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PREFACE

The ERIC Clearinghouse for Science, Mathematics, and
Environmental Education has cooperated with the ilational
Association for Research in Science Teaching to provide
abstracts of most of the papers presented at the annual
conference in Toronto, Ontario, Canada, March 31 - April 2, 1978.

All persons who had papers or symposia accepted were invited
to submit abstracts for inclusion in this publication. Some
editing was done by the ERIC staff to provide a genera'. format
for the atstracts. Special recognition should be given to
Dr. James Okey and the NARST Program Committee who obtained
the abstracts and organized the -rogra:.

Many of the papers will be published ir journals or be
made available through the ERIC system. These will be announced

through Resources in Education, Current Index to Journals in

Education and other publications of the ERIC system.

March, 1978 Arthur L. White
Editor

This publication was prepared pursuant to a contract with
the National Institute of Education, United States Department of
Health, Education, and Welfare. Contractors undertaking such
projects under Government sponsorship are encouraged to express
fr.ely their judgments in professional and technical matters.
Points of view or opinions do no*, therefore, necessarily
r2present National Institute of Education position or policy.
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SELECTED CORRELATES OF PIAGLTIAN PUZZLES

Howard 1ll. Birnie
University of Saskatchewan
Saskatoon, Sask., Canada

The search for testing devices, individual and group, clinical
and paper and pencil, to measure student's intellectual and concep-
tual development relative to the Piagetian model will continue. Such
measures are undoubtedly of value to the teacher if judiciously
employed. The professional will use ratings on Piagetian puzzles
and protocols as one more useful set of data to better understand
the student and plan learning experiences appropriate to his develop-
ment. .

The purposes of this study were: (1) to identify some Piagetian
puzzles as discriminators of Concrete and Formal reasoning in students;
(2) to test the intercorrelations of the six puzzles as identifiers of
Concrete and Formal reasoning; and (3) to correlate the Piagetian
Score with several variables: (a) Student Like or Dislike of Science,
(b) Student Perception of Science as Easy or Hard, (c) Student Final
Grades in General Science, Physics, Chemistry, Biology, Algebra and
Geometry-Trigonoretry, (d) Age, and (e) Grade.

The six puzzles employed by the American Association of Physics
Teachers in its Workshop On Physics Teaching and The Development of
Reasoning, were given to students to determine Piagetian Scores. The
answers and explanations to each puzzle were used to classify
responses as Concrete or Formal and tle number of Formal responses
was called a Piagetian Score.

The six puzzles—the Metric puzzle, the Ratio puzzle, the Islands
puzzle, the Volume-Displacement puzzle, the Merry-Go-Round puzzle, and
the Ticker-Tape puzzle—were given to 465 students in three different
junior and secondary high schools in the province of Saskatchewan in
which students range from Grade 8 to Grade 12. The tests were also
administered to 13 first year students in a university physics class.

Demographic data coliected included age, grade and highest level
of science studied. In addition, a measure of the student's feeling
toward science was requested on a three-point scale ranging from I
Like Science to I Dislike Science, and the student's perception of
the degrece of difficulty of science classes was measured on a five-
point scale ranging from Very Hard to Very Easy.

The major findings were:

1. The easiest of the three Piagetian puzzles was the Volume
Displacement, the Metric and Ratio being equally difficult
since both involve ratio and proportion, but solved by
fewer students. The lslands, Merry-Go-Round and Ticker-
Tape puzzles did not discriminate among students at this
level.

o 31y




The higher the Piagetian score, the more the student liked
science. .

The higher the Piagetian score, the easier the students
perceived their studies in science to be.

Pearson correlation coefficients between Piagetian scores
and final marks in science courses were highest for Chem-
istry 0.639, Biology 0.579 and Physics 0.529 and lowest
for Algebra 0.248. These coefficients were all signifi-
cant at, the 0.05 level.

Correlation coefficient found between Piagetian sgore and
age was 0.09 significant at 0.05 level and between Piage-

tian score and grade was 0.20 significant at the 0.0l
level.

1l




A STUDY OF HIERARCHICAL CLASSIFICATION IN
CONCRETE AND FORMAL THOUGHT

Walter E. Lowell
Memorial University
St. John's, Newfourdland AIC 557

The purpose of this study was twofold. First, it was to investi-
gate tne relationship of hierarchical classification processes in
subjects categorized according to developmental level as defined by
Piaget's theory. Second, to gain further information concerning the
validity of the hierarchical model and test used in the study.

A hierarchical classification test and a battery of four Piaget-
type tasks were administered individually to a group of 60 randomly
selected high school students and to a group of 52 randomly selected
Junior high school students. Students in each group were categorized
as concrate, transitional, or formal by determining their performance
on the battery of four Piaget-type tasks. The four tasks were: 1)
Conservation of Volume using Metal Cylinders; 2) Elusion of Irrele-
vant Variables (Pendulum); 3) Equilibrium in the Balance; and 4)
Proportional Logic and Hypothetical Deductive Reasoning (Stickman).
These four tasks were chosen because successful solution of them is
indicative of formal operational thought. Scoring procedures used
in the study were similar to those reported in the literature (Lawson,
et al., 1974).

In addition to the Piaget-type tasks, a hierarchical classifica-
tion test was administered to each individual within each group. The
test consisted of a six-level hierarchy called a Natural Things Test.
The first three levels of the test consisted of: 1) attribute iden-
r ' fication (non-verbal identification); 2) attribute recognition

erbal naming of attributes); and 3) object recognition (associating
names with objects). The final three levels of the Natural Things
Test were progressively more general, and hence, more abstract. The
final three levels of the test were: 4) Class Recognition; 5) Class
of Classes Recognition subsuming one class; 6) Class of Classes
Recognition subsuming two classes. To measure all six levels, eight
sub-tests were used (two sub-tests were used for Level 4 and Level 5).
Administration and scoring of the test were the same as reported in
the literature (Lowe.l, 1977).

Since the hierarchical test used in this study progresses from
simple concrete attribute recognition to abstract class recogni-ion,
it was assumed that subjects experiencing difficulty on the Piaget-
type tasks, inricating concrete thinking, would concomitantly
e«perience difficulty on the hierarchical test, particularly with
the last three levels dealing with class recognition. Whereas,
students who could perform successfully on the Piaget-type tasks,




indicating formal ability, should also perform successfully on the
hierarchical test, achieving all six levels without difficulty.

The results, in general, support these assumptions. A Chi-
square analysis of hierarchical level against developmental level
yielded statistically significant results for both groups. In
comparing the performance of those subjects categorized as concrete
in both the junior high school and high school groups (mean age =
13.8 and 16.1 years respectively) on the hierarchical test, an
unexpected result was noted. The junior high school group performed
as predicted on the hierarchical test; however, a similar prediction
for the high school group was not supported. Although categorized
as concrete, this group experienced little difficulty with the uppér
levels of the hierarchical test, their performance yielding statis-
tically significant results but in a direction opposite from what
was predicted.

Such results suggest that hierarchical classification, while
demanding abstract reasoning ability, may be a less demanding cog-~
nitive task and hence precedes the learning of more complex
relational problems such as those presented by the Piaget-type
tasks. In addition; since subjects categorized as concrete were
capable of attaining abstract class concepts, while younger subjects
similarly categorized were not, a number of questions for further
research are raised, particularly to the utility and meaningfulness
of using Piaget-type tasks as clear and decisive indicators of
cognitive ability. .

Lawson, Anton, et al. '"Piagetian Formal Operational Tasks: A Cross-
over Study of Learning Effect and Reliability." Science Education,
58(2), 1974. p

Lowell, Walter. '"An Empirical Study of a Model Abstract Learning."
Science Education, §lﬁ2), 1977. -




CONCURRENT SEGSION A
Session A-2 Teacher Education

Presiding: Richard L. Campbell
Florida International University
Miami, FL 33199

The Effect of Studying Different Question Classi-
fication Systems on Preservice Teachers' Ability
to Classify Questions and Attitudes Toward
Questioning

Joseph P. Riley II
University of Georgia
Athens, GA 30602

An Experimental Study Comparing the Effect of Three
Modes of Instruction on Metric Knowledge and Atti-
- tudes of Preservice Elementary Teachers

Charlotte Hess
Bloomsburg State College
Bloomsburg, PA 17815

and
Robert L. Shrigley
Pennsylvania State University
University Park, PA 16802

Elementary Teacher Attitudes on Teaching Styles in
Relation to Their Science Background and Organiza-
tional Climate

David R. Stevenson
Chiganois Elementary School
Masstown, Nova Scotia, Canada

and

John Butzow
Uniiversity of Maine at Orono
Orono, ME 04473 ’

’




THE EFFECT OF STUDYING DIFFERENT QUESTION CLASSIFICATION
SYSTEMS ON PRESERVICE TEACHERS' ABILITY TO CLASSIFY
QUESTIONS AND ATTITUDES TOWARD QUESTIONING

Joseph P. Riley, II
University of Georgia
Athens, Georgia 30602

Research on improving teachers' questioning level through the
study of categorization systems has had generally favorable results
(Rogers and Davis 1971, Farley and Clegg 1969, Konestki 1970).

These studies made use of a variety of classification systems.
Godbold (1973) reports that a substantial portion of the investiga-
tions of teacher questioning have employed the Bloom (1956), Aschner
(1961) or Sanders (1966) category systems directly or have used
instruments derived from them. Although Gall (1970) provides a
descriptive analysis of these classification systems, no experimental
studies have been conducted to evaluate the comparative efficacy of
these programs in terms of student ability and attitude.

The purpose of this study was to evaluate the effect of the three
most commonly used question classification systems on preservice
teachers ability to classify questions and on their attitude toward
questinning.,

Procedure

Thirty preservice teachers were randomly assigned to three treat-
ment levels. Level one received two hours of training in a question
classification module based on Bloom. Level two received training in
a module based on Aschner while the third treatment level partici-
pated, for the same amount of time, in a question classification
module based on Sander's system. In all cases the modules consisted
of a written description of the category followed by practice sessions
requiring the students to identify the level of questions presented
in a written list. Using Campbell and Stanley (1971) notation, this
study can be diagrammed as follows: :

R 0 X 0, 05 0O

R 0 X, 0, 05 0

R 0 X 0, 0, O
8




where Xl, XZ, and X3 = the three treatment levels and,

0

a pretest measuring ability to
correctly categorize questions

O2 = 3 pusttest measuring ability to
correctly categorize questions

O3 = a gain score on the ability to
correctly categorize questions

04 = an attitude toward questioning
measure

Analysis

T tests for dependent samples were used to determine differences
between pre- and post-tests measuring ability to classify questions.
Analysis of variance procedures were used to determine differences
among treatment groups on question classification ability gain scores
and on attitude toward questioning. The Newman-Keuls multiple
comparison technique was the method of choice for all pair-wise
contrasts in the post hoc analysis.

Posttests measuring ability to classify questions were found to
be significant (p<.05) for two of the classification systems. Results
of ability gain scores among treatments showed no significant differ-
ences (p = .09). No significant differences in attitude were identi-
fied.

If one assumes-that learning a question categorization system
results in improved teacher questioning level (Rogers and Davis 1971,
Farley and Clegg 1969, Konetski 1969), then results of this study
may be helpful to teacher educators as an empirical basis for select-
ing a question classification to bring about this improvement.

Aschner, M. J. "Asking Questions to Trigger Thinking." Naticnal
Education Association Journal. 1961. 50. pp. 44-46.

Bloom, B. S. (Ed.). Taxonomy of Educational Objectives. Handbook

1, Cognitive Domain. New York: David McKarp -Company. 1956.

Campbell, Donald T. and Julian C. Stanley. Experimental and Quasi-

Experimental Designs for Research. Chicago: Rand McNally and

Company. 1971,

Farley, G. T. and A. A. Clegg. "Increasing the Cognitive Level of
Classroom Questions in Social Studies: An Application of
Bloom's Taxonomy.' Paper presented at the American Fducational
Research Association Symposium on "Research in Social Studies
Education." February 1969. Los Angeles.

1o
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AN EXPERIMENTAL STUDY COMPARING THE EFFECTS OF THREE
MODES OF INSTRUCTION ON METRIC KNOWLEDGE AND
ATTITUDE OF PRESERVICE ELEMENTARY TEACHERS

Charlotte Hess
Bloomsburg State College
Bloomsburg, Pennsylvania

and

Robert L. Shrigley
The Pennsylvania State University
University Park, Pennsylvania 16802

The Problem. The purpose of this study was to compare the effec-
tiveness of three instructional approaches, expository (T1), modular
(T2), and gaming (T3) to teach the metric system to preservice elemen-
tary teachers. Specifically, the effectiveness of each approach was
determined by its ability to (1) bring about an increase in knowledge
of the metric system and (2) create favorable attitudes toward metric
measurement. Each treatment was also examined to determine whether
differences in metric achievement and attitude would occur as aresult
of treatment between subject groups identified as high and low mathe-
matics achievers.

The Rationale. It was theorized that the three selected teach-
ing modes represented points along a teaching-learning continuum
dependent upon the level of student participation and effort demanded
by the mode. Communication theory from attitude research was used to
support' the hypothesis that the approach which required the greatest
effort by the subject would facilitate the greatest cognitive and
attitudinal gain. Therefore, because of the high level of effort
that would need to be expended by siubjects exposed to the gaming
treatment, it was hypothesized that a gaming approach would produce
the greatest cognitive and attitudinal changes.

The Sample. One hundred forty-one preservice elementary teachers
were randomly assigned within six regular class sections to one of
three treatment groups. Subjects were then identified as high or low
mathematics achievers on the basis of whether their scores fell in
either the top or bottom one-third of the rank ordering of scores on
a standardized mathematics test. These subjects constituted the
sample used for purposes of statistical analysis.

The Treatment and Analysis. T3] was defined as expository and
consisted of a series of three lectures dealing with the metric system
which were pre-recorded on tape and supplemented with films and dupli-
cated materials, T2 was defined as modular., Subjects were directed
to complete either in small groups or as individuals six prescribed
components followed by self tests. T3 was defined as gaming, where
subjects participated as plavers on a board game, Decimeter, which
can be used to teach a knowledge of the metric system,

-
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Prior to and following the treatment period of three class periods
extending over a week, (1) the Trueblood-Szabo Metric Achievement Test
and (2) the Shrigley-Trueblood Metric Attitude Scale, were administered.
An analysis of variance on repeated measures was the statistical design
used and the level of significance for F-values was set at .0S5.

The Results. The main effect for pre-post testing was signifi-
cant on both measures, There was no significant difference between
treatment means. However, high mathematics achievers improved signi-
ficantly on the test of metric knowledge as compared to low achievers
and a significant interaction 6pcurred between treatment and pre-post
testing on the metric attitude measure with T, subjects exhibiting the
most positive metric attitude change. Therefore, it can be assumed
that although the three treatments can bring about a significant
change in metric knowledge and attitude after one week of treatment, -
an expository approach may prove more beneficial for high mathematics -
achievers for improving metric attitude and that high achievers can -
be expected to learn more than low achievers regardless of treatment.

L




ELEMENTARY TEACHER ATTITUDE> ON TEACHING STYLES IN RELATION
"TO THEIR SCIENCE BACKGROUND AND ORGANIZATIONAL CLIMATE

David R, Stevenson
Chiganois Elementary School
Masstown, Colchester Co., Nova Scotia, Canada

and

John Butzow
University of Maine at Orono
Orono, Maine 04473

Design of the Study

Attitudes toward science and science teaching were collected from
504 elementary teachers in 39 randomly selected schools in Nova Scotia
(Canada) to determine the effects of organizational climate and the
amount of science course background on a student-centered approach to
elementary science. Subjects completed the Semantic Differential Test
of Teacher Attitudes (SDTTA), the Organizational Climate Description
Questionnaire (OCDQ) and items on science courses taken in high school
and college (SB). Categories of organizational climate (OPEN, MIDDLE
and CLOSED) and science course background (HIGH, MIDDLE and LOW) were
calculated and analysis of variance was used to determine significant
differences in responses to the SDTTA for 28 groups described by 0OCDN
and SB categories separately and in interaction. Concepts used on the
SDTTA were plotted to locate those with similar meaning.

Conclusions

1. 0f the 39 schools taking part, 3 were found to have OPEN cli-
mate, 7 were in the MIDDLE category, and 29 were CLOSED. Random
selection of most of the sample schools suggests that the majority of
schools in the province is closed in organizational climate, a charac-
teristic that is consistent with findings for other provinces and
states across the continent.

2. The amount of science taken by teachers was used to derive a
score by adding the number of high school courses to twice the number
of college or university courses. The mean of all scores was 6.7 and
indicates a relatively low level of science exposure for most teachers.

3. Attitudes expressed by the whole sample are not markedly
difterent from those expressed by separate OCDQ and SB groups and show
a strong attachment to a more traditional approach to science and
science teaching, one in which knowledge is imparted by the teacher
to students who listen and occasionally participate actively.

4. Groups categorized by school OCDQ profiles show the main
characteristics of the whole sample. OPEN teachers in addition
expressed flexibility by their linking of student activityand program
structure to the main ideas supported, For MIDDLE teachers strong
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positive attitudes toward activity concepts were separately clustered
as were those toward strugture in programming, which tended to be
neutral or mildly trivial,\ unenjoyable, powerless and difficult.

The CLOSED group had negatiyve feelings toward program characteristics.

The MIDDLE category attached more importance to an activity-explora-
tive orientation to learning), while OPEN group members were
significantly less attached /to that approach and to abstractions in
science programe. The MIDDJE and OPEN groups seem more eclectic in
their approaches rather thah being supportive of a particular approach
or ‘theory of education.

5. Subject OCDQ profiles were used to form three groups, none
of which had a concept significantly different in its mean from other
groups. Attitudes toward science are fairly homogeneous when subjects
are considered by individual perceptions of organizatioqa}Jclimate.

Clustering of concepts indicated distinguishing differences for
subject OCDQ groups. From OPEN to CLOSED there is a shift from ease
in including activity in science to a desire for orderly exploration
ard correctness to an expressed need for defined structure in science
programming., )

6. The largest number of significant differences in concepts was
found for teachers classified by levels of science course background.
The ‘concepts deal entirely with aspects of science. Teachers in the
HIGH SB group find science.and the teaching of it more enjoyable and
less difficult than do teachers with less science course background.
Members of the HIGH SB group find the "facts and concepts" kind of
science easier to handle, likely in part, because of their feeling
that having a factual science background is neutral in difficulty com-
pared to more difficulty for teachers with lower SB scores.

7. Iateraction of school OCDQ categories and SB levels produced
significant differences in concept m ans that identify the CLOSED OCDQ
LOW SB group as being more neutral toward playing the role of class-
room director while expressing mcre difficulty and less powerfulness
toward exploration in science.  Teachers in OPEN and MIDDLE OCDQ
groups with higher SB scores ascribe more ease, enjoyment, and power
to an active approach to learning which includes doing and directing
science activities.

8. Interaction of .subject OCDQ and SB dimensions produced signi-
ficant differences that reflect strength of SB levels: less science
background reduces case with which facts and concepts are presented
and increases difficulty with science program structure. Concept
clusters include a shift diagonally from OPEN-HIGH to CLOSED-LOW. The
former feel importance, enjoyment, powcr and ease toward laboratory
oriented science and less strong feelings toward structure, neatness
and their own activities. Toward the CLOSED OCDQ and LOW SB corner,
science with a personal involvement and with known outcomes is mildly

21
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important, enjoyable and powerful; structure and testing are of
little interest to these teachers.

9. Examination of significant differences among concepts and
variations in clustering for groups indicates that teachers who per-
ceive thelr schools to be more open or who are in more open schools
and have higher science course background scores are more likely to
have a predisposition toward science and science teaching which is
student-centered and also be strongly directed toward student acqui-
sition of information.
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THE ACQUISITION OF PROPOSITIONAL LOGIC AND ADVANCED
COGNITIVE STRATEGIES IN GRADES 6 - 14

Anton E, Lawson
Arizona State University
Tempe, Arizona 85281

Robert Karplus Helen Adi
University of California Northern Illinois University
Berkeley, California 94720 DeKalb, Illinois 60115

Within Piaget's theory, formal thought is characterized by the
development of a set of operational structures based upon proposi-
tional logic. But as Piaget has pointed out, formal thought also
entails the development of advanced cognitive strategies governing
the understanding and use of concepts such as proportion, probability,
and correlation. According to Piaget a developmental synchrony exists
among propositional logic and these cognitive strategies in that
theoretically they all depend upon the development of a combined
lattice and group structure that Piaget views as the basic structure
of formal thought.

The purpose of this study was to test this hypothesis of develop-
mental synchrony. The development of advanced cognitive strategies 1is
of importance in that they represent a significant portion of what
could reasonably be termed "scientific reasoning." Their relation-
ship to the development of propositional logic is of theoretical interest
in that it is here that Piaget's logical analysis of the developing
intellect has encountered its severest criticism. If instructional
theory practice in the sciences is to become grounded in sound psycho-
logical theory, this aspect of Piaget's theory should be investigated,

Five hundred seven students in grades 6, 8, 10, 12, 13 and 14
were selected from a single middle to upper-middle class suburban
community in the San Francisco Bay area and two universitynon-major
science courses. An attempt was made to select representative sam-
ples from each grade level and control for socioeconomic level across
age. Subjects were administered a seven-item pencil and paper test
of propositional logic, proportions, probability, .nd correlations
during their regularly scheduled classes, Testing of each.class took
about 40 minutes. Responses were scored as correct or incorrect, To
be correct a response on the proportions, probability and correla-
tions items had to be accompanied by an adequate justification,

As might be expected the sixth graders performed relatively
poorly on all items (1.0% to 26.8%) while the college students
(grades 13-14) performed the best on all items. Their percentages
of success were quite high for the items that involved proportion
(80.4%), probability (73.3% and 71.6%), and correlations (61.8% and
67.1%) but were quite low for the propositional logic items (16%
and 177).




In general, the data revealed a gradual but definite increase
in subject performance across age on the items that involved the
advanced cognitive strategies (proportions, probability, correla-
tions) but revealed no substantial improvement in performance on
the propositional logic items. A principal components analysis of
the data suggested two developmental trends within the data.

The clear increase with age of subjects' ability to solve pro-
blems of proportionality, probability and correlation and the
substantial lack in their ability to successfully apply the rules
of propositional logic argues against the Piagetian hypothesis of a
developmental synchrony. The results of the principal components
analysis further suggests that the cognitive strategies investigated
and propositional logic do not form a single developmental trend.
This finding raises doubts about Piaget's contention that a distinc-
tive feature of formal thought is its reliance upon the development
of a set of operational structures based upon propositional .logic.

In light of this apparent failure of Piagetian theory to account
for the present results, two related questions were raised: (1)
What is the nature and structure of formal thought? and (2) What
role does propositional logic and advanced cognitive strategies play
in the thinking of the adolescent?

The present paper discusses these questions and suggests educa-
tional implications,
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THE RELATIONSHIP BETWEEN THE PROPORTIONAL REASONING
ABILITY OF NINTH-GRADERS AND THEIR ACHIEVEMENT
OF SELECTED MATH AND SCIENCE CONCEPTS

Eugene L, Chiappetta
John W. McBride

Unilvers ity of Houston
Houston, Texas 77004

Science education researchers have begun to study student cog-
nition and subject matter difficulty at various grade levels. They
have used the Piagetian notion of cognitive development ac the
theoretical framework to guide their research. These investigations
have identified some mismatches between the intellectuai competencies
of students and the conceptual difficulty of their science curricula.
However, many more studies need to be conducted which investigate the
relationship between specific cognitive structures and specific
science concepts.

The purpose of the present study was to investigate the relation-
ship between proportional thinking and students' ability to demonstrate
knowledge and understanding (comprehension and application) of conce_ts
related to simple machines, structure of matter, and equivalent frac-
tions.

The study involved a random sample of 136 ninth-grade physical
science students. Each student's proportional reasoning skills were
assessed using two Piagetian tasks: The Balance and the Quantifica-
tions of Probabilities. The students were classified into four groups
according to their proportional reasoning ability. Student achieve-
ment of the selected science and mathematics concepts was assessed at
the knowledge, comprehension, and application levels using a paper/
pencil test.

The relatfonship between proportional thinking and level of
achievement of the selected concepts was analyzed by applving dis-
criminate function analyses. Knowledge and application test jtems
were found to significantly (p< .01) discriminate between high
quantitative proportional reasoners and high and low quaiitative
proportional reasoners for simple machines. Knowledge and compre-
hension test items were found to significantly (p £.0l1) discriminate
between high quantitative proportional reasoners and high and low
qualitative proportional reasoners for stiucture of matter concepts.
In both of these cases, the high quantitative proportional reasoners
scored significantly higher (p <.0l) than the high and low qualita-
tive proportional reasoners. Low quantitative proportional reasoners
significantly outperformed high and low qualitative proportional
reasoners on knowledge of the concepts, but scored significantly
iower (p £.01) on application level test items. Application was
found to significantly (p £.01) discriminate between qualitative
and quantitative pronortional reasoners for the equivalent fractions
concepts.
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In conclusion, test items which assess achievement of the
selected science concepts at the knowledge level can be used to
discriminate students' proportional reasoning ability, as do test
items written at the comprehension and application levels, demon-
strating a positive relationship between students' proportional
reasoning ability and their knowledge and understanding of simple
machines and structure of matter concepts. Test items which
assess achievement of equivalent fractions at the application
level can be used to discriminate students' proportional reason-
ing ability, thus demonstrating a positive relationship between
students' proportional reasoning ability and the degree to which
they achieve application of equivalent fractions.

.
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ACTUALIZING TEACHING INTENTIONS BY CONCRETE AND FORMAL
OPERATIONAL PROSPECTIVE ELEMENTARY SCHOOL TEACHERS
IN NIGERIA

Olusola J. Ehindero
University of IFE
Oyo, Nigeria

Although Piaget's theory of intellectual development is exerting
strong influences on research and theory in science education, the
instrumental value and practical implications of the theory especially
as it relates to classroom pedagogy has only become a major concern to
science educators. Science educators are agreed that the development
of the architectonics of formal operational schemata among prospective
elementary school teachers (PEST) is an important goal of science
teaching, but as ‘of now iittle or no empirical investigation has been
made on how prospective elementary school teachers operationalize
these intellectual strategies in the planning and subsequent actuali-
zation of their intentions in practical classroom situations.

The present ongoing study investigates the performances of con-
crete and formal operational PEST on certain teaching tasks. The
specific questions asked in the study are whether significant
differences exist between concrete and formal operational PEST in
their ability to:

1. Plan a hypothetical teaching program (including a diagnosis
of learners' major and minor problem areas) of a topic of
their choice; i.e., their teaching intentions, and

2. Actualize these intentions in practical classroom teaching
situations.

In effect, the study investigates what differences exist between con-
crete and formal operational strategies and teaching performance.
-

Eighty randomly selected PEST constitute subjects for the study.
Their ages range from 18 to 23 years with a mean age of 20 years.
None of the Ss has had teaching experiences but they have taken
courses in teaching methods and the psychology of learning.

Six classical Piagetian tasks used in distinguishing between
concrete and formal operational individuals are conservation of
volume using clay, tite elimination of contradictions, controlling .
variables, combinatorial, proportional and syllogistic reasoning
tasks.

The teaching tasks (TT) consist of two phases, Phase I, the

intention phase—requires the Ss to prepare a lesson plan including
possibilities regarding how the lesson can be effectively taught;
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arrangement of a series of instructional materials appropriate for
the several grade levels to be taught and a diagnosis of- a series
of hypothetical and conceptual learners major and minor learning
difficulties. Phase II deals with the actualization of already
stated intentions. In this phase Ss bring into operation their
various strategies (concrete or formal) in the execution of their
teaching intentions.

Although the study is still under way (to be completed by
December 1977), preliminary findings show that a significant
relationship (p <.0l) exists between levels of cognitive develop-
ment and ability of prospective elementary school teachers to
identify and provide relevant instructional materials appropriate
to the grade levels to be taught. Thus PEST who are concrete
operational provide materials that are mostly concrete. They, ir
contrast to formal operational Ss, also provide more and varied
materials that capitalize on the multi-sensory approach to learn-
ing. Formal operational Ss, in their world of hypotheticalness
and possibilities chuse abstract topics and did very well in the
intention phase but were unable to effectively actualize their
teaching intentions. Significant implications for science educa-
tion are expected to be drawn from this study when finally com-
pleted.
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VALUES AND THEIR RELATION TO COURSE SELECTION AND
AT THE HIGH SCHOOL LEVEL

Louis J. Visco
Rutgers University
River vale, New Jersey 07675

SUCCESS

All students have values but differ in the degree of importance
that is attached to them. Values are viewed as being deterministic
in nature, determined by reinforcement of the environmental situation
that students encounter. The theoretical foundation is one that
centers on the student's ability to adapt to the various course
environments to which he is exposed. The priority ordering of values
determines the degree of match between student's self-conceptions and
what eventually is realized in the classroom. Thus, it is of interest

to investigate the interaction between student values and values rele-

vant for certain courses.

The values and value systems of students in three high school

courses which have very different content, methodology, and philo-
sophy; Project Physics, Man-Made-World, and Humanities, are examined.
The objective is to show how disparities between the value systems

of students successfully completing these courses -and those perceived
by students electing them are related to course selection and academic

success.

