg. correlational reasoning. .
. e .

M
A task analys:s suggésts a logical bierarchy in which proportional and
probab:ilistic reasoning are prerequisites for correlational reasoning.

' Correlational seasoning requires a determination of. both the proportion of
1astances 1a which two attributes appear ahd the probability of*various .
combinations of attrabutes occurring. It is the aim of this study to test the
proposed logical hierarchy and determine 1f proporfional and probabilistic = |
reasoning are prerequisite to cqrrelational reasoning. ‘

5

N
.
.

Procedures y . .,
Approximately 800 subjects in grades 6-12_ were administered the Test of
Legical Thanking (TOLT) which includes two items each on probab:lastac,
proportional and correlational reasoning. Responses from, ubjects displaying
' competence in’at least one of the three reasoning modes o?:nterest 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 probabilisti¢ reasoming. For pxample, a phttern
that fits the logical hierarthy i1s: success on probabilaty, failure on
proportions and fa:lure on correlational reasoning. A patterfi which disputes
the hierarchy ig: failure on probability, success on proportions and success

on correlational reasoning. ~
f .

Results and Discussion
' 1Y

‘
J Analysis of subject responses reveals that approximately 45% fit the
logical hierarchy while 55% of the responses negate the hieracchy. . Furthermore
29% of the subjects successfully cempleted at least gne correlational reasoning
wproblem wvithout displaying competence with erther proportionat or probabilistic
reasoning. e—— ’ C

These responses suggest that in many cases probab:rlastic and éﬁpo?ruonal ‘
. reasoning are not nécessary prerequisites to correlational reasoning. However,
[ it could be argued that the TOLT items allowed success without the full
e utilization of correlational reasoning, primarily because of the way the -
problems are posed. In previous studies, it had been noted that subjects of
sigilar age and ability generally scored higher on TOLT correlational items
than alternative measures. 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 science students were
' randomly assigned to three groups and were adminmistered either two Pragetian
ifterview tasks of correlational reasoning (n=40), two correlational reaso ng
1tems* (n=88) or two alternate items having a question format suggested by
other correlational research (n=77). Problem context was identical in all .,
three groups. . )

. Statistical analysis revealed TOLT scores (X=.51) were significantly
higher than either interview scores (X=.29) or scores on the alternate tems
o . © (X=.16). Haximum score for each item type was 2.0. These results may
* partially account for the success achieved on corfelational reasoning items by
studenty lacking proportional and probabilistic reasoning. However, because
the absolute -agrﬁtudeioi differences between the three item t)mes is
3

, ERIC 109 .




’ ‘relatively lpw, 1t also seems likely that other explanations including the
.1nadequacy of the hrerarchical mddel, might also account for a large part of

these observed discrepancies.

Further research into.the hifrarchical

relafxonshxp of correlatiSnal’, probabilistic and proportienal reasoning ts

needed.
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>
SEX AS A FACTOR IN RELATING THE WORDS USED IN DESCRI1BING THE ENERGY CRISIS .
TO THE COGNITION OF FIGURAL PERCEPTION TRANSFOR{!AIIONS

[y .

. " David P. Kielbowick . -\
1525 Woodside Drive i
. Ambridge, PA 15003

.

v

Lt v LA

The p‘urpose of this study vas t ut:lxze an information processing appro‘ach
to determine 1f sex is a factor in pgedicting 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
1oput and output were important considerations. °
. (4 . -

The partic}pants in this study consisted of ofie hundred and three seventh

. grade students ranging 1n _age from 12 to™14 years. This group of students

1ncluded .53 males and 50 females from a.guburban Pittsburgh area school district.
They had been identified on the basis of past performance to be average to ¢ .
above average in.mental ability. N )
. L

‘Four'ongx‘nal figural perception transformation tasks were administered
to determine performance om figural perception transformation operations.

*

Prose data was collected by asking each studenf to write a fifteen minute

‘ prose statement baged omthe question.- "What do you think of the efergy

crisis?”

. 3 .

£

The prose data was treated with the $nobol lo‘comp:xter program and then
entered into a multiple linear regression computer program as the,independegt
variables . The perception transformation talk sgores weré egptered as the
dependent variables. The data vere also entered inko 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
fevest number $f independent variables to explain the greatest ahmount of
var:iance in the dependent variables.” . >
» . -
Preliminary, findings indicate that males and females do differ in the vay
they relate to the energy crisis and the cognitiqn of certain figural perception

transformations
.
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A NEEDS ASSES%HE}IT SURVEY 'OF HOME ENERGY ANALYSIS TRAINING

v
James D. Ellis,

. The University of Texas at Austin

- v Austin, TX 78712 )

.

3

The Center for Energy Studies and the Science Education Center at The
University of Texas at~Austin hade been collaboratigg to develop and pmplement
educational materials for Home Energy. Analysis Training (HEAT). This energy
conservatgon education service first began in anticipation of the 1978 National
Energy Act which required,all utilitystompanies and energy distribution related
businesses to provide to their customers free or for a minima fee home energy
analysis services. The project to date has developed the Home Energy Analysis
Training Hanual and an 1nstructor's manual for the home energy auditor trarning
workshop. An independent study :nstructional manual and an audio-visdal media
packagé are currently undér. developmént to supplement the program .
* A needs assessment survey of participating Texas utility companies was
performed as one part of the overall project to determine the current status
of home energy audit services 1in Texas and to assess the level of 1importance
and need for the 1nstructional objectives of the HEAT prbgram. The responses
to the survey were analyzed by. 1) Describing the mportance of the objective,
2) Describing the leykl of attainment of the objective, 3) Describing the
gap between what 1s 1mportant and vhat s attained, and 4) Factor analysas of
‘the gap between what s important and what is attained. As"a result of the
analysi1s of the responses to the survey the folloving recomméndations are made
for future' HEAT program development: - *

“

1. More on-the-job training 1s indicated to reinforce HEAT :mstruction

2. Encourage remaining ut:lity companies to 1mpleflent home erergy
analysis services. -

« N ‘f} [

3. Addjtional study 1s needed to identify the most cost effective.
n’odlflcatlo}l for regions within Texas.

4. An information ~¥ssemmatxon service to auditors 1s needed tggprovide
continued educatlon on new developments in energy conservationwand

home, energy audita \p\rocedures ]

5, Additional emphasis in HEAT training should be directed toward heat
transfer and heat lossfgain concepts.. -’
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TEACHER, CONCERNS AND' Al R‘IHPT.EHENTATI(SN FOR ENERGY El‘)UCATION

.

. b . .
L Robert K. James v N
Kansas State Unmiversity | ’

Maphattan, KS ‘.66596._
. I
Current attention being given energy educatiqn ;suggests consideration of
strategies for momitoryng 1ts implementation. - Difficulties inherent 1n this
sometimes controvers:dl and multidisciplinary area suggest that its infusion
1ato existent currichla may be difficylt. The Concerns Based Adpption Model
(CBAH) has been dev loped for understanding and managing the implementation
process. One dimefision of CBAM 15 Stages of Concern (SoC) . SoC has been used
to monitor the coficerns of teachers implementing new programs. *

¢

~Thirty-thrée teachers were chosen for a two week energy education workshop

< supported by fynds from the Department of Energy. The Stages Jf Concerns °

- Questionnaire vas ‘admnistered pre and post to the workshop. The results show
that avarene/s, informational and-personal conterns vere most intense and

« management, ‘consequence, collaborative and refocusing concerns were least
intease. his 1s consistent with conterns theory. Workshop activities and

procedurey-attended to those 1nit:al concerns. ) ?

somevhat resolved ,and that participhnt concerns had 1ntensified at consequence,
collaboration and refocusing. SoC would appear to be a valuable tool 1in

moni¥oring the implementation of energy education and 1in dicecting the work of

thoge who manage that process.

. [ - “»

z ! ¢ . L

.
L4

A . N PEN



.9

ERIC

Aruntoxt provided by Eic:
.

w»* :
Sessi H‘-Z

AN ASSESSMENI OF THE GALIDITY,AND PRECISION OF THE INTENSIVE
- IME-SERIES DESICN THROUGH MONITORING LEARNING DIFFERENCES IN GROUPS
OF STUDENTS WITH FORMAL AND H{?ﬂ CONCRETE COGNITIVE TENDENCIES

. Carolyn H. Farnsworth -
. Victor J Mayer
Ohio State University
Columbus, OH 43210 '
)

Intensive tlune-senés design for classroom investigations has been uader
development since 1975, Studieg have beenVconducted to determine their
feasibllity (Mayer and Lew:s, 1979), theit potential for monitoring knowledge
acquisition {Mayer and Kozlow, 1980), and the potential threat to validity of
the frequency of testing inherent 1n the design (Rojas, 1979). This study, an
extension of thoge previous studies, 1s an attempt to determine the degree of
precision the design.allows 1in collecting data on achievament. It also serves
as a replicaton of the Mayer and Kozlow study, an attexpt to determine design
validity for colldting achievement data. )

. The lnsesugator used her eighth grade earth science students, from a
suburban Columbus (Ohio) junior high school. A multiple-group single
intervention time-series.design (Glass, widlson and Gottman, 1975) was adapted
to the coflection of daily achievement data on the topic of the intervention,

a umt on plate tectonics. Single multiple-choice 1tems were randomly assigned

to each of three groups of students, 1dentrfied on the basis of their ranking

on a wrjtten test of cognitive ‘level (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 arhievement with the lowest

thicd of the students or thos€ with concrete cognitive tendencieg, to determine

1f the data collected 1n the design would discriminate betweer® the two groups.
Several, studies (Goodstein and Howe, 1978, Lawson and Renner, 1975) indicated
that students with formal cognitive €endencies should learn a formal concept
such as ﬁlqte tectonics with greater undersjanding than those students with
concrete cognitive tendencies. Analyses used were a comparison of regression
lines 1n each of the three study stages, baseline, 1intervention and follow=up,
t-tests of means of days sumfled across each stage, and a time-series analysis.
“

Statistically s‘xg'nxhcant differences were found between the two groups
1n both slopes of regressions lines (.0001) and 1n t-vests (.0005) on both
knowledge and understanding levels of learning. This confirms the precision
of thd intensive time series design in that it can distinguish differences 1n
learning between students havang formal cognitive tendencies and those having
concrete cognxuv%réndencxes. ‘

The time-series analysis found that a model having a trend 1n the
intervention was_bXtter than a model With no trend for both groups of students
in that 1t accoulked for a-greater amouit of variance 1n the data from both
knowledge and unders€nding levels of learning. This finding adds additional
confidence 1n the validity oféthe design for obtaining achievement data. The
analysis models with trend usind data from the group with fornial cognitive
Cendencies ‘accounted for»a greater degree of variance than the same model
applied to the data from the group with concrete cognitive tendencies. This
more censervative analysis therefore gave results consistent with t¥ose from
Yhe more usual lihear Yegressive, techniques and t-tests, further adding to the
confidenge 1n the precision of the desuygn. .
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- ‘Q PROBLEH SOLVING ANALYSIS: A PIAGETIAN STUDY
. * 54 - :
; . : 4
. . . L 3 James P. Hale .
oL - The University of South Dakota School of Hedicine .
) A Vérmillion, SD 57069 . ,

N I

Fifty-nine second year mé’dical‘ students were 3sked to solve twelve

Piagetian formal operational tasks.