Eleventh grade students completing Preiect Physics, Man-Made-~
World, and Humanities courses completed the Rokeach Value Survey,
ranking the terminal and instrumental values in their order of
importance to themselves. The value patterns of successful students
from this group are used to establish course values. Tenth grade
students electing Project Physics, Maun-Made-World, and Humanities
courses also completed the Rokeach Value Survey, ranking the values
in the order they thought a student successfully completing the
elected course would emphasize them. This is called the perceived
value system. A higher degree of similarity is found between the
perceived value systems of students electing a course and those held
by students who have successfully completed the course, than with
courses not elected. This high degree of similarity permits a deter-
mination of student values match scores, by comparing a student's
perceived values system with the median values system of successful

students in the elected course.

The determination of student values match scores makes it possi-
ble to compare them with the academic scores that students obtain in
the elected courses.* It is found that a positive association exists
between the degree of values match and academic grade obtained in

the elected course.
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It is suggested that the ordering of values takes into account
many of the hidden variables that are at work in the classroom
environment and that values matching may be used as an educational
technique in predicting academic success. Values are seen as deal-
ing primarily with thoughts and feelings being expressed by the
order of priorities assigned to them by students, and therefore
involve both the cognitive and affective domains.

The emerging concept is one involving a values match continuum.
At one end are students whose values are matched closely to those of
the elected course. Although in somewhat different styles, most
students at this end of the continuum apparently can deal with the
course constructively, resulting in success. Students at the other
end of the continuum do not seem to be clear about how to relate to
the things and individuals making up the elected courses environment
in order to achieve success. ,In this context, values matching is
seen as a means of directing students and teachers into situations
where the chances of obtaining academic success are improved.

&




THE CONNDITIONS NECESSARY TO DEVELOP THE oOCIAL REASON-
ING REQUIRED TO SOLVE MORAL ISSUES PREVALENT IN
OUR TECHNOLOGICAL SOCIETY

June P. Maul
Rutgers University
New Brunswick, New Jersey

In the technological society currently found in the United States
Science is often forced to deal with moral problems and issues rather’
than purely scientific ones. Thus science education cannot deal only
with the developed skills of analysis and reasoning related to pure
science. Rather, science education must also work to develop the
reasoning processes necessary to deal with social-technological pro-
blems. Reasoning in this joint field has been described by Piaget
and Kohlberg. The development of the rational powers needed to deal
with such issues has been found to relate to experience in both
science education and social experiences found in the classrocm. The
development of the reasoning necessary to deal with such social-
scientific issues will depend on the total classroom and school
environment rather than on just the written scientific experiences.

In view of this link between experience and cognitive development,
the present study examines the development of social (moral) reasoning
as a result of student exposure to the social, experiential atmosphere
of a school community with intensive education. A group of 250 stu-
dents in grades nine through twelve are given the Defining Issues Test
which examines social reasoning on six moral judgment stor.>s. The
groups examined are approximately equated on variables of I.Q., age,
S.E.S., and number of males and females. The study examines the
relative importance attributed to principled moral reasoning as a
function of the number of years of exposure to intensive education
which is considered a highly social and experiential atmosphere. The
students' perception of the environment is also examined using Moos's
Classroom Environment Scale. Level of principled reasoning and per-
ception of the environment are also examined as a function of being
in a science or mathematics class as opposed to being in a humanities
class.

Preliminary evaluation of the study shows that the number of

years of experience in this school community has a significant effect
on the level of moral-cognitive reasoning.
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THE RELATIONS AMONG ATTITUDES TOWARD SCIENCE, FIELD-
DEPENDENCE-INDEPENDENCE, INTELLIGENCE, AND
SCIENCE GRADES

Joseph G. Krajkovich
Rutgers University
Somerville, New Jersey 08876

Field-dependence-independence (FDI) has been studied rather
extensively and as such has an excellent theoretical base. It is
of particular interest in this study since an apparent relationship
exists between FDI and career choice. Research has found that field
independent (FI) subjects will usually choose careers that involve
analytical skills such as engineering, science, mathematics, and
accounting. It therefore seemed reasonabtle that a relationship
might exist between FI and a positive science attitude.  If so, a
person's cognitive style might be a good indicator of his/her
science attitude.

Additionally, research involving the relationship between intell-
igence (as measured by I1Q tests) and attitudes toward science, between
intelligence and FDI, and between science attitude ard science grades,
has been paradoxical. It therefore seemed advantageous to examine
these areas further. -

Two groups of ninth-grade students from a suburban school were
chosen for the study. The first group was a random sample of 204
students from three junior high schools; the second group consisted
of 47 high-ability students (as determined by participation in an
advanced science course). Ninth-grade students were chosen for the
study since all the subjects had identical science backgrounds. The
group of high-ability students was included to see if relationships
that existed within a larger sample also existed within a group of
students who are more likely to actually enter an area of science as
a career.

Each group was administered the Short Form Test of Academic
Aptitude as a measure of intelligence; the Group Embedded Figures
Task (GEFT) to determine field-dependence-independence; the Image
of Science and Scientists Scale (developed by the author)* as a
measure of attitudes toward science; and the Comprehensive Test of
Basic Skills to measure aptitude in the areas of reading, mathema-
tics, English, social studies, reference skills, and science.
Multiple regression analyses and Pearson correlation were used to
analyze the data.

The results of the data were quite interesting. Field-
independence proved to be strongly related to IQ (r = .60). When
related to science attitude, IQ and field independence showed a




strong relationship unless the scores frcm the science subtest and
science grades were controlled for, at which time the field inde-
pendence, IQ-science attitude relationship was negated.

With respect to the prediction of science grades, both IQ and
attitudes toward science made significant contributions.

The results of this study have educational significance in a
number of areas. First, the strong correlation between IQ and FDI
coupled with the lack of contribution by FDI to the regression
equation calls into question the efficacy of the GEFT. Second,
the study sheds some light on the nature of the relatiocnship
among the variables in the study. Third, the strong correlation
between science attitudes and science grades and the fact that
this relationship negates the effect of 1Q in the regression
eqnation gives support to the importance of this affective area
in science education. )

-

*Validity and reliability demonstrated in a separate paper.
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METHODOLOGICAL ISSUES IN RESEARCH: THE NEED FOR IMPROVED
INSTRUMENTATION AND MODEL-BUILDING

David L. VanHarlingen
Rutgers University
New Brunswick, New Jersey 08901

Over the past decade, many researchers have begun to probe the
model of formal operational thought as proposed by Piaget. In most
cases, the basic tool of investigators has been the tasks described
in The Growth of Logical Thinking and similar tomes. While Piaget
relied heavily on long clinical interviews for his data, the American
fascination has been with standardizing and minimizing the time
required for administration of the tasks. Of great interest have
been attempts to develop a written task of formal operational thought.

In these efforts, two major problems have received insufficient
attention. One involves the efficiency or validity of the measuring
instruments. The second involves a need for more detailed models of
formal thought structures, both as they develop and consolidate, and
in their most highly developed state.

First, using the correlations tasks as described by Piaget and *
Inhelder as an example, it will be demonstrated that the character or
value of a task variable may be changed in a number of ways which, on
the surface, appear to leave a task of the same logical complexity.
However, by changing the task variable from familiar to unfamiliar,
from dichotomous to multi-valued, or from neutral to value-laden, one
may be changirg the susceptibility of the task to seemingly correct
formal solutions through the use of concrete operational skills alone.
Another paper in this set will present data demonstrating how this
enhances the use of certain cognitive strategies and results in very
different clinical task performance.

Data from methodological studies of children's reasoning on pro-
portionality tasks, which exemplify the problem, will be presented.
For example, a study of 300 ninth grade students who were given tasks
identical in format to the commonly used Mr. Tall-Mr. Short task
shows that neither the use of familiar versus unfamiliar measuring
units, nor the use of linear versus volume ratios affects performance.
In this experiment however, the numbers used in the problem result in
different task results. Children demonstrate higher cognitive ability
when integer, rather than non-integer proportionality factors were used.

Several other tasks commonly described in use in the literature
will be discussed as other examples. From an electronics point of
view, our instrumentation problem has been that this instrumental
"noise" has been large enough to seriously interfere with the "signal"'
of interest (cognitive level).,
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The remainder of the paper discusses the need for a more
detailed conceptualization of formal thought. If it can be repre-
sented in terms of various operations and schema, it needs to be
known which schema develop earliest, which depend hierarchically
on the development of others, and at what level of development
each must be before consolidation takes place.

Of critical importance is the fact that much previous work
has assumed equality of tasks and schema. A more carefully
defined structure for formal operations is necessary in order
to develop accurate, appropriate instruments. Even the presenta-

tion of purely theoretical models is appropriate to stimulate
investigations.




Investigations of correlational ability by numerous researchers,
one of the eight basic operational schemes in formal reasoning iden-
tified by Piaget, have produced wide discrepancies among results.
Reports range from the lack of correlational ability in adults
(Smedslund, 1963) to correlational ability as one of the earlier !
acquired formal operational schemes (Martarano, 1974). Using a |
different task format, Seggie and Endersby (1972), in their corre-
lations assessment tasks requiring adult subjects to make a decision ,
based on the data presented, found that adults possessed the notion i
of correlations and could apply this concept when provided with an
external reference point. . {

The criterion measures for assessing correlational ability were
investigated using two correlational tasks: one directly patterned
after Piaget's original problem set involving the correlation between
hair color and eye color and the other, a variation of the first task
involving the correlation between the win-loss records of two baseball
Subjects, 20 ninth-grade males, 20 eleventh-grade males, and
15 college freshmen were individually interviewed for their ability
to: 1) classify the data in terms of four possible categories, 2)
construct a data deck showing no correlation (r = 0); 3) construct a
data deck showing perfect correlation (r = 1), 4) demonstrate a
logical strategy in comparing decks, and 5) successfully comparing
the strength of the corvelation between two data decks.

bats.

Results of the study revealed that Ss in the age group tested
did not possess the notion of correlations according to Piaget's
formal logical criteria—reasoning in terms of the relationship
between confirming and disconfirming cases (the diagonal cells in
a 2 x 2 matrix table) and the total number of cases and applying this
reasoning strategy in comparison of two sets of data. However, the
developmental nature of correlational ability was clearly evidenced
in that the older age groups were significantly more successful in
constructing decks illustrating perfect correlation and no correla-
tion and recognizing instances as confirming or disconfirming. By
college age, 40 percent of the subjects considered the data as a
total system but erred in applying this notion correctly.

Analysis of the strategies Ss displayed point out some method-
ological inadequacies in the criteria used in earlier investigations.

1.

CRITERIA FOR ASSESSING CORRELATIONAL ABILITY
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Janey Cheu !
Rutgers University
Somerset, New Jersey 08843

The act of deck sorting is a function of task demands. Sub-
jects do not sort decks into the four categories unless they
are required to use the data to make a comparison. All Ss
when asked to compare decks classified the information into
their appropriate categorics.
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2, Ss' ability to make r=0 and r=1 decks was necessary but
not sufficient criteria for correlational ability. Older
subjects were significantly more successful in miking such
decks but still were unable to compare the strength of the
correlation.

3. Equal distribution of attention over the categories is a
criteria of limited significance. Subjects tend to con-
sider all four categories when examining the data but
selectively focused on only some of the categories when
making the actual comparison. The strategy iost frequently
displayed was the comparison o! one category to the corre-
sponding category in the other deck. Here all the data may
be utilized but the system of making the comparison is only
a partial system in that Ss make a two-way comparison rather
than a four-way comparison. In some cases the suvbjects made
the correct judgment, but the system was clearly inadequate
from a logical standpoint as well as the fact that the Ss
did not deal with the data quantitatively and failed to
apply probalistic understanding.

4. Task variables affected the manner in which the Ss approached
the problem. In task II, Ss more frequently introduced extra-
neous considerations, confounding the intent of the task.

This examination of male high school and college science students'
correlational strategy and analysis of criterion measures suggests
that understanding the concept of correlation is a notion still under-
going development for the age group tested.

A fuller understanding of the strategiecs utilized by high school
students in their approaches to scientific data may explain some of
the difficulties students encounter in science courses.

Martarano, S. ''The Development of Form: ! Operational Thought.'" Ph.D.
dissertation thesis, Rutgers State University, New Jevrsey, 1974.

Seggie, J. L. and Endersby, H. '"The Empirical Implications of
Piaget's Concept of Correlation.'" Australian Journal of Psycho-
logy, Vol. 24, 3-8, 1972.

Smedslund, J. '"The Concept of Correlation in Adults." Scandinavian
Journal of Psychology, Vol. 4, 165-173, 1963.
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ANALYSIS OF CLASS INCLUSION RESPONSE JUSTIFICATION TYPES

Jean Sindhikara
Rutgers University
Shrewsbury, New Jersey 07701

Following the repeated investigations of the structural charac--
teristics of those concrete operations described by Jean Piaget,
recent research interest has been directed toward the clarification
of the transition mechanisms which lead to the acquisitions of those
operations. It has been the object of the present investigation to
extend the work of Inhelder, Sinclair and Bovet (Learning and the
Development of Cognition) regarding the transition mechanisms of one

particular operation, that of class inclusion.

The operation of class inclusion is described by Piaget as
occurring as the culmination of the development of classification
skills. The mathematical operation of class inclusion may be
described as the reversible relation A + A' = B where A and A' are
two complementary subclasses of the class B. Class inclusion ability
is measured by having the child compare the size of the class (B) with
the larger subclass (A). For example, given a set of wooden beads
(B) containing brown wooden beads (A) and white wooden beads (A') the
child is asked, "Are there more wooden beads or more brown beads
here?" (A task of this form will be referred to as the standard class
inclusion task.)

Traditionally in American research a correct answer to the stan-
dard class inclusion task has been used as a criterion of operatir~:.al
ability. However, analyses of response justifications of correctly
answered questions show that these justifications can be categorized
into three types, not all of which indicate operational understanding
of class inclusion as measured by a series of additional class inclu-
sion tasks different from the standard class inclusion task.

The three response types are named: (1) all-some in which an
empirical comparison (based on the physical properties of the objects)
of the class with its major subclass is made, (2) addition in which
the additive rclationship of the subclasses to the class of concrete
objects being classified is described, and (3) sets in which the
abstract set of objects within the particular classificatory system
teing discussed is described. These response types appear to be
developmental and to be related to ability on the additional class
inclusion tasks. From this relationsiiip a theoretical model of
development can be described for the transition between pre-opera-
tional and operational understanding of class inclusion.




A STUDY ON PROPORTIONAL REASONING

Sharon D. Brendzel
Rutgers University
Rockaway, New Jersey 07866

According to Piaget, proportional reasoning is one aspect of
formal thought. Since proportional reasoning is an important part
of science and mathematics courses, educational research on propor-
tional reasoning should be of interest to science teachers.

Some current research centers on the way in which proportional
reasoning abilities develop, while other research seexs to under-
stand the specific kinds of problems that make proporticnal reasoning
difficult for students. Still other research examines the factors
that influence proportional reasoning. Karplus, for example, has
developed a proportional reasoning task called "Mr. Tall and Mr.
Short." This task was studied in 1976 by comparing it to another
proportional reasoning task called 'The Recipe." It was nund that
the task called "Mr. Tall" was much more difficult than '".  Recipe"
task and that males did significantly better. Maccoby has reported
that males perform significantly better in another area; i.e., in
visual-spatial relations. Susan Abramowitz has shown that the use
of different ratios influences performance. Wason has shown that
familiarity of content influences performance on tasks of logical
thinking.

In view of these and other related research, my experiment was
designed to test three factors that might influence proportional
reasoning: familiarity of content, number related difficulties,
and spatial content. In addition to determining whether any of
these aspects influenced the performance ability of students, task
scores were compared to student ability scores as measured by the
Differential Aptitude Test (DAT) and the Otis Lennon IQ test. All
tasks were also analyzed to determine whether significant sex differ-
ences existed.

A number of tasks were administered to 330 students in grade
nine at two local high schools. However, the DAT and IQ scores were
available for only one school. The tasks given included two sets
of ratios: the complex ratio (4/6 = 6/X) and the simple ratio
(4/12 = 6/X).

Surprisingly, although there were differences in performance,
none of the differences were statistically significant with respect
to the test factors except for the number related factor. As
expected, the complex ratios had a larger number of failures than
the simple ratio. The scores on the tasks administered do correlate
at a significant level with all scores on the DAT test and with IQ.
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Based upon this research, further investigation of number
ratios is desirable. Additionally, in order to better understand
the factors on which proportional reasoning is based, a test more
discriminating than the DAT must be found because in this sample
all of the subtests of the DAT correlated with each other.
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MATH AND LOGIC SKILLS EXHIBITED BY COLLEGE FRESHMAN
CHEMISTRY STUDENTS

Ronald G. Good
Guy Morin
Florida State University
Tallahassee, Florida 32306

Introduction

A sample of over 1200 college freshman in Chemistry 101 at Florida
State University were tested over a period of two and a half years on
selected math and logic skills. The majority of students in the course
included chemistry and other science majors, pre-med majors, and science
education majors. The instrument used for assessment of the math and
logic skills was a 27-item paper and pencil test that is generally
completed in about 30 minutes by most students.

Questions that we hoped to answer by developing and using such an
instrument with college freshmen taking chemistry were:

1. What logic skills (of the form suggested by Piaget's work)
are functional in such a sample?

2. Are basic math calculations a problem for more than just a
few students in such a sample?

3. What relationship exists between such math and logic skills
and "success" (final grade) in Chemistry 1017

4. What relationship exists between the findings of this study
and Piaget's theory of formal operational thought?

The Study

During the summer and academic year of 1975 to 1976 a 29-item
math-logic instrument was developed and tested with 564 students in
Chemistry 101 at Florida State University. Careful analysis of the
test items, including comparisons of difficulty and discrimination
indexes, led to some revisions and a reduction of the number of
items, to 27. The revised instrument was administered to 371 stu-
dents in Chemistry 10l1. Results were similar on most items and the
overall discrimination of the items wds improved. Two hundred and
seventy-four students were again given the test during the Fall of
1977 with some variation in testing procedures.

Analysis of the data showed that more than half of the students
had difficulty with many of the 17 items on basic math skills and
similar results were obtained on the logic items. Although Piaget's




theory of formal operational thinking seems to suggest that post-
secondary students should be capable of solving simple problems
involving proportions, combinations, chance, correlations, etc.,
this study found that relatively few science-oriented college
students are able to do so.

Although analysis of variance procedures showed significant
differences in the math and logic skills of '"successful' (A or B)
vs '"unsuccessful" (D or F) students in Chemistry 101, regression
analysis pointed up the fact that only a small part of the success
(about 15%) could be attributed to abilities measured by the test.
Among other possible interpretations‘qf this finding is the
suggestion that a significant portion of the course expectations
can be successfully attained by simple memorization and recall.
Although much of the content of college chemistry is formal or
abstract in nature, students who appear to function at a preformal
level can successfully navigate such content if the content is dealt
with in a way that memorization and recall can be used as coping
mechanisms. The extent to which the so-called "learning" is
generalizeable, functional, and lasting is, of course, open to
question.

}?U




INTERACTION OF FORMAL OPERATIONAL CAPABILITY WITH
INSTRUCTIONAL FEEDBACK MODE

F. David Boulanger
University of Illinois at Chicago
Chicago, Illinois 60680

Objectives and Rationale

The objectives of this study were:

l. to determine the effects of two instructional feedback
modes on the ability of children in the eighth grade
to apply proportional reasoning in problem situations,

2. to determine differential aspects of student affective
response to each of the feedback modes,

3. to search for evidence of formal operational capability
X treatment interactions,

4, to perform the study in the naturalistic classroom
environment of junior high school.

The assumed positive value of physical experience, especially contact
with real objects in science and mathematics instruction, has played
a major role in instructional design in recent years. It is often
claimed that such experience is critical in promoting the transition
from concrete to formal operational thinking in the Piagetian model.
Yet, little is known empirically about the effects of various levels
of contact with real objects and how those levels of contact interact
with student capability and form student attitudes.

Methodology and Design

The independent variable in this study was feedback mode in a
problem solving instructional sequence emphasizing proportional
reasoning. The independent variable was set at three levels: verbal-
manipulative, verbal-pictorial, and 2 standard textbook approach
control. Major dependent,variables were application of proportional
reasoning in novel situations and student attitude toward the
instructional materials. Formal operational capability was measured
prior to the treatments in order to search for interactions with
treatments.

The major hypotheses were:
1. that manipulative based feedback would be superior in both

the promotion of proportional reasoning and positive stu-
dent attitudinal response;
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‘ 2. that interaction effects would occur such that students
with low formal reasoning capability experiencing mani-
pulative feedback would achieve higher proportional
reasoning scores and have more positive attitudes toward
the instructional experience than similar students exper-
iencing verbal-pictorial feedback; and that students with
high formal capability would achieve equally well in both
feedback modes.

The experiment was conducted with four intact classes of eighth
grade children in a middle-class suburban school district. To enhance
validity of the results for a naturalistic setting, intact groups were
not disturbed. Two classes received the verbal-manipulative treatment,
one class received the verbal-pictorial treatment, and one class con-
tinued the textbook—1lab treatment of similar content.

Instruments and Data

Student formal operational capability was measured prior to treat-
ment using the Classroom Test of Formal Operations (Lawson, NARST,
1977). Proportional reasoning capability was measured at the end of
the three weeks using a Test to Measure the Proportional Reasoning
of Junior High Pupils (Rudd, NARST, 1977). A locally produced Likert
scale instrument was used to assess student attitude toward the
instructional experience.

Results and Conclusions

At the present time, data analysis is underway. Results with
appropriate statistical analysis, including corrections for possible
inequities in intact groups, will be reported at the Spring meeting.

Lawson, A. E. '"The Development and Validation of a Classroom Test of
Formal Reasoning.'" Paper presented at the NARST Annual Meeting,
Cincinnati, Ohio, 1977.

Ruud, 0. G. "The Cons-ruction of an Instrument to Measure Propor-
tional Reasoning Abilitv of Junior High Pupils." Paper presented
at the NARST Annual Meeting, Cincinnati, Ohio, 1977.
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THE EFFECT OF INTENSIVE INSTRUCTION IN CUE ATTENDANCE
ON SOLVING FORMAL OPERATIONAL TASKS

Emmett L. Wright
University of Maryland
College Park, Maryland 20742

This investigator's experience in evaluating the capability of
pre-service elementary science methods students to function at the
formal operational stage of cognitive development corraborates recently

reported research which indicates that the majority of college students

lack this ability. A generalization can be drawn from discussions with
methods students who were unsuccessful problem solvers: Most think
that the probability of success would have been enhanced if they had
first taken the time to carefully sort out and identify the relevant
details (or variables) embedded in the problem before attempting solu-
tion. Research by Salomon and others indicated that intensive instruc-
tion in cue attendance (defined as prevailing upon a subject to
describe a very difficult level of relevant details potentially useful
in resolving a problem) leads to improved capacity for pre-service
elementary teachers to identify a larger number of relevant details

in future problem solving activities. In addition, these subjects
produced more hypotheses of a higher quality and asked more diverse
questions. This study investigated the effect of intensive instruction
in cue attendance upon the ability of pre-service elementary science
methods to solve, in the Piagetian setting, paper-and-pencil reasoning
tests which require a combination of combinatorial reasoning, control
of variables, and probatilistic and correlational reasoning.

Thirty-four students from two elementary science methods courses
were randomly assigned to two groups. The experimental group exper-
ienced intensive instruction, while the control group was instructed
to procedures for applying the Cloze Reading Test. All subjects were
pre- and post-tested. Both tests consisted of two different sets
(three problems each) selected from previously validated research.

Each problem requires the subject to first respond 'yes," "no," or
“ean't tell," and then explained in writing how he/she arrived at the
answer. The problems were scored 1 if the response was at or below

the concrete level of thought; 2 if the response was transitional
(basically concrete with limited formal characteristics); and 3 if
correct formal recasoning was utilized in problem solution. In addi-
tion to blind scoring, evidence that responses were consistently scored
was provided by applying Kendall's Coefficient of Concordance to ran-
domly selected responses analyzed separately by the investigator and
two other persons. This procedure produced a coefficient value of .86.
Intensive instruction consisted of showing to class groups, as many
times as required, a discrepant cevent filmloop and requiring the sub-
jects to record 75 relevant details.

4.
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ANCOVA was used to compare post-test scores for the two groups,
with pre-test scores utilized as the co-variate. ANCOVA indicated
that intensively instructed subjects were judged to be more effective
in solving the formal operational tasks (p = .05).

This finding provides evidence that training college students to
become more critical observers relates to developing successful solu-
tions to formal thought problems. It is hypothesized that intensive
instruction requires subjects to develop a strategy to systematically
identify variables influencing a phenomenon, a skill lacking in
students operating at the concrete level. Future research, particu-
larly with transitional students, needs to be conducted to further
explore this hypothesized explanation.
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ISSUES RELATED T0 PHYSIOLOGICAL INDICES OF THE LEARNING
PROCESS AND REDEFINITION OF LEARNING THEORY

Marlin L. Languis
Victor Rentel
The Ohio State University
Columbus, Ohio 43210

and

Rosemarie Harter Kraft
University of California
Davis, California

Rationale

Recent advances in theory, research and technology related to
phycho-physiological dimensions of the learning process raise sub-
stantive challenges and issues for educators. The body and brain
are necessarily and meaningfully involved in every learning act.
Moreover, changes in certain physiological processes are accompanied
by changes in parameters of the learning process., The potency of
this observed relationship is substantial.

Measurement of physiological events during performance of school
learning tasks adds relevant data to investigations of the learning
process, thus challenging current levels of inference, assumption
and interpretation in educational research,

In the years ahead it appears probable that planned modifica-
tions of elements of the educational milieu and of physiological
processes in the learner will substantively alter educational out-
comes, Opportunities and issues inherent in such manipulation
should be considered now.

Physiological Indices of the Learning Process

Measurement of variation of hemispheric brain functioning during
learning tasks is accomplished through a cluster of techniques includ-
ing the EEG (frequency analysis and evoked potential), tachistoscopic,
dichotic and dihaptic presentation. These techniques provide
approaches to investigate information processing in- the brain.
Measurement of changes in heart rate and respiration, profusion, and
galvanic skin potential provide approaches to investigate other ele-
ments in the learning process such as attention, stress and lcvels of
consciousness.,




Issues and Concerns Relevant to Science Education

Approaching educational research from this perspective raises
concerns related to interdisciplinary research collaboration, special-
ized skills and competencies and technological sophistication.

Research efforts in psychophysiological dimensions of learning
and learning problems are at an early stage. However, a promising
cluster of concerns of science educators now appear to be approach-
able from a new perspective, thus expanding and defining promising
arenas of investigation in research, theory development, educational
measurement, curricular and instructional innovation, and idiosyn-
cratic qualities of the individual learner. At the same time, issues
related to such areas as mind control are clearly raised.
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Session B-4

CONCURRENT SESSION B

Training Session

o

Selecting and Applying Multiple Comparison Techniques
for Post Hoc Analyses of Data

i
1

Leader: Russell H. Yeany
University of Georgia '

Athens, GA 306902z

Much of the current research in science education involves
multiple-level factors and requires the application of
post-hoc analysis procedures to identify loci of differ-
ences. There are at least six common procedures available
for this purpose. Not all of these are equally powerful,
applicable or appropriate to a given situation. The

purpose of this workshop is to acquaint participants with

a variety of multiple comparison techniques, their strengths
and weaknesses, and the appropriateness of their applica-
tion in a given context.

The activities of the session will include an examination
of techniques such as Planned Orthogonal Contrasts,
Mewman-Keuls, and Dunnett's test. A flow chart for
selecting appropriate procedures will be presented and
participants will interpret results and error terms
associated with each technique.
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Presiding:

CONCURRENT SESSION C
Attitude Studies

Glenn C. Markle
University of Cincinnati
Cincinnati, OH 45221

Attitudes and Knowledge: Results of a Field Test
in Cancer Education for Teachers

Elaine J. Anderson
Pennsylvania State University
University Park, PA 16802

and
G. Boyer
Pennsylvania State University
Hershey, PA 17033

and

E. Miller
Edinboro State College
Edinboro, PA 16412

The Relationship of the Learning Environment to
Student Attitudes Toward Chemistry

Barry L. Manley
Coventry Public Schools
Coventry, RI 02816

The Effects of an Energy-Environment Simulator
Upon Selected Energy-Related Attitudes of Science
Students and In-Service Teachers

David L. Dunlop
University of Pittsburgh
Johnstown, PA 15904
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ATTITUDES AND KNOWLEDGE: RESULTS OF A FIELD TEST IN
CANCER EDUCATION FOR TEACHERS

Elaine J, Anderson | |
G. Boyer, R.N., M.N, |

Penn State University
University Park, Pennsylvania 16802 i
\

and

E. Miller, R.N., M.S.
Edinboro State College, Pennsylvania

Purpose of the Study

The purpose of the program was to provide a specific group,
namely, teachers and school nurses, in several regions of Pennsyl-~
vania with a new credit program, An Introduction to Cancer Education
for School Personnel, through Health Science Education, Penn State
University, Continuing Education. Secondly, the authors were inter-
ested in iadentifying effective models to enhance adult learning in
and attitudes toward cancer education.

Method

A sequence of two full-day Saturday sessions were held in
different regions of Pennsylvania, Inservice teachers and school
nurses (N = 115) enrolled for the workshop and were involved in a
series of educational experiences as stated in the program objectives,

In order to evaluate the program effects on .the participants, a
control group was used (Campbell & Stanley, 1963).

All groups were posttested at the conclusion of the workshop.
The data were analyzed for both cognitive learning and attitudinal
shifts in the area of Cancer Education,

It was also important to evaluate the criterion test reliability.
Based on Kuder-Richardson reliability readings, the 30-item criterion
referenced test was an above average predictor with a reliability of
.67.

Implications

The models used in the study indicated varying effects on over-
all learning and attitude outcomes.



Cognitive

Results of the field test indicated that Group A scored signi-~
ficantly higher on the posttesi than other groups. Group A also
showed significant gain scores from pretest to posttest. Group A
had all learning cues (pretest, objectives, posttest).

Affective

Embedded into the posttest were five attitudinal questions.
Each student responded to the questions on a scale of SA (strongly
agree) to SD (strongly disagree). These questions were analyzed
to evaluate any change of attitude that might have occurred during
the two Saturday sessions. Based on the findings it can be said
that significant shifts occurred among the groups on items 1 and 4.
Group A experienced greater positive attitudinal variance than any
other group. .

Continued research is essential and recommended in the area
of adult learning in science-related topics. Science educators
must continue to lead the way in this endeavor.




THE RELATIONSHIP OF THE LEARNING ENVIRONMENT TO STUDENT
ATTITUDES TOWARDS CHEMISTRY

Barry L. Manley
Boston College
Coventry, Rhode Island 02816

Pilot research conducted with the Student Opinion Survey in
Chemistry indicated that the learning environment was more important
in determining student attitudes towards Chemistry than the type of
chemistry course (Dailey, 1974 and Heikkinen, 1973). Properties of
the learning environment associated with favorable and unfavorable
(or neutral) classroon attitudes towards chemistry had not been
identified. This study examined the problem of the learning environ-
ment as it related to differential affective outcomes and attempted
to answer two specific questions. First, were there overall signifi-
cant differences in the learning environments of classes who scored
high (in the fourth quartile or top 25 percent, strong attitudes
towards chemistry) and low (in the first quartile or bottom 25 percent,
weak or neutral attitudes towards chemistry) on the Student Opinion
Survey in Chemistry. Secondly, what was the exact nature of the differ-
ences in the classroom learning environments for the two groups (Q1 and

Q,)-

The sample investigated consisted of 80 Interdisciplinary Approaches
to Chemistry (IAC) classes selected from a population of IAC classes in
the New England area. Two instruments were used to provide data for the
study. The Student Opinion Survey in Chemistry (SOSC), a 20-statement
Likert-type scale measured student attitude towards chemistry, and a
modified version of the Learning Environment Inventory (LEI), an instru-
ment that measured ". . . the student's perceptions of a wide range of
instructional and social cues relevant to his own learning," Walberg
and Anderson (1972, p. 381). Both instruments were given to the members
of the experimental classrooms early in February, 1976. A two-group
discriminant analysis was used to test for overall significant differ-
ences in the learning environments of the IAC classes scoring in the
first and fourth quartiles on the SOSC. Univariate F statistics were
used to examine specific differences between the learning environments
of the two groups. The class mean on the SOSC and the LEI was used as
the unit of analysis,

The Chi square computed for the multivariate analysis was signifi-
cant and indicated that the overall learning environments (considering
all ten LEI scales concurrently) for the two groups (Q, and Q,) were
significantly different, Several important and significant differences
were found in the learning environments of students scoring in the
first as opposed to the fourth quartile on the SOSC. Students who had
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the most positive attitudes towards chemistry viewed their classes
as being significantly less difficult, having a significantly slower
rate of progress, a significantly better physical environment, being
significantly more goal-directed, and having significantly less
favoritism. Finally, the results suggested that the learning
environment influenced affective responses and that the teachers'
behavior in interpreting the curriculum was considerably more
important in determining student attitudes than the IAC curriculum
materials themselves,

Dailey, Sally (ed.). IAC Newsletter, 2, 1974, p. 4.

Heikkinen, Henry. Attitude Assessment in IAC. Paper presented to
the NSIA Regional Convention, Noirfolk, Virginia, November 1973.
(Mimeograph.) .

. "A Study of Factors Influencing Student Attitudes
Towards Chemistry." Unpublished doctoral thesis. University
of Maryland, 1973.

Walberg, Herbert J. and Gary J. Anderson. "Properties of the
Achieving Urban Classes." Journal of Educational Psychology,
1972, pp. 381-385.




THE EFFECTS OF AN ENERGY - ENVIRONMENT SIMULATOR UPON
SELECTED ENERGY RELATED ATTITUDES OF SCIENCE
STUDENTS AND IN-SERVICE TEACHERS

David L. Dunlop
The University of Pittsburgh
Johnstown, Pennsylvania 15904

During the past several years there has been an increased interest
in energy-related topics. This interest is apparent in both the profes-
sional journals and in the popular news media. Many science teachers
are including energy-related lessons in their curriculum, and the
Department of Energy is allocating significant sums of money to help
increase the public's awareness of energy-related topics, problems, and
possible alternatives available to the consumer.

The purpose of this study was to investigate the energy-related
attitudes of several different groups of science students and science
teachers both before and after working with an energy-environment simu-
lator for approximately one hour. The simulator used in this study was
a portable, analogue computer designed to increase the student's under-
standing of the relationships which exist among several different
variables relating to energy demands and the effect that these demands
have upon the resources and the environment.

Several groups of science students and in-service teachers were
administered a short Likert-type questionnaire designed to test their
attitude toward energy-related problems. The students were then exposed
to a brief lecture/demonstration which utilized the "time machine' to
focus upon variables such as the world's energy resources, the demands
placed upon these resources by the various countries, and the environ-
mental impact of these demands. The class was then subdivided into six
groups and each group was given a lap board containing 22 control knobs
which permittea student interaction with the computer. The students
were then instructed to make what they felt would be appropriate deci-
sions relating to energy use and production. The computer was then
activated and several variables such as population growth, personal
energy use, and the distribution of natural resources began to interact
based upon the decisions made by the students. A digital counter indi-
cated ,the number of elapsed years, the lights and buzzers served as
monitors of the available resources. The simulation terminated when
the non-renewable fossil fuels were depleted, and the number of elapsed
years indicated the degree to which the class was successful ia "running
the world."

The results of this study suggested that the energy-environmental
simulator was responsible, at least in part, for attitudinal changes in
several different groups of science students and in-service teachers.

One significant aspect of this study was to demonstrate the value of
using this type of simulator in helping to crecate an academic environment
conducive to the study and discussior of energy-related topics and problems.
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CONCURRENT SESSION C

General Research

Lynn W. Glass
Iowa State University
Ames, IA 50011

Scientific Concept Learning in Children Subsequent
to A-T Instruction: The Effect of Prior Knowledge
on Resulting Cognitive Structure

Leon A. Pines -
University of Maine
Farmington, ME 04938

The Effect of Field-Dependence-Independence and
Instructional Sequence on the Achievement of High
School Biology Students

Claudia B. Douglass
Central Michigan University
Mt. Pleasant, MI 48858

The Learning Environment: Where You Learn Affects
What You Leamn

John H. Falk
Chesapeake Bay Center for Environmental
Studies
Edgewater, MD 21037
and
John D. Balling
Chesapeake Bay Center for Environmental
Studies
Edgewater, MD 21037
and
W. Wade Martin
Catholic University of America
Washingtoa, DC 20024
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SCIENTIFIC CONCEPT LEARNING IN CHILDREN SUBSEQUENT
TO A-T INSTRUCTION: THE EFFECT OF PRIOR KNOW-
LEDGE ON RESULTING COGNITIVE STRUCTURE

A. Leon Pines
University of Maine
Farmington, Maine 04938

This study was carried out within the general framework of Joseph
D. Novak's A-TESP (Audio-Tutorial Elementary Science Project). The
Project teaches scientific concepts to elementary school children and
investigates the acquisition of these concepts by the children (Novak
1977; Pines 1977). The theoretical frameworks of the A-TESP are those
propounded by David P. Ausubel (1968) and Mauritz Johnson, Jr. (1967,
1977).

Ausubel's focus is on concept and propositional learning. Accord-
ing tb him, the most important single factor affecting meaningful learn-
ing is what the learner al gady knows. Consequently, teaching should
be directed at the individuai learner subsequent to ascertaining what

s/he already knows.

The purpose of this invesﬁigation was to examine the effect of
relevant existing prior knowledge on resulting cognitive structure,
subsequent to planned science idgtruction. Cognitive structure was

defined as the individual's conc ptual organization of subject matter.
\

Relevant existing cognitive structure was ascertained prior and
subsequent to instruction using a modified Piagetian clinical inter-
view (MPCI) (Pines 1978a). The subjects were 126 first-grade children
in the Ithaca, New York School Distrlict. The instruction consisted of
24 Level I lessons. One pre- and three post-instructional interviews
were administered.

All of the intervi.ws were taped on audio-cassettes and trans-
cribed verbatim. A conceptual propositional analysis (CPA) was then
employed to compare interviews (Pines 1978a). The transcripts were
transformed into propositional format and the relevant propositions
(i.e., those related to the concepts under investigation) were separ-
ated from the irrelecvant ones. The relevant propositions and episodes
(groups of related propositions) from different interviews were then
compared.

Clear evidence was found to substantiate the hypothesis that an
important relationship exists between prior knowledge and resulting
cognitive structure subsequent to instruction; and thus that relevant
existing cognitive structure is an important variable effecting learning.




The most compelling evidence for this claim was found 1in.the diver-
gence of initially different cognitive structures subsequent to an
identical instructional sequence—instead of the otherwise expected
convergence. Convergence was evident only at a very superficial

or surface level.

The observed changes in cognitive structure were consistent
with Ausubel's theory of meaningful learning. Relevant subsumers
in cognitive structure facilitated the learning of new material,
whereas misconceptions, if not adequately clarified, tended to
inhibit learning (Pines 1978b).

The MPCI, together with a CPA, were found to be useful in assess-
ing and comparing cognitive structures., Single propositions could be
categorized, using different category sygtems; but the total interview
of any single child displayed responses which fell into numerous
categories no matter which system was used (Pines 1978c),

From a curricular and instructional point of view, the most
important finding was that no single curriculum, or inflexible
sequence of lessons, can be adequate for a variety of idiosyncratic
cognitive structures in first grade students.‘\~J/

Some recommendations include investigation of the preschool
environment, the future follow-up of the children investigated in
this study, certain necessary revisions in the A-TESP, and the
development of finer methodological tools for the collection and
analysis of data.
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THE EFFECT OF FIELD-DEPENDENCE-INDEPENDENCE AND INSTRUC-
TIONAL SEQUENCE ON THE ACHIEVEMENT OF HIGH SCHOOL
BIOLOGY STUDENTS

Claudia B. Douglass
Central Michigaa University
Mt. Pleasant, Michigan 48858

The primary purpose of this research was to identify a possible
interaction between the cognitive style of the students and the
instructional sequence of the materials and their combined effect on
achievement.

The students were ranked and classified as field-dependent or
field-independent on the basis of their performance on the Group
Embedded Figures Test. The students were then assigned randomly
to one of the following three groups: 1) an experimental group
pursuing a deductively-sequenced package of instruction on classical
genetics and probability, 2) an experimental group pursuing an
inductively-sequenced package of instruction on classical genetics
and probability, or 3) a control group pursuing three related units
on cell division and chromosomal abnormalities. A measure of general
intelligence was obtained for all students, and all students were pre-
tested over the treatment material. The instructional material for
all students was of an audio-tutorial, self-paced, mastery format.

A comprehensive posttest measured achievement. This pretest—posttest
control group design was conducted in the biology classes of six mid-
western high schools. All students were in their first semester of
high school biology.

The two levels of cognitive style (field-dependence and field-
independence) and the three levels of instructional materials
(deductive, inductive, and control) were combined fictorially in
a 2 x 3 design. Descriptive statistics and correlation coefficients
were calculated to provide an overview of the data, Two-way analyses
of variance and covariance were performed to investigate all~possible
main effects and interactions. A stepwise .ultiple regression was
performed to determine the predictive powers of IQ and field-
dependence-independence on the dependent measure of genetics and
probability achievement,

The major conclusions of the study were the following:

1. the individual difference variable of field-dependence-
independence had a significant effect upon the criterion
measures of posttest score and gain score when the con-
fuunding variable of general intelligence was ignored;




when the effect of general intellfc¢ence was removed by
analysis of covariance, the main effect of cognitive
style on posttest and gain scores was nonsignificant;

the main effect of instructional sequence had a non-
significant effect upon the level of achievement of
the students;

cognitive style and instructional sequence interacted in
such a way that the field-independent subjects exper-
ienced a higher level of achievement with an inductively-
sequenced set of materials and the field-dependent sub-
jects experienced a higher level of success with a
deductively-sequenced set of materials;

field-independent students achieved a higher level of
achievement in genetics and probability than field-
dependent students regardless of the instructional
materials used; and

general intelligence accounted for a significant propor-

tion of the posttest achievement and cogritive style
added little to the prediction equation,
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THE LEARNING ENVIRONMENT: WHERE YOU LEARN AFFECTS WHAT
YOU LEARN

John H. Falk

John D, Balling
Smithsonian Institution
Edgewater, Maryland 21037

and

W. Wade Martin
The Catholic University of America
Washington, D.C. 20024

Field trips to parks, school camps, nature centers, and other
outdoor enrichment settings are a standard, highly encouraged, science
education practice in American education. To date, nearly all attempts
to justify this practice have rested on anecdotal plaudits. However,
a study by the present authors (Journal of Research in Science Teach-
ing, in press) demonstrated that students unfamiliar with the setting
for an outdoor field trip failed to show task-rolated conceptual
learning after a structured environmental science activity, while
children familiar with this type of setting showed significant concep-
tual gains. Both familiar and unfamiliar groups showed similar and
significant increases in knowledge of th: general setting. This study
suggested that the relative novelty of the environment was a critical
variable in determining the response of learners to structured learn-
ing demands,

The present investigation extends this prior work to provide a
more detailed understanding of the interaction of environmental novelty
and task learning. A repeated-measures design was employed in which
each subject was tested in both a novel and a familiar setting. Acqui-
sition of both task-relevant concepts and knowledge of the general
setting was assessed on the same subjects using a pre-test/post-test
design in each of two different environmental conditions—a familiar
setting in their home communities and the setting at the Chesapeake
Bay Center for Environmental Studies. In order to gain additional
insight into the effects of environmental novelty on children, obser-
vational data of the subjects' non-verbal behaviors during the activity
were collected. It was hypothesized that novelty would produce certain
behaviors, such as tenseness or exploration, that should be related to
the learning of a structured task. Subjects were 63 ten- to twelve-
year olds enrolled in a summer ecology program run by the Smithsonian
Institution. Subjects were further distinguished as either "Novices'
who had never participated in the program before and thus were totally
unfamiliar with the setting at the Chesapeake Bay Center, or "Repeaters"
who had participated in the program one or more previous summers and
had had an opportunity to visit and explore the Chesapeake Bay Center.
On the first day of the study, the subjects did 4 terrestrial ccology
activity in their home communities. On the second dav, the same sub-
jects did a matched terrestrial ecology activity at the Chesapeake
Bay Center.

Exy




|
| o

ERIC

Aruitoxt provided by Eic:

Novices showed significant conceptual learning in their home
community environment, but failed to make significant learning
gains in the novel setting of the Chesapcake Bay Center. By con-
trast, the Repeaters demonstrated significant learning in both
their home community environment and the Chesapeake Bay Center
setting. The observational data also revealed significant differ-
ences between the behavior of the Novices and the Repeaters at the
Chesapeake Bay Center.

Thus, two separate studies, using different methodologies, have
shown that the relative novelty of the surrounding environment
affects the behavior of children and their learning of a structured
science activity. The evidence suggests that environmental novelty
must be considered when designing out-of~classroom activities or
structuring field trip experiences.
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A COMPARISON OF THE EFFECTS OF ADVANCE ORGANIZERS AND/OR
BEHAVIORAL OBJECTIVES ON THE ACHIEVEMENT OF
DISADVANTAGED BIOLOGY STUDENTS

Jane Butler Kahle
Purdge University
West Lafayette, Indiana 47907

The purpose of this research was to continue efforts to establish
the most appropriate type of learning materials for disadvantaged,
minority students in large urban high schools. Prior werk had identi-
fied the most effective format (modified audio-tutorial) and system
(audio-tutorial) for this population (Kahle, et al, 1976a and Kahle,
et al, 1974). In addition, research had shown these students to be
overwhelmingly field dependent in their cognitive style and at or below
the concrete stage of intellectual development (Douglass, 1976 and
Nordland, et al, 1974). Furthermore, there had been indications of
increased achievement when learning materials were deductively sequenced
and introduced with advance organizers (Kahle and Rastovac, 1976 and
Douglass and Kahle, 1977).

The study was designed to assess the effectiveness of advance
organizers and behavioral objectives on the achievement of disadvan-
taged students. For the study two experimental groups were utilized,
treatment and control. Equivalency of the groups was established by
t-tests comparing their performances on the SCAT verbal and quantita-
tive tests and on a pre-test over the instructional materials. 1In
addition, biographical information was collected on the subjects.

A series of three audio-tutorial units in genetics covering topics
in mitosis, meiosis, and chromosomal abnormalities composed the instruc-
tional materials. During the course of the six-week experimental
period, all subjects received audio tapes, study guides, visual aides,
and tests which had been established as appropriate for these learners
and as equivalent in content and difficulty by a group of science edu-
cators. The learning materials for both the control and the treatment
groups were identical except for the different introductions given to
the treatment and to the control group. For each unit, the historical
review and the treatment materials (advance organizer, behavioral
objectives, or both) were approximately equal in length and in diffi-
culty. The reviews and treatments were presented by audio tapes as
well as appearing in the study guide. Achievement was measured b
formative unit tests, a summative final test, and a summative retention
test. All measures were validated and reliabilities were established.

The results indicated a significant difference in achievement in
favor of the treatment group when an advance organizer was utilized
in the meiosis unit (t = -1.99, df = 1/90, p <.05) and wiien both an

0.
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organizer and behavioral objectives were introduced prior to the
chromosome abnormalities unit (t = -1.58, df = 1/104, p<.1). How-
ever, the use of behavioral objectives alone (mitosis unit) did not
produce significant differences in learning, In addition, the
treatment group achieved significantly better on the retention
test, administered three weeks after the study (t = -2.22, df =
1/71, p<.05). On the basis of these findings, then, the use of

an advance organizer prior to an individualized instructional
sequence in a self-paced, audio-tutorial learning format was accom-
panied by gains in achievement and in retention by disadvantaged
students. The organizer functioned with these students, previously
characterized as concrete operational and as field dependent, to
provide the missing conceptual framework for new facts and ideas
and to build cognitive bridges between isolated factual information
in order to increase meaningful learning and thereby achievement as
measured by summative tests.

Douglass, C. B. "The Effects of Instructional Sequence and Cognitlve
Style on the Achievement of High School Biology Students.'
Unpublished doctoral thesis, Purdue University, 1976.

Douglass, C. G. and J. B. Kahle. '"The Effect of Differentially
Sequenced Individuaiized Instructional Materials on Student

Achievement in Biology." Journal of Research in Science Teach-
ing, 14(4): 335-340, 1977.

Kahle, J. B. and*F. H. Nordland with H. Charles and M. Sims. '"An
Alternative Education Experience." The Science Teacher, 41(9):
44-49, 1974,

Kahle, J. ﬂi; F. H. Nordland; and C. B. Douglass. '"An Analysis of
An Alternative Instructional Model for Disadvantaged Students."
Science Education, 60(2): 247-245, 1976a.

Kahle, J. B. and J. J. Rastovac. 'The Effect of A Series of Advanced
Organizers in Increasing Meaningful Learning." Science Educa-
tion, 60(3): 363-373, 1976.

Nordland, F. H.; A. E. Lawson; and J. B. Kahie, "A Study of Levels
of Concrete and Formal Reasoning Ability in Disadvantaged Junior

and Senior High School Students." Science Education, 58(4):
569-576, 1974,
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THE EFFLCTS OF ADVANCE ORGANIZERS AND BEHAVIORAL OBJECTIVES
CN THE FACILITATION OF LEAPNING AND RETENTION OF A
BIOLOGY UNIT @

Samuel P. Varano
Shamokin Area School District
Shamokin, Pennsylvania 17872

and

Dr. H. Seymour Fowler
Pennsylvania State University
University Park, Pennsylvania 16802

The purpose of this study was to investigate the effectiveness of
advance organizers and behavioral objectives on the facilitation of
learning and retention of a tenth grade biology unit when the entering
behaviors, mental ability and prior knowledge were considered.

The subjects for this investigation were 103 tenth grade students
enrolled in four classes of BSCS Yellow Version Biology. The ingtruc-
tional treatments were randomly assigned to each subject prior to
instruction.

\

One week prior to receiving the instructional treatment an inves-
tigator-constructed prior knowledge test was administered to each
student to determine his familiarity with the new instructional
material. Mental ability (I.Q.) scores from seventh grade testing
using the California Test of Mental Maturity were obtained. Scores
from these two tests were used to partition the students into high
and low groups to analyze for any interaction between the treatments
and the entering behaviors.

The four treatments utilized in this investigation were (1) an
advance organizer, (2) behavioral objectives, (3) an advance organizer
and behavioral objectives, and (4) a historical passage. The histori-
cal passage was utilized as a placebo for the control group. The Ss
were instructed to carefully read the instructional treatment for ten
minutes at the beginning of the first two instructional periods.

After a two-week period of instruction, in which Chapter 29 from
the BSCS Yellow Version Biology (1968) was utilized as the instruc-
tional material, a 35-item multiple-choice immediate learning test was
administered. Loug-term retention was determined by usc of the same
35-item test eight wecks later. The prior knowledge test and both
post-criterion tests were constructed from resource books developed
by the Biclogical Sciences Curriculum Study.

The experimental data collected were analyzed for significant
differences tetween the mean scores of the four treatments and also
for interaction between che entering behaviors, prior knowledre and
mental ability, using an analysis of variance technique. A correla-
tional analysis was conducted for the variables I.Q., prior knowledge,
immediate learning, and long-term retention.

64
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No significant differences were observed at the ,05 level of
confidence between the four instructional treatments on immediate
learning or long-term retention, This indicated that the four
instructional treatments were similarly effective in facilitating
learning and retention.

Significant differences were observed at the .05 level between
the mean scores of the high and low I.Q. and prior knowledge groups
in favor of the high group on the immediate learning and long-term
retention tests, However, no significant interaction was reported
between the two entering behaviors (I.,Q., and prior knowledge) and
the four instructional treatments as measured by the same post-
criterion tests.

The entering behaviors, prior knowledge and mental ability (I.Q.)
were identified as factors that could be utilized to indicate the
learners potential for integrating new meaningful material into their
cognitive structure. Repeated measures ANOVA indicated that achieve-
ment was significantly (p = .05) enhanced when the immediate learning
and long-term retention mean scores were compared.
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CONCURRENT SESSION D

Session D-1 Paper Set: Preservice Teacher Education

Presiding: Hans 0. Andersen
Indiana University
Bloomington, IN 47401

A Systems Approach to Elementary Science Curriculum
Improvement

Hans 0. Andersen

A. W, Strickland

Indiana University

Bloomington, IN 47401
Examining the Differential Effects of Three Informa-
tion Processing Models on Students' Performance in
Classifying Vertebrates

Judith Ann Eggins

A. W. Strickland
Margaret M. Clark
Indiana University
Bloomington, IN 47401

An Examination of Spatial Performance by Pre-Service
Elementary School Teachers

Dan R. Jones

A. W. Strickland
Indiana University
Bloomington, IN 47401

An Analysis of the Ecological Attitudes and Knowledge
of Pre-Service Elementary Teachers by Personality Types

Munawar A. Anees

A. W. ©.rickland

John A. Staver

Indiana University
Bloomington, IN 47401
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Dimensions of Grouped and Individual Performance
Using Computer Assisted Instruction in Elementary
Science Methods ’

A. W, Strickland
Indiana University
Bloomington, IN 47401

Analysis of Student Performance in Elementary
Science Methods: Examining Personality Type
Characteristics and Testing Format

Margaret M. Clark

A. W. Strickland
Indiana University
Bloomington, IN 47401




A SYSTEMS APPROACH TO ELEMENTARY SCIENCE CURRICULUM IMPROVEMENT

Hans 0. Andersen

A. W. Strickland

Indiana University
Bloomington, Indiana 47401

The goal of this study was to investigate the vistas of technology,
siphoning those which appeared to be useful in the "ARC" model of the
elementary science rethods course. The task involved two phases. Phase
one included identification of methods, machines, media and environments
which augment the activity, research and competency components of the
model. An analysis of these selections is discussed in *his paper.

Phase two involved possible future directions for the "ARC" model
and how to best meet the needs of the elementary teacher population.
A NSF Planning Grant was developed from this exploration which hcs
envisioned the integration of science courses (Arts and Sciences) and
elementary science methods instruction (Education). This plan offers
the possibility of making science a more relevant subject to elementary
teachers and could have an impact on the quantity and quality of science
being taught in elementary schools tomorrow.

by




EXAMINING THE DIFFERENTIAL EFFECTS OF THREE INFORMATION
PROCESSING MODELS ON STUDENTS' PERFORMANCE IN
CLASSIFYING VERTEBRATES

Judith Ann Eggins
A. W. Strickland
Margaret Clark
Indiana University
Bloomington, Indiana 47401

A previously mentioned goal of the "ARC" elementary science methods
model is to design instructional treatments which focus on the various
aptitudes of the learners. The goal for this study was to examine the
effect of three information processing models on students of different
personality types in their performance of classifying vertebrates.

The information processing models selected for this study were
those of Ausubel, bruner and Gagne. The personality types were defined
by the Myers-Briggs Type Indicator (MBTI). One hundred and fifty
students were randomly selected and assigned to one of five treatment
groups. Subjects were administered the MBTI and a pretest prior to
commencement of the vertebrate classification treatments. Posttest
measures were designed to assess vertebrate classification performance.

Initially the results were analyzed to examine the relative effec~
tiveness of each information processing model in aiding vertebrate
classification performance. Further investigation used the MBTI results
with an Aptitude Treatment Interaction (ATI) model, to investigate
whether personality types, as defined by the MBTI, reacted more favor-
ably with particular information processing models. Implications for
further research in information processing models and individualized
instruction are discussed.
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AN EXAMINATION OF SPATIAL PERFORMANCE BY PRE-SERVICE ELEMENTARY
SCHOOL TEACHERS

Dan R. Jones
A. W. Strickland
Indiana University
Bloomington, Indiana 47401

The purpose of this study was to assess the effect of dimensional
instruction on spatial performance of students enrolled in elementary
science methods at Indiana University. Specifically, the dimensional
instruction invelved audio-tape presentation of pictoral material
focusing on perspective views of three-dimensional objects.

Sixty students were randomly selected and assigned to treatment
groups, one group receiving the audio-tape instruction, the other was
a placebo control group. A posttest control group design was utilized
with thirty students assigned to each group,

The results indicated that the dimensional instruction was signi-
ficant in proving spatial training. In addition, the results indicate
that further examination of spatial aptitudes among pre-service elemen-
tary teachers is needed and could provide insights into teacher train-
ing techniques.

r
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AN ANALYSIS OF THE ECOLOGICAL ATTITUDES AND KNOWLEDGE OF
PRE-SERVICE ELEMENTARY TEACHERS BY PERSONALITY TYPES

Munawar Ahmed Anees
A. W. Strickland
John R. Staver
Indiana University
Bloomington, Indiana 47401

The purpose of this study was to examine the aptitudes and person-
ality patterns of the elementary pre-service teacher population at
Indiana University. Specifically, the affect, actual commitment,
verbal commitment, aad knowledge as defined by Maloney's (1975) Ecolog-
ical Attitudes and Knowledge test, and the personality patterns as
defined by the Myers-Briggs Type Indicator (MBTI) were assessed for
one hundred and ninety-six pre-service elementary teachers enrolled
in an elementary science methods course. Findings of the Ecological
Attitudes and Knowledge test were compared with earlier results for
Indiana pre-service and in-service elementary teachers. Significant
differences in personality patterns as defined by the MBTI were also
found. Results of the MBTI and Ecological Attitudes and Knowledge
test were correlated, and implications of all findings are discussed
with respect to existing aptitudes and personality patterns of pre-
service elementary teachers, and the design of instructional activities
which focus on certain aptitudes and personality traits.
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DIMENSIONS OF GROUPED AND INDIVIDUAL PERFORMANCE USING COMPUTER
ASSISTED INSTRUCTION 1N ELEMENTARY SCIENCE METHODS

A, W, Strickland
Indiana University
Bloomington, Indiana 47401

This paper, and succeeding papers within this paper set, report the
preliminary results of various experimental studies conducted in the "ARC"
(Activity, Research and Competency) model of the elementary scienc: methods
course at Indiana University, Bloomington. The "ARC" model was developed
. to provide a more complete program for elementary pre-service teachers.
The goals of this model are to: (1) encourage more science teaching in
the elementary classroom, (2) identify various aptitude and personality
parameters of the elementary pre-service teacher population, (3) design
instructional treatments which focus on many of these aptitudes, and
(4) explore the vistas of technology, siphoning those which appear peda-
gogically sound.

The purpose of this study was to investigate the relationship between
individuals and groups (three students) receiving metric instruction via .
the PLATO-IV computer, and secondly, to examine metric performance using
an Aptitude Treatment Interaction (ATI) model in which the differential
effects of impulsivity, reflectivity and personality were surveyed in
relation to grouped and non-grouped students. It was expected that
treatment conditions (grouped/non-grouped) would influence the metric
performance of the elementary pre-service teachers. Furthermore, it was
anticipated that learner characteristics would interact significantly
with treatment conditions,

One hundred and ninety-six subjects were randomly assigned to one
of four treatment groups. Subjects were administered aptitude tests
representing impulsivity-repulsivity, the Myers-Briggs Type Indicator
(MBTI) and the pretest prior to the treatments via the PLATO-IV computer.