The purpose was to

logical characteristics of this medical stu
posgible)=in terms-of their abilitiesito so

dent samp

describe the formal

fe (59 of a total, 65
lve probleds in four formal logical

propositional

schemata (1.e., combinatorial logic, probabilistic reasoning’,
logic, and proportiopal reasoning). These tasks were presented as videotape

manipulati

demonstrakjons or 10 written form, depending op whether or not equipment

was required, and were scored using conventional, pre-specified

scoring.criteria. The results of thas study show that approXimately ninety-six

percent of the sample function
stage of formal operations on
at the full formal (Praget's

at the transitional (i.e., Piaget's 3A level)
al] tasks and approximately four percent function
3B level) stage.of formal opérations on all

tasks. This sample of students demonstrates formal level thainking to a much
greater degree than all others reported in the literature to date and these
students secem adequately prepared/developed to meet the challengg of

"their training (i.e., medical problem solving).
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T . RESEARCH INTO PRACTICE: TSSUES- IN APPLYING -
PIAGETIAN-BASED RESEARCH TO TEACHING AND LEARNING SCIENCE
~ ‘ A SYHPOSIUM

Marcia C. Linn . N
. - University of California-Berkeley,
. Berkeley, CA 94720
. * LT ] A
Rodger Bybee .
.- Carleton College .
Northfield, MN 55057 .

S Jane Bowyer ; .
. Hillg College .
. Oakland, CA 94613

. e o Carl F. Berger
v The University of Michigan
. Ann Arbor, Bl 48109 * . ‘

. Overview .
»

\ . 4 *
. Piagetian theory has guided reseacch 1in a variety of science education
related ateas. or example, instruments developed to assess science education ~
programs frequently rely. on Piagetian tasks. Innovative educational programs
such as_the Science Curriculum Improvement Study are based “on 1deas from
Pragevran theory Teacher training programs frequently present the development  ~
of reasoning i1n a child using the Piagetian model. In these and other ways
Piragétian theory has had a profourd effect on the practice of science education
. In this symposium we identify some of the continuing i1ssues involved 1in transigting
- Piagetian theory into practice and evaluate the advantages of using Pragetian
‘theogyzfor advancing science education. Examples of different applications of
Piagétian theory to teaching and learning science will be given.
t

. ., [
- . Presenters . . -

One presengalioh will focus on the apﬁlicatxons‘otl’xaget's equilibratidn
model to teaching and.learning science. . The general application of Praget's
theory\ has centered on understanding the stages. of developpent. F&r the most

-

.. ____bart, the process of development as explained by Praget, has not been given

: \
. eer

“‘thra@&eMo_niiﬂ deserves. The reason for this omissign 1s probably due to *
the fact that Piaget”s equitibgation model 1s difficult to understand.
» Nonetheless, 1t 13 essential thaTan‘Tﬁpplxcation‘oj Piaget's theory uaderscore
the nted to 1) understand the process of equilibration ahd 2)~translate the
- understanding 1nto teachirig,strategies that enhance the possibility of learning—- ._
" "4nd’development. While dngicult to understand,’Piaget’s model of equilibration
1y does provide a "earn, g model” within the de¥elopmental theory.

[4
. * . In thersecond pre‘sentaﬁion, é‘he diréctor of a teacher training program . o
will present examplgs of how Piaget:an theory has influenced teacher preparation.
1 Both the protedures-used to teach pre-service elementary school teachers and
the content of their programs reflect an influenge of Piage?xan theory. Based - -
,# on Piaget's emphasis on concrete experience, teacher_training includes a great -
+ deal of concrete experience with children and concrete examples of how they
réason. In addition, teachers receive experience in diagnosing students’
reasoning strategies by comparing student re§ponse in interview situations to
* expectations based on Piagetian theory. Piagetian research helps teachers
recognize alternative conceptualizations of scientific phenomena that students
might hold and assists téachers in designing educational programs to remediate
thetalternative conceptualizations.
~ 'y .

The dpplication of any theoretical model to practical problems rajses
methodologital 1ssues. A methodologist and a science education researcher
will discuss the ram fications of applying Piagetian theory to educational
practfce. -For example, what has beenscalléd i1n Piagetian theory, horizontal

. decalage or variablility in performance amqgg individuals thought to be at a
particular Plagetian stage is, difficult to incorporate. into a method for
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. diagnosgng strategies used by learners

part of the theory developed by Piaget. Finally, issues in the rel
and validity of measurement of reasoning strategies often make 1t

.

'
In addition, the content or confext
of a particylar reasoning problem often influenfes performance but 18

not a,
bi)aty
fficult to

translate theoretical views of Pragetian theory into educdtional practice

. Each presenter wiil congider the difficulties of applying a theory lhax

L3

pximarily focuses on development to sciénce education practice which primamly
focuses on learnmin Whereas® ®1agetian theary may be more.suited to assessment
of developmental level than to design of i1nstructronal programs, 1t has peen
used 1n both domains Piagetian theory has had a profound effect on science N
. education practice This effect Yeserves toutinued examination ®

Each of these preseuiers will focus, then, on a different aspect of the
' application of Piagetian theory g){ scienc® educatiop pragtice  The furst
« presenter will focus on applicatiBn of the equilibratron model tu tegching and

learning scaence The second will focus on’ teacher preparation * The third ) N

will tocus on methodological 1ssues trangferripg research ihito practice The A
fourth will serve as a discussant to broaden the perspective of the » P
presentation by considering the implications for graduate studept training 1n
- education . 4 2
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‘ promising,research questions for the future,
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BRIDGE BETWEEN NEURO-COGNITIVE RESEARCH AND SCIENCE EDUCATION —
L

-

Rita W. Peterson *
Ugiversity of Caleorn’xa, Irvine |
, Irvaine, CA 92717 T
' . S |

.
o

Historically there has been m{erekst, 1n_thé connection between the human
n and learning or teaching Early re3earch on learning depicted the brain
s'd black box while teaching and learning were simulated by electric shocks,
food pellets and so forth. The science fiction and horror films watched by ‘
chldren vaguely allude to the connection between altering the brain and
subsequent bizarre behavior. Today the computer 1ndustry bears further testimony
to asstuptions about the connection Betqvn the human brain and learning or
the storage of informatiop. -’ .

b

' .

- Yet 1n spite of our intuitivé acceptince of the relationship between the
human brain and learning, there has been little direct contact or colkaboration '
ampong 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 talk about ar®as of common
interest.  However, the past decade - the 1970's - has witnessed a‘change; and
some are suggesting that a new field of science 1s about to emer;e. .

¢

In 1975, a group qfjscientists met at Asilomar, California, expressly to ~
discuss the relationship of recent researchgin neurophysiology and brain
bidchemistry.to ‘learning. ™ The results of thbir meeting appeared in a report,
"Reurad Hec‘hamsns of Learnming and Hemory." v

. -

Then ‘;arly_ anua‘r’], 1981, a symposium,entitled, "The Brain Sciences and
Education” was p ted at the American Association for the Advancement of .
Science annual meeting 1in Washington, D.C. Neuroscientists, cognitive psycholog:ists
and educators weré brought together to describg the most important adwances
and research questions 1n thexr_g‘clds. and to explgre possible areas of
overlap ang mutual intesest. !

N _ .
Most recently (March, 1981) theixonal Science Foundation, the National ’
Institute of Education and ‘the Sloan Foundation jointly s'p’onsoréd a meeting in
Washington, D C 1n order to bring together 30 outstanding neuroscientists,
cognitive scientists and educators. The conference was designed to enable
participants to share in{omation abou® research in their three areas to see
the 1mplications of therr work for thes other fields represented and to explore

-

- — What 1s the significance of these activities for those concerned about
research in science education? The purpose of this paper 18 +to describe the
highlights of the papers presented 4t these three meetings, to summarize {pe-
discussions that followed, and to e%plore’ the implications for persons whose
research interests are in science e)&catlon. The following questions will be
addressed: ? .

\ .

° Rh;t theoretical mgdels and Ynceptual frameworks are dom:inant

«5 1N neuroscience, cognitive sc ence, and education today?
6 ™ . N

What ar'e the most promising methods and techniques used 1in each
of th¥se fields? \ .

.
o

" \ - -
° _ What recent findings from neuroscience and cognitive science have

greatest relevance for research \in science education?

.

What or where are the gAps\;n kn%wlgdge a;nong these .tﬁrce fields?
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. IDENTIFYING MEDIATING FACTORS OF MORAL REASONING IN SCIENCE EDUCATI0N -
v

~ .
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»

¥

Piaget (1972) and lozzi (1976) have suggested that individuals tend to

~ weason at more sophisticated levels in areas in which they have more knowledge)
interest and experience. The central purpose of this study was %o investigate
to~what extent and how such fadtors 3s knowledge of content, attitudes, values
commitment and past expenences'medi‘at‘!-the formation of moral )judgments ox}. :
science oriented moral dilemmas. Specifically, the three main objectives
were: 1) to determine i1f enviroamental science gajors exhibit higher ievels
of moral reasdging on non-technical environmental soqial issues than wn general
social 1ssues; 2) t0 examine the extent to which possible mediating factors

B . (environfental attitudes, knowledge, and personal,experience) ascount for the

differences in moral reasoning; and 3} to examine how, in addftion to what

éxtent, such factors are revealed as people form moral judgments

\

Subjects were obtained from two-distinct “groups. 1) Environmeptal Science
majors from SUNY at Syracuse, School of Forestry (86 subject}); asd 2)
- . __nom®science majors from Syracuse Uniwgrsity (105 subjects).
Phase One of the study involved a multiple posttest only design \.u_t% 2
predicted higher order interactions. Two major types of aflalyses 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 extent mediating factors account for differences in moral
reasoning applied to envi¥¥amental 1ssue (D,y, = moral reasoning on v
énvironmental 1ssues, 1.V.'s.moral reasoning on general socxal 1ssues, ecology

compreheasion, enVironmenta¥ attitude, verbal commitment, actual commitment, .

affect 'and group Membership). -
%, .
) Phase Two of the study employed™i.unique qualitative design. Ten pairs
&f sub)ects 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. Thus phase examined how subjects’ knowledge, 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 showed a signififant interaction effect (group
by moral reasoping context, p < .05) and a significant pain effect for moraV
. reasoning context (p. < -001). Significant differences 1n moral reasoning 1
< .05) ®x1sted between environmental science wajors and non-science majors on
environmental dilesmas, but not on general social dilemmas. The results also

- show that moral reasoning ability on general social issues uniquely accounts

‘
£ . . ¥

for 30.7% of the Variance of=~environmental moral reasoning (p .001), 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
& .001) respectively. . v - '
-— ~ \ -—
, " The results of Phase Two 1dentified four trends which revealed how
subjects construed the environmental moral dilemmas. Those trends were
labeled as follows: 1) Causistical Reasoning: Fact vs. vl'% Hypothetical;
2) Stage Response Differentxati&\_; 3) Resolving Means and Ends; and
. 4) Normative Reasonin&? The Influencg of Personal Experience. ¢
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AN ADULT HARINE INVENTORY 11: SUBSAMPLE DIFFERENCES - -,

4 - ‘ ’ s
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‘. . Orono, ME 04469 .

- a . - Mesley Hedlund R )
° Bangor High School
. ; . Bangor, HE 04401 N

/

Need 2For The St;;d!‘: .

- 1]
This report 1s a cebtinuation of a study reported at the 1981 NARST
weeting 1n which the development and validation of an inventory of adult
marine knowedge were descraibed. The présent study was conducted to determine
1f there were differences in such descriptor variables as sex, place of
fesidence, educational tevel, occupation and marine studies course backgroudi.
These two studies were conducted in preparation for an adult marine education
and information project sponsored by National Sea Grant. .
. - <

Procedure r - LA
The "Northern New England Marine Invgntory” was administered to a final
ample of 479 adults in e;gg;n test centers selected from coastal -and 1ndand

. Potential significantsdhfferences wer“:&ugﬁt using one way analysis ,
iance along”with the Scheffé procedure and t-tests on total scores.
Factor an lg:; and multiple linear regression were used to investigate' score °
tren!s. Re 1lity using KR20 and split half methods were recalculated for

the "complete sample . i )
Results ) ) ‘- R
: N - t e -
Splat half reliabimhity 01.0.882 and KR20 of 0.883 improved with the full ’
sample as compared to the previdusly reported prlot study. Significant
dirfferences by descriptor variables were found when -the sample was divided

into groups by sex, age, level *of educa%. occupation, number of marine
+ courses taken, and distance of residence from the coast.
\

Sample members who were teachers out gcore} aon-teacherg, with science
teachers slgpihcantly out sscoring other teacher groups. Hu?tiple regression
showed that‘thirty percent of the ‘variance was accounted for by education and .
distance of residence from the coast. .Other variables accounted for less than
ten percent of the variance. Factor analys:is revealed little item clustering

of any real importance. . ~ [
. —
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Session I-1

LOGICQ} ABILITY ANQ‘ACHIEVEHENT IN COLLEGE LEVEL PHYSICS

George J. ‘Pallrand
" Rutgers Unaiversity
' New Brunswick, NJ 08903

. y

Two tests of logical abilaty were admnistered to 155 undergraduate
students taking college level physics {o Hetermine the relationshyp between
logical ability and athievement i%,suclt courses., The first test (P.L.T.) 1s
representative of a conditional evaluation task in which the truth of a

" proposition 1s detersmirned by the truth of 1tls component parts. A second test
(P.C) 1s gep}esentativg of a conditional syllogism task in which the conclusion
necessaraly fotlBws from the truth of the premses. These two forms of the
conditional have produded differing results and interpretations as to the
meaning of conditionals. Results from these tests were then analyzed and
related to the fidal examination results. .

, Most subjects were ableéhto answer correctly both material bicond:itional
(M.B ) and material implication (M.1) items on the P.L.T. In general these
subjects were able to interpret the H.B. and M.I. conditionals by correctly
processing instances referred to them. Considerable var:ation was, howevgf,
founds1nthe condftional syllogism in both Form and type. Modus ponens (M.P.)
1tems were correc: answered by almost all subjects. The affirmation of the
consequent, (A.C# 1tews proved to be somewhat more difficult than M.P. Within
the A.C items the M.1. were more difficult than M.B. The denying the antecedent
(D.A ) and'modus tollens (M.T.) appeared.about equally difficult and were both
more difficult than A.C."and H.P.
L]
~. Responses to the condit:ional syllogisms appear to be related to the _

associative and logical properties of 1ts elements. When the attributes in
the mindr premise and conclusion correspond to those 1n 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
10 the conditional, some drfficulties occur. If the attribute in the minor
premise 18 the complement of one appearing in the conditional, the error rate
increases substantially. Finally when attrabutes in both the minor premise

and conclusion are the complemenss of those appearing in the conditional, .
approximately 50 percent of the subJectsﬁ{espond incorrectly. The degree of
,inference required by the task appears related to subject difficulties.

A fact8r analysis.generated four clearly identi1fiable factors representing
different cognitive abilities and levels of difficulty. These factorg were
marginally related to results on the final gxamination. The factor most
related (r=0.3) was one requiring a subject to generate a subset of possible
1astances from a single attribygge. The simplest factor requiring matching
abrlityvdid not correlate withSgchieveinent since students correctly answered
these 1téms. 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 4s well as evaluation procedures. Examnations are
frequently multiple choice items which may fail to adequately reflect what 1s )
taught as well asivhat 1s learned. Greater effort is needed to understand the
cognmtive abilities of students and how they are engaged and influenced in *
such courses. . M e -l
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LOGISQL ABILITY AND ACHIEVEMENT IN HIGH SCHOOL LEVEL PHYSICS

[y

Walter E. Lockwood
. George J. Pallrand
=25 . Rutgers Umiversity
New Brynswick, NJ 08903
.

« " Davad VanHarlingen
Somerset County Cqllege
. t Somerville, NJ 08876 Ll

-
‘

. T~ "
Two tests of logictal ability were given to 72 high school students enrolled
in a PSSC physics curriculum. The results of these tests were comparéd with
two measures of achievement. 4

* The tests of logical ability weré 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
condisting of a conditional statement followed by a minor premse and conclusion,
These lead to the four types of syllogistic responses for-the two forms of
_conditionals. ~ ' N

Most students responged correctly to the material biconditional (M.B.).
— and the material implicadfion (M.1.) on the P.L.T. The syllogistic form yields
- considerable variatiop ob both form and type.

The two measures of physics achx‘evcmnt are PSSC unit tests on mechamics
(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 for*correct résponses. * .

.

A regression analysis of the,data indicates the M.I. types n~the P.C.,
affirming the condequent (A.C.) and denying the antecedent (D.A.}, form a
signi‘ficant 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 P.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 physi¢s
counterparts. They were very nearly equivalent on modus tollens (M.T.) responses
and $lightly better on modus ponens (M.P.) types. - . ) .

These data raise the.question as to how recognitioff of the A.C. and D.A.
types is related to problem solving strategies on achievement tests. Indavidual .
test items need to be grouped and these groups or clusters compared with
individual respohse types on both the M.B. and M.I. forms of the P.C. test. o
> ~

Greater effort is feeded to understand how warious types of achievement .
questions engage or require the various forms and types of conditionals.

s '
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TWO YEAR COMMUNITY COLLEGE STUDENTS AND SYLLOGISTIC )
. REASONING SKILLS : .
o - » .
' °
s
. - . . David VanHarlingen
» Somerset County College . .
*Somerville, NJ 08876 e

. . # . s

Sixty~-five students taking a course i neral physics at a dvo year
rural community colley an an industrialaz stern state were admnistered
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 sgydents 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
students taking simlar courses at high school and university level. However,
. the pattern of responses, the rank ordering of i1tem'difficulty 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 oore studies must examine the facets of logic required in our science
courses. In addition, 1t appears that a re-examination of our testing and
evaluation procedures relative to our objectives in the courses we teach may
be necegsary, Further, 1f the ability to understand and follow rule statements
is.igportant at the umiversity level as found in other studies, and two year .
students are weak ip this regard, then our definition-of "basic" skills, at

' least for science Students, may have to be modified. :

I ’ . o
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- LOGICAL REASONING ABILITY OF PRE-NURSING ARD NURSING STUIfENTS

AT AN URBAN COMMUNITY COLLEGE

Carol Biermann

Kingsborqugh Community College **y
New York, NY - i "
o ~ Walter E. Lockwood -7 ‘
. David VanHarlingen -
. Rutgers University .

' New Brunswick, NJ 08903
~
A
The i1ntent of this ex post facto mvcstxgatnon 1s to determine the logxc;l
reasomng ability of pre-nursing and nursing students enrolled at an uiban |,
community college. 1n order to do this two groups were given a number of
tests designed to discover different aspects of logical reasoning ability such
as rule learmng, concept sdentification, ability to utilize dlsconhmx {
Various forms of the tes
were used-and refined in this prelimnary study. It was determined th
nursing students exhib:it greater ability-to perform some logical reas%mg
tests than pre-nursing students. Disjunctive logical operators in sgme logical
forms were found to be better understood by nursing students than pre-nursing
Ytudents. It may be that some of the difficulty encountered by thgse community
college students 1s the result of experiential deprivations early in life.
Design of new curricula should take into account dehcxencxes 1 logxcal

reasoning. «
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REASONING SK113S AND SCIENCE COURSE ACHIEVEMENT °*

Walter H. Rothaug ~

George J. Pallrand

Rutgers University

5 New Brunswiek, NJ 08903 . .
A study was conducted using a sample of 47 suburban communmity college

students i1n an introductory level chemistry course during the 1980-81 academic E
year. The purpose of the study was to determine if a relationship existed
betveen course achievement and skills exhibited by students on various measures
of deductive and i1nductive reasoning. A secondary purpose of the study was to
éxamine the 1nterrelationships between the various reasoming tasks.