The results indicated that students in groups performed signifi-
cantly better than the individuals or the control groups. Secondly, an
interaction was apparent between impulsivity-reflectivity in various
student groupings. In addition, latency and error scores interacted
with posttest performance. Thirdly, students having certain personality
ty» < performed significantly better than others via the PLATO-IV com-
pu. ~ method of instruction.

‘he results of this study provide evidence concerning the relative
contribution of grouping in instructional computer usage., The cost
efficiency and the learning implications have potential for future
instructional computer research, and the data examined with respect
to ATI may prove valuable in performing related investigations.

[
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ANALYSIS OF STUDENT PERFORMANCE IN ELEMENTARY SCIENCE METHODS:
EXAMINING PERSONALITY TYPE CHARACTERISTICS AND TESTING FORMAT

Margaret M. Clark
A.W. Strickland
Indiana University
Bloomington, Indiana 47401

One goal of the "ARC" elementary science methods model, as stated
in the introduczory paper, is to examine various personality para-
meters which could effect performance. The research reported is
focused upon the relationships among selected personality characteris-
tics and success with the preference for differing test formats.

One hundred and ninety-six students in elementary science methods
were administered the Myers-Briggs Type Indicator (MBTI) prior to
receiving any tests. Performance measures consisted of three test
formats: multiple choice, short answer/essay, and multiple choice
administered on the PLATO-IV computer. For one examination, each
student was evaluated by use of one of the three test formats, as
they preferred.

. Interactions between personality type characteristics as defined
by the MBTI and scores on all four tests, and between personality
characteristics and test format preference were analyzed. Implica-
tions concerning why certain students outperform their peers on
certain evaluation formats are discussed, and a rationale for provid-
ing students with options in evaluation formats is constructed.
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Session D-2

Presiding:

CONCURRENT SESSION D

Roundtables

Douglas Huegel

Dalhousie University
Halifax, Nova Scotia, Canada
B3H 3J5

The Effect of Cue Specificity on Learning of
Material in Graphs

Sandra Kirk S
University of North Florida
Jacksonville, FL 32216
and
Donald Kauchak
University of Utah
Salt Lake City, UT 84112
and
Paul Eggen
University of North Florida
Jacksonville, FL 32216

The Comparative Effects of Kinetic Structure on
Knowledge Acquisition and Affective Response:
An Experimental Investigation of Two Biology
Sound Motion Picture Films

Ellen S. Simmons
Teachers College
New York, NY 10035

Applications of Pattern Analysis (Macroanalysis)
in Classroom Interaction Research

James A. Shymansky
University of Iowa
Jowa City, LA 52242
and ‘
John E. Pennick
University of Iowa
Iowa City, TA 52242
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THE EFFECT OF CUE SPECIFICITY ON LEARNING OF MATERIAL
IN GRAPHS

Sandra Kirk

Paul Eggen
University of North Florida
Jacksonville, ¥lorida 32216

and

Donald Kauchak
University of Utah
Salt Lake City, Utah

Objectives and Rationale

The objective of the study was to compare the effects of different

types of written mathemagenic cues on the acquisition of information
from graphs.

Graphs are often used as supplements in science texts but studies
have shown that they often add little %o undevstanding (Vernon, 1946:
Vernon, 1950) or may even be deleterious (Vernon, 1951). Further
research has shown that supplementary questions and objectives can act
as aids in learning from prose material (Rothkopf, 1970; Frase, 1970;
Duchastel and Merrill, 1973; Faw and Waller, 1976). The effectiveness
of the cues was attributed to their ability to induce scanning or
searching behaviors in the reader. One study (Kauchak, et al., 1976)
found that questions can also increase knowledge-level, recall-type
learning from graphs. Kauchak, et al., found that specific cues

enhanced the acquisition of specific information but produced little
general scanning of the graphs,

The present study extends the earlier investigation to determine
if cues in the € m of generalizations can ptoduce searching btehaviors
in readers studying graphs.

Methodology and Design

One hundred fifty-six st:’ents were randomly assigned to four
experimental treatments. Each group was given parkets describing
the results of three, two-week experiments on rlant growth reported
in the form of bar graphs. The Overall Cue group read a written cue ‘
in the form of a broad generalization relating to both weeks of the
experiment; the General Cue group read a cue in the form of a general-
ization about the final week of the experiment; the Specific Cue group
read a cue in the form of a specific factual question about tha
results, and the Control group read a placebo. Each group was given
the same amount of time to study the materials and were tested imme-~
diately after studying cach graph.
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Instruments and Data

A posttest consisting of 16 items in two subtests was used to
measure students' acquisition of information, Recall items measured
students' ability to remember information directly related to each
type of cue and Incidental items measured the acquisition of infor:
mation resulting from searching or scanning the graphs. The Kuder—:
Richardson 21 reliability for the postctest was .94, The data from
reach subtest as well as total scores were analyzed using analysis
‘of variance and appropriate follow-up procedures.

Results and Conclusions

The results showed that for Total Scores the Specific Cue and
General Cue groups scored significantly higher than the Control Group
(p <.0001). For recall of specific informatien the Specific Cue group
scored higher than all other groups (p <.00l). On the Incidental sub-
test the General Cue group scored higher than the Control group
(p <.05).

The results of the Recall subtest are consistent with earlier
research on learning from graphs (Kauchak, et<al,, 1976) in that the
specific cue enhanced the acquisition of specific information but did
not produce general searching. However; the General Cue did induce
general searching behavior as evidenced by the Incidental subtest
results., The study showed that the type of cue does affect the search-
ing behavior of students. The reason for the failure of the Qverall
Cue to induce searching behaviors is unclear, but perhaps the cue may
have been too broad to allow the learner to relate it to the specific
information in the graphs.

Further studies are needed to clarify this area.

Duchastel P. and Merrill P. "The Effects of Behavioral Objectives on
Learning: A Review of Empirical Studies.' Review of Educational
Research, 1973, 43, 53-69.

Faw, W. and Waller, T. '"Mathemagenic Behaviors.' Review of Educational
Research, 1976, 46.

Frase, I,. "Boundary Conditions for Mathemapenic Behaviors.' Review of
Educational Rescarch, 1970, 40, 33/-347.

Kauchak, D.; Eggen, P.; and Kirk, S. 'The ILffects of Written Cues on
Learning from Graphical Material.' Paper presented at anntal con-
vention of the National Association for Research in Science Teach-
ing, 1976, San Francisco.
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Rothkopi, E. "The Concept of Mathemagenic Activities."

TLducational Research, 1978, 40, 325-336.
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Vernon, M. "Learning from Graphical Material.' British Journal of

Psychology, 1946, 40, 145-157.

. The Visual Presentation of Factual Data." British
Journal of Fducational Psychology, 1950, 40, 1974-185.

. "Learning and Understanding.' Quarterly Journal of
Experimental Psychology, 1951, 3, 1 and 33.
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THE COMPARATIVE EFFECTS OF KINETIC STRUCTURE ON KNOWLEDGE
ACQUISITION AND AFFECTIVE RESPONSE: AN EXPERIMENTAL
INVESTICATION OF TWO BIOLOGY SOUND MOTION PICTURE FILMS

Ellen S. Simmons
Teachers College
New York, New York 10035

Selecting a good sound motion picture film from a catalogue can
be an onerous task for teachers even when a description, grade level,
and running time are specified. This is especially true for science
teachers because the supply of available films is increasing at a
prodigious rate. Today, with the increasing number of innovative
curricula in educational institutions, students are often selecting
films for themselves from their film library. Which one will be best
understood? This is a crucial question for students, educators, and
film producers. A possible solution would employ Anderson's theory
of kinetic struature and techniques to quantify the degree to which
information is communicated. If film producers utilized Anderson's
quantitative measures, teachers and students could be invaluably
assisted in selecting films that will be understood and enjoyed to
the maximum extent possible.

This study was an experimental investigation of the effects of
variations in structure on knowledge acquisition and effective response
after viewing two films. Two films on the topics of Segmentation and

Parasitism were rewritten ro yie d a high structure and a low structure

version. The content of the high structure version was identical to
that of the low structure version and only the organization was changed.
There were two experimental groups drawn from biclogy classes in an
urban high school. Each group contained 35 subjects who were randomly
selected. Fach subject experienced the two films: one with low struc-—
ture 2nd the other with high structure, thus providing a counter-
balanced design.

The independent variable in this research was communication struc-
ture, and the dependent variables were knowledge acquisition and
affective response. According to Anderson'sikinetic structure theory,
a communication having high structure will facilitate greater knowledge
acquisition and produce a more positive affective response than a pre-
sentation having low structure.

In the experimental treatment, the subjects viewed a film and were
immediately tested using the following measures:

1. Free recall test of krowledge,

2. Affective test to assess student reaction to the film
(Butterworth, 1973)

3. Multiple choice knowledge test.

&
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The free recall test required the subjects to write as much of
the narrative as they could recall from the film., The affective test
assessed five sub-dimensions and yielded six scores (five for the
sub-dimensions and one for the total score). The five sub-dimensions
were:

I. Awareness of film structure

II. Ease in understanding £ilm
ITI. Satisfaction in responding to film
IV, Evaluation of film as helpful

V. Attitude toward film.

The multiple choice test consisted of twelve items with four
choices each. The test was designed to assess knowledge of selected i
facts throughout the film and hence provided a more directed measure
of knowledge acquisition than obtained with the free recall test.
Thus there were eight dependent variables to be assessed for each of
the two films, giving sixteen scores to be evaluated.

Sixteen t-tests were performed to determine whether statistically
significant differences existed between the two treatment groups. The
high structur group exhibited statistically significant higher mean
scores than tn~ low structure groups oun all measures except the score
on sub-dimension V of the affective test for the Segmentation film.

The t-values for the Segmentation film were as follows: free recall
17.58, total affective test score 7.38, affective sub-dimensions—1I,
6.09; II, 4.09; III, 6.37; IV, 7.23; V, 0.91 (N.S.); and multiple choice
6.60, The t-values for the Parasitism film were the following: free
recall 24.39, total affective test score 9.15, affcctive sub-dimensions
—I, 6.68; II, 4.51; III, 5.78; IV, 5.72; V, 5.12; and multiple choice
7.73. All significant t-values were at p <0.005.

These results indicate that high structure f£ilm narrations produce
greater knowledge acquisition and more favorable affective responses, on
the whole, than low structure narrations. Moreover, the low structure
version of the films used in this study were comparable in structure
to that found in the original films. Hence, it is recommended that
those films for high school use :xhibiting low kinetic structure can
be improved by giving greater attentioa to the narrative structure of
these curriculum devices. In addition, the results of this study give
further support to the predictive value of kinetic structure theory.

Butterworth, T. "A Study of the Effects of Lesson Verbal Structure on
Asnects of Student Affective lLearning ia Freshman College Biology."
Doctoral dissertation, Teachcrs College, Columbia University, New
Y-rk, 1973,
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APPLICATIONS OF PATTERN ANALYSIS (MACROANALYSIS) 'IN
CLASSROOM INTERACTION RESEARCH

James A. Shymansky
John E. Penick
University of Iowa
Iowa City, Iowa 52242

Participants will spend the majority of the time examining
pattern analysis (MACROanalysis) programs and sample printouts in
an effort to familiarize themselves with the capabilities of the
system and the program parameters. With this working knowledge of
the system and a punched program deck in hand, ready-to-go, "the
participant wiJl be fully equijped to run a MACROanalysis usiag
their own systematic observational data, A limited time will be
devoted to discussion of completed and ongoing research applica-
tions of MACROanalytic techniques.




CONCURRENT SESSION D

Session D-3 Training Session

Planning and Designing Evaluation Studies

Leader: Wayne W. Welch
University of Minnesota
Minneapolis, MN 55455

Several practical considerations in the planning and
design of evaluation studies will be addressed in this
session. Key planning concepts to be discussed include
program descriptions, evaluation purposes, roles,
audiences, and evaluative questions. FEwamples from
actual science education programs will be used to
iliustrate these concepts.

A menu of evaluation frameworks (models) will be pre-
sented, but major emphasis will be placed on a dozen
or so evaluation strategies that have evolved in
recent years. Examples include such things as adver-
sary teams, case stucies, experiments, and goal-free
evaluations.
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Session D=4

CONCURRENT SESSION D

Training Session

Multiple Regression Analysis Techniques in
Science Education Research

Leaders: G, W. Moser
P. Rojas
N. Rojas
M. Duffy
G. Ziccarelli
University of Pittsburgh
Pittsburgh, PA 15213

-

s

The purpose of the training session is to help science
educators use multiple regression techniques and under-
stand the results of treatments. Computer program
treatments of study data will be practically presented,
in an informal manner designed for your exploring the °
use of techniques. The techniques will be for coding
binary variables, coding designs for partitioning
samples, selecting the best subset of sets of indepen-
dent variables, isolating pre-post test effects,
defining disturbances in rodels, identifying spurious
independent variables, developing reasonable extrapola-
tions in forecasts, and determining thie aptness of
forecast models.




CONCURRENT SESSION E -

Session E-1 Symposium: Proportional Reasoning

Presiding: Rita W, Peterson
California State University
Hayward, CA 97542

Proportional Reasoning at the University Level:
Alternative Task Analyses and Teaching Modes

Members: Frank Collea
. California State University
. Fullerton, CA 92634

Susan Nummendal
California State University
Long Beach, CA 90801

Rita W. Peterson
California State University
Hayward, CA 94542

Eric Streitberger
California State University
Fullerton, CA 92634




PROPORTIONAL REASONING AT THE UNIVERSITY LEVEL: ALTERNATIVE
APPROACHES TO TASK ANALYSIS AND TEACHING

Rita W, Peterson
Dr. Frank Collea
Dr. Eric Streitberger
California State University
Fullerton, California 92634

and -

Dr. Susan Nummedal
California State University
Long Beach, California 90801

The development of lc¢:ical reasoning, or formal thought in Piagetian
terms, is presumed to take place during adolescence; yet there is evidence
that many university students fail to solve problems or tasks in science
which require one or more formal thought processes such as proportional
reasoning. Recent studies of adolescents' abilities in proportional
reasoning have helped to clarify the gradual development of this intell-
ectual process among American and European students (Lunzer and Pumfrey,
1966; Karplus and Peterson, 1970; Karplus, et al.,, 1974; Kurtz, 1976;
Karplus, et al., 1977). The publication of such research, along with the
availability of films (Karplus and Peterson, 1976) and training sessions
(Collea, et al., 1975; Karplus, et al., 1977), have helped to stimulate
interest among university science educators and focus their attention
toward the formal reasoning abilities of their science students.

The purpose of this symposium is to present an overview of the
status of research and teaching related to one aspect of formal thought:
proportional reasoning at the university level. Participants will anal-
yze (via task analyses) the thinking processes required in proportional
reasoning. Following 4 brief discussion of the assessment of propor-
tional reasoning abilities among university students, the participants
will compare a number of strategies which have been used to teach
proportional reasoning.

The research and teaching discussed by symposium members represent
varied views held by professors of physical science and chemistry, and
by psychologists and research educators familiar with Piagetian theory.

1. OVERVIEW OF THE STATUS OF RESEARCH AND TEACHINC RELATED TO

PROPORTIONAL REASONING AT THE UNIVERSITY LEVEL: A discussion
of the current efforts of university science educators to
assess the logical reasoning abilities of their students, and
to analyze their curriculum in terms of proportional reason-
ing requirements will be presented.

2. TASK ANALYSTS OF PROFORTIONAL REASONING: The intellectual or
logical thought processes required to solve science problems
or tasks will be analyzed through two contrasting task analy-
ses developed by professors of physical scicence and Piagetian
theorists.




3. _ASSESSMENT OF PROPORTIONAL REASONING: Participants will
llustrate various techniques used to evaluate the propor-
tional reasoning abilities of university students, and the
results of those assessments at one university.

4. STRATEGIES TO TEACH PROPORTIONAL REASONING: Two university
professors will discuss.their varied approaches at teaching

proportional reasoning to students in a physical science
course for non-majors.

Collea, F.; R. Karplus; J. Renner: R. Fuller; and L. Pauley. '"Physics
Teaching and the Development of Reasoning." An American Associa-
tion of Physics Teachers publication, 1975.

Karplus, R.; E. F. Karplus; M. Formisano; and A, Christian-Paulsen.
"A Survey of Proportional Reasoning and Control of Variables in
Seven Countries." Journal of Research in Science Teaching, 14,
1977, pp. 411-417.,

Karplus, R.; E. F. Karplus; and W. T. Wollman. "Intellectual Develop-
ment Beyond Elementary School-IV: Ratio, The Influence of

Cognitive Style." School Science and Mathematics, 74, 1974,
pp. 476-482.

Karplus, R. and R. W. Peterson. '"Intellectual Development Beyond
Elementary- School-II: Ratio, A Survey." School Science and
Mathematics, 70, 1970, pp. 813-820.

Karplus, R. and R. Peterson. "Formal Reasoning Patterns." (16mm
color film) Davidson Films, Inc., 1976.

Kurtz, B. A. "A Study of Teaching for Proportional Reasoning!' Doctoral
dissertation, University of California, Berkeley, 1976.

Lunzer, A. E. and P. D. Pumfrey. "Understanding Proportionality."
Mathematics Teaching, 34, 1966, pp. 7-12.
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CONCURRENT SESSION E

Session E-2 raper Set: Curriculum Evaluation

Presiding: Jerome L. Ciesla
. Florida State University
Tallahassee, FL 32306

An Evaluation of Biology Curricula and Its Impli-
cations for the Teaching of Science: Rationale/
Strategy for the Study

Howard H. Osburn
Concordia College
Moorhead, MN 56560

s

An Evaluation of Biology Curricula and I[ts Impli-
cations for the Teaching of Science: Methodology
and Findings

Leslie C. Nieves-Squires
Concordia College
Moorhead, MN 56560

An Evaluation of Biology Curricula and Its Impli-
cations for the Teaching of Science: Response to
the Findings

E. Daniel McKenna

Concordia College
Moorhead, MN 56560
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AN EVALUATION OF BIOLOGY CURRICULA AND ITS IMPLICATIONS FOR THE
TEACHING OF SCIENCE: RATIONALE/STRATEGY FOR THE STUDY

Howard H. Osborn
Concordia College
Moorhead, Minnesota 56560

Introductory science courses frequently have to serve diverse
populations—students from music, elementary education, art,. business
education, along with biology majors and minors. Facing the necessity
of redesigning two introductory biology courses, three members of the
College biology department were prompted to conduct a needs assessment
in order to make the curricular revisions responsive to the diverse
needs of its students,

This paper has two objectives:

1. A Model ifor Needs Assessments. The first section describes
the rationale for a departmental examination of its curri-
culum and briefly describes a 10-page instrument designed
to survey studeats who had graduated from the school and
had enrolled in one of the two introductory courses between
1960 and 1977. Sampling techniques are also discussed
(N=582). The primary intent of this section is to outline
the generalizeable aspects of the study by which departments
in other schools might inquire about their course offerings.

2, Teaching Science in Elementary Schools. The second objec—
tive is to inquire direct., into the needs of one part of
the diverse population—elementary school teachers. While
the research design calls for examination of many groups
in the sample, this paper focuses on one question: To what
extent is one required course in biology preparing teachers
to teach the life sciences in elementary school systems?
The research project addresses the pressing concern that
curi‘cular revisions in the undergraduate teaching of biology
be a< responsive as possible to the '"real life' needs of
those who have been teaching the life sciences for a number
of years in the public school systems.




AN EVALUATION OF BIOLOGY CURRICULA AND ITS IMPLICATIONS FOR THE
TEACHING OF SCIENCE: METHODOLOGY AND FINDINGS

Leslie C, Nieves~-Squires
Concordia College
Moorhead, Minnesota 56560

Descrtibing the use of the instrument created by the biology depart-

ment and the derivation of conclusions offered tec the teacher education
personnel, this paper has three objectives:

1. A Model for Conducting Needs Assessments. While tae paper
addresses larger and more inclusive aspects of research in
science curricula, it lays particular emphasis on how the
tool was used and how data was analyzed. Keeping in mind
that the tool might be somewhat idiosyncratic to one insti=-
tution/department, the paper addresses the needs for other
researchers who might be looking for strategies for conduct-
ing instructional research.

2. Use of SAS 76.5 Programming. The paper demonstrates the
use of Statistical Analysis System packages and, while it
does not attempt to be a primer in SAS, it does highlight
statistical applications appropriate for retrospective types
of research, Besides the obligatory measures of central
tendency, the analysis utilizes a variety of statistical
applications such as analysis of variance, including recent
modifications of the ANOVA procedures.

3. Findings Relevant ito Teachers. Initial analyses of the data
have demonstrated that teachers responded proportionately
lower to a majority of the items included in the biology
survey (.05 or greater utilizing t-tests) than did the non-
teacher population., The largest emphasis of this paper is
to isolate arcas which are statistically significant, explain
them as far as it is possible within the parameters of the
data, and project {indings for which there are warrants for
generalization beyond the confines of one institution to
others who are put in charge of preparing elementary schoel
teachers.
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AN EVALUATION OF BIOLOGY CURRICULA AND ITS IMPLICATIONS FOR THE

TEACHING OF SCIENCE: RESPONSE TO THE FINDINGS

E. Daniel ™cKenna
Concordia College
Moorhead, Minnesota 56560

Coming to college with varying levels of preparation in science
and having different needs depending on the grade level they plan to
teach, elementary education teachers pose a challenge for science
departments—particularly, as in the case of biology, when one course
must serve to prepare them to teach the life sciences.

This paper has two objectives:

1.

Needs of Public School Teachers. The first section elabor-

ates further the findings of the instructional research
project. The intent is to discriminate between those aspects
of this science course which have proven useful and those
that have not proven to be useful for the teacher of elemen-
tary science. The response is prescriptive r the future
training of elementary education majors, and, more particu-
larly, for curricular reform in the biology courses offered
at this school, but the response also has implications for
in-service and continuing education,

Critique of Science Education Materials. Secondly, che

paper juxtaposes the findings of this particular research
project with science education texts/curricula presently used
in public schools. The primary purpose of this section is to
match the needs demonstrated by the teacher population with

what is "in the book," pointing out discrepancies between
science education materials and what teachers report to be
useful, or not useful, in their classrooms. A subsidiary
interest, then, is to show how neads assessments (particu-
larly if conducted by a number of coileges) can have the
practical effect of z2ligning science education materials
witnh the needs of teachers. This last section is prescrip-
tive, therefore, for science education materials in general,
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Presiding: -

Speéker:

ANNUAL LUNCHEON

Roger G."'Olstad

NARST--A Look Ahead
Robert E. Yager .
University of Iowa
Iowa City, IA 52242
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Session F-1

Presiding:

CONCURRENT SESSION F

NARST Award Paper

John T. Wilson
University of Iowa-
Iowa City, 1A 52242

The outstanding paper given at the 1977 annual
meeting will be presented again and discussed.

Yo
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CONCURRENT SESSION F

Session F-2 General Research

RPN
£

Presiding: Mae T. Lee
Project City Science

e [N

New York, NY 10003

Cognitive Preferences: A Validation Study

Euwe van den Berg
Vincent N. Lunetta
Univeirsity of Iowa
Towa City, IA 52242
and .
Pinchas Tamir
Hebrew University . “
Jerusalem, Israel

A Research Model for Examining the Acquisition,
Use, and Effectiveness of Teaching Skills

James R. Okey

Russell H., Yeany

William R. Capie

University of Georgia

Athens, GA 30602 “

. The Congruence of Stated Research Preferences
and Published Research of Science Fducation
Researchers

Joe C. Long
David P. Butts
University of Georgia
Athens, GA 30602
and
David H. May
Whitman College
Walla Walla, WA 99362




-

COGNITIVE PREFERENCES: A VALIDATION STUDY

- Euwe van den Berg
Vincent N. Lunetta
Uaiversity of Iowa

Iowa City, Iowa

and

Pinchas Tamir
Hebrew University, Jerusalem

Objectives and Rationale

Heath (1964) defined four modes of cognitive preference: Recall
(R), Principles (P), Questioning (Q), and Applicarion (A). Since then
a number of studies have been done in different countries {(Tamir, 1977)
which showed the utility of the cognitive preference construct as a
student characteristic that can be influenced by instruction. At-
present the most pfessing issue in the study of cognitive preferences
in science is construct validity. Recently questions have been raised
dealing with the internal consistency and the format of cognitive pre-
ference instruments, and the relationships between cognitive activities
of students and their cognitive preferences {Brown, 1975).

The present study is the first of a series investigating these
questions. Specific objectives of this study were:

1. To replicate and extend a study of cognitive preferences of
talented high school students using a different cognitive
preference instrumént (Lunetta/Tamir, 1977).

2, To éXplore the peryasiveness of the Principles and Applica-
tion modes across gifferent science disciplines.

3. To investigate the reasons students give when they are asked
to explain their responses to a cognitive preference inven-
tory.

|

4. To pilot some ideas for the study of the relationships
between cognitive preferences and cognitive activities of
students (asking questions, reporting information, etc.).

Methodology and Design

The Science Cognitive Preference Inventory and an extensive back-
ground questionnaire were administered to 144 high school students from
throughout the United States who were enrolled in various summer science
programs for talented students. After six weeks the SCPI was adminis-
tered again to some of these students. Forty other students were asked
to respond to the SCPI and to explain their responses, which were
classified according to empirical criteria by trained raters.

The SCPI assesses cognitive preferences in biological and physical
science. Cronbach Alpha and test-retest reliabilities in this study were
respectively: Recall .84/.73, Principles .51/.52, Questioning .87/.74,
Application .58/.56.

Luw
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Results and Conclusions

High scores were found for P and Q and low scores for R, which .
indicates a high level of intellectual curiosity, a critical attitude
toward scientific information, and a tendency to generalize findings
into relationships and theories, rather than memorizing them.

Comparison of R, P, Q, and A scores for physical science and for
biological science showed that the R and Q modes are fairly consistent
across disciplines but that the P and A modes are not.

a

The reasons students reported for their responses to the SCPI
lent empirical support to the validity of the testing format for
cognitive preference instruments, and raised new questions to be
investigated as well.

The pilot study of the relationship betweén‘cognitive preferences
and cognitive activities of students generat;d a host of ideas for an -
extensive study currently being conducted with ninth and tenth grade
students. Among others the authors of this paper are looking at the /
influence of cognitive preferences on Epé students' reporting and
abstracting of information, the construction of test items and the
formulation of questions by students.

Significant correlations of cognitive preferences with background
factors and attitudes were found.

This study provided evidence for the validity of the cognitive

preference construct and raised a number of new interescing questions
that are now being investigated.

o

Brown, S. A. "Cognitive Preferences in Science: Their Nature and
JAnalysis.! Studies in Stience Education, 1975, 2, 43-65.
‘ . Y
Heaﬁhz R. W. "Curriculum, Coghition, and Educational Measurement."
_ Educational and Psychological Measurement, 1964, 24, 239-253.

Lunetta, V. N. and Tamir, P. "Cognitive Preferences in Biology of
Students Participating in a Secondary Science Training Summer
Program." Journal of Research in Science Teaching, 1977, in
press. 1 -

: L.

Tamir, P. "A Note on Cogniéive Preferences in Science." Studies in -
Science Lducation, 1977, 4, 111-121.
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A RESEARCH MODEL FOR EXAMINING THE ACQUISITION, USE,
AND EFFECTIVENESS OF TEACHING SKILLS

James R, Okey
Russell H. Yeany
William R. Capie

University of Georgia
Athens, Georgia 30602

Background and Purpose

There are two common types of research studies conducted on teach-
ing skills—one type is concerned with acquiring skills and the other
is concerned with the effectiveness of skills when they are used. An
example of the first type would be a study of the ability of teachers
to learn to 4sk high level questions. An example of the second type
would be a study of the influence of verbal feedback on student achieve-
ment. v a

\

Investigators often concentrate on either skill acquigition or
skilyr effectiveness studies, but there is a need to merge our research
so that _we conduct both types of studies in the same context. This
will allow studies of the relationships between such variables as the
kind of training a teacher receives or their level of skill and the
degree to which the teachers can use the skills to influence student
outcomes. The purpose of this paper is to describe a plan that incor-
porates-studies of teaching skill acquisition’and effectiveness in a
coherent two-phase research model (see Figure 1).

Teacher

Phase 1 Pﬂase 2
Teaching s /7 Teaching Skill
Skill N\ . % ~Effectiveness

Post
Training
Assessment

Acquisition

Pupil

Pre~
Assessment

Teaching

Post
Teaching
Pupil
Assessment

Figure 1., A model for teaching skills research.

i 05




Methods

" There are three components in each phase of the research model that
deal with pre-measures, transactions, and outcomes. For the skill acqui-.
sition phase these ~omponents are:

teacher pre-assessment -~ measures of teachers such as ability,
prior knowledge of the skill, aptitude, or any other variable
that may help in the analysis, prediction, or explanation.of
training results.

training -- the amount and kind of training teachers receive can
be systematically varied to see if skill acquisition is aifected.

post-training assessment --- any suitable measure of the degree

-to which teachers acquire skills can be made here. Paper and
pencil tests, teacher observation scale scores, or frequency
counts of teacher behawvior are among the kinds of measures used.
Some measures of teacher outcomes may be made in classrooms (e.g.,
ability to provide verbal feedback) but others may not (e.g., the
skill of writing precise objectives).