—_— The results of th® study indicate that course achievement was significantly
correlated with the measures of deductive reasoning and cegnitive Style, but
not with the inductive reasoning tasks. The tasks of deductive reasoning,
mathematics skills and proposational logic were significantly intercorrelated,
1ndicating that they have a common component, probably a deductive reasomn,
skill, The Group Embedded Figures Test was correlated significantly with .
course. achjevement and inductive reasoning, but the latter two were not
correlated with each other. It 1s speculated that it vas probably a cognitive

omponent of the Group Embedded Figures Test which was related to- course’

. achieveament . . . e ]
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y A STUDY OF REASONING SKILLS-IN INTRODUCTORY COLLEGE SCIENCE COURSES

Ge'o:&e T. 0'Hearn
University of Wisconsin Green Bay
Green Bay, WI 54302

“John Rusch
University of Wisconsin, Superiog
Superior, WI 54880 .
‘Richard Haney ~ . -
University of Wisconsin, Milyaukee
Milwaukee, WI 53201

’

James Feiker *
Marquette University
Milwaukee, Wi 53233

4

This 18 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 i1n s
indicate progress in overcomng these dehcxpncxes The questions consxdered
iw thris pilot study arer ‘fo wlat #xtent and 1n wha
fgqulty perceave‘evadence of problems with science re
students 10 1ntroductory cours¢s? 2.
definition of Reasonin jmportant "1n science separate from the general

3

W) . Can we demonstrate a range of science reasoning
- n selected science skill areas (for students enrolled in introductory

science courses) which show positive corrélation with overall performance m
the course as 1ndicated by earned grade?

The population selected for study consisted of students enrolled in lower
level introductdyy science courses on the University of Wiscorsin campuses at
Green Bay, Hilwaukee, and Superior and at Marquette Universaty, Hilwaukee.

Cognitive tests were taken from the ETS Kit of Factor Referenced Tests
(Harmon, 1975) This 1s 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, Vg
Reasoning General, RG; Reasoning Logical, RL; Spatial Orientation, SO; Spatial
Scanning, SS; VisualiZatioh, VZ; and Integrative Ptocesses, 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: -contrglling
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 lpast one of the classess, 70 to 80 percent of the
students had problems with science reasoning skills. .

Completed tests booklets were obtaiged from 254 students, at fqur
institutions. Hultxple regression analysis shows that the vocabula

variance i1n final grades. Two conclusions can be drawn from this. Fu-st, the
data collected in this pilot study do not support a definition of "feasoning
skills 1mportant to science" independent of general intelligence. PSecond, 1t

may well bejthat the introductory sgience courses have become suffyciently
delcn{tive and verbal rather than quantitative so that the quantifative/
‘ spatia /nultxple variable skills examined in this study play only A secondary
wole ‘in achievenent as indicated by earned grade.

Major dift’erences, on' most cognitive factors man§' of which were
statistically significent, were found between science majors and non-scrence
majors, between males and females and hetween those students classified formal

and concrete operational by means of sfores on the TOLT test. .
N - . .
_ v -~ REFERENCE " ..
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’ THE EFFECTIVENESS OF PERTINENT BIOLOGICAL SCIENCE-CONTENT ARTICLES ',' :
. AND THE RELATING OF BIOLOGICAL SCIENCE CONTENT TO THE ‘
NON-SCIENCE STUDENT'S MAJOR ON ATTITUDE MODIPICATION - ' ¢

AND ACADEMIC ACHIEVEMENT '

Tom Crosby -
‘ . Morgap State University ‘ ) .
‘ * Baltimore, MD 21234

roe 7 H. Seymour Fowler  * .
- Pennsylvama State University
University Park, PA 16802 V!
- -
The objective of this study was two-fold The first objective was to
. investigate the effectaveness of eiphasjzing pertinent biological science 2
articles hnd articles' source on positive attitude development toward science, o 1
scientists and scientific careers and on brological science contert acHievement
for the nonscience major student. The second obJecuve was to.investrgate the
personal relating of biological science content in wraitten fom to the nonscience
student's major on positive attitude development toward sciedce, scientists,
and scientific careers and on bxologxcal science content achievement.

A population of 60 undergraduate subjects consisting of 56 freshman and %
. sophomorés participated in the study. Each subject was administered the
investhgator~constructed biological science final emamination instrument, the .
. Alliszon instrument, and the investigator-constructed instrument of percexved
relevance of bxologrcal science content to the subject's major. The instruments
assessed prior and post 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 assxgned to one of four treatment groups for a duration of 10
weeks 1n the required biological scaence course for nonscience major students.
An analysis of covariance using prefest scores as the covariate and a
correlational analysis were used for data snalysis. Significant difference
was observed at the .05 level between the two levels of emphasizing/not
emphasizing biological science content articles and articles'~ source relative
to course content on attitude and on academic achievement 1n biological
science content as measured by the Allison instrument and the investigator-
constructed biological sciefce final examination, respectively.
r

There also was a significant difference at the .01 level for })rxor 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 artxcles and articles’ source empﬁasxzed). X

There wcre no significant co:relatxons between beginning of the course ¢
attitpde totard 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 the Allison instrument 7
and the investigator- constructed biological science fimal examinaton,
respectively. i 'Y d ,
- )
There was a significant correlation between past-attitude toward science,
. scientists, and scientific careers and post-academic achievement 1n biological
. science content as measured by the Allison fnstrument and the investigator-

. constructed final examiriation, reipectively. This finding was in favor of the
treatment group having personally related biological science content to the
student's major and experienced the ellehasizmg of pertinent biolog‘xcal
science-content articles and artigles' source

o There were no sxgmﬁcant xnteractxons betwgen personally relating/not
relating biological ‘science knowledge, to- the non-science studend's maJor and
emphasizing pertinent biological science-content articles and articles' source
relative to’ course content as meagured by the mvesti.gator-constructed and thé& ™

- Allisod post criterion instruments, respectively, on neither’attitude toward e
science, scientistg, and scientific careers nor for acadcnuc ~achievemeot 1n. -
biological, scrence. e e - et S M ' .
116, . *
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The results obtained in*this st
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dy indicatell that emphasizing the :
content 1in pertinent biological sciende-centent articles and articles' source
had a significant effect on positive atti

e development toward sciencer, . . .
scientists, and scientific careers and' on academ:ic achievement 1in biological

science content  Finally, there was a significant correlation between —
post-attitude toward science, screntists, and scientific careers and on birological
science content xchievement as measured by the Allison instrument and the
xnvesugax-constructed biologiral science final examination,
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. . NSF CURRICULUM PROJECTS AS SCIENCE_COURSES FOR ELEMENTARY
Y - EDUCATION MAJORS
. R
. . Everett S. Stallangs
%  Phillip M. Astwood -
. * Winthrop College
e 3 Rock Hill, SC 29733 *
‘e This study compares the use of ESS and IPS as vehicles for science .
! courses for pre-servite elementiry education students. Student scores on the
Test ‘of Understanding Sciencé (TOUS); Cognitive development; Tuckman semantic
. differential, Laboratory Program Variables Inventory and a questioiinaire based
on «he Science Curriculum Assessment System of Interaction Analysig are M
reported. * e .
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« Session J-1 tooe R L -
¢ , . THE DEVELOPMENT, IMPLEMENTATION AND GENERAL RESULTS
. OF THE MANITOBA SCIENCE ASSESSMENT PROGRAM

v
-

L ¥

. - K. R. Slentz
ST . T. Héadows - .
. . S. Leith \
’ y H. Grunau

. H. Williams

University of Manitoba
‘ ~ Winnipeg, Canada R3T 2N2

. s OVERVIEW .

.The Manitoba Science Assessment Program was a large scale systen ‘for

assessing the ability of science students as well as for obtdining current

— information regarding the facilities, the curriculum and the 1mstructors.
Information concerning the development, implementation and general results of
the 1980-81 assessment -1s presented. Emphasis 1s placed upon the unique
aspects of the program which were developed to_handle the problems, of involvang
a variety of interested personnel, obtaining valid instruments-and acquiring a '
base line for, handling the results. T

L

The Manitoba Science Assessment Program was structured ‘to measuge a broad
spectrum of student ability. The purposes of ‘the assessment as stated in the
1981 report are: . . -

/ - - -

N 1. To provide benchmark indicators about—the Tevel of student ,chievement in
'/;_h,e.Br ovince—gf Manitoba. . o

2. To obtain data on'student achievement that will assist in curriculus and
. program Amprovement, both at the provincial and local level.

3. To assist school divisions in both student ?nd'system evaluation.
- LR

> 4 To help teachcr; %mprove their student evaluition gkills.

The goal areas selected for thescience ass;ssment were:

1. Kndwledge-and comprehension of important generalizations, facts, te'ms,
principles and concepts of science. 1

2. . Applrcation of ;ciexn-tific knowledge and principles to new situations as’
well as to practical problems.

> . £ e
Higher cegnitive level thainking, 1ncluding the ability to analyze and
evaluate science data.

‘

o

PR 4. The protésses of science, both basic and integrated.

.o ¢
S. The nature of science.x

. * 6. Knowledge of safety procedures and precautions in the use,of materials
. and equipment . ’
‘ - kY . . { -*
7. Interest in and attitudes toward science. .

-

The assessment instrument, developed by a contract team, was administered to o

* an estimated 36,600 students in Manitoba schools, in grades five, eight and

eleveh. .The results of a ten percent sample were analyzed and pub}ished in a., <

Department of Education publication entitled Preliminary Repbrt: Test Data.
E P T

‘. Interpretations of the.reaults weré then made by‘tea ers, other educators,

and trustees. A second publication entitled Final ort, which contains the

. regults and interpretations based upon these results, was released in June,

. 1981. *

a,

. -

i . A teacher questionnaire was administered concurrently®with the assessment
,instrument to all grades five, eight and eleven acience t_eachers in the Province. hd
« . .
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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 a)é 1ncluded 1n the Final Report.
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Paper #1

-—

ALTERNATIVE METHODS
FOR INTERPRETING SCIENCE ASSESSMENT DATA

The purpose of the study was to/ 1nvestigate the suitability of each of
several approaches to the interpretation of results of data ffom student
testing in broadly-based studies of student achievément such as the Manitoba
Science Assessment Projram (1980) Both norm-referegced 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 i1n the context of testing theory. They also need to demonstrate
their utality through application in an actual assessment setting.

Hethodologies 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
ax‘ld‘dxscussed. 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 Britysh Columbia (1978) science assessment or
achyevement programs and the National Assessment of Educational Progress
(1967-77) were used as data soures 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 purpose of progress testing as well as for determining
the status of science education in Manitoba.
s
. 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 indicated,
that when applied 1n the ways described they could make & useful contribution
to assessment interpretation efforts such as the Manitoba, Science Asgessment
Program (1980) and oth:;inilar studies. < .
[ - a

a

Paper #2 \(

DISPARITIES BETWEEN SCIENCE CURRICULUM THEORY AND TEACHER PRIORITY
- AND PRACTICE AS REVEALED BY A TEACHER-DESIGNED SGIENCE ASSESSMENT

The unique feature of the Manitoba Science Assessment (MSA) was” the role
that science teachers played In the assessment process. The coptract team
served as a facilitator by formulating an exhaustive list of science objectives
which were screened by teachers and subsequently used by the ‘contract team in
drafting a large number of test items. Teachers themiselected the items to be
intluded in the assessment instruments. Upon completion of testing, teachers
Judged the percentages of pupils responding correctly to each item and to
subsets of 1tems reflecting the various subtests as "strength,” "very
satisfactory,” "satisfactory,” "marginally satisfactory” and "weak".

This approach to asse'ssment differed from other educational assessments
described in the literature such as the National Assessment of Educational
Progress, the British Columbia Assessment \id the Alberta Science Achievement
Study in that teachers were not heavaly inv ved 1n 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 correttly. PerformancPwas judged .
very sataisfactory to marginally satisfactory on 59 items missed by 50% or more
‘&udents and no item missed by more than 47% of the students was judged weak.

In response tocg opiniox;aire, teachers @t all %hree levels, ranked haistory
and philosophy of sc¥ence” lowest in terms of ;:port.ance in teacher education,
psychology of learning third lowest, just after special education, and science

1] .

135 .
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as a way of ‘thinking at the median or below on a list of 16 1tems. However,
all the objectivés draffed by the contract team in‘the area of nature of .
science vere rankedshx for inclusion 1n the assessment. ¥

o

Teaching techniques, science content and laboratory safety 1n,pre- and
in-service training, were rated high. Teacher reports on a survey wf classroom
—activaties— ndicated a strong emphasis on teacher direction and control as
<opposed to opportunity for student-directed inquiry activity.
. ,
The implications of these results are that a wide disgrepancy exists
1 between theory as expounded by the science education "establishmedt” and
. Practice and priority as expressed by teachers. Teachers seem to be cohtent-
oriented, upaware of the intetlectual abilities of their pupils and disinterested
in professional preparation that might change thefr orientation or 1increase
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 bndge"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 M3
A ‘
THE RELATIONSHIPS BETWEEN STUDENT ACHIEVEMENT IN
- THE MANITOBA SCIENCE ASSESSMENT PROGRAM AND TWO

VARIABLES: TEACHER RATINGS OF IMPORTANCE OF OBJECTIVES AND TEACHER
JUDGEMENTS OF STUDENT SUCCESS

i

This study consists of investigating two aspects of the results of a
province-wide testing program 1n science. The science tests which were given
to pupils in grades 5, 8 and 11 were designed to assess knowledge,
understanding and skills to provide an indication of student performance for
curricular areas in science as well as information on other goals such as
processes of science, safety procedures and the nature of science. '

The relationship between student achievement and teach.e%atings 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 gcience were selected as most i1mportance, and the student scores on these
areas were highest. Success in other aress (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 sciepce. *

The relationship between student achievement and teacher judgements of
student success shows a somewldt similar trend. Teachers expect high
performance on the processes of science/saffty/nature areas, and were genefally
dissatisfied .with the pupil scores. Teachers rated the contept areas as
basically 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 siggested by these apparent relationships. Dges the
importance expressed by teachers for the different areas influence the* pupil
success? Also, if teachers value the pragesses of science/safety/hature of 4~
science areas so highly, why are they not reflected in their instructional
practices as indicated 1n tHe accompanying teacher ey? These questions
urgently need satisfactory responses, %
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Y s Paper #4 -
e ' » v i
e PROCESSES OF SCIENCE AND NATURE OF SCIENCE COMPARISONS, N . - @
AND ANALYSES FOR THE MANITOBA SCIENCE ASSESSMENT - s s
v S ’ PROGRAM FOR GRADES FIVE, EIGHT AND ELEVEN ‘a
. : w :

*
5 The purpose‘ of this study vas to comp;;e and analyze the Processes of
" Science and the Nature of Science data derived From the Hanitoba Science .
' Assessment Programt (1980) for grades five, eight "and eleven. The findings 3
relatéd to the tvo topics are presented and discussed in relation to (a) -the ¢
prroritizingand pre-assessment of objectives used for 1t8m selection; (b)
teacher committee estimations and expectations of student performance on test <
+ 1tems; (c) demographic:information pertaipning to tlassroom teachers of the .
4 tested students, particularly for teaching and classroom operations. ' The
. performance of females versus wmales and limited cross-grade comparisons are .
» pregented in terms of ,the ;science processes and the nature of science 1tems.
% - @ LY -

Sevéral wmpoftant findings were noted.. The stores of both males and
females were quite similar for both the processes of sctence and the nature of
,science 1tems. The proportions of test 1tems allotted to processes and to N
» nature of science, as compared to content-type items, reflected a high stress
on content goals, but-did nat reflect the high teacher ratidgs of the importance
- of the corresponding processgs objectives. Measuring, 2s a process, showed:
improvement as grades progressed upwards, Close scrutiny given to classroom
0 teaching data and to correspondisl evaluative comments did not reveal a concern
for the teaching of the. science processes. While student-centered science 1s
+ readily revealed at the grade five level, grade eleven teacher data show a
auch morg directed and controlled amd a less personal approach. "Graphiog of
experinental data" was 'hardly ever' to 'occasionally' done at any of the
three grade levels, vhile "listemng to lectures” was one of the highest o -
frequency activities listed:. y e : : Al
«. . N .. ,
Nﬁ *  "Science 35 a way of thinking? was not consadered’as being 1mportant as’
an inservice topic. While teachers ‘éxpressed the need for help 1n designing M
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.

¥ -

R N Among"recomendatlonydenved from teacher compittees therd were several ,
of concern.’ There 1s a need for the processes of stience to enhance classroom
-activities, with recognition to be given to the explicit practice ofi experimenting,
hypothesizing, and the controlling of variables. There 1s a need for the,
teaching of the more quantitative™type of measuremeént. The nature of scsence
must be related more deliberatiély,to everyday activities; and there 1s a need

- to develop supplementary resources for teagfers in the processés of science .
-and the nature of gcignce areas. - . . - »
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. EFFECT OF FORMAT AND INTERVIEWER
. ON PERFORMANCE IN PTAGETIAN TASKS

‘ Robert E. Pearson .
University of Maryland o
- College Park, MD 20742 Q

Originally, Piagetian tasks were administered by the clinical
‘the purpose of gaining insight into an individual’
receptly, the tasks have been used to diagnose t|
reached by an individual, implying an acceptance of the
Piaget.

structures

groups. Despite the increasin

conditions“of group or individual testing.
have been correlatgonal; none have shown how the average levels of
on a range of tasks differ betweerd the two formats. -

Ghanaisn secondary school students, this author developed a number
Piagetian tasks in a format suitable for administration to about e
4t a time. This format seems to offer an attra Yive compromise be
efficiency of the group method and the Jateraction and fexibility
eljnical wephod.” These last featuzes are particularly important i
where the subjects are ggnfrogged with an unfamiliar type of test
language which is not their mother tongue.
use onsa large sample, it seemed necessary to investigate

different interviewers, especia
the students. For this purpose,

battery of tagks, either in the individual’or small-group foymat,
four different interviews (two Ghanaian men, 2 Malays
man). Results of a three-way analysis of varianc
of test, and interviewer as fixedseffects, shove
. tasks, there was not significant
task or interviever on performance (p < 0.25, pover 0.99 for a h
difference in means of 0.25 of a full},devclopmental level). The
which met these, critéria vere Horifontality of Water Leve
Conception of Space), Curvés o
Combination of Colorless Chemi

-

method, for

s pattern of thinking. More
he level of cognitive development

proposed by

Recent applications of this diagnostic technique have used large
sawples, for which the traditional clinical method-1s too inefficient, and

have led to the dewelopment .of pencil and paper tests given to class-size
gly widespread use of group tésts, few studies

have undertiken to determine whether student performance differs under
Most of the comparative studies

performance

W " . . . e
p preparation for a national survey of the cognitive development of

of

ight students
tveen the

of the |

n a situation
and a

In worder to validate the test for
the effect on students'

perforbances of using different forms of the same tasks, and the use of
11y those from'a culture different from that of

] a sample of 192 stilents vas drawn at random
from classes 1 and 3 from féur different secondary schools and given the

by one of

jan woman, and an American
e with level in school, form
d that for four out of eight
d1fference- in the effect of either form of

othesized »

our tagks

1 (from The Child's
5 of Movement (from The Child's Conception of Geomet,
cals (from The Growth of Logical Thinking), and

s Conception of Chance). The

3 _Quantification of Probability (from The Child’
,wddast three of these tasks each cover d wide range of intellectual
* pre-concrete to full realization of formal operational thinking.

correlations are found 2mong all these tasks, casting doubt on th
of a unified structure for formal operational thought, at least i

used in this study.

levels, from
Low

e existence
n’'the sample
- /)3

’
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AN INVESTIGATION OF THE USE OF THE SHIPLEY TEST AND THE
PIAGETIAN TYPE BATTERY FOR DIFFERENTIATING STUDENTS OF
SAME GRADE LEVEL FROM TWQ DIFFERENT JUNIOR HIGH SCHOOLS

.

Pastor R. Rojas
Ninoska R. Rojas
Umversity of Piattsburgh
~ Pittsburgh, PA 15213

. - . N

The purpose of this study’was to compare the effectiveness of the
Piagetian type battery (Moser, 1977) and of the Shipley test on abstract
reasomng (1940) in detecting differences in mental ability for stadents 'of
the save 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). Thear verbal
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
1nclusion, transformation, logical add-subtract, horizontal classification,
and multiple classification, v

One hunded and eighty eight studeats, enrolled at the same grade levels,
were from tsio suburban school districts in the Pittsburgh area, Southwestern
Pennsylvania. Ninety one subjects were from school A (39 girls and 52 boys),
and ninety seven subjects Yrom school B (48 girls and 49 boys). Their average
2ge was 13.§ years.