By varying training conditions and collecting suitable pre- and
post assessment data one can answer questions such as:

1. What pre-assessment variables are the best predictors of
training success?

2, What variations in training are most effective in influenc-
ing the acquisition of teaching skills?

3. Are there interactions between certain personological varia-
bles and methods of teacher training?

The components associated wit.a the skill effectiveness phase of the
model in which teachers use skills they have learned in classrooms
include:

pupil pre-assessment -- measures of pupils such as prior know-
ledge, aptitude, level of motivation, or any other variable

that may help in the analysis, prediction, or explanation of |
teaching effectiveness as measured by pupil outcomes.

teaching -- measures of the level of skill use by teachers as
they interact with pupils. The levels may be specified in exper-
imental studies or result from natural variations in skill use
across a group of teachers in correlational studies.

post teaching pupil assessment —— any measures of pupils used
as dependent variables in studies where teaching skills are
applied. The particular measures depend on the teaching skills
of interest and may range from scores on cognitive tests to
frequency counts of pupil activities.

.
— .
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By selecting suitable pre-~ and post teaching assessment data and
with appropriate variations and measures of teaching it is possible to
answer questions such as:

1. Are there interactions of pupil variables and 1eve1§ of
teaching skill use that result in effective and ineffective
learning?

2. Are there relationships between the amount and kind of
teaching skill used ‘and the amount of pupil learning that
results?

3. What levels of teaching skill use are compatible with students
of different kinds?

The two sets of questions just posed relate to studies within either
Phase 1 or Phase 2 of the research model. But a strength.of the model
is that it shows how to follow teaching skills across the gap from train-
ing research to teacher effectivencss research when the teaching skills
(dependent variables) from Phase 1 become the independent variables in
Phase 2. When this is done it \is possible to consider a new set of ques-
tions that link training variag&es to teaching effectiveness outcomes.

Questions such as these can be ?nsidered:

1. What training conditions\are associated with maximum
student achievement?
i
2. What types of teacher training lead to the effective
use of teaching skills in classrooms?

3. Are these interactions between teacher and pupil person-

alogical variables that lead to variations in student
achievement?

K}

Educational Importance

The purpose of a research model is tn aid in conceptualizing,
planning, and conducting research. The model described here serves each
of those purposes by helping to identify variables -in research on teach-
ing skills, by helping to identify measures to be taken before, during,
and after training and teaching, and by helping researchers identify
potential relationships among the variables they study.

10+




*

THE CONGRUENCE OF STATED RESZARCH PREFERENCES AND PUBLISHED
RESEARCH OF SCIENCE EDUCATION RESEARCHERS

Joe C. Long
David May
S David Butts

. University of Georgia
Athens, Georgia 30602

Two procedures may be used to establish priorities for the various
research areas 1n science education. One technique would ask researchers
to state their preferences. Another way of expressing priorities is
through reported research. The relationship between stated preferences
and published research illustrates a translation of goals into action.

An investigation using the Delphi Technique was recently performed
to determine the research preferences of members of the National Associa-
tion for Research in Science Education (Butts, et al., 1978). Using the
research categories established and the priorities assigned to each in
that study, this study investigated the following questions:

1. Are the stated research preferences established in the
priorities study congruent with the actual reg:2arch
priorities expressed in published articles?

2. What trends are discernable in research areas receiving
«publication in the volumes studied?

3. What research areas given a high priority in the priori-
tfes study have not received commensurate priority in
published research?

&

In this study, articles published in the Journal of Research in
Science Teachiug, Volumes 11, 12, and Issues 1-4 of Volume 13, were
categorized by area of research.

Study data ind 'cate that a congruence does ‘exist between priorities
established using stated preferences and reported research.  This con-
gruence is particularly observable in Volume 13. A trend towards change
in emphasis of research areas receiving publication was also observed.

The three volumes studied varied in the percentage of articles published
which were categorized as high priority by the priorities study. Not

all research areas assigned a high priority have received published atten-
tion. Some priority areas have not had a related article published in any
of the three journal volumes examined.

Butts, D., et al. "Priorities For Research in Science Education." Journal
of Research in Science Teaching, 1978, 15. (in press)
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Session F-3 Roundtables

Presiding: Michael Szabo
Pennsylvania State University
University Park, PA 16802

The Relationships of Student Anxiety and Dependerncy
to the Effects of Teaching Structure on the Learning °
of Sctence Knowledge and Processes Within Inductive
Discovery Learning

David J. Harmon
Duval County 5chool System
Jacksonville, FL 32207

Differential Effects of Science Study Questioné

William G. Holliday

Harold G. Whitaker

K. D. Loose

University of Calgary

Calgary, Alberta, Canada T2N 1N4

Development and Construct Validation of a Group
Administered Test of Piaget's Formal Operational
Period

John R. Staver

Dorothy L. Gabel

Indiana University
Bloomington, IN 47401 °
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THE RELATIONSHIPS OF STUDENT ANXIETY AND DEPENDENCY TO THE
. 4
EFFECTS OF TEACHING STRUCTURE ON THE LEARNING OF SCIENCE
KNOWLEDGE AND PRUCESSES WITHIN INDUCTIVE/DISCOVERY LEARNING

David J. Harmon .
Duval County School Board
Jacksonville, Florida 32207

[}

Researchers are becoming more amenable to the notion of .aptitude-
treatment-interaction (ATI) as opposed to the search for the one "best"

‘method of instructional treatment. This study was designed to deter-

mine the relationships or student anxiety and dependency to the effacts
of teaching structure on the acquisition of science knowledge and pro-
cesses within inductive/discovery leatning.

Five correlational concepts from within the conceptual scheme—
force—constituted the science content of the instructional tasks.
Worksheets were used to vary feaching structure within each of five
instructional periods (one task/period). Teaching structure refers

to the relative amounts of teacher and/or student control within ‘the
tasks. The treatments were developed from existing laboratory proce-
dures. Knowledge and processes level criteria were used to measure

the effects of teaching structure. Knowledge level criteria included
one post-test for each concept and the composite of the five post-
tests. Process measures included inferring, predicting, interpreting
data, and identifying and controlling variables and the composite of
the four scales. The range of KR20 values was .55 to .91 for the know-
ledge and process measures.

The population was comprised of all fifth and sixth grade students
from two elementary schools within one suburban school district. The
sample (168) was stratifiéd on scores from the Children's Manifest
Anxiety Scale and the Modified Dependence Proneness Scale and the
students randomly assigned to -the six treatment groups. A pretest
analysis showed that the use of the Ankney-Joyce Reasoning Test scores
as a covarilate reduced personality group differences in knowledge and

. process level concept understanding which existed prior to treatment.

N

The data were analyzed using multivariate analysis of covariance.
A significant multivariate first order interaction resulted between the
treatments and anxiety with the five knowledge level posttests. Signi-
ficant univariate first order interactions resulted between: (1) the
treatments and anxiety with the knowledge posttest for Task 1 (Height
Affects Impact Force); (2) the treatments and dependency with the know-
Zedge and process total measures and the identifying and controlling
variables subscale; and (3) anxiety and dependency with the knowledge
and process total measures, knowledge posttest for Task 2 (Weight
Affects Speed), and the process subscales of inferring and identifying
and controlling variables. Significant main effects resulted between:
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(1) levels of teaching structure with the knowledge posttest .for Task
3 (Mass Affects Motion); and (2) levels of dependency with ‘the know-
ledge posttest for Task 4 (Mass Affects Momentum). .
The results support the following conclusions relative to the
population sampled in this study.

1. The high anxiety individuals gain more knowledge when teach-
ing is highly. structured. G

2. The literature and this study are contradictory for the
influence of teaching structure on the learning of know-
ledge by individuals of 'high anxiety versus low anxiety.
In this study, low teaching structure enhanced low anxiety
students' performance relative to that of the high anxiety
students. The literature suggested the opposite.

3. There is some evidence that low dependent individuals
perform better with low teaching structure.

4, The person who is both high in anxiety and high in
dependency does bettar on both the knowledge and process
levels of achieement.

5. Overall, low dependency individuals do better on more com-
plex tasks.

6. Overall, a high degree of teaching structure is better for
difficult .tasks.

LA
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DIFFERENTIAL EFFECTS OF SCIENCE STUDY QUESTIONS

' William G. Holliday ) %
, K. D. Loose
Harold G. Whittaker
The University of Calgary
Calgary, Alto, Canada T2N 1N4 =

¢

The purpose of this study was to investigate the differentidl nega-
tive effects on "low" and "high" verbal students of verbatim study ques-
tions adjunct to a science text. Such easy-to-develop questions are
more commonly given by teachers to low verbal students because these
learners are often perceived as being unable to answer "higher-order"

- questions’.

The present study was part of a visual-verbal series of aptitude
treatment interaction (ATI) investigations in science education dealing
with instructional questions rather ,than mathemagenic questions (as dis-
tinguished by Rothkopf). Here, ATI research was concerned with identi-

" fying a learner characteristlc (verbal ability) indicative of optimal

instructional methods (adjunct verbatim or no questions) in terms of
school achievement (visual concept attainment).

Previous studies generally suggest that varying types of questions
differentially affect achievement.
that research results to date are inconsistent. In part, few investi-
gators use operationally definable study and criterion questions which
require the semantic encoding of school-relevant information.

It was hypothesized (ATI-ordinal interaction) that students who are
low verbal performers and who are given a scierce text will outperform
those students who are also low verbal performers and who are given the
same text with adjunct verbatim questions. Students who are high verbal
performers will not be differentially affected by either instructional
treatment. Of’ secondary importance, students given the text and ques-
tions will substantially.outperform the control group.

©

-

The sample consisted of 217 eighth grade earth science students en-
rolled in the Calgary (Alberta, Canada) public schools. These students
were administered a verbal ability test (V-2 Test from the Kit of Refer-
ence Tests for Cognitive Factors by French, Ekstrom & Price, ETS, 1965)

>~ deleted from each statement.

and then randomly assigned to: 1) a text plus 20 questions; 2) a text
plus no questions; or 3) a placebo text (control). The text verbally
desdribed the appearance of five fossil types (amnonites, brachiopods,
gastropods, pelecypods and trilobites). The study questions consisted
of incomplete verbatim statements extracted from the text. The appro-
priate fossil name was originally integrated into each of these textual
statements while two other key or substantive words were later deleted
in a defipable fashion. Students were asked to fill-in those words
Subsequently, all students were adminis-~
tered a visual concept posttest requiring them to identify 40 fossil
specimens (8 actual fossils from each of the five fossil categories were
presented in a random order). The use of this visual test increased the

However, critical analyses indicate-.




likelihood "that verbal information (semantically encoded) was being
measured in a manner consistent with good classroom practice.

As predicted, linear regression analysis, using the V-2 Test
scores (predictive variable) and the posttest scores (dependent
variable), substantiated the ATI-ordinal interaction hypothesis, F =
8.14, DF = 2/135, p<.0l. In addition, the text-plus-20-questions
group (M = 27) substantially outperformed the control group (M = 10).

Results of this study suggested that verbatim study questions
adjunct to a science text constituted a dysfunctional instructional
support system, particularly when given to lower verbal students.
In contrast, higher verbal students circumvented or were unaffected
by such questions.
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DEVELOPMENT AND CONSTRUCT VALIDATTON OF A GROUP ADMINISTERED
TEST OF PIAGET'S FORMAL OPERATIONAL PERIOD

- John R. Staver
Dr. Dorothy L. Gabel
Indiana University
Bloomington, Indiana 47401

The goal of this study was to develop and construct validate a
group administered test of Piaget's formal operational period in which
cognitive decisions and reasons for such decisions are ecvaluated in
an objective format. The format of the group test is forced multiple
choice. The test contains four different scales, conservation of
volume by liquid displacement, combinatorial analysis, proportional
thought, and separation and control of variables. The test is designed
for administration to classroom size groups (30 students). Each major
problem or task is demonstrated by means of videc tape to control for
variation in administration procedures. )

3

Two hundred and forty ninth to twelfth grade subjects were randomly
divided into three groups of 80 students such that each group contained
20 students from each grade. The content validity of the group test was
evaluated by the submission of all test demonstrations and questions to
a three-member panel of experts in the area of formal operations. The
reliability and construct validity of the group test was evaluated by-
the Campbell and Fiske (1959) multitrait-multimethod matrix model.

The traits assessed were the aspects of formal and late concrete thought
described earlier, and the methods employed were the clinical interview,
the group test,. and the mental ability (IQ) test. The three subject
groups formed a posttest-only control group design (Campbell and Stanley,
1963) to concrol for and evaluate subject learning effects during the
validation procedure, and to evaluate the tonstruct validity of the
group test. For purposes of this study, clinical tasks were eonsidered
to be treatment, and the group test was considered to be the posttest.
Findings and implications for science teaching are discussed.

Campbell, D. and Stanley, J. Experimental and Quasi-Experimental Designs
for Research. Chicago: Rand McNally, 1963.
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CONCURRENT SESSION F

Session F-4 Training Session

Assessing Formal Thinking

Leaders: Anton E. Lawson
Arizona State University
Tempe, AZ 85281
and
Warren T. Wolman
University of North Carolina
Greensboro, NC 27412

-

Individual student interviews, group demonstration’
tasks, and group pencil-paper test items will be

. compared, contrasted and evaluated as methods of
assessing the development of various aspects of
formal thought. Their usefulness will be discussed
in terms of ease of administration, reliability, and
validity. Current research using such methods will
be discussed in terms of experimental methodelogy and
possible educational implications. Participants will
learn how to use available methods and how to design
and evaluate tasks of their own. Use of such tasks
in terms of future research will be discussed.
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John W. Renner
University of Oklahoma
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A Study of a Possible Relationship Between Lowen-
feld's Visual-Haptic Theory and Piaget s
Developmental Theory

John W. Butzow -
University of Maine
Orono, ME 04473
and’
Richard M. Schlenker
Marine Maritime Academy
Castine, ME 04421

-
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The Relationship of Moral and Cognitive Development
in Two Cultures and the Implications for Science
Teaching

Eileen M. Mays

Indiana University Northwest

Gary, IN 46408 ¢

and )
Mohammed A. Kistha
Governors State University
Park Forest, IL 60400

Application and Analysis of an Electronic Equiva-
lent of Piaget's First Chemical Experiment

Frederick P. DeLuca
Iowa State University
Ames, IA 50011
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A STUDY OF A POSSIBLE RELATIONSHIP BETWEEN LOWENFELD'S VISUAL-
HAPTIC THEORY AND PIAGET'S DEVELOPMENTAL THEORY

John W. Butzow
University of Maine
Orono, Maine 04473

and

Richard M. Schlenker
° Maine Maritime Academy
) Castine, Maine 04421

Statement of the Problem

This study was designed to determine the rélationship between the
Lowenfeldian visual-haptic (perceptual) and the Piagetian concrete-
formal (operational reasoning) continua. The study also investigated
the relationship between age, sex, academic goal, and academic prefer~
ence and a person's perceptual aptitude or.intellectual reasoning
abilities.

Procedures

- The study involved the administration of three instruments to a
combined sample of 312 students from the Uhiversity of Maine, Orono,
Maine; Husson College, Bangor, Maine; Maine Maritime Academy, Castine,
Maine; Norwich University, Northfield, Vermont; and Drake University,
Des Moines, Iowa between September 1976 and January 1977. The instru-
ments were: a questionnaire to collect ‘age, sex, academic goal, and
academic preference information on each subject; Longeot's (1962, 1965)
Piagetian Classification Test to measure thersubject s location on the
concrete-formal continuum; and Lowenfeld's (Gibson, 1947) Successive
Perception Test to measure the subject's location on the visual~haptic
continuum.

- %

Methods of Data Analysis

All of the data were manipulated according to the procedures set
forth in Statistical Package for the Social Sciences (Nie, et al.,
1975).

The relaticnship between the visual-haptic and the concrete-formal
continua was evaluated using a Pearson Product Moment Correlation, a
scatter diagram, the eta statistic, the polynomial trends option of: the
regression analysis technique, and the segregation of subjects into
concrete-haptic, concrete-visual, formal-haptic, and formal-v1sual cells
based upon their Successive Perception Test and Piagetian Classification
Test scores. '

Fisher's F-tests were used to evaluate the relationships between

sex, academic goal, and academic preference and an individual's posi-
tion on either the visual-haptic or the concrete~formal continuum.

L) ‘ ld7l<i
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Research Questions and Findings

1. 1Is there a relationship between an individual's position on the
visual-haptic continuum and his position on the concrete-formal
continuum?

A Pearson r of .34 (r2= .11, p%.00001) was obtained when Successive
Perception Test scores were compared with Piagetian Classification Test
scores. A scatter diagram of the relationship, however, suggested,it to
be curvilinear. Curvilinearity was confirmed by comparing the eta” (.22)
value for the relationship (eta= .47 with Ehe Piagetian Classification
Test ag thezdependent variable) with the r“ derived from the Pearsonian
. r (eta” # r°). The eta value attributed 22 percent of the intellectual

level variation to perceptual aptitude.

2. Do subjects segregate as, (a) concrete-haptic, (b) concrete-formal,
(c) formal-haptic, (d) formal-visual?

Subjects were found to segregate into these Eategories when divided
at the mean Successive Perception Test score (17.9) and the mean Piagetian
Classification Test score (19.7). The segregation was as follows: (a)
concrete-haptic, 26%, (b) concrete-visual, 16%, (c) formal-haptic, 23%,

. - \d) fermal-visual, 35%. . :

3. 1Is there an equation which will allow prehiction of intellectual level
~ based upon perceptual aptitude?

A stepwise multiple regression analysis was run using the polynominal
trends option (Piagetian Classification Test scores were used as the depen-
dent variable) to produce a predictor equation based upon a line which best
fit the data. The regression analysis used the first; second, third, and
fourth powers of perceptual aptitﬁde as independent variables. The equa-
tion derived from this technique was: intellectual level = -31,04+5.17
(perceptual aptitude) = (-.19)% (perceptual aptitude)2 + (.002)3 (perceptual
aptitude)3. This equation had a standard error of 1.91, and attributed
83 percent of the intellectual level variance to perceptual aptitude.

4. Does the Piagetian Classification Test scale? .

The instrument formed a hierarchical scale in which all of the formal
level items except item number 20 were more difficult than all of the
concrete level items. Item number 20 was found to he less difficult than
concrete level items numbers 5, 14 and 22.

Finally, the reliabilities for the Successive Perception Test and
Piagetian Classification Test were .62 and .859, respectively.

Gibéon, J. J. Motion Picture Testing and Research. Report No. 7 Army

Air Forces Aviation Psychology Program Research Report. Washington,
D.C.: U.S. Government Printing Office, 1947.
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Longeot, F. "Un Essai d'Application de la Psychologie Genetique a la
Psychologie Differentielle." Bulletin de 1'Institut National
D'Etude, 1962, 18, 153-152. '

Longeot, F. "Analyses Statistique de Trois Test Genetiques Collectifs."
Bulletin de 1'Institut National D'Etude, 1965, 20, 219-237.

Nie, N. H.; Hull, C. H.; Jenkins, J. G.; Steinbrenner, K.; and Bent,
D. H. Statistical Package for the Social Sciences. New York:
McGraw-Hill Book Company, 1975.
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THE RELATIONSHIP OF MORAL AND COGNITIVE DEVELOPMENT IN TWO
CULTURES AND THE IMPLICATIONS FOR SCIENCE TEACHING

Eileen M. Mays
Indiana University Northwest .
Gary, Indiana 46408

and

Mohammand A. Kistha
Governors State University
Park Forest, Illinois 60400

v

Science educators have been encouraged to focus on science and its
relations to the affairs of man (Hurd, 1970), and to teach moral values
through science (Fox, 1973). However, science curricula have been struc-
tured to promote the cognitive growth of students. In order .to focus on
science-related social issues and to effectively teach moral values
through sciznce, the science educator needs to examine the relationship
of cognitive skills and moral reasoning skills.

The purpose of this study was to examine possible relationships
between moral and cognitive development in second and fifth grade child-
ren in two cultures. This relationship was first proposed by Piaget (1932)
and later empirically verified and expanded by Kohlberg (1968, 1971). The
cultures examired were located in the United States and in Amman Jordan.

Sixty subjects, male and female, were randomly identified from two
grade levels—the second and the fifth-—in an elementary school in Iowa
and in Jordan. The elementary school in Jordan was private,‘and the
elementary school subjects in Iowa attended a public school. The average
~age difference of second grade subjects between the two cultures was 0.04
years. At the fifth grade level the average age difference between cul-
tures was 0.34 years. l

Cognitive and moral judgment tasks were administered individually-
and in a random order to each subjecet in a small room in each school
attended. Four tasks of each type were administered over a period -of
approximately six weeks. The cognitive tasks measured conservation,
class inclusion, multiplicative classification, and ‘spatial perception.
The moral judgment tasks presented situations related to reciprocity,
values, and perspective of viewpoints. A level of development, cognitive
or moral, was gssigned based on the performance of each subject on each
task.

The following relationships were examined based on the task respon~-
ses: 1) the relationship of cognitive development between second and
fifth grade subjects within each culture and between the cultures; 2)
the relationship of moral development between second and fifth grade
subjects within each culture and between the cultures; and 3) the relation-
ship of moral and cognitive decvelopment within and between the cultures.

”
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Significant difference at the 0.05, 0.01 and 0.001 levels using
the chi-square statistic were reported for relationships examined.
The results of the study support to a degree the parallelism of
moral and cognitive development reported by Piaget and Kohlberg.
Further, the results of the study reflect the influence of the cul-
tures on the cognitive component of growth and on the moral reasoning
skills.

Fox, F. W. "After Concept and Process." Tﬁe Science Teacher, 1973,
40 (4), 19-20.

Hurd, P. "Scientific Enlightment for an Age of Science.' The Science
Teacher, 1970, 37 (1), 13-15.

Kohlberg, L. "The Child as Moral Philosopher."” Psychology Today, 1968,
2, 25-30.

N

. "From Is to Ought: How to Commit the Naturalistic
Fallacy and Get Away With It in the Study of Moral Developmentf’
In T. Mischel (ed.), Cognitive Development and Epistemology.
New York: .Academic Press, 1971.

Piaget, J. The Moral Judgment of the Child. New York: The Free
—--Press, 1965. (Originally published—London: Routledge and
Kegan, 1932.)
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APPLICATION AND ANALYSIS OF AN ELECTRONIC EQUIVALENT OF )
PIAGET'S FIRST CHEMICAL EXPERIMENT -

Frederick P. Deluca
Iowa State University
Ames, Iowa 50011

. Two independent studies showed that Piéget's first chemical task,
a tgsttp? combinatorial reasoning, can be transformed into an electronic
equivalent. -

©

Objectives and Rationale : -

The purpose of this study was threefold: 1) to assess the useful-
ness of the electronic task ‘over a broad range of student ages and
intellectual abilities; 2) to determine whether the electronic task is
a single or double task; and 3) to analyze search-for-combinations
patterns of successful and unsuccessful students. If the nature of the
electronic task could be clearly understood, test results would be more
meaningful, and the task would be a more useful research tool.

. - ’._
Methodology

The electronic task was one of six Piagetian tasks which were used to
establish the total Piagetian level of each student and to provide a basis
for measurement of student motivatiorn for each task. The battery of Pia-
getian tasks was administered, by three trained examiners, to a stratified
random sample of 384 (198 males and 186 females) students in grades 4
through 12.

Results

Analysis of variance of the electronic task scores yielded a signifi-
cant (F = 7,12, p <.001) age effect and non-significant effects for
examiners; gender, and interactions.

Seventy-seven percent of the students indicated that they liked the
electronic task best.

Thirty students received perfect search scores (no repeated or omitted
combinations). Thirty-six students achieved a Piagetian battery level of
IIIb. Six students received both perfect search scores and a Piagetian
battery level of IIIb, The group with perfect search scores had a mean
electronic task level of IIIa and a mean Piagetian battery level of Low
IIIa. Analysis of search patterns indicated that students with perfect

112
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search scores tended to use search patterns which required low memory
loads, whereas students who achieved a Piagetian battery level of IIIb
tended to use search patterns which required moderately higher memory
loads and made more etrrors (repeats + omissions). Students with an
electronic task level below IIla tended to use incomplete random, or
complex search patterns.

The low correlation (.26) between search-for-combinations scores
and isolation-of-switches scores suggested that the electronic task
consisted of two different tasks. °

Conclusions

The electronic task is free of gender bias, can produce consistent
results across three examiners, encourages high student motivation, and
can detect intellectual growth across a broad range of student ages and
intellectual agbilities.

Students with a Piagetian battery level of IIIb tend to differen-
tiate and integrate as they progress through the electronic task, and .
although most of them do not achieve perfect search scores, they -are
successful in doing the task. Students with perfect search scores tend
to differentiate first and integrate at the end of the task. This find-
ing could hold important implications for -science teaching.

The electronic task appears.to consist of two different tasks:
combinatorial reasoning and isolation of variables. The tasks may be
used separately or combined, but in either case special consideration
must be given to protocols and scoring techniques. This finding helps
to explaln why some researchers questioned the utility of the original
chemical task. .

-

~
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LIMITATIONS OF AUSUBEL'S THEORY OF LEARNING WITH REGARD
TO MEANING AND COGNITIVE PROCESSING

Judith A. Van Kirk
“Cornell University
Ithaca, New York

*The intent of this paper is to provide a general introduction to
the following two papers in this paper set. This will be done by.
providing a brief history of the research line that genevated these
papers; the research line being one hased upon the learning theory of
David Ausubel (1963, 1968).

Additionally, this paper will explore the concepts of meaning
and cognitive structure, especially as they relate to Ausubel. In
this respect an indepth look at the Ausubel view of meaning will be
presented, especially from the standpoint of looking at perceived
present weaknesses. Once these weaknesses are presented the paper
will then attempt to remedy those weaknesses, thus adding to the
epistemological validity of Ausubel's theory. In so doirng, the paper
will develop the position that propositional meaning is an important
component of cognitive structure. This will serve as an introduction
to the second paper: When measuring a subject's cognitive structure
one must be able to measure the propositional or semantic nature of
that cognitive structure. Also, as a means of introducing the third
paper the topic of cognitive processing as a necessary companion to
cognitive structure will-be overviewed. Again the position taken :
will be one of extending what is felt by this author to be a weakness
in Ausubel's writing—an inadequate treatment of cognitive processes.

Ausubel, D. P. The Psychology of Meaningful Verbal Learning. An
Introduction to School Learning. New York: Grune and Stratton,
1963. «

Ausubel, D. P. Educational Psychology: A Cognitive View. New York:
Holt, Rinehart & Winston, Inc., 1968.

«

122
115




MEASURING COGNITIVE STRUCTURE

James H. Stewart
Michigan State University
East Lansing, Michigan 48823

[

o

Recent papers appearing in the Journal of Research in Science Teach-
ing (Shavelson, 1974; Preece, 1976a, 1976b) and other educational journals

T, have increasingly reflected a concern with the assessment and portrayal

of cognitive structure (knowledge structure, long-term memory). This
focus reflects the position that at least part of the purpose of teaching

* science (or any body of knowledge) is to cause a student's cognitive
structure to resembie the content structure of a discipline. As a
result, numerous cognitive structure assessment measures, as well as
means of representing the data collected, have been developed.

This paper will have two related purposes:

A,

© ' v
To severely critique cognitive structure measures and represen-
tational devices which do not deal with the specific proposi-
tional nature of the-relationships among concepts. In other
words, the concept of meaning is felt to be a necessary attri-
bute of the concept cf cognitive structure. Therefore
measurement and representation of cognitive structure must .
deal with meaning. Some measures which do not deal with
meaning and thus will be criticized include:

l. Word Association Tests
2. Graph (Tree) Construction Tasks .
3. Concept Mapping Tasks

To provide descriptions of measures or devices that:

1. Make an attempt to capture the propositional meaning com-
ponent of cognitive structure. These will include:

a. The use of clinical interviews

b. Graph Construction and Concept Mapping Tasks
with labeled relationship lines

c. Concept Relations Task.

2. Can be used to portray the meaning component of Cognitive
Structure.

a. A method of portraying cognitive structure (which may
also be used in representing content structure),
borrowed from information psychology, the semantic
network, will be discussed.
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Preece, P. F. W. "The Concepts of Electromagnetism: A Study of
Internal Representation of External Structure." Journal of
Research in Science Teaching, 1976a, 13(6), 517-524.

Preece, P. F. W. "Mapping Cognitive Structure: A Comparison of
Methods.”" Journal of Educational Psychology, 1976b, 68(1), -1-8.

Shavelson, R. J. '"Methods for Examining Representations of a Subject~
Matter Structure in a Student's Memory." Journal of Research in
Science Teaching, 1974, 11(3), 231-249.




COGNITIVE FUNCTIONING: A MODEL FOR LEARNING AND PROBLEM
SOLVING

Julia A. Atkin
University of Georgia
" Athens, Georgia 30602

As an extension of the ideas of meaning and cognitive structure
developed in the second paper of this set, this paper will outline a.
* model of learning and problem solving based on ideas derived from
information processing models of memory and Ausubel's theory of mean-
ingful learning.

*

A key element of. Ausubel's theory of meaningful learning is the
effect of existing cognitive structure on new learning. Ausubel states
that for new learning to occur new knowledge must be integrated with
existing relevant background knowledge (subsumers). However, Ausubel
fails to explicitly describe the cognitive processes whereby new know-
ledge becomes integrated with existing cognitive structure. This is
seen as a weakness of Ausubel's theory.