R .
The Pearson'scChi-square Test of Association (Hayes, 1966) was used to
test the hypotheses of no statistical’ association between schools and home
” environm@at variables. The investigation for-significant differences' in mental
ability between one school and the other, and in degree of openmindedness
between oné school agd the other, was conducted using the BMDP7D program
“(Dixon, 1979). N

Results demonstrate that subjects from the two Jjunior high schools differ
in a) 44.44 percent of the mental ability traits measured by the Piagetian
‘type, battery, b) 5.0 percent of the aspects of the belief-disbelief system
measured by the Form E of Rokeach's dogmatism scale, c) the number of older
siblings;, and d) 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 the fact that the
Shipley‘est on bbstract reasoning is built upon problems related to the order
of the let‘ters in the alphabet, the sequence of the natural numbers, and the
position of the cardinal points. 1In our culture, children grow up with these
problenms, ,

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 Pitgetian type .battery tasks.
It may also be concluded that students who agree strongly with item number 10
“af the Form E of Rokeach's dogmatism scsle ("Ther® is so much to be done and
so.little time to do it in.") perform‘better on the tasks of the Piagetian
type bat‘tex"y. This jtem is intended to measure students' beliefs regarding
the uncertainty of the future.

.
.

. ! , '
. . N - R
Dixon, W» J., (Ed.), BMDP Biohedical Computer Programs, Berkely, Califofnia,
Wq of*California Press, 1979, . .

’

Hayes; Williaa, Statistits for Psychologist, New York, y.y., Holt, 'Bdt
and Winston, 19@3, 589-3.00.
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Session J-2 L . °

INSTRUMENT DEYELOPHENT TOWARDS THE ASSESSMENT OF GENERIC /f
. PROBLEM SOLVING ABILITY IN MEDICAL STUDENTS

f . S .

- James P. Hale
Donald B. Witzke
The University of South Dakota
Vermillion, SD_ 57069

-
a

The purpose of this investigation was to develop a 'set of problem solvang
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 develope& 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 durifig a two hour class session

/a‘kd the subjects were asked to attempt solution to all of the problems. during
the tive allotted. The problem cases were scored by the 1nvestigators, using
pre-specified scoring criteria, and 1t was determined that the majority of
subjects (57 to 91%, depending on the problem case) operated at the Piagetian
 formal' level, the Gagné* '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 1dent ify significant relationships between these
e1ght probles 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 solvifig not assessed by the MCATs 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, pltimately, arriye at the final
solution. In Bloom's terminology, this is a combination of analytac,

$yathesis and evaluative thinking.

M
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EFFECTS OF ENGAGEMENT QUALITY ON INTEGRATED PROCESS SKILL -
ACHIEVEMENT IN GRADE 7-8 SGIENCE STUDENTS OF/ VARYING ABILITY,LEVELS o

Rogey Newton N
Universaty of Georgia
Athens, GA 30602

3
Introduction ,
Time on-task has been identified as a process variable that accounts for
much of the variation 1n achievement. Most studies Df student engagement Jhave
used a dichotomous system in which a student may be coded as being on-task or -
off~task: This study, however, goes beyond this dichotomy 1n attempting“to ™

determine the effects of engagement quality on achievement. -

) Purpose . ' \> .

~ The objectaue of the study was to determine the effects of enhanced
levels of generalizing and planming engagement on integrated process skill
achibvemept. 1p grade 7-8 science students of varying formal reasoning abilaty.
Specaficaly,~this study addrgsses the followipg questions: -
2 : )
1. Does greater frequency of student planning and generalizing
engagement produce greater acquisition of integrated process
skills? and N -

2. « Are these effect‘s__gonsxstent across levels of formal &
sreasonimg abihity? o
. .

Procedures v

-

' . IS
This study 1nvolved twelve students in each of eight intact middle school

science classes. Levels of student generalizing and planning engagement were

nanipulated by providing lesson plans to teachers together with model analysis

and systematic feedback about performance. Student reasoning abilaty xs

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 i1n levels of generalizing and planning engagemgnt. ° >

Student engagement was coded using a time sampling procedure in which students

were observed in random order. The Science Instruction Observation Guide N

(SI0G) used consists of the following four broad groups of behavior:

(1) actavaty-focused behaviors, (2) teacher-focused behaviors, (3) self-focused

behaviors and (4) off-task behaviors. Each of these four groups are then

subdivided,1nto specific categories. MHultiple regression analyges were .

conducted on numerous models using Statistical Analysis System ;SAS)

procedures. - .

Results , N " .

..+ Five of the twelve on-task categories in the SI0G were significantly '

correlated with process-skill achievement: planning, generalizing, .

comprehending, data quantification and data collection. Student reasoning

ability correlates highly (r'= .67) with process skill achievement and

accounts for the largest portion of variation in student achievement. When ¢

just the specific engagement categories are tested as predictors of achievement,”’
planning and generalizing emerge as the two best single predictors as wellaas

~-—_the best two-variable model. h

ohadny - -

Conclusion  ~ - —__ “ '

[}

. The results of this study suggest-that the quality of engagement is
indeed 2 factor in classroom learning. Levels of-planning and generalizang-
;ﬁgageuent, ¥ particular, promote acquisition of proces‘s; skill objectives.’

e single best ptedictor of process skill achievement is reasoning ability.
Student engagement is panipulable within the capac'ity of the student. Concrete
students, however, do not seem capable of much generalizing or planning.
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STUDENT CONCEPTION OF smucnms‘)mn PROCESS IN CHEMISTRY
’ (PART 1 .

B. Eylon
R. Ben-Zvi -

J. Silberstein |
The Weizmann Institute
Rehovot, Israel

-’

Very early in the study of chemistry the student is introduced to the
concept of atom and atomic models. !t 18 essential that students™have a
sound, understanding of atomic wodels; 1f one is to build on them the study of
more advanced topics. Thus the present study was\_undertaken to investygate
the following questions: . .
6) How do begi*nning,_ch/emstry students view the structure of a single

wolecule? ° g3 - .

. s . B
{2) How do these students conceptualize chemical processes such as synthesis
and dissociation? ’ - . )
At - LY s ® .

Hethods

_ The sample consisted of 33} students from 11 tenth grade chemistry classes
Yaverage age 33).and represented a wide range of academic abilities. A written

. questiohnaire was dministered during one’ class hour (about 45 minutes), it

“ @  consisted of five questions and involved extensive use of drawings.

Results o !

x

-

ol e * . .
(1Y How do students view the structure of a molecule?
P - * A3

v The students were askéd”to describe by drawing the meaning of the symbols
N,0,, 2NO, and 0, (An atom of M¥-was represented by the letter N with a
. c%rzlevargunn it“and similarly the atop 0.) HMost of the students in the .
«sample {94%) realized that a molecule of ah element, denoted by 0,, consists
of two atcms bonded tagéther, However,.only 64% of the sample des%ribed
correctly the molecule 04:~ About 2% drew a collection of free atoms without
bonds. About 16% .drew tao distinct *fragments - one corresponding to N, and
<the ot.lp'r to 0,. There were variations in the drawiags and the fragmeiits were
either*connectéd or not to each other ("mi turg” or "glue"). ABout 11% drew
an ordered row of six connected atoms wit ‘two atoms of N and then four atoms
. .0£5,0. Students drew consistently the same typg of drawings.zalso fox 2N02.
Interviews with students confirmed that those in the fragmeat category indeéd
believed-that the molecule is made up of two fragments. Also the ‘meaning of
the.mixture,~glue and row drawings was clarified. .

(2) How do students conceptualize the chemic;]. process?
K4 > ’

» » . ¥s
gusThe stydents were asked tp descf’ibe,‘ by drawing,, the dissociation of €1,0
into chlorine and oxygen. The- question stated explicitly th3t" the molecules
of chlorine and oxygen were diatomic. - About 39% of “the sample described the
products as C1, and O rather than Cl, and 0,, i.e., these students viewed the
process as a s%lic *inte, fragments. ﬁis '\ri%w_qas also manifested in another
questionowhere many stulents claimed that ne cannot get the product N,0, from
the reactants Nz and 0,_,\since 0. is‘'not present among the reactantg.
Interviews with’students onfimgd‘ this view. N ¥
1 " . o ¥
Summary i . . P . ~ .
A N
,* This study indicates that a sizable proportion of beginning, chemistry
students have, an additive rather thsn interactive view of structure and
_process; a compound is viewed as made up of fragments rather than as a‘new
entity. Similaely, the chemical® process is viewed as a_process of mixing and
luing reactants, or as a split of a compound into fragments rather than as a
* 3ro'ees's'of bond breaking and bond formation. -~

- ‘

.
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ordered fashion. % . -

a compound in the gaseous state into its elements. To function well in such a BPYY
context thé stident must.at least '(a) realize that in a gas (or solid) there . :f’f,"‘
are many atoms or nolecuieﬁ. (h) know how the molecules are organizéll in a gas o
or golid, (c) know thg structure of a.single molecule. Difficulties with any o
of these aspects ma§ cvaGise errors; yet a student may know each aspect by P ene
itself, but have.,'dif‘ficdlty to coordinate all three together. U X
_He&h ., . ;"‘A‘/. - % .“‘ .(. .
Y A
is study'was a pirt of a comprehensive investigation of student P

A

H . :
Session J% T . .. v |
" STUDENRCCONCEPTION OF GAS’AND SOLID-DIFFICULTIES To FUNCTION
. ; « IN A MUETI-ATOMIE CONTEXT ‘
+ % (PART II)

.

‘ ) f R. Ben~Zvi ¢
\/ Y + «B. Eylon ! .
: . - }_ . J. Silberstein Yo
“/\ . I A-}ge eizmann Institute -
K D Rehovot, Israel >t ’
N ) v 5 . . ' s

© . The purpose of this study was{ to investigate how b\eéi.nning chemistry PR
students function in a multiratomi# context, e.g. describe, the disso€iationof - i
Red

uif¥erstanding of basic concepts in chemistry. Sample and method ue‘rgf‘giscussed
in the previoys abstract (part/1). N

e .
Results oo vl . ?
* ks A
The analysis considered hdw*well students coordinate a1l three asp%s .‘

mentioned abova, as well as d&fficulties-.,that student§ have with each aspect.