By drawing on ideas from information processing models of memory
and problem solving, a model of learning and problem solving will be
developed that explicitly deals with the cognitive processes that are
required for learninhg. The model defines the conditions necessary for
learning as:

1. existence of relevant background knowledge in cognitive
structure, and

2. the capacity to #ntegrate new kngwledge with existing
relevant knowledge in cognitive structure.

The capacity to integrate new knowledge with existing relevant knowledge
in cognitive structure will be discussed in terms of various cognitive
processes identified both by models of human memory (Lindsay and Norman,
1977) .and theories of human problem solving (Newell and Simson, 1972).

In support of the model, results of a research study designed to
test the model will be presented.

Lindsay, P. H. and Norman, D. A. Human Information Processing (2nd
ed.). New York: Academic Press, 1977.
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Prentice Hall, 1972.
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- THE EFFECTS OF LOCUS OF CONTROL AND METHOD OF PRESENTATION
ON PRE-SERVICE TEACHERS'S ACHIEVEMENT

Willis J. Horak
Kurt Slobodzian
University of Arizona
Tucson, Arizona 85704

Designing curricula and devising teaching methods to meet individual
differences has long been a topic of educational research. Many research-
ers have noted that no single instructional process is optimal for all
students (Glaser, 1968; Cronbach & Snow, 1969). However, only recently
have studies investigated the inter-individual differences of students:
when exposed to various instructional procedures. The matching of
instructional methods' to students is the general area of aptitude-
treatment interaction research. This study used the statistical analysis y
common to ATI research to investigate one such hypothesized relationship.

The purpose of this study was to investigate the relationship between
pre~service teachers' locus of control and an application measure of
science education achievement under a high and a low structured instruc-
tional treatment. The evidence of locus of control differentially affect~
ing achievement is mixed. Some researchers show that internals attain
higher achievement test scores, while others find very little relation-
ship between locus of control and achievement test scores (Lefcourt, 1976).
These mixed findings point out the need for studies investigating possible
interactions between educational treatment and the locus of control dimen-
sion of cognitive style. -

. Subjects for this study were 80 college students enrolled in an ele-
mentary science methods class. The students were randomly assigned to
one of the two groups on the first day of class. At this time the students
were administered aptitude tests which included a measure of locus of
control. Two alternative instructional programs were developed. The
subject matter of these program modules dealt with planning science field
trip activities for elementary school children. Both treatments contained
identical introductory material. After the introduction, one treatment
was designed in a high structure format. The students were taught in the
traditional instructor lecture mode. As a group, they participated in a
field trip experience with the instructor identifying activities elemen-
tary school children could do relative to the science processes. Follow
up discussions were large group. The other treatment was designed in a
low structure mode. The class identified various field trip sites and
then individual students chose a site to visit. They individually identi-
fied activities elementary school children could do relative to the
science processes. Follow up discussions were small group with students
who experienced similarlfield trips sharing and comparing ideas.

The locus of control instrument used in this study was the James
Internal-External Locus of Centrol Scale (James, 1957). It has high
reported reliability and validity, and was normed on undergraduate
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college students similar to those involved in this study. The cri-
terion measure was specifically designed for this study. It was an
application level examination on the concepts presented. Data was
analyzed utilizing multiple linear regression analysis techniques to
test for the existence of possible aptitude-treatment interactions
between locus of control and instruttional procedures. The data were
checked for disordinal interactiond which were then analyzed by the
Johnson-Neyman technique to find the areas of significant differences.

The analysis of the data indicated that the instructional treat-
ments were related to the locus of control measure. Students in the
two treatment groups did respond differentially to the alternative
treatments. These findings are useful to teacher educators planning
instructional modules for pre-service teachers.

-

Cronbach, L, J. and Snow, R. E. "Individual Differences in Learning
Ability as a Function of Instructional Variables." (Final Report,
U.S.0.E., Contract No. OEC-4-5-061264). Stanford University,
1969, ERIC ED: 029001.

Glaser, R. "Ten Untenable Assumptions of College Instruction.” Educa-
tional Researcher, 1968, 49, 154-159. )

James, W. H. "Internal Versus External Control of Reinforcement as a
Basic Variable in Ledrning Theory.' Unpublished doctoral disser-
tation, Ohio State University, 1957.

Lefcourt, H. M. Locus of Control: Current Trends in Theory and
Research. New York: John Wiley & Sons, 1976.
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THE EFFECTS OF PROCELS SKILL ANALYSIS ON THE TEACHING OF
DATA COLLECTING, PROCESSING AND INTERPRETING

Russell H. Yeany
James R. Okey
William R. Capie
’ : University of Georgia
Athens, Georgia 30602 ] -
The processes of science are central to the domain of science and
are one of the factors which distinguish it from other human endeavors.
They should play the same central role in teaching science. The pur-
pose of this study was to assess the effects of training in the system-
atic analysis of science processes on the use of strategies for teaching
data collecting, processing and interpreting.

In order to meégure the above effects, 20 pre-service ‘secondary
science teachers were. randomly assigned to one of the following treat-
ments:

1

Treatment I (Experimental)

All subjects in this group were trained to use an observation guide
to determine the type and frequency of data operations occurring in a
classroom (e.g., collecting, ordering, and communicating) and who per-
forms each (i.e., student or teacher). After becoming familiar with
the guide through discussions and applications to model teaching
sequences, these subjects were assigned to design and peer-teach a
videnr-taped lesson which involved data collection, manipulation, and
interpretation. Each subject then used the observation guide to com-
plete a systematic self-analysis of their teaching behavior during a
private viewing of their tape. A second process skill lesson was
taught and also video-taped. ’

Treatment II (Comparison)

The subjects in this group received no special instruction in the
analysis of process skill teaching strategies. As in Treatment I,
they were assigned to teach a lesson involving data collection, mani-
pulation, and interpretation to their peers. After this; they
scheduled a private unstructured viewing before teaching a second
video-taped lesson involving the same skills. .

Prior to treatment all subjects demonstrated proficiency in the
process skills during self-paced instructional activities.

Data on the dependent variables were collected by trained observers
who used the Data Processing Observation.Guide (DPOG) to measure teacher/
student behavior. The DPOG can be used to determine the frequency of
ten different data processing operations (e.g., collecting, ordering,

12
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expanding, and displaying) and teacher-student interactions in a science
classroom. Several indices of the relative occurrence of data process-
ing operations involving both students and teachers can be generated
with the instrument. Six of these indices were selected as the depen-
dent variables of interest in this study. Analysis of variance
procedures were used to identify significant differences in index means
which could be attributed to treatment efforts.

The results of dava analysis indicated that the process skill teach-
ing behavior of the subjects was significantly influenced by the initial
treatment involving training in the use of the structured analysis
system on three of the six indices (p = .003, .03 and .005). On the
first tape, the experimental subjects received higher values on all the
indices which measured the level of student involvement #n data opera-
tions. The second lesson continued to be significantly more student
oriented when compared to the comparison group as indicated by signifi-
cant differences on the same indices (p = .04, ,005 and .001). A
dependent sample analysis for changes in teaching behavior from the first
lesson to the second indicated that there were no significant charges
within either group which could be attributed to tape viewing procedures.
The initial changes in teaching behavior due to training in strategy
analysis were p-~rsistent but no further changes resulted from viewing
the first tape.

The results indicate that teaching behavior can be influenced when
subjects are provided with an observation system which allows them to
examine the operations and interactions which constitute a lesson.

After analysis, teaching is characterized by greater pupil involvement
in the lesson. These changes are persistent to a second taped lesson.
This persistence may be due to self analysis of the first tape or
residual effect from initial training in the analysis system. Addi-
tional research is needed to establish the influence of initial training
without self analysis. ’
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CONTRASTS OF ISCS ACHIEVEMENT GROUPS -~ 'LEVELS I & II

s

Thomas E. McDuffie
St. Joseph's College
Philadelphia, Pennsylvania 19131

Factors associated with tob and bottom achievement groups for stu-
dents enrolled in the ISCS program were the principal interest of the
present research. Differences in the characteristics associated with

- achievement level in and between Levels I and II were determined. Two

specific questions were addressed.

" 1. Are there significant differences between achiievement groups
within Levels I and II? ,
2. Are there significant differences between the factors asso-
ciated with the top or bottom achievement groups from Level

I to Level II?

- Two aspects of earlier work underlie the investigation. In thé first
significant differences between achievement groups were found at Level
I. An examination of Level II is a direct extension of this effort.
Relatively inaccurate predictions of achievement «. Level II is the
second aspect. Differences on Level I were poor predictors at Level II.
Changes in the distinguishing factors from one level to the next might
explain the discrepancies. 1In general, differential treatment effects
are being examined with regard to ISCS Levels I and II.

Methodology iﬁ Design

A quasi-research design was utilized to examine the achievement of
a class, upon completion of both ISCS Levels I and II. Achievement
level was a function of a student's results on a 40-item multiple choice
examination, developed, refined and standardized for the appropriate’
ISCS level. Contrasts were made between the extreme groups on a series
of ten factors through an analysis of variance. Comparisons between
levels were the second stage. The variance found between top and bottom
groups at the end of the first and second year was analyzed. Since the
internal validity of such a longitudinal apprcach can be a source of
difficulty, a second comparison group of ISCS students was also examined.

Instruments and Data

Data collection involved a class of students who were enrolled in
a middle to upper middle, class suburban school district. A district-
wide commitment to ISCS had been made and the program implemented .
several years prior to the investigation. The sample included students
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of the‘élass which entered the program in 1975 and ‘for whom all data
was available—Level I n = 362, Level II n = 306. The comparison group
was enrolled in Level II during 1377 (n = 298).

Information was collected on a series of ten factors including
aptitude, attitude, knowledge and skills. The quantification of the
data involved a number of well known tests plus an achievement index
developed and refined by the school district. The instruments include
the SCAT and STEP tests, Moore's Scientific Attitude Inventory.

Results and Conclusion

,  Not surprisingly significant differences on SCAT quantitative and
reading scores were found between the top and bottom groups on both
levels. Less predictable was-the importance of attitude toward science.
The greatest differences in Level 1 were on emotional attitude toward
science not on aptitude or skills. The role of these variables is
revbrseé/with grade eight. Here as the literature’ suggests reading =«
andvmaghematical aptitude become most important.

While differences between levels were found on attitude and apti-
tude, the magnitude was considerably less than that detected within
groups. By the same token, differences between levels were much greater
than those between the two Level II groups.

Enthusiasm, as indicated by a positive attitude, should be an expli-~
cit goal of teachers in ISCS Level I. During the first year, high
achievement all but depends upon attitude. The conceptual demands of
the material included in Level II downgrade the role of attitude in
favor of reading and mathematical ability, but attitude remains a ‘prime
concern.

Changes in the factors associated with achievement from one level ~
to the next are greater than from one group to the next. Yence, attempt
to use differential treatment effects for predictors necessitate develop-
ment of specific relationships for each level.
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THE EFFECTS OF ALTERNATIVE PRACTICE METHODS ON SCIENCE
TEACHER EXPLAINING BEHAVIOR AND STUDENT- OUTCOMES

William R. Capie )
James R. Okey v
Russell H. Yeany ?*
University of Georgia Y
Athens, Georgia 30602 !

.
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Rationale

This experimental study was designed to determine the treatment
effects of systematic analysis and self-practice, peer practice and
student practice in explaining on subsequent science teaching behav-
ior and on student outcomes in science. '

The process of explaining is central to effective teaching. Even
the casual classroom observer can attest to the importance*of this
skill. The early work of Rosenshine and Furst (1973) describing clar-
ity and Johnson's competency verification study (1977) further support
the essential role of explaining. Two viable research areas are deter-
mining valid acquisition strategies and identifying specific explaining
skills which affect learning.

Miltz (1971) defined a set of explaining be..aviors in a training
program evaluation where judges rated post-training explanations super-
ior to initial attempts. Pool (1976) used a modified training study
where both treatment and control group teachers taught a standard
lesson to pupils. Pupils of trained teachers scored higher on a stan-
dard concept test.

The present study differs in that both teaching behavior acquisi-
tion and pupil outcomes are assessed. 1In addition, natural teaching
activities were used.

Methodology

Twenty-three students in a secondary science teaching methods
course were randomly assigned to three treatment levels. All subjects
completed a four-hour program dealing with various dimensions of explain-
ing science concepts. Principles included sequencing generalizations
and examples using precise language, focusing, etc. Two hours of prac-
tice with systematic analysis followed in three different contexts.
Group I students recorded brief explanations and analyzed their own
topics. Group II students recorded brief explanations made tc a peer <
who assisted in analysis. Group III students were assigned to public
schools where they recorded and analyzed explanations made to students
in science classes. A test of explaining knowledge was administered
after the practice sessions.
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Prior to instruction all students recorded a brief explanation
made to a group of peers. Subsequent to instruction all students
taught and recorded two lessons with public school pupils. The first
was a short single lesson on a specified science topic. The second
was a brief lesson sequence where students had pupils respond to pre-
and post-tests. Both of these lessons were recorded.

Scores }eflecting explaining knowledge, pupil learning, pupil

attitudes and skill acquisition for students in the three treatment
groups were analyzed using analysis of variance procedures.

Data Sources

Data were generated by teacher education students and by pupils
they taught. The teacher's knowledge of explaining was assessed with
a paper and pencil instrument which required knowledge and application
of the explaining principles. Pupil learning in science was assessed
with a teacher constructed test keyed to instructional objectives of
the lesson sequence. Standardized gain scores were used for analysis.
Pupil attitudes regarding instruction were assessed by a questionnaire
constructed by the investigators. .

The teachers' expiaining behavior was assessed by two judges who
monitored the tape of the single lesson with pupils. Observations
were made of the number of generalizations and examples used and their
sequence in instruction. Sixteen measures of frequency were gleaned from
explaining observation systems. In addition, the number of verbal focus-
ing behaviors was noted. Quality judgments were made as well. Each time
a rule or .generalization was used, judges rated its quality on seven
dimensions such as clarity, simplicity, relevance, etc. These observa-
tions were made on a Likert-type scale with the end-points defined. A
mean quality rating was computed for each dimension and the sum was
totaled reflecting an overall quality index.

Results/Conclusions

Each of the quality dimensions favored the self-practice group as
did all eight computed quality indices. The probability associated wi.th
these 22 F-ratios ranged from .13 to .40, the mean being .23. A
Cochrans test for homogenity of variance revealed that the peer group
was also much more homogenous than either of the others. There were
no differences in the scores of explaining knowledge, the pupil gain
scores, or pupil attitudes.

The consistent pattern of near significant differences on 22 varia-
bles suggests that self-study is most effective in improving explanation
quality. Such findings have potentially broad implications to those
planning science teacher training programs for both field experience
and peer practice activities which are costly in terms of student or
class time.

13,

128




-~

N

Q 9

Johnson, C. E. and others. A Summary of the Competency Verification
Survey Study with Selected Findings. Athens, Georgia: Georgia
Department of Education Beginning Teacher Evaluation Project,
University of Georgia, 1977.

Miltz, R. J. "Development and Evaluation of a Manual for Improving
Teachers' Explanations." Unpublished doctoral dissertation,
Stanford University, 1971.

Pool, K. W. "Preservice Teacher Education in Explaining and Its
Effect Upon Elementary Pupils' Learning of A Concept.”
Unpublished docteral dissertation, University of Georgia, 1976.

Rosenshine, B. and Furst, N. "The Use of Direct Observation to Study
Teaching," in R. M. Travers, ed. Second Handbook of Research °

in Teaching. Chicago: Rand McNally College Publishing Company,
1973. .

Y ad




THE RELATIVE EFFECTS OF MODELING ON THE ACQUISITION OF WAIT-
TIME BY PRESERVICE ELEMENTARY TEACHERS AND CONCOMMITANT
CHANGES IN DIALOGUE PATTERNS AND PUPIL PERFORMANCE

Linda R. DeTure
Alachua County Schools
Gainesville, Florida

The purpose of this study was to devise an effective method for
training teachers to extend wait-time, defined as the time a teacher
pauses after asking a question, wait-time I (WTI), and after a student
response, wait-time II (WTII). The two treatments, a video and an
audio model, were tested with and without a feedback component. The
outcome variables measured were mean length of teacher talk (MLTT), :
mean length of student talk (MLST), a proportion of teacher talk
(PTT) and a student performance measured by proccss skills test.

. Fifty-two preservice elementary teachers were randomly assigned
to four groups: audio no feedback; audio feedback; video no feedback;
and video feedback. The subjects taught a series of three science
inquiry lessors to four fourth or fifth graders in a microteaching
setting. Each teaching session was audio recorded and entry level
wait-times were calculated. Before Session 2 teachers observed either
a video or audio model depicting the desired criterion wait-time of
three seconds. Subjects taught Session 2 using extended wait-time.
Before Session 3 teachers in the feedback group listened to and rated

. their tape from Session 2 to determine frequency of criterion wait-time.

The no feedback group read an inquiry related article. Both groups
were instructed to use extended wait-time for Session 3. The 208
children were administered the process test at the end of each session.

Mean lengths of wait-time I and II and the dialogue variables were
calculated from the audio tapes with a servo-chart recorder. Treatment
effects were analyzed with a split plot factorial ANOVA design. Multi-
ple regression analysis was performed for each teaching session with
wait-time I1 as the dependent variable.

The results revealed that the video group achieved significantly
longer wait-time II than the audio group with both groups improving
significantly from entry level. The effect of feedback resulted in an
increase in wait-time significant at the 0.076 level of probability.
Feedback was sufficient to bring the video group to & mean wait-time of
3.6 seconds. Wait-time I increased significantly from Session 1 to
Session 3 but the increase did not reach the desired criterion for any
session.

Of the outcome variables both mean length of student talk and the
proportion of teacher talk were highly correlated with wait-time for
all three teaching sessions. As the length of WTII increased MLST
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increased and PTT decreased. The mean length of teacher talk was
found to correlate with WTII significantly only for Session 2 during
which MLTT decreased and WTII increased. It was suspected that
teachers initially attempted to increase wait-time by controlling
their length of utterance. MLIT increosed to entry level for Session
3 and did not correlate significantly with wait-time. Test scores
did not correlate significantly with wait-time for any teaching
session possibly because of the wide fluctuation of the wait-time
variable between the teaching sessions.
3

This study suggests that a video model with feedback would be an
effective training method for increasing teacher's wait-time. The
audio feedback model with slight modifications might prove to be an
effective alternative if expense requirements prohibit the production
and use of the video model.
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DEVELOPMENT AND VALIDATION OF A TELEVISED TEST OF SCIENCE PROCESSES

David E. Torrence
Moravian College
Bethlehem, Pennsylvania

and
Michael Szabo
PaulW. Welliver
Dennis M. Roberts
The Pennsylvania State University

Objeétives

This project describes the development of a resource for the identi~'
fication of science process skills in young (grades 4-~7) children. An
existing test was modified for presentation in a broadcast instructional
television (ITV) format. Field-based normative and validation data were
collected and analyzed using established procedures.

Théoretical Rationale

National curriculum projects and some research undergird the per-
ceived value of teaching science processes. Numerous projects to define
or assess process competencies have been reported in the literature.

The similarities and differences of tnese project findings will be
summarized as a basis for the present project.

Some research and deveiopment with televised testing has been <un-
ducted in the areas of visual literacy, reading skills, and science
knowledge; no evidence was found that science process skills have been
measured through broadcast ITV.

Methodology

Tannenbaum's Test of Science Processes was selected for its: 1)
comprehensiveness relative to theoretical science processes and 2)
dependence upon the presence of pictorial stimuli to elicit science
processes. The TOSP was modified by reducing the number of items
using judges' opinions and item analysis data, and reducing the read-
ing level of test questions. Combined with revision of all visual
stimuli and conversion to a televised format, the modified test was
deemed appropriate for grades 4-7.

Data Sources

<

The first pilot study served to determine the amount of response
time allocated per item. Further data suggested editing changes. A
subsequent pilot study collected data for statistical standardization
(e.g., item analysis, preliminary norms, and reliability). A substan-
tial validity study was conducted using correlational analysis between
scores on the Televised Test of Science Processes, selected process tests,
and general ability scores available from participating school districts.

!




Findings

Science educator judges rated 68 of the 96 items acceptable for
the intended audience. Readability modifications reduced the reading
level of the materials approximately three grade levels. Average item
response time was established at 30 seconds. Item analysis criteria
eliminated 28 items, leaving 40, The test is administered in two one-
half hour time segments.

/ A reliability estimate based upon a sample of 802 fifth graders
was .82 and rose to .91 when adjusted for test length (to 96 items).
The validity coefficient with "he Science Process Test was .66.
Correlatiéon with an intelligence test was modest (.53) but significant.
Sub-analyses for specific processes was not incorporated into this
phase of the project. '

Educational Significance

This project has produced a useful and adjunct resource to the
expanding thrust to increase inquiry oriented behaviors of elementary
teachers in the State of Pennsylvania through Science for the Seventies.
In addition, it provides a vehicle for assessing science competencies
in young children. The data generated can be used for research,
science process curriculum evaluation, instructional improvement, and
building awareness of science processes on the part of practicing
school personnel.
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CHANGING ATTITUDES AND CHECKING ACHIEVEMENT...MEASUR%NG
THE EFFECTIVENESS OF AN INTER-DISCIPLINARY
APPROACH TO SCIENCE

Lorraine A. Popowicz \
Anna Maria College
Paxton, Massachusetts

The purpose of this study was to determine whether an interdisci-
plinary approach to teaching high school biology had a positive effect
on students' attitudes toward science. . .but not at the expense of
cognitive achievement in science.

Positive attitudes toward science are not a spontaneous ‘happening
of our age—an age in which society is enjoying the fruits of science
in the form of the highest standards of living in history. Apprecia-
tion is not the same as understanding. Withey (1959) in a public
opinion survey study noted that although the general public was found
to be quite appreciative of science, it also questions science, watches
it alertly, and to some extent mistrusts it. The development of healthy,
positive attitudes regarding the scientific enterprise and its practi-
tioners is one of the major responsibilities of science educators at
all levels.

Integration of science with other disciplines (cross-disciplinary
approach) is one answer to the question of how to bring about positive
attitudes toward science (Kahn, 1962; Cossman, 1967). Interdisciplinary
approach in this investigation referred to the combining of the tradi-
tional elements of the Modern Biology program by James Otto and Albert
Towle (1969) along with an art element; i.e., the applied work of repre-
sentation; decoration on surfaces together wi:h the techniques and
crafts associated with them.

Y

Art may be basic to important vocational fields in -at least two
evident ways (Schwartz, 1970). One way could be defined as the contri-
bution that creativity makes to the totally functioning. individual.

The other takes on a more impersonal relationship that may exist among
learning disciplines. If, as contended by art specialists (Conant,

1964; Tolces, 1956) art activity induces creativity, we may assume that
positive attitudes are transferrable to other fields. This is an
assumption rather than an established hypothesis. Nevertheless, possi-
bilities for such relation%hips have not been tested. Creative education
has not yet become the significant force in the schools today. With

this study, speculation may be in order to see just how art crestivity
would and could contribute to positive attitudes toward science.

 k k k% %
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Two school settings were involved in the study: School A (N = 235)
was the experimental school in which a treatment (Biology with Art) and
a control (Biology) group design was used, and School B (N = 120) was
used exclusively as a control school in order to tést for a possible
"spillover" effect. In School A, the study involved two teachers and
eight "college bound" tenth grade biology classes. Each teacher taught
two treatment and two control groups. In School B, four classes were
randomly selected as the control group from a total of twelve "college
bound" tenth grade biology classes. The generalizability of any findings
of this study would be restricted to tenth grade '"college bound" classes
using the Modern Biology program which are conducted in school settings
similar to School A. School A was a Catholic high school located in a
Massachusetts suburb, with predominantly white and middle class back—‘
ground students. |

Although the specific question the study answered: Is there a
significant difference in attitude toward science between the treatment
and the control groups?, what the study also wished to test was that
the increase in achievement in the treatment group was not significantly
less than the increase in the control group over the period of the treat-
ment. Thus, two dependent variables were investigated: attitude toward
science and cognitive achievement in science. The instruments used to
operationalize these variables by pre-test and post-test measures were
the Scientific Attitude Inventory (Moore and Sutman, 1970) and the Co-
operative Science Test in Biology (ETS, 1965). In addition to the treat-

ment variable, three other independent variables which could possibly
have had a "'systematic" effect on performance on the dependent variables
were included in the design of the study: intelligence, teacher and sex.

The principal statistical evaluation included an analysis of covar-
iance. A fixed model using a replication of treatment x levels design
(AXLxR) was used (Lindquist, 1953). The main factor (A) was the treatment
factor with two levels (treatment, control). The levels factor (L) was IQ
with three levels (average, above average, superior). The replication
factor (R) was a teacher blocking factor (R) with two blocks (teacher #1
and teacher #2). The design is outlined below (Note: there are 12 cells).

TREATMENT CONTROL
Above Above
Average | Average | Superior Average | Average | Superior
19 19 19 19

Teacher {1

Teacher #2

The results revealed that boys who were involved in art activities
along with their usual coursework in biology, consistently developed
gignificantly more positive attitudes toward science than boys and girls
studying the same biology course without the integrated art element.
This finding for boys was found to be generalizable to both teachers and
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across all IQ levels. For girls however, the treatment effect on
attitude interacted signifiecantly with teacher. A more positive

. change in attitude toward science was found for the girls in the
treatment classes for only one teacher.

Pertinent to the intent of this study for considering achieve-
ment, it was concluded that the interdisciplinary approach to teaching
biology integrated with art did not have a negative effect on achieve-
ment .
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EFFECTS OF USING PHOTOMICROGRAPHS ON ACHIEVEMENT AND
ATTITUDE IN HIGH SCHOOL BIOLOGY

William J. Dederick
Kingston City Schools
Kingston, New York 12401

and

John W, Shrum
University of Georgia
Athens, Georgia 30602

Objectives and Rationale

Effective use of the microscope and subsequent success in a biology
course are often related to a student's ability to identify a variety of
plant and animal tissues from descriptions in a laboratory manual or
from a verbal description supplied by the instructor, Students' diffi-
culties with scientific terminolbogies are compounded when it is necessary
to relate the term to &ctual structures viewed under the microscope. The
purpose of this study was to evaluate the use of photomicrographs as a
means of improving a student's ability in associating the meaning of
scientific terms that describe anatomical structures of plants with the
actual structures. . )

°

Methodology and Design

A Campbell and Stanley Posttest-Only Control Group Design was used
to compare student achievement in recognizing and properly identifying
plant anatomical features using two methods of instruction. A control
group was instructed by conventional methods and an experimental group
was instructed by the same conventional methods but supplemented with
photomicrographs of the anatomical features. The study included analy-
sis of male and female performance as well as difference between ability
levels of students. Four hundred twenty-one students and five teachers
in high school biology at a New York State high school participated in
the study.

Iastruments and Data

The posttest was a laboratory practical examination which required
students to move to 33 prescribed stations. Each station consisted of
a tissue to be viewed under a microscope and a 3 x 5 card that contained
one question. Each test item had four choices as possible answers with
one indisputable correct response to the question posed.

The data from thevachievement test instrument were analyzed by a
multifactor analysis of variance employving the Statistical Package for
the Social Sciences (SPSS) for unequal N's. Multifactor analysis of
variance was used to compare the two treatment groups on the main
effects of: (a) treatment, (b) gender, (c) ability level, and (4)
instructor. Analysis of variance was used to test for interaction
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effects between: (a) instructor and treatment, (b) instructor and

gender, (c) instructor and ability level, (d) gender and treatment, .
(e) gender and ability level, and (f) treatment and ability level.

A post-hoc analysis using the Newman-Keuls multiple comparison test

was used to determine which of the four ability level means were

significantly different from each other.

To evaluate the attitudes and opinions of the students partici-
pating in the study, a student assessment questionnaire was distributed
to each student. Data colletted from the student assessment forms were
analyzed on the basis of mean response and standard deviation. Five
t-tests were made to compare the attitude of the treatment groups on
questions that weré common to both questionnaires.

Résults and Conclusions

This experiment in the use of photomicrographs in the teaching of
plant anatomy in high school biology indicated that students in the
experimental classes achieved at a significantly (p«0.001) higher
level than students in the control classes. There was a significant
main effect for gender differences with boys scoring significantly
(p<0.05) higher than girls. All four experimental ability levels
achieved significantly (p <0.001) higher than the control ability 4
levels. ‘The post-hoc analysis revealed the high ability level achieved
significantly (p<0.05) above the other three ubility levels. Inter=
action for two unique combinations of variables under investigation
were found: teacher x treatment and teacher x ability level.

Data from the student assessment analysis revealed that students
expressed favorable reactions to the slides and indicated a preference
for them over conventional instruction alone.

The results of this study provide evidence that the use of photo-
micrographs in high school biology significantly and positively influ-
enced cognitive achievement.