(1) Coordination of three aspects: iquirt.'ml of the sample answered correctly
the simpler question where’ students had*fo desgribe the contents of a container
filled with gas (amatom was represented by a .lefter with a circle around it).

In a more complex question which invglved a dissociation pfocess, only 35% ;'
answered correctly. . A ) L . . L, ’-‘30 .®
- . ' . - “t

(2) Hulti-atomic aspect of maftér: Abont 23%~30% ofithe students in our .
sample described consistently a gas or a solig by a single unit. These proportions “5
went up to 88% when the 8tident had to describe 02( ) probably because of .
translation difficulties. . . 8 i

a ! ‘
, < . & R X Py

-

(3)" Organization of molecules in a gas'or ‘solid: 11 studénts who~drew many
molecules for‘the gas drew them in'a scattered manner. However, among the 78% ° . ;...
.who drew many molecules for the soli?, only about two thirds drew them in an ’a

’ - * . —~ ]

- L

(4) Structure of molecules: ('a} Some students held the view that transition
to a gaseous state inyglves a change in the molecule itself; about 8% of the
sample described the'gas 0, by three atoms placed as far as possible from each
other at the corners of th& container. Similar notions were revealed in o
drawings of 0 . "(b) About 51% of the sample held the view that a molecule
of gas or sol%gls a small portion of that siibstance carryingiits macroscopic
properties. Only 24% realized thatewhen a material undergoes a change of
state, the molecule does not change. Only 21% realized [thatghe properties of
matter depend in part on the fact that there is an aggregation of particles .. N
organized in some fashion. (c) About 55% of the students drew incorrectly ‘" R "
the stricture of a compound molecule (the same categories were found as in
Part I)., . N ’ . . #

. ~.° ] ’ - v » -3

Summary ' - L ) ) e

- . .
Students have diffii:ulty'operatink«;in a multi-atomic context. Some of»
the difficulties are specigl to this context, such as the view that in a gas
the distance between the atoms in a solecule is larger than their distance in -
a molecule of solid. Many students fixated, in the multi-atomic context, on a "
" sinfle particle .although they knew that a gas is ‘composed of many particles.

s . s -

i - of 13
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What 1s Concep?, Mapping

A

#

\

CONCEPT HAPPING AS.A RESEARCH TOOL

.

¢ Joseph D. Novak .
Laine Gurley “ B <
. Cornell University .
i Ithaca, NY 14853

*  Protima Roy
Drury College -
- Sprangfield,” MO T
.o v . -

rel_at.ionship between the two- conceptsy such as
meariings of a concept,is "dogs wag their tai)s”; “dogs are bammals"; etc. are - B
propositions that give® meaning to the concept dog when the propositions ate B

learned.

Concept maps are two-dimensional re resexnt.atio;ts of relationdhips between
concepts expresse,g
linking works. -Wé define concepts as regularities in events or objects
designated by a sign or symbol (the concept label). ¥wo or more concepts € .
*.. linked together meaningfully form propositions that represent a -specific

simply as hierarchical arrangements of concept labels and

+3

"dogs have tails.” In turn the

Concept maps represent simple ﬁ;oposxtiongl' structires that @

iTlustrate prihcipal meanings of the compogéent concepts. v N
° . -~

studies, either as a toplyto analyze and represent the concéeptual and

Since 1975, ve have employed concept mapping in most of our research

' propositienal 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 durang a ~

.

Zlinical interview, whereas other studieszhave uged concepl maps constructed”
by students (after some instrugtion on cofcept mapping.) Various scoring keys
have been devised tp qualify assessment of concept*maps, thus permitting
statistical analysis.
clinical interviews are used with students.

Concept maps are one useful form of data reduction when
Students from age,s1x and older

’ have, been successfully instricted in®concept mapping.. ° . »
? K PR

2.

L 3.

T 1.

. .

o
P A . e LA
5 AF, Participants will besgiven spmple concept maps to score; their {“P‘le A I

% maps 1}l be projeétgeﬂ\with group disc'ussion of scoring by individyal © : ' : - R

# . 6.

&l Qe N

. . . g

® &eoe

Workshop Plan - . . . .. «
0 8 . . g
N 1.

+ 4. o

Several illustrative concept maps will be pre§ent’edc:along yith a brief ;Q * 3
introduction to the psyehologital pnixm es v.fqglerlymg concept maps as ~ . . e
ve have developed them. s~ ’o % Se T «
- R S P cya ~ &

A simple concept map will bé gonstrpcted on an qverhead t«t%p;patengyr by 2
the workshop leader from a short text,’and al¥o ffom a lis% f relatéd ©
concept words, . o, o7 ey . ! 5

. . L TR 4 . i
Participants w1ll construct a simple concept map from a shorf texty and
sample maps w11l be placed on oyerliead trangparzncies and discussed.. TN

Workshop leader and helpers assist participants ‘in constructicn of3,
maps <gp ’ " o, 0"
o [ '€A" ﬁ

Scoring keys yilf be discussed with sample maps ptoject:ed fro - vy . Y
tragsparencies and scorgd with group discussion. , ° gﬂ'
F

participants. — . 3 P -

-~ yor——

. . Y —~ ? . -
Examples of procedures 3o teachi"concept mbpp(ng" to students will be 9‘), @ 4
pEovided, along with discussion of*the procedures. - [ ] L . ’? '
. B . ’ pg;é N g N -
A list of %search quastionn; degling with #he structure and use of T
concept maps vwill be pfesented and discussed.’ : L o~ o 3
‘ LW Lo

w -
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CREATION, EVOLUTION AND CURRICULUM _ .
- . . - - . .ﬂ‘
Breat Kilbourn ®
N The Ontario Ifstitute for Studies in Education con
= ' Toronto, Ontario >
. - . .
“ - . Edward Anderson . .
. - East YorksCollegiate Institute _ . .
. East York, Ontario b
a .

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 teaching are taken as the starting
point for examining wider curricular implications of the conflict. The
.. ~ Paper attempts to siQw that current laiterature on the topic tends to be -
’ based on issues vithinNphilosophy of science and that this focus 15 1padequate
«38 the only grounds for hositing-and weighing curricular alternatives.
sBistinctions from concepthal analyses of teaching (e.g., indoctrination/
- ingtruction) are used to address the question hov evolution and/or creation
. could be taught in a defensible manner.
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Senilcvn K-1

THE CLOUD OF CREATIONISH: IS THERE A SILVER LINING?

» bond
James Stewart *
University of Wisconsin

¢ Madison, WI 33706 . .

The revival offinterest in creationisa does not make many biology teachers
happy. The most common reaction is one of rejecting creationism as having any -*
potential for positive 1influence on biology education. s .

L33
s, -
R A more optimistic view will be set out in this paper. It will be argued
that: . . .
. 1. (tfe‘turtent evolution/creationism controversy could prompt ‘ .
o a serious and rational debate on the composition of intro-
. ductory highgschool biology courses; and*. '
~ o
2. biology teachers; knowledge® of science in’genetal, of evolutionary .
. biology and of the history and philosophy ‘of science could be ’
.  enhanced because of the creationist/evolution controversy: \
The debate would ;ocus on the present practige of giving app}.oxim:;tely
+égual weight to sll areas of biology in introductory courses. ' Simce 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; - *
¢ € ‘
gy z(-'z. understanding of the intellectual Hevelopment of a discipline;,
T 8 Y .
bl .
. 3. knowledge of the current controversies in evolutionary biology
. and paleobiology; and
-~ Ay .
4. cunderstanding of the "natude of scieace.” o - v
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EVOLUTION AND CREATIONISM: A QUESTION OF DEHARCATION

i Hichael ¥. Dale .
R University of Wisconsin
Madason, dx 53706 ’ .
\,/_,_ - 5
- -

In the current controversy concefining ‘the inclusion of "scientifac
creationism” 1n the stience curricul®®the courts and legislatures wvill
undoubtedly play a major role. Regardless ofi the legal outcome, lhg
assertions made by creationists reflect a significant philosophical question,
the demarcation question, to which science edudators must respond.

Implicitly, the science curriculum 1s in part a result of applying demarcation
B criteria (astronomy, not astrology, is taught as\science). The creationist ,
claim is that no substantive criteria can be invgged vhich would result in the

>

creationasm 1s not. In
T; Kuhn are brought forth.

}} conc}dsion that evolutionary theory 15 science an
support of that oﬁaim the writings of K. Popper an

Discussions concerning the demarcation between science 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 1deas, in comfunction with a
philosopher who claimed to have significantly improved Popper's demarcation
criteria, I. Lakatos, provides a valuablevintroduction for science educators
concerned Vith the question of demarcation raised by credtionists. From such
an analysis, demarc4tion criteria will emerge to support the scientafic status
of evolution and the rejection of creationism as science.

v .
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.otherwise, for nearly every natural historian before the appearance of the

>

Session K-1 ‘

EVOLUTION AS AN HEURISTIC: A DARWINIAN DEFENSE

~N .' Robert_Siegfried
University of Wisconsin
Madison, WI 53706

+ o spite of the®almost unanimous regection by the scaéntific community of
the creationists' claim for scientific validity, those laymen whose responsibility
1t 1s to decide on school curricula (legislators, school poards, and school
administrators) continue to be persuaded that "scieatific creationism” deserves”’
equal time 10 the public school stience curricula, The creationists have been
largely successful 1n keepMws the debates focused on techn2al arguments so
that the decision makers, not typically drawn from the ranks of scienti¥ts,
can offen be persuaded that the choice is a“matter of personal opinion and
equal time s the fair procedure to follow. 1 offer i1n this paper a criterion
less dependent on technical evidence or argument and by which thg superiority
of evolution as a scientific theory is unambiguous. Evolution 1s and has been
a superb scientific heuristic, that 1s as a theory it organizes the knowledge
of a vast array of particular disciplines into an orderly and ¢oherent structure
At the same time 1t contynues to suggest questions to be answered by a .further
exploration of nature and thereby leads to the continuved increase in natural
knowledge. Creationism utterly fai}s by these standardss 1 support my position
by a brief analys:is of the historical introduction of Darwin's theory of
evolution eand his defense of 1it. o

»