14/
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A COMPARATIVE LABORATORY STUDY OF THE EFFECTS OF TWO TEACHING *
STRATEGIES ON STUDENTS' ACHIEVEMENT MOTIVATION, PROBLEM
SOLVING ABILITY, AND SELECTED CLASSROOM BEHAVIORS

. Charles C. Matthews
Florida State University
Tallahassee, Florida 32306

Rationale

This paper is a part of the most recent research conducted by Project
LEO, a research cooperative studying learning environments and outcomes.
A number of researchers in recent years have found relationships between
specific teaching strategies and factors which may be considered to be
indicators of learning. During recent years, investigators in Project
LEO have studied the learning of elementary school children and high
school students as this learning relates to two specific, quantitatively
defined instructional strategies—called "“Student-Structured Learning in
Science!" (SSLS) and "'Teacher-Structured Learning in Science" (TSLS).
This study is an extension of this previous research into the middle
school range, o

Summary of Methods

This study investigated the effects of two contrasting teaching
strategies on the achievement, problem solving ability, and selected
classroom behaviors of students in middle school science. Treatment
was controlled by teacher training and daily observation utilizing
teagh&g behavior categories from the Science Curriculum Assessment
System. Pre- and post-tests were administered prior to and following
a six-week treatment period. Student behaviors were also coded daily
using the SCAS classroom interaction categories. Appropriate hypothe-
ses were stated and tested utilizing pre- and post-test scores on a
one-to-one problem solving interview, and an interaction’ index computed
from classroom behavioral data on individual students. Ninety sixth,
seventh and eighth grade students were taught by the SSLS strategy;
and an equal number of sixth, seventh and eighth graders were taught
by the TSLS strategy. Treatment groups were assigned by random selec-
tion of subjects from grade-level populations and classroom behavioral
data were sampled randomly. Observer agreement was established weekly
by a standard reliability coefficient. :

Results

The paper includes a detailed description of data analysis leading
to the following findings:

1. No significant difference in achievement motivation between
SSLS and 7SLS was observed,
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2, SSLS students scored significantly higher on problem sclving
tasks than did TSLS students.,

3. SSLS students interacted more with each other on lesson-
ielated matters than did TSLS students.

4, Sex was not a significant variable in determining achievement
motivation, problem solving ability or student-student inter-
action in the classroon,

Implications

This study suggests that learning (as defined by the variables.
considered) is significantly higher under SSLS instructional strategies
than under TSLS instructional strategles with no loss in motivation.
Lesson-related discussions among students are significantly higher in
SSLS than in TSLS., This suggests thzt middle school science teachers
who intend to teach problem solving and who find student-studert inter-
action to be tolerable should choose the SaLs strategy rather than the
TSLS strategy.
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A COMPARATIVE LABORATORY STUDY OF PROBLEM-SOLVING ABILITY
AND CONFIDENCE FOR SIXTH GRADE, SCIENCE STUDENTS
EXPOSED TO TWO CONTRASTING TEACHING STRATEGIES

David J. McKee
City of Tallahassee-Chemist
Tallahassee, Florida 32303

Rationale

. This is part of the cooperative research effort collectively known
as Project LEO (Learning Environments and Outcomes). The study investi-
gated effects of two contrasting teacher Lehavioral patterns—Stud:ant-
Structured Learning in Science (SSLS) and Teacher-Structured Learning
in Science (TSLS)~upon the problem-solving ability -and confidence
levels of sixth grade students. This extends a previous six-week pilot
project to a fifteen-week treatment period.

Summary of Methods

The two contrasting teacher behavioral patterns were maintained
through teacher training and daily use of the Science Curriculum Assess—
ment System., Students under both strategies were exposed to identical
materials, room, and teachers. One hundred students in four classes
were given a fifteen-week treatment period, at the end of which each
student was individually given a problem-solving and confidence inter-
view, Student sex, ethnicity, and availabie IQ data were compiled.

Results

Data were analyzed using the Statistical Package for Social Sciences
(SPSS). Results of analysis of covariance and Pearson correlation coeffi-
cients were as follows:

1, SSLS students performed significantly better on problem-solving
tasks.

2l SSLS students had significantly higher confidence levels.

3. A significant two-way interaction between the ethnicity and
strategy variables indicated that black students in SSLS classes
performed better on problem-solving tasks than did blacks in
TSLS classes.

4. A significant three-way interaction between sex, ethnicity, and
strategy variables indicated that black male students in SSLS
classes performed better on problem-solving tasks than other
groups while black male students in TSLS classe< showed the
lowest performance. Also, black females in SSLS classes per-
formed better than black females in TSLS classes.
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5. Significant Pearson correlation coefficients were found for
problem-solving ability and confidence level, for problem-
solving ability and IQ, and for confidence level and IQ.

\

Implications

Conclusions to be noted in this study are the differential stra-
tegy effects upon problem-solving ability and confidence level, For
teachers interested in promoting a student's ability to solve problems
vhile improving self-confidence, the SSLS strategy is the obvious \
choice. Since SSLS classes function better to improve problem-solving
skills of black students, while working just as well for white stu-
aents, educators should become aware of the potentially prejudicial
effects of the more traditional TSLS classes.




A COMPARATIVE STUDY OF THE RELATIONSHIPS BETWEEN CLASSROOM
BEHAVIORS AND COGNITIVE CHARACTERISTICS OF STUDENTS
EXPOSED TO TWO SCIENCE TEACHING STRATEGIES

Dorothy Schlitt
Florida State University
Tallahassee, Florida 32306

Rationale

This paper 1is part of a study which describes the most recent
extension of the research being conducted by Project LEO (Learning
Environments and Outcomes) investigators. Previously reported research
dealt with the effects of two quantitatively defined teaching strate-
gies, Student Structured Learning in Science (SSLS) and Teacher Struc-
tured Learning in Science (TSLS), on the characteristics and learning

outcomes of elementary school and secondary.- school students. o

Summary of Methods

This study investigated whether student behaviors exhibited in
SSLS and TSLS classroom environments were related to the cognitive
development indicators of conservation on four Piaget-type interview
tasks (number, area, weight, volume). The tasks were administered by
trained undergraduate and graduate students in Science Education and
administered on an individual basis both pre- and post~treatment. Two
groups of sixth, seventh and eighth grade students were randomly
selected and assigned to either a TSLS or SSLS classroom. Classroom
behavioral data were sampled randomly over a six-week period by trainad
observers; agreement was established weekly by means of a standard
reliability coefficient, The recording of student behavior was defined
by means of the SCAS, (Science Curriculum Assessment System) categories.

Results

Data analyses in this study, which are described in the paper,
suggest: .

1. Conservers in TSLS classrooms exhibit more non-lesson
related behaviors than conservers in SSLS:-classrooms.

2, In TSLS classrooms, conservers exhibit more L2 behavior
(following directions) than non-conservers.

3. In SSLS classrooms, conservers exhibit more L3 behavior
(making up own activities) than non-conservers.

h. Differences exist in student-student interaction categories
L7 (receiving ideas) and L9 (giving ideas) as a function of
cognitive characteristics, strategy and grade level.
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Implications

This study suggests that some cognitive characteristics of students
may be related to specific student behaviors as a function of classroom
strategy. It is suggested that since more "cognitively advanced" stu-
dents spend more time doing lesson-related activities of their own choice
and engage in less non-lesson related behavior in SSLS classrooms, a TSLS
environment may be less productive for such students. While student-
student interaction is more likely to be encouraged in an SSLS environ-
ment, the level of such interaction may be a function of the age (grade
level) of the student as well as the cognitive characteristics of the
student.
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A COMPARATIVE STUDY OF THE EFFECTS OF TWO TEACHING STRATEGIES IN
SCIENCE ON STUDENTS' NEED-AFFILIATION AND TEACHER DEPENDENCY
BEHAVIORS

Jose L. Vinelli
Florida Department of Education
Tallahassee, Florida 32301

This study, which is part of a research conducted under Project LEO
(Learning Environments and Outcomes) dealt with the effects of two teach-
ing strategies (Student Structured Learning in Science versus Teacher
Structured Learning in Science) on middle school science students' need-
affiliation and teacher dependency behaviors.

Under both treatments students worked with the samr. kind of mater-
ials. SSLS students were free to design their own activities, received
no directions as to what to do, and were neither praised nor evaluated
for their performance. TSLS students received direetions to be followed
step by step while working with the materials, received positive and
negative verbal reinforcements from the part of the teacher, and were
required to finish each activity before proceeding with the next assign-
ment . )

Pretestswere administered to the students during the first week of April,
and posttests during the last week of May 1975. Teachers and students
behaviors were coded daily using the SCAS Classroom Interaction Cate-
gories by faculty members and trained graduate students. Reliability
between coders was checked twice a week against a standard coder by
means of the Scott's Reliability Coefficient W, and maintained through-
out the study at a level of 0.75 and above.

The findings of this study seem to confirm that the need for affil-
iation, in general, is a more salient feature among girls than-among
boys at the sixth grade level.

Among seventh and eighth graders a significant interaction of method
by sex was found. Within the TSLS strategy girls exhibited higher n-
Affiliation than boys, as it was the case among sixth graders. This
pattern reversed itself within the SSLS strategy where girls showed lower
n-Affiliation than boys. Anxiety reduction among female students within
the SSLS setting is offered as a possible explanation to this fact, and
a need for affiliation of the type that Festinger, Pepitone and Newcomb
call "individuation" is suggested as the possible cause of the hlgher n-
Affiliation exhibited by boys.

With respect to the students' dependency upon the teacher, as mea-
sured by the Teacher Dependency Index, the general pattern is simpler:
TSLS students exhibit higher teacher dependency than SSLS students.

If the science teacher is concerned with promoting students' indepen-
dence in the manipulation of materials and influencing their affiliative
tendencies, according to this study, SSLS strategy seems tobe abetter
approach than TSLS strategy among seventh and eighth graders.
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A COMPARATIVE LABORATORY STUDY OF THE EFFECTS OF TWO TEACHING
STRATEGIES ON STUDENTS' ATTITUDES AND SELF-CONCEPTS
IN SCIENCE

Sudhir B. Abhyankar
Florida State University
Tallahassee, Florida 32306

Rationale

This paper is a part of the most recent research conducted by
Project LEO, a research cooperative studying learning environments
and outcomes, A number of researchers in recent years have found
relationships between specific teaching strategies and factors which
may be considered to be indicators of learning. During recent years,
investigators in Project LEO have studied the learning of elementary
school children and high school students as this learning relates to
two specific, quantitatively defined instructional strategies called
"Student Structured Learning in Science" (SSLS) and "Teacher-Structured
Learning in Science (TSLS). This study is an extension of this previous
research into middle school range.

Summary of Methods

This study investigated the effects of two contrasting teaching
strategies on students' attitudes and self-concepts in science. Treat-
ment was controlled by teacher training and daily observation utilizing
teacher behavior categories from Science Curricilum Assessment System.
Pre- and post-tests were administered prior to and following a 1l5-week
treatment period. Appropriate hypotheses were stated and tested util-
izing pre- and post-test scores on attitudes towards science and self-
concepts in science. Forty-six sixth grade students were taught by
the SSLS strategy and 42 were taught by the TSLS strategy. Treatment
groups were assigned by random selection of subjects from sixth grade
population and classroom behavioral data were sampled randomly.

Results

The paper includes a detailed description of data analysis leading to
the following findings:'

1. No significant difference in students' attitudes toward science |
between SSLS and TSLS was observed. c

2, Male sixth grade students had scored significantly higher on the
attitude toward science than their female counterparts.




3. Male students in the SSLS classroom scored significantly higher
on the attitude test than the male students in the TSLS class-
room but the female students in the TSLS classroom scored
significantly higher than the female students in the SSLS class-
room.

4. No significant difference in students' self-concepts in science
between SSLS and TSLS was observed.

5. Male sixth grade students scored significantly higher on the
self-concept test in science than their female counterparts.

6. A significant positive correlation between students' attitudes
towards science and their self-concepts in science was observed.

Implications

-

The findings of this study suggest that students who have better
attitudes towards science also have higher self-concepts in science
and that middle school science teachers who are concerned about
students' attitudes and self-concepts in science can adapt to a single
teaching strategy that would facilitate both th2 students' attitudes
and self-concepts in science.
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EFFECT OF TAKING SCIENCE ON FORMAL LOGICAL REASONING
ABILITIES

‘ Richard J. Bady
Rutgers University
New Brunswick, New Jersey 08904

The recent interest in the tasks and theory of Jean Piaget is
evidence of the relevance of the logical abilities he discusses for
science education. These logical abilities are required for under-
standing many scientific principles and for conducting and interpreting
research "scientifically." .t seems reasonable that the achievement of
these insights should be a goal of science curricula.

Previous research has indicated that science students tend to
perform on Piagetian tasks better than non-science majors, on the
average. Three possible explanations for this are: (1) The tasks
are biased towards science students, (2) Taking science increases the
likelihood that a student will develop the abilities being tapped, or
(3) That students who have achieved these abilities or are likely to
achieve them for other reasons, are just those students who are likely
to take science. A corollary of this third explanation is that students
who lack these abilities are likely to find science difficult and drop
out into other fields.

- To attempt to chose between these threc explanations, several tasks
ranging in difficulty were adapted from Wollman' (1977), Wason and
Johnson-Laird (1972) and Kuhn (1977). The tasks were given to seniors
at a small private school which offered a wide range of humanities
courses, thus avoiding the possible confounding between ability and
science courses taken. PSAT math and verbal scores (taken in the ninth
grade to avoid any possible effect of science courses on the scores)
and number of science courses taken were used as independent variables
in regression analyses to predict score on the tasks.

Results indicate that the three variables account for only about
25 percent of the variance in task scores. Almost all of this is
? shared equally between PSAT math and science courses taken. Thus (at
least for this school) taking science contributes a significant but
small amount towards the development of logical thought.
”

This model of analysis has great potential as a tool in curriculum
evaluation. Since adequate control groups are not typically available
against which to evaluate a curruculum-treated sample, it is useful to
be able to measure the effect of the treatment variable both absolutely
and with respect to background variables.
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Scheme in Experimental and 'Natural Experiment' Context."
Developmental Psychology, 1977, 13, 9-14.

Wason, P. C. and Johnson-Laird, P. N. Psychology of Reasoning. Cam-
bridge, Massachusetts: Harvard University Press, 1972.

Wollman, W. '"Coutrolling Variables: Asse-sing Levels of Understand-
ing." Science Education, 1977, 61, 371-383.

1(}(/

Q 153




SR AL AL g 4 eemat® puee  ewe ewers a1 ee wa s an

‘ COGNITIVE LEVEL AND ITS RELATIONSHIP TO APTITUDE,
ACHIEVEMENT, AND TRAINING

George J. Pallrand
Rutgers University
New Brunswick, New Jersey 08904

The conceptual framework of Jean Plaget has markedly influenced
those studying the cognitive development of adolescents. Although the
system is comprehencive in describing development from infancy through
adulthood, most research has concentrated on the evolvement of thought
in small children. It has only been recently that the higher cogni-
tive levels, particularly the formal operational level, have received
considerablé~and deserved attention. Several researchers in science
education have recently presented data which indicate that less than
half of those taking college level science courses were not operating
at the fully formal level. The influence of a number of variables
including intelligence upon cognitive level have groduced uncertain
results. The question of influence of high schoo é&periences upon
cognitive level remains.

The study examined the relationship between aptitude and achieve-
ment (defined by SAT scores, class rank and credits earned, and I.Q.),
and extent of high school exposure to subject matter disciplines (defined
by years of enrollment in various high school subjects), and Piagetian
cognitive level. One hundred eighteen-year old graduates of a suburban
Central New Jersey high school were the subjects in this investigation.
Three Piagetian tasks, the chemicals, balance, and permutations were
administered to each subject to establish cognitive level.

Several results are of interest. Only 1l percent of the subjects
were found to function at the fully formal level. More than half of
the subjects were classified as early formal; the remaining 25 percent
were classified as concrete. Of further interest is the finding that
success -on an individual task appears almost unrelated to success on
another task. In the canonical analysis, the 14 independent variables
yielded variate values of ~-.93 for the balance task, ~.22 for the per-
mutations task, and -.01 for the chemicals task. These tasks appear to
utilize different cognitive processes.

Class rank is a function of grades. Rank, however, accounted for
only 18 percent of the variance in cognitive level. Once the effects
of rank and intelligence are controlled for in the analysis, neither
the subject matter discipline nor the number of courses taken in a
particular subject matter discipline have any significant effect upon
individual cognitive level. Class rank and variables such as aptitude,
achievement, and subject matter discipline representing virtually every
vhjective measure of academic perfcrmance, collectively accounted for
only 52 percent of the variance in cognitive level.
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These results raise a number of questions about high school curri-
cula, grading practices, and college placement procedures. The high
school may emphasize cognitive functions other than those associated
with formal thought. The number of courses taken in various subject
matter disciplines appears unrelated to cognitive level. Higher corre-~
lations between both years enrolled in science courses and years
enrolled in math courses with Piagetian cognitive level suggests that
students with higher cognitive levels may select these disciplines over
others. The high school may not influence cognitive development.
Instead it may act as an academic filter. Students functioning at the
higher cognitive levels selectively study science and mathematics.
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COGNITIVE DEVELOPMENT IN SCIENCE ORIENTED STUDENTS

Robert N. Braun
Rutgers University
New Brunswick, New Jersey 08903

In the past decade there has been a widespread interest in the theory
of cognitive development put forth by Jean Piaget. This interest has et
sparked a growing body of research on the effects which education may have
on inducing or accelerating cognitive, development. A number of studies
(Griffiths, 1976; Kolodiy, 1975; Lawson, Nordland, and DeVito, 1975; among
others) have reported that those who study science in high school and
college perform at higher levels of cognitive development than do students
studying other disciplines. These studies have led Fuller, Karplust and
Lawson (1977) ‘to propose that the study of science can be used as a suit-
able vehicle to induce or accelerate a cognitive transition to higher
levels of cognitive development.

In spite of this research, it remains unclear as to whether science
is the vehicle which causes the display of higher levels of thinking; or
whether, those who study science have a predisposition to this type of
activity. For this reason, two samples of 'science-oriented' high school
students were administered a battery of tasks. One sample, 30 high
school freshmen, had not begun a formal study of science, but had indi-
cated their interest in doing so. The other sample, 30 high school
seniors, were completing their fourth year of high school science.

The subjects were individually administered five Piagetian tasks of
formal operational thought (balance, shadows, inclined plane, colored
chemicals, permutations). In addition, measures of cognitive ability
(1.Q., vocabulary, and reading comprehension) and cognitive style (field
dependence-independence) were obtained.

Subjects were assigned to one of the stages of Piagetian cognitive
development on each Piagetian task, Chi-squared tests were used to com-
pare the frequency distributions between the two samples. The ninth
grade subjects were found to perform significantly lower than the twelfth
grade subjects on only one task: the equal arm balance. The variables
of cognitive style and ability were found to have no effect on cognitive
development for either sample; although the scores for these measures
were well above population values.

The results are interpreted as showing that in 'science-oriented'
high school students, the higher levels of cognitive development are
achieved before the students begin their formal study of science. The
reason for this 1is unclear; but research with 'science-oriented' stu-
dents, at younger ages, is clearly called for.
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FACTORS INFLUENCING ELEMENTARY SCHOOL STUDENT TEACHERS' SELF CONCERNS

Claude H. Cunningham
Houston Independent School District
Houston, Texas 77027

and

Jacob W. Blankenship -
University of Houston
Houston, Texas 77004

Purpose

The purpose of this investigation was to determine which of a group
of demographic and classroom variables were significantly related to
elementary school student teachers' self concerns. Further, the study
was Gesigned to allow for documentation of elementary school student
teachers' expressed needs for resolution of their concerns. The demo-
graphic variables considered were: 1) student teachers' ages and 2)
the subject the student teacher thinks she teaches best. The classroom
variables considered were: 1) teaching area, 2) class size, and 3)
grade level taught.

Procedures

The sample consisted of 96 non-Black female undergraduate elemen-
tary education majors enrolled in student teaching through the University
of Houston during the spring of 1974. Members of the sample were asked
to respond to an altered form of the Teacher Concern Checklist—Form B
(TCCL-B). The altered TCCL-B was designed to measure self concerns in
three teaching areas: 1) concern for self as teacher, 2) concern for
self as reading teacher, and 3) concern for self as science teacher.

An open-ended needs statement was used to gather student teachers'
expressions of need for resolution of their concerns.

The hypothesized relationship of the demographic and classroom
variables to self concerns were tested using treatments by subjects
analysis of variance, two-factor, mixed design analysis of variance,
and one-way analysis of variance. Expressions of student teacher needs
were categorized and need priorities established.

Findings

Teaching area and student teacher age were found to be signifi-
cantly related to student teachers' self concerns. Class size was not
found to be significantly related to self concerns. Grade level taught
was not found to be related to self concern in any teaching area. The
subject the student teacher thinks she teaches best was significantly
related to concern for self as science teacher only.
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Student teacher expressions of need were found to be predominately
self-related needs. Categorization of these needs revealed two speci-
fic priorities for teacher educators. The first was the need for
increased preparation in classroom management, especially as related
to classroom discipline. The second was the need for establishment of
procedures to insure an orderly orientation for student teachers to
their student teaching assignments prior to the actual beginning of
their student teaching experience. .

Conclusions

Student teachers' self concerns were found to be significantly
related to student teacher age and to teaching area. It was concluded
that older student teachers' more varied experience background allowed
them to be more successful and thus less self involved in classroom
situations. It was further concluded that differences in self concerns
related to teaching areas were reflective of curricular priorities at
work in the student teachers' school rather than to student teachers'
feelings of adequacy or inadequacy. Stu@ent teachers' expressed needs
were self-oriented as predicted by the Teacher Concern Model. The
types of needs expressed led to the conclusion that the members of the
sample found student teaching to be a disquieting situation of which
they had a faulty image.

162 ¢ 4

L




AN INTERVENTIONIST STRATEGY FOR CHANGING TEACHER BEHAVIOR
BASED ON SCHWAB'S LEVELS OF OPENNESS

Marvin F. Wideen
David Hopkins
Simon Fraser University
Burnaby, British Columbia V5A 1S6

N

It has been argued that the curriculum reform movement of the sixties
and early seventies was largely a failure in terms of affecting change in
the behavior of teachers. Despite some notable exceptions, teachers teach
much as they always have, through what Schwab has termed "a rhetoric of
conclusions". One of the reasons for this is that while much effort was
devoted to the development of programs and materials, little attention
was paid to the complex problem of changing teacher behaviour (Dalin,
1977). It was assumed that providing in-service courses for teachers in
the use of a program would in fact result in a different type of teaching
pattern; however, this did not prove to be the case.

The need then would seem to be for more explicit interventionist
strategies aimed at particular modes of teaching, easily communicated
to teachers and designed to affect clear cut changes in teacher behav-
iour. The purpose of this paper is to describe the development of a
strategy for teacher change based on Schwab's "levels of openness"
(Schwab and Brandwein, 1962) and the use of that strategy in secondary
classrooms.

The strategy involved an instrument based or Schwab's "levels of
openness' and a plan; the latter was designed to affect behavioral change
in teachers over a four-month period. The direction of the intended
change was towards more inquiry-oriented behavior among teachers.

The instrument was a rating scale designed to produce a single
measure of openness on a zero to four scale based on the summation of
separate episodes. It could be used to rate a complete lesson or par-
ticular episodes depending on the specific topic. The basis for the
rating was the level of openness involved in a particular laboratory
or teaching episode. A value of 0,85 vas obtained for the inter rater
reliability between separate raters.

The plan included pre-taping to establish a base line for behavior,
an intervention which involved providing models for alternative types of
instruction and data feedback, and post taping to assess changes.

Twelve elementary and five secondary teachers were involved, and each
was considered as a separate case study in the analysis of change in
teacher behaviour.

The results indicated that the instrument was a reliable, easy to

use tool in the study of changes in teacher behaviour, and that the
strategy was most effective in terms of shifting teachers towards the
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use of more open technique in their science teaching. However, shifts
from one level to the next were accomplished only through a consider-
able effort, and subsequent observation revealed that a tendency
existed amongst many teachers to revert back to pre-intervention
patterns of behaviour.,

The paper identifies these conditions as well as the factors
relating to sustained change, and concludes with a discussion of the
dynamics of intervention in classroom situations.

Schwab, Joseph and Brandwein, Paul. Teaching of Science. Cambridge,
Massachusetts: Harvard Univer. ty Press, 1962,

ray
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EFFECTS OF ACTIVITY SEQUENCING ON THE ACQUISITION OF
THE CONTROLLING VARIABLES SCHEMA

Jane B. Bowyer
Mills College
Oakland, California 94613

and

Marcia C. Linn
Stanford University

The controversy between prescribed instructional sequences, indivi-
dualized or personalized programs, and open education is largely unresol-
ved. Gagne's theory has been associated with instructional programs in
which tasks are logically ordered from the least to the most sophisti-
cated. Piaget's theory has suggested many instructional procedures. One
popular approach allows students to choose their own activities as in
British open education. The current investigation compares the effec-
tiveness of a hierarchically ordered activity sequence to one that is
student selected. As a control, a randomly selected sequence was included.

This study is concerned with instruction in the application of the
controlling variables schema as described by Piaget. Previous studies
designed to teach controlling variables have generally been unsuccessful.
The roles of cognitively prescribed sequencing and free choice have not
been explored in this context. Research focusing on certain types of
learning suggests that optimum sequences can be effective for specific
tasks (for example, nonsense syllable learning); free choice sequences
have motivational value (subjects are more likely to learn material they
have chosen themselves). In addition, some research suggests that adults
are better than children in selecting their own learning experiences,
possibly because they are more familiar with the impligations of their
choices. Effects of three modes of activity sequencing/ on the acquisi-
tion of the controlling variables schema and student attitudes are
explored in this study. '

Methodology and Design ;

¢

The activities used in each sequence were apparatus-based science
experiences that one child could pursue independently. A total of 45
were available. Students first worked on a directed experiment with the
followup option of designing their own investigations. An average of 40
minutes was spent on each activity. The order of the activities was
made in one of three ways to achieve the goals of this study: (1)
student-selected sequences, (2) student-assigned sequence designed by
a Gagne trained psychologist to form a learning hierarchy, and (3)
student-assigned sequence of rindomly ordered activities.

The entire sixth grade class, consisting of 54 children from a
racially and economicaily mixed urban school in northern California,
participated in this study. Children were randomly assigned to 'classes"
of six students. Nine student teachers representing the total population
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of fifth-year credential candidates from a small private college,
acted as the leaders. The student teachers were randomly assigned
to each of thc "classes,'" and to one of three conditions therein.
Inservice workshops insured that all student teachers were familiar
with the curriculum materials and classroom procedures. Each class
met for one hour a week for twelve weeks in an empty book storage
room located outside the regular classroom.

The program was evaluated using cognitive measures of control-

ling variables plus an attitude survey and measures of individual
differences.

Instruments and Data

To measure understanding of the controlling variables schema,
pre-post individual interviews were administered by experimenters
not otherwise involved in the study. Tasks used were Bending Rods,
Springs, Pendulum and Spinning Wheels, previously shown to have good
internal reliability (r = .80) and validity. The attitude survey
interview and group test were designed for this study. Measures of
individual differences included Rod and Frame, Embedded Figures,
Locus of Control, and Classroom Preference Inventory.

Results and Conclusions

Results of cognitive tests show overall gains from pre-test to
post-test, but no significant differences between conditions. These
results are similar to previous findings using only the free-choice
condition. It seems likely that the novelty of an activity-centered
program overshadows the differences between conditions.

Attitude survey results suggest that student attitudes toward
the program are overwhelmingly positive. It appears that students

 prefer the mode of activity choice they are assigned to (i.e., the

student-selected sequence classes prefer self-choice, and assigned
sequence classes prefer teacher-choice). In addition, other systemic
effects of conditions were noted.

I*’,
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THE EFFECT OF SELECTED ANALOGIES ON UNDERSTANDING OF
SCIENTIFIC EXPLANATIONS

N. Leonard Drugge
Vancouver School System
North Vancouver, British Columbia, Canada V7R 2K6

and

Heidi Kass
University of Alberta
Edmonton, Alberta, Canada T6G 2G5

The use of selected verbal and physical ‘analogies in scientific
explanations associated with kinetic molecular theory and explanations
of the structure of matter and chemical change was investigated. A
rationale was developed for the pedagogical use of analogies and it
was hypothesized that the use of a verbal or a physical analogy in a
textbook-like presentation or in classroom teacher demonstration will
increase the students' immediate comprehens’on of the scientific ex-
planation over that attained when the scien' fic explanation is
presented without the use of one of these types of analogy.

This hypothesis was tested in three different experiments using
814 eighth grade students, 180 ninth grade students, and 1,258 tenth
grade students. In all experiments one scientific explanation and its
associated criterion test designed to measure the students' understand-
ing of the scientific explanation were administered to each student.
In the grade ten and grade eight experiments, the primary field of
verbal analogy (ia pre, post, within, side~-by-side and advanced for-
mats) accompanied the scientigic explanations, except in the case of
one group who”?EEeived the/pbstulates of the kinetic molecular theory
and a control group who received only the scientific explanations. In
total, 42 booklets were constructed to correspond to the 42 cells in
the fixed effects factorlal design (3 topics x 2 ranks x 7 treatments).
In the grade nine exoerlmént the primary fields of the two physical
analogies were demonstrated\to the experimental subjects.

The criterion mean scorks of the experimental group administered
the analogy and of the control grounp were compared. The null hypothe-
sis was tested in five cases for concrete verbal analogies and in two
cases each for conceptual verbal analogies and physical analogies. In
no case did use of a concrete dr a conceptual verbal analogy increase
immediate comprehension over that of the control group. This finding
was substantiated for boys vs. glrls, the five formats, three topics,
length of scientific explanation: (between 150 and 815 words), grade
levels, and levels of understanding of the analogy. Three treatment
means were significantly lower tHan the corresponding control group
means for concrete verbal analogles. This appeared to be a result of
a topic x format x length of sc1edt1f1c explanation interaction.