N ’ .
It has been implied that if creationism and evolution wex{&uallf availabfie
10°the classroom, creationism would come out the winner. History suggests
.
Oragin of Sgémes 1 1859 was a creationist, byt ten years later virtually all
of them had become evolutiomsts. The reason seems to have been that the
theory explained so much, 1t gave coherence to an enorgous body of gereral ’
information. In response to early criticism Darwin wrote that "I do not
pretefid to adduce direct evidence of one species changing into another, but
that. ] belaeve that this view in the main is correct, because so many phenomena
can be thus grouped together and explained.” Spe¢afically Darwin suggested
that it explains " a large number of facts in geographical distribution=--
geological succession, classification, morphology, embryology, etc.” A
woodpecker 1iving on the treeless plains of La Platacmakes no sense from a -~
creationist perspective, but 1s readily understood from an evolutionary one.
similarly evolution gives a plausible and rational explanation why the I
cave-dwelling creatureg in North America so closely resemble the creatures
outside the caves there, and so 'little gesemble the creatures dwelling tn the
caves of Europe, while a creationist pérspective 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 knowkedgg 1n
any useful way, it also fails to generate questions whose,att.empted answers
generate new knowledge.
hd [
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0 “The hearing impaired early adolesdigts do pot verbally receive@ﬁ{eedback |
’ > about the environment or manipufate symho s do their hearing oo rparts. ‘ot )

¢ o Thus, the thought patterns and processes-developed in cagnitive ¢tructiives for
—\ thése studepts do not use aulitory input or votalization as a central means of -
. processing the environment. The major difference.bétween hearing and hearing
. .. impaired early adolescents may be in the form, raté, or both form and rate that

the Tognitive symbol system assumes and develops.® - -
p : .

students in small sample studies have reported minimal discrepancy and simlarities
in the development.of thought processes (Furth, 1964, Furth and Youniss,
C, 1971). Yet, in national samples surveying heariq"g impaired students, many are
functioning in"classroom materials two to five years lower than their hearing
N 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 iwpaired-early adolescent classrooms. ~Thié leaves, the teacher with_ .
the ‘fuil responsibility (if science is tayght) of adaptiing text, activities,
sequence and evaluation among other deficiéncies to the' special needs of the -
'~ student (Sunal and Burch,,.1978). . . .

- . -~ . . 3
¢ * Researchers investigating cognitive development of hearing impaired

ox
~~

«

” .

‘. .ooe Y .

% ? The purpose of this study was to determine the level of cognitive . .
. functioning bf éarly adolescents taken from a national sample of hearing
impaired classroqm's and relate this level to performance and achievement in
- classroom work, The relationship of agpropriateneds of classroom y:struction
was also investigated: - ¢ , N
-

A . '
c- One hundred and six early adolescent subjedts €95 DB or greater hearing _
loss) enrolled in 18 classrooms from hearing ,impaired schools in three states
were given a'serifs of develgpmental tasks (10) at the beginning of the school
. yeat‘and again eight months lat¥r.° Classroom variables involying variety and
forps of feedback and activity were monitored. Ss (mean age 11.5 years) were
- also administered achievement tests, the de‘peudent‘variable. v
- Large differenges (up to six years in comparable attainment) were noted
between the cognitive developmental level of hearing impaired students and- *
their peqrs, showing a discrepancy with earlier resedrch results. This
discrepancy accounted for a large proportion (10-15% for various ages) of the
«differences noted in the student’s performance on achievement tests in science. -
Afteér long sustained periqds of science instruction rated as much higher in .
- " variety and level of feedWick and activity than previous student experiefice, H L.
large dis::r'epam:iees4 noted in.cognitiVe.developnental‘ level at the beginfling of - .
the zchool year @isinished. Discrepancies in classroom functioning with ‘e

.

¢

B oo e R Y
“ Ad

S instructiomalwaterizts vercvdecreastéd—toan—average of vneyearor ltesss
- Students who remained in classrooms of high or low variety and level of feedback

- and agpivity showed small .changes'in cognitive developmental level..
. - @ . R

typical of concrete operatiops ang formal-reasoning are f and similar -

e in form and development rate betweln hearing impaired and hearing ddolescents. L
Discrepancies noted in classrooms wereefoupd to be related-to p‘rob}m in
appropriateness of instruction. This xreseaxch suggests an effective process

7 This research supports the _Hypqthesi; tt‘ﬁt’the.vari’ous thought, processes

4 for measuring hearing ibpaired cognitive developmental level for possible A

grouping and monitoring of student. outcomes. It also supponts the idea that o L
planned curriculym,” effective:with hearing adolescents and adipted to the . e
special needs ofthe hearing impaired; would be st.x.ccessfulv in developi‘ng

thinking and science achievement: * . ’
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est of Logical 'Thinking was developed as a group paper and pency}
test of formal thinking based on Pipgetian protocols. Capie and Tobin (1980)
reliab1lity and validity values that supported the test for further ™~
wnvestigation of forpal thought and variahles which might contribute to
tainment of formal thought. This study reports the scores of 220 students
ades 5, 6, 7 and 8 engolled 1n 2 summer program for the gifted on-TOLT

A. Questions\asked with regard to this population included: , .
L) - N
L. ,How does the performange of 2 gifted population compare
to the noymed group? . .
oY \
2. what variables (age, grade iIQ, achxevement) relate to -
scorg on the TOLT? \ . .
3.  What errdr patterns exist in the answers of gifted students S
on the TOLT? . . 2.
. - T  t
4.7 Is,tirere a sequenée of questions o% subscales which demonstrates.
developmental change\in formal thdught?
[ <
Form B of the TOLT was administered to sixty students n addltlon, Forty of
. these tests were given after two weeKs as an alternative form rehabxhty
check. . Ly
. N . ‘ ¢ ~ N <
- < The measurement scores for Form A replrted prevx\ously were upheld w.lth N '
. \the gifted population. A umitary f¥ctor solutionm accounted for almost %0

*pertent-of the variance. Coefficient @alpha foX the test was near .80. Overall
perfdmance of the kxt’ted students was much higher than the scores for the

‘groups reporteds previously. While almost fifty perctr(t of the p'revxous group ~
- had scored zero on the€ ten 1item scale, only 10 perceat of the gifted group

scored 0 correct. The gifted group also _demonstrated a2 high percentage who. .
scorep at the criterion of 4 established for formal t!}xnkmg while almost nope ’
4 of the comparable age group scoyed &4 or higher. *

P
L% .

. Preliminary analysis of variables which relate’ to perfomance on the TOLT
revealed that age in months 15 the farst predictor and Science Achievement 1s
the second predictor. Further analysis is being conduct.ed to remove the 1nfluence
of: intercorrelatyons among zhe student variables.’ E:,ror analysis by age and
-grade level demonsttated changes u‘ typé, qt’ answer and reasoning used. +

N
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Tobin, K. and W. Capje. “The Development and Valeauon of a Group Tests. ,
of Logigal Thinking."” A paper presented at AERA,” Boston,.Apn, 1980.
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b N QIAGNOSIS OF LEARNING AND REASONING DIFFICULJES OF 9TH GRADE PHYSICS
! ¢« v - STUDENTS AS A BASIS FOR DEVELOPING REMEDIAL TEACHING METHODS \
X e o@
: e J. 1das
*¥. Ganiel
The Weizmann Institute of Science é
- ‘ « . RENQvVoly, Tsrael . ¥

The research reported here was designed to 1dentify the pre;ious -

knowledge, rational and linguistic prerequisites of an existing 9th grade e =
physics course and to test in natural classroom conditions the €ffectiveness

v . of provading immediate feedback, based on the cognmitive conflict strategy, as
a method of remedial teaching. The research was conducted in four consecutive
stages. In the first stage, a detailed task analygis’ of*the contents of the .

course vas performed Following this’ analysis, a detailed list of the
prerequisites of the course was compiled. Thas list was utilifed for the”
preparation of four paper-and-pencil, multiple choice, background tests: -
"Algebra," "Graphs,"” "Reading Comprehension" and "Separation of Variables.”
In addition, a clinical physics questionnaire was prepazed.” The investigative
style of this questionnaire was an adaptdtion of the clinical interview
originated by Plaget. students were individually interviewed, their responses
° were described 1n detailed protocols and analyzed. Information about
deficiencies in students' prerequisite katwledge and Skills, as well as an
understanding of the reasoming difficulties they face during their work in the
‘* laboratory, was obtained at this stage of the study. In the following stage,
thas information was used in the development of a remedial teaching method and
1n the prepatation of 1ts accompanying .le'arning materials. Two premses -
° served as guifelines in the development of these methods and matgrials: (a)
content relaged+feedback should be provided to each student, individually,
immediately after he finishes the study of a specific topac. This feedback
- was designed accqrding to the guidelines of the cggnitive-dxssonance approach.’ -
(b) The feedbick materials should be presented 1n a way that closely simuldtes

hal

o~

- . the situations and equipment the student met in the laboratory exercises.
. Drawings and pictures,.as similar as possible te the experimental set-up, were

inciuded 1n the feedback materials prepared for the students. A set of 20
dlagnostic 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 materias on students' achievement was tested. An
< experamental group of 44 classes and a gontrol group of 14 comparable classes
N ‘ 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 afd materials
1n addition to the regular physics textbook. The control group used only the
regular textbéok and the traditional teaching*methods. Three multiple-choice
achievement tests were prepared and administered during this stage of the
. study. . .

¢ ) Analysis of the results of these tests for the total p&pulatio.n shows
that achievement in physics, was strongly dependent on backgtound parameters,
and deficiencies in prerequisites could explain’ over 40% of the variance in

achievesitnt scores. . . . - o
[ ©

- — ——

v : -
However, the conpan:s\on of the achievement dn the experimental group with
that _ef the control group, aftér controlling for differences in the four
backgtound tests; indicated that achievement was significantly improved by the
use of the methods and materials developed during the,study. *

. I

: This strategy, of clearly identifying thg deficienciel in prerequisites,

, . .and the conse?ent application of remedia::(leedback mdterials designed to
compensate forisuch deficiencies, was found to be a very effective approach in
our case. We helieve that similar strategies will proye useful in other areas '

‘ . of science teaching. - * ,
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A STUDY OF THE RELATIONSHIP BETWEEN QUALITY .OF IMPLEMENTATION .
AND TYPE OF SCIENCE TEACHING STRATEGY AND STUDENT ENGAGEMENT .

S Vantipa Roadrangka /

. Russell H. Yeany _

- University of Georgia . Al

— — = Athens, GA 30602

Because effective teaching

goal of the teacher traiming progr

. and guality of teaching strategies sty
= A the business of learning.

. - H .

- Purpose . ' ‘.

- S . .
. . The objective of this 