When a physical analogy was ugcd in a scientific explanation, imme-
diate comprehension was significantly greater than that of the control
group in onec of the two cases. The scientific explanation for which
there was a signhificant difference was the more complex of the two.
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PIAGETIAN RESEARCH IN SCIENCE EDUCATION: SOME MISGIVINGS
ABOUT ITS POTENTIAL TO IMPROVE PRACTICE

Hugh A. Munby
Queen's University
Ontario, Canada K7L 3N6

This paper is int&nded to be one of a paper set originating from a
common concern about contemporary science education research. In this
paper, a specific orientation in science education research is reviewed
with the intent of showing that one might have reasonable misgivings
about that orientation's potential to improve science education prac-
tice. The research orientation discussed here is that derived from the
developmental theory of Jean Piaget which has generated a cons®derable
amount of research activity within the NARST membership. (Six of the
articles printed in Volume 13 of the Journal of Research in Science
Teaching, and approximately one-fifth of the papers presented at the
1977 Annual Meeting in Cincinnati belong in this orientation.)

The misgivings that the present writer has about the potential of
the Piagetian research orientation for improving practice can be grouped
under two headings. Some examples are briefly stated below to illus-
trate the sorts of points contained in the paper itself.

1. Educational Claims

The Piagetian literature contains significant claims about
educational practice. Some of these, though, pose concerns. For
example, it is said that active manipulation is important for con-
cept development, yet Anthony (1977) suggests that this may not be
so. Also, it has been claimed that teaching could be organized
to reflect the developmental stages, but Kaufman and Konicek (1974)
have questioned that such a procedure can assist the child to con-
struct psychologically his reality. These and other issues are
discussed to reveal the tentative relationship between the theory
itself and teaching practice. ¢

Metatheoretical Considerations

A number of recent works raise questions about some of the
congepts in Piaget's theory. An examination of these reveals that
there is cause for some misgivings, despite the obvious and vast
contribution which the theory makes to our understanding of intel-
lectual development. For instance: Smedslund (1977) is doubtfq$
of the explanatory usefulness of the concept decalage; Enais (1975)
has indicated concern for the normative character of Piagetian
logic; and Toulmin (1971) has examined problems tied to Piaget's
concept of stage.
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Discussions of these two areas leads to a consideration of how the
Piagetian research orientation in science education could be related to
professional practice, with particular reference to curriculum and
instructional planning, and to the diagnosis of children's learning.

It is suggested that, in light of these misgivings, it might be useful
to consider an alternative for planning and diagnosing. The paper
shows how a conceptual or philosophical analysis of what is to be
learned and of children's learning itself can inform curriculum design
and provide explanations about learning in a way which might satisfy
some needs in professional practice.

Anthony, W. S. "Activity in the learning of Piagetian Operational Think-
ing." British Journal of Educational Psychology, 1977, 47, 18-24.

Ennis, R. H. "Children's Ability to Handle Piaget's Prepositional Logic.
Review of Educational Research, 1975, 45, 1-41.

Kaufman, B. A. and Konicek, R. D. "The Applicability of Piaget to Con-
temporary Curriculum Reform.' Paper presented at the annual meeting

of the National Association for Research in Science Teaching,
Chicago, 1974.

Smedslund, J. "Piaget's Psychology in Practice! British Journal of
Educational Psychology, 1977, 47, 1-6.

Toulmin, S. E. "The Concept of 'Stages' in Psychological Development."
In T. Mischel (Ed.) Cognitive Development and Epistemology. New

York: Academic Press, 1971.




CONCEPTUAL ANALYSIS: A NEEDED DIMENSION FOR EVALUAT-
ING SCIENCE CURRICULUM MATERIALS

Santos Mahung
Ontario Institute for Studies in Education
Toronto, Ontario, Canada . 5S 1V6

This paper is intended to be one of a paper set originating from a
common concern about contemporary science education research. It pro-
poses to look at conceptual analysis, its methodologv ard potential, as
a systematic dimension in the evaluation of science curriculum materials.

The literature on science curriculum materials evaluation can be
divided into three categories. 1In the first are reports of empirical
studies—a search for objective evidence-—evaluating the success or
failure of materials to achieve selected objectives which are observ-
able or directly measurable. Also included in this category are
discussions of methodology employed in such st-dies, the advantages
and pitfalls. This kind of study usually has its basis in a psycho-
logical frame of relerence—especially in models of learning as
behavioral change.

In the second category are articles, and even books, actually des-
cribing and promoting a particular instrument for evaluating curriculum
materials. The work of Haussler and Pitman (1973) and that of Ben-Peretz (1977)
are examples. Studies based on the instruments differ from those of
the first category in that pupil achievement is not assessed. Instead,
the instruments are designed- for analysis of materials, and are best
described as functionally descriptive. Thus, use of the instruments
is generally limited to qualitative analysis, that is a description of
the materials or program—an identification of the features of the
materials. Certain desirable characteristics are identified as present
or absent; e.g., objectives stated behaviorally, rationale presented
clearly, and content organized properly. The basis for determining what
characteristics are desirable lies mainly in a psychological frame of
reference or in general curriculum theory; e.g., a Bloom-Tyler model for
curriculum. These instruments seek wide applicability by containing the
"analysis" within a greater descriptive framework. The desire to incor-
porate wil. applicability into the features of the instruments constrains
the instruments to a generally descriptive role. Thus, the instruments
are not designed for and therefore not capable of being us.d for critical
conceptual analvsis of materials.

/ The third category includes those articles which moveé frowm the speci-
fic to the general. The discussion here 1s at a meta-level about evalua-
tion and, although it may focus on the concerns of the firest two categotiesf
the intent is to suggest an approach or attitude towards evaluation rather
than championing a particular instrument or reporting a single study. Tbhis

\< is the category in which this paper is intended to be included.

—’
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There 1s only minimal reference in this third category to the use.
of critical conceptual analysi? in the evaluation of curriculum mater-

ials. Although the possibility for the use of conceptual %naiysis has

. been recognized and it has been used, the approach remains largely
unrecognized for its evaluative potential. Westburv(1970),foroné, has
recognized the possibility; Marshall Herron (1971), for one, has uséd the
approach. Perhaps the reason for lack of more widespread reqognitnga
is the general paucity of explications of the methodology and potential
of this approach. Whereas the limited use of conceptual analysis for
evaluation of curriculum materials has been directed towards evaluating
.materials within the constraints of their stated goals (an important
use of itself), the approach opens up a whole new way of looking at
curriculum materials in a systematic fashion. It provides a way of
looking at the internal consistency of materials with respect to pro-
gram goals and the provisions made for achieving these, as well as
unspecified outcomes and meta-lessons which can potentially occur from
the use of the materials. These are important to know not only in
deciding whether to adopt the materials, but also in assessing their
impact if adopted. ’

Ben—PereEz, Miriam. "Curriculum -Analysis Matrix.” 1977. (Mimeographed.)

Haussler, Peter and Pitman, June. A Curriculum Material Analysis System
for Science. Beltz Verlag, 1973.

Herron, Marshall N. "The Nature of Scientific Enquiry." Schocl Review
(February 1971), 171-212.

. Westbury, Ian. '"Curriculum Evaluation." Review of Educational Research,
1970, ﬁQ(Z), 239-260.
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DETERMINING OBJECTIVES THROUGH INQUIRY: A
CRITIQUE OF ITS LOGICAL BASIS

<

Grabam W. F. Orpwood
" Ontario Institute for Studies in Education
Toronto, Ontario, Canada

‘This paper is inteuded to be one of a paper set originating from
a common concern about contemporary science education research. More
specifically, it addresses the problem of the relationship of empiri-
cal research to the determination of the objectives of science teaching.

The hope that the objectives of education could be discovered by a
process of empirical inquiry has long been cherished by curriculum
developers—in science education as elsewhere. Although the focus of
research aimed at this goal has varied over the years, the pattern of
reasoning associated with it has remained essentially the same:
"Research has shown that X; therefore, science programs ought to pursue
objectives a, b, and c." Expressed in still more general terms, the
argument represents a move from warranted knowledge, established by
research, to prescriptions for action. This paper is an inquiry into
the defensibility of such a move.

Research studies aimed at irhe determination of objectives are
found in a variety of areas. They include studies of learners, of
teachers, studies into the subject matter, and into the wider social
context of education. For the purposes of this summary, studies of
learners can serve as exemplars. These include, on the one hand, inves-
tigations into the learner's needs, his interests, his abilities, ‘his
likely vocational goals; such studies provide knowledge in a direct way
about specific groups of learners. On the other hand, there are studies
aimed at more generalizable conclusions: into how learners learn, into
what social or instructional factors are related to the learner's
achievement, and so on. In either case, the studies are intended to
vield knowledge about learners. Insofar as this knowledge is used as
the basis for the determination of objectives, researchers have argued
that the objectives of science programs ought to correspond in specific’
ways to such knowledge. Fxamples from recent research papers are used
to illustrate this point.

in this paper, these approaches to the determination of science
education objectives are criticized from the perspective of the logical
requirements of what is known, technically, as "practical reasoning."
It is an established principle of practical reasoning that arguments
for a course of action must proceed from a premise embodying a value
position, and cannot rest on empirical evidence alone. It is inappro-
priate, thevefore, to argue solely from reseasch evidence that certain
objectives should be pursued in science education. For example, suppose
that in a particular location, it were an established piece of knowledge




that all graduates of the school system became farmers on graduation.
In that situation, one could not argue without further ado that the
objectives of thz science program ought to emphasize agricultural
topics; such an argument would violate the principles of practical
reasoning.

The paper thus has three objectives., It identifies the predomi-
nant value positions underlying representative research attempts to
determine objectives. It relates the importance of these value
positicns to the conduct and outcomes of the research studies. And
fInally, it offers an alternative conceptualization of the process
of choosing objectives-—one that 1is logically consistent with the
nature of the task and that also ‘clarifies the function of warranted
knowledge (and of the research designed to generate such knowledge)
in the process.
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SECOND THOUGHTS ABOUT THE POTENTIAL INFLUENCE OF SCIENCE
TEACHER EDUCATION RESEARCH

Thomas L. Russell
Queen's University
Kingston, Ontario, Canada K7L 3N6

Has research in science teacher education made a difference, either
in the ways we conduct preservice and inservice science teacher educa-

.tion or in the ways participating teachers teach? '"Not very much" seems

to be the appropriate answer when this question is addressed to many
contemporary studies in this area of science education. The purpose of
this paper is to illustrate and suggest possible explanations for this
state of affairs, and to indicate research alternatives which seem to
hold greater promise for improving practice.

i We are faced, fundamentally, with the question of what basic cri-
terion to use to judge our research. Like much research in science
education in genernl, many instances of research related to the educa-
tion of science teachers seem to be guided by the criterion that the
research be "scientific.”" Thus the form of research is the important
feature: independent and dependent variables, control groups, statis-
tical analysis of numerical data, and acceptance or rejection of
hypotheses.

When we restrict ourselves to reseaich in this form, we limit the
kinds of questions we can ask and we limit ourselves to particular
xinds of results. Accordingly, we may ignore some of the most impor-
tant questions of science teacher education practice, and then, when
we do have our results, we may limit their potential influence because
they are so difficult for others to translate into changed practices.
In science teacher education and in science teaching at the elementary
and secondary levels, current practices have enormous momentum, main-
tained in part by the very powerful nature of learning by modeling.
Our potential influence is severely restricted if our questions and
our results ignore chat momentum of current practice.

The first part of the paper presents examples of contemporary
science teacher education research, asking of each how significant the
question is and to what extent the results achieved may be expected to
improve science teacher education practices. It is argued that the
potential influence of the research is, in many cases, unduly restricted
by the forma. of the research and by the implied assumptions about how
science teachers and science teacher educators evaluate proposals for
the improvement of practice.

The second part of the paper examines alternatives to the most

familiar form of science teacher education research, again looking at
the significance of questions and the potential influence of results.

l7§lt§k
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Here reference to specific examples is particularly important, to
illustrate in practical terms the nature of specific alternative
research modes. No claim is made or intended to the effect that
all the alternatives in use or in development have been identified.
Rather, the goal is to encourage consideration of alternatives to
the predominant mode of contemporary research in science teacher
education. When a mode of research seems to persist not because it
informs and influences practice but because i is the traditional
mode and appears to be scientific, second thoughts are inevitable
and deserve our serious consideration.




CLASSROOM OBSERVATION IN SCIENCE EDUCATION: THE POTENTIAL
OF ETHNOGRAPHIC RESEARCH FOR IMPROVING PRACTICE

Brent S. Kilbourn
Ontario Institute for Studies in Education
Toronto, Ontario, Canada M5S 1Vé6

This paper is intended tc ve one of a paper set originating from
a common concern about contemporary science education research. The
first part of the paper will outlinz the conditions which must be met
if research is to have promise for improving practice. An argument
will be developed that practice can be improved only when research
attends to the particulars of a given classroom setting—this particu-
lar teacher, with these particular students, and this particular
environment. That is, at the level at which we customarily talk about
the improvement of classroom practice it is necessary to base decisions
and action onr specific details of ti.e interaction. These specific
de tails form the context in which events in the classroom are under-
stood by studeats and teachers, they determine the success of teaching,
and they are unique to each classroom.

The second part of the paper will te the critical appraisal of
research involving science classroom observation. The intent is to
articulate, through examination of selected studies, the general
orientation or paradigm guiding current observational research. The
research paradigm(s) will be analyzed in light of the above argument.
The effort will be to see if there are inherent limitations of the
paradigm that work against significant improvement of practice. In
this portion of the paper there will be a discussion of the place
of research geared toward a search for empirical generalizations.

The final portion of the paper will exolore the usefulness of
ethnographic research for contributing to the improvement of practice.
Such research deals specifically with the particulars of the class-
room and consequently might have a relatively high chance of informing
practice in significant ways. It will be argued that ethnographic
research be undertaken not in lieu of, but' in addition to, other
observational research paradigms.
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SOME BASIC QUESTIONS ABOUT THE RELATIONSHIP OF KNOWLEDGE TO
ACTION: SCIENCE CURRICULUM DEVELOPMENT AS A CASE STUDY

Douglas A. Roberts
Ontario Institute for Studies in Education
Toronto, Ontario, Canada M5S 1Vé

This paper is intended to be one of a paper set originating from a
common concern atout contemporary science education research. Specifi-
cally, the present paper has two purposes: to deal with general matters
exemplified in all six papers, and as well to focus on one area of
science education research according to the themes common to the papers.

These six papers-deal with the problem of conceptualizing an
appropriate role for knowledge in the improvement of science education
practice. Recognizing a distinction as old as Aristotle, but recently
revived and elaborated by Schwab in the context of curriculum, the
authors have taken note that knowledge production in the field c¢f
science education—the function of researchers—has a radically differ-
ent character than that of practical action in the classroom—the
function of presumed consumers of research. Research is in the
Aristotelian category of human affairs known as "the theoretic," while
practice is in the category known as knowledge; those in the practical
eventuate in defensible decisions. Ground rules for the theoretic
demand that generalizations be sought; ground rules for the practical
insist that this particular be dealt with. The complexity of intellec-
tual life (in the theoretic) requires abstraction of selected attributes
of the phenomena being studied; some attributes must be ignored. The
integrity of decision-making life (in the practical) requires that the
phenomenon be dealt with in its wholeness; no attributes can be ignored.

Given this overarching viewpoint, it is clear that research find-
ings in science education will be related to science education practice
in highly complex ways. Yet, two simplistic views s2em to prevail
about that relationship. At the one extreme one finds a "knowledge-
consuming' view, which envisages the practitioner waiting patiently
for each new issue of JRST in order to know how to improve practice.
At the other extreme one finds a "knowledge-ignoring" view, basically
anti-intellectual in its posture (and seeing as large the uniqueness
of MY situation, compared to that of THEIR study). Neither view is satis-
factory, ard the six papers of this set seek to formulate a more realistic
role for knowledge in the determination of action.

Six areas of science education research will be examined in the total
paper set. For purposes of developing and exemplifying the general over-
arching issues raised. in this paper, selected literature on curriculum
development in science (and, to a limited extent, in general) will be
analyzed. ”
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QUANTITATIVE INDICES FOR COGNITIVE STRUCTURES

Michael Duffy
Lloyd Bond
University of Pittsburgh
Pittsburgh, Pennsylvania 15243

The degree of similarity between a learner's cognitive structure
(i.e., his or her internal organization of concepts in memory) and the
appropriate subject matter structure has received much attention in
the recent educational literature (Shavelson, 1973, 1974; Preece, 1976;
Johnson, 1967). Preece, for example, noted that the degree of similar-
ity of a student's cognitive structures to _he appropriate subject
matter structures could be a useful criterion measure in experiments
to evaluate or compare teaching methods. Two as yet unsolved problems
are (1) what index should be used in comparing student response struc-—
tures and "'correct" structures and (2) what cognitive abilities, if
any, aid in the acquisition of correct structures. This paper seeks
to provide answers to these two questions.

Previous investigators have typicaliy sought to compare structures
by examining the differences between matrices of semantic proximity
between all concepts in a given set. That is, the method involves
obtaining direct similarity estimates from students between all (%)
pairs of n concepts or words in a given set and then comparing the
resultant n X n similarity matrix to the "correct" similarity matrix.
Another method requires students to build di-graphs where points in
the graph represent words and lines represent the relationships among
the words. The student is further instructed to rank order the rela-
tionships by placing ranks on each line. Multidimensional scaling
analyses of these matrices has generally proven not to be meaningful.
Moreover, the Euclidean distance analysis suggested by Shavelson (1974),
wherein the Euclidean distance between transformed student matrices and
the correct matrix is used as an index of structural similarity, was
found to be ‘inadequate by Preece because such distances reflect not
only different patterns of cell entries, but also their absolute dis-
tances. )

The use of similarity matrices in comparing structures is ques-
tionable for two reasons. First, the notion of similarity is inappro-
priate for many subject matter domains (e.g., biological phyla are
hierarchical structures which are best represented by having students
actually construct the hierarchy). Second, the number of similarity
estimates for n concept words increases exponentially with increasing
n, rendering many studies impractical. In the present study, simple
indices are developed from the adjacency matrices representing student-
generated graphs. The indices were {ound to increase linearly with
increasing departure from "correct" matrix representations. Additionally,
the indices correlate as predicted with scores on the Shipley test of
mental operations and with scores on a multiple choice in the relevant
subject matter.
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Sevefty-two seventh and eighth grade students were given a pre-
instruction task involving 13 rock terms from elementary geology
(rock, sedimentary, igneous, metamorphic, pumice, sediment, lava,

‘granite, shale, magma, slate, marble, énd limestone). The students

were given 13 cards on each of which wés printed one of the rock
terms and were instructed to arrange tHe cards so that they "made
sense,'" that is, they conveyed to the dtudent meaningful information.
An example using the terms insect, thoéax, abdomen, head, eyes,

antenna, legs, and spiracles was demonétrated by the experimentor.
When the student was satisfied with thé arrangement, he or she was
instructed to write the words on a sheet of paper with lines indi-
cating the relationship between the concept words. For example, with
the insect terms the experimentor drew three lines connecting insect
to thorax, head, and abdomen. The students were also administered

a 33-item objective test in elementary geology and the Shipley Test
of mental operations._

On successive days following completion of the above tasks, all
students read two, four, and cight-page readings in basic geology
taken from standard texts, after which the card sort activity and
the multiple choice test were re-administered.

The deviation of the response card sort (Mji) for each student
(i) from the correct card sort (M) was quantified by computing three
simple scalar quantities from the deviation matrix Dj=M; - M. Matrix
M{= C+ C2 where C is an adjacency matrix with

cij = 1 if a line connects wo<zAs iand j

cij = U if no connection exists.

Matrix CZ is the two-stage communication matrix with

c%j = the number of directed paths in the structure connect-

ing words i and j in two steps

The first index, Li, is the log of the marginal column sum of the D
matrix for each student as follows:

nn 2
Li = log (¥ = dj;) , n =13
ii
The second index, Pj, is simply the number of zeroes in the Di matrix.

The third index, Ti, a measure of how interrelated student i perceives
the words to be, is the trace of the Di matrix.

A summary of the results readily indicates the utility of these
simple indices of cognitive scructure. While approximately 25 percent
of the variance in post test scores was explained by the pretest,
fully 46 percent of the post test variance was explained by L; (i.e.,
the linear corrclation between Lj and post test was -.08). Moreover,
Li correlated -.50 with residualized post test scores. Of signifi-
cance also is the fact that the partial correlation between L and the
post test (pre test partialled from both) is -.60, a correlation which
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is only slightly below the zero order r between these two variables.
A very similar pattern of relationships exists between P, and post
test scores, with signs reversed. Index T{ however showed no dis-
cernible pattern of correlations with post test scores. The above
pattern of correlations suggests strongly that performance on typical
classroom tests of a given subject matter is directly correlated with
the extent to which a student's internal organization of concepts in
the subject matter maps onto the correct organization of those con-
cepts. -

While the question "What cognitive abilities aid students in
correctly representing subject matter str ctures?" will require
further study, the present study suggests several abilities for
further investigation. The authors predicted, for example, that
total score on the Shipley test would correlate positively with Py
and negatively with Li. This prediction was borne out, the relevant
correlations being .52 and -.49, respectively. Additionally, the
two subscales of the Shipley which appear to be most relevant (viz.,
Class Inclusion, defined as the use of diverse attributes as criteria

for grouping, or schemes of combination with one ciass included in
another, and Transfer, defined as the ability to recognize order
relationships through indirect comparisons of inequalities) in fact
correlated significantly with both Li and Pj.

Johnson, P. E. "Some Psychological Aspects of Subject Matter Struc-
ture." Journal of Educational Psychology, 1967, 53, 75-83.

Preece, P. F. W. "A Note on the Comparison of Cognitive Structure
and Subject-Matter Structure." Journal of Research in Science
Teaching, 1976, 13, 353-354.

Shavelson, R. J. '"Learning from Physics Instruction." Jcurnal of
Research in Science Teaching, 1973, 10, 101-111.

Shavelson, R. J, - "Methods for Examining Representation of a Subject-
Matter Structure in a Student's Memorv." Journal of Research
in Science Teaching, 1974, 11, 231-249,
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THE DEVELOPMENT AND VALIDPATION OF A DIAGNOSTIC TEST
OF METRIC SKILLS

Richard L. Williams
University of Victoria
Victoria, British Columbia, Canada V8W 2Y2

‘With a few notable exceptions, metric education in North America
appears to be making erratic progress. Public opposition is greater
than previously expected, and conversion problems are often complex.
As metric educators meet these problems, there develops a need for a
criterion referenced evaluation instrument which can diagnose speci-~
fic weaknesses and also assess the degree of mastery of the metric
system. .

The criteria upon which the test items are based arise from a set
of hierarchies of metric skills formulated using the cask analysis
techniques of Robert Gagne. Separate hierarchies were develcsed for
each of four general skill areas: (1) Knowledge of Units and Symbols,
(2) Estimation Skills, (3) Measurement Skills, and (4) Conversion
Skills. Using length, volume, mass, and temperature as content varia-
bles, the following table of specifications was established. Numbers
indicate the number of items per cell.

Table of Specifications

D T ) ) T i
Content Units and]Estimation Measu;ement Conversion Totals

- _Symbols Skills Skills Skills

Length 5 3 3 3 14

Volume 4 4 5 5 18

Mass 3 - 2 2 3 10

Temperature 0 3 2 1 6 . o
|

Totals 12 12 12 12 48

The items uscd were selected from a large pool of items that were
pilot tested in grades four through seven. Pilot testing included
performance tests in estimation and measurement skills, and only those ’
multiple choice items which correlated well with the performance
results were used in the final instrument.

Construct validity was determined using a panel of metric experts

who also matched individual items to the hierarchies of metric skills.
The McFee Metric Test was ~lso administered in order to obtain a measure
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of concurrent validity (r = 0.71). Reliability was determined using
a splic-half reliability coefficient (r = 0.86).

The final instrument was administered to a random Sample of 262
fifth and sixth grade students from 26 schools in the cities of
Spokane and Calgary as part of a comparative study in metric educa-
tion. Forty-six teachers also completed the test as part of the
study. An analysis of the results indicated an average item diffi-
culty of 0.46 with most items fallirg be:ween 0.2 and 0.7. Using a
phi coefficient to determine discriwmination, 41 of the 48 items were
above 0.3. Student scores ranged from 9 to 37 with a mean of 22.
Teacher scores ranged from 25 to 45 with a mean of 36.

Results of the test can be analyzed for each of the four sklll
areas and also for each of the metric measuring units. In order to
keep the length of the test manageable, the number of items in each
cell of the table of specifications is not sufficient to yield
further reliable diagnostic information.

The test instrument is suitable for use with grade 5 students
through to adults, but is generally designed for intermediate grade
students. The 48 items can be completed in about 15-20 minutes.




DEVELOPMENT OF THE IMAGE OF SCIENCE AND SCIENTISTS SCALE:
CLASSICAL AND RASCH MODEL APPRGACHES

. Jeffrey K. Smith
Joseph G. Krajkovich
Rutgers University )
New Brunswick, New Jersey 08904

-The Image of Science and Scientists Scale is a 48-item, Likert-type
instrument measuring}éZe respondent's opinions or attitudes toward

("image of") the fieN] of science and scientists as professionals. The
scale was developed fr§\m work done in the fifties by Mead and Metraux
(1957). The scale was Ydministered to two samples of respondents under
somewhat different condi{ions. 1In the first administration, 378
seventh through twelfth grade students responded to 50 statements in a
dichotomous (agree-disagree) fashion. These responses were analyzed in
a classical fashion and using the Rasch model of item analysis. Two
items were deleted on the basis of the analysis and several were modi-
fied. Then 408 ninth grade students responded to the items on a six-
point Likert scale. These responses were also analyzed using the
classical test analysis and Rasch model latent trait approach. In the
second administration, students a'so took the Group Embedded Figures
Test; IQ scores and science grades were recorded for this group.

The paper compares item analysis and instrument development for the
two test models and for dichotomous vs. Likert responses. Additionally,
the relationships among field dependence/indepzndence, IQ, science atti-
tude, and science grades are examined using Rasch scoring and Likert
scoring. While the focus of the paper concerns the couparison of the
classical and Rasch test models in affective instrument development,
test statistics from both models indicate the practical usefulness
of the Image of Science and Scientists Scile.

- Mead, Margaret and Metreaux, Rhoda. '"Image of the Scientist .mong High
Schocl Students.'" Science (August 1957), 126, 385-390.
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ATTITUDE FORMATION IN INTRODUCTORY SCIENCE COURSES: AN °
APPLICATION OF DISSONANCE THEORY

Frank E. Crawley
University of Texas
Austin, Texas 78712 /

>

Objectives and Theoretical Rationale

)

Four theoretical bases have been recently proposed by NAKST
researchers investigating attitude modification:

a. cognitive dissonance
b. perceptual theory
) c. communication theory .
oo d. functional approach .

Of those theories, cognitive dissonance appears to offer a rather appeal-
ing framework for understanding the intricacies of attitude formation by
. students enrolled in introductory science courses at both the high school
and college levels. Unlike second and third level courses in a particular
science area, introductory (or first level) courses appeal to a wider

variety of students, attracting people with d1verse interests and career °
objectives,

Festinger (1957) in The Theory of Cognitive Dissonance postulates
that two cognitions—things a person knows about himself, about his
behavior, and about his surroundings—can exist as irrelevant or rele-
vant relations. Twc cognitions are irrelevant when one implies nothing
concerning the other, a rather unlikely situation when the two cognitive
elements are knowledge of one's enrollment in an introductory science
course and the extent of successful (or non-successful) experiences in

the course. On the other hand, if the two cognitions are relevant, then
the overall relationship between them lies somewhere along a consonant-
dissonant continuum. The degree of consistency or inconsistency (con-

sonance or dissonance) depends upon the elements comprising the cogni-
tions.

o

The purpose of this proposed paper is to offer some possible
answers to the following questions using cognitive dissonance as a
theoretical basis:

-- What are some of the elements which possibly ‘comprise each
of the cognitions?
-~ How are the cognitions rendered relevant and irrelevant?
-- What are the effects of dissonance between the two cognitions?
== How can dissonance be either avoided or reduced?
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Methodology and Design

After a brief overview of Dissonance Theoi;, possible answers
to the preceding questions will be presented. Relationships between
the two cognitions, elements comprising the cognitions, znd courses
of action available as a result of dissonance will be discussed.
Evidence is to be reviewed which supports further research into
dissonance theory as a theoretical basis for attitude formation in
introductory science courses.

< Instruments and Data

Results of a research report recently published by this investi-
gator noted that students (N = 22) who learned in preferred ways
registered a more positive change in their attitudes toward two
introductory college physics courses in which they were enrolled than
did their counterparts who learned in ways they did not prefer.
Learning preference was measured using the Structural Compatibility
Inventory (SCI); attitudes toward physics using the Subject Prefer-
ence Scale (SPS). At the time of this investigation physice achieve-
ment data (final course grades) were collected, thus providing
information as to the success of each student enrolled in the courses.

. ' kesults and Conclusions

Course preference was not found to be related to physics achieve-
ment. Likewise, achievement .in physics (as measured by course grades)
was not found to differ between students learning in preferred ways and
those not learning in preferred ways. Satisfaction with physics (as
measured by SPS) did, however, differ between the two groups. Students
learning in ways they preferred registered a more positive change in
preference for physics than did those learning in ways not preferred.

In the context of dissonance theory attitude can be defined as a
predisposition to make an evaluative response based upon the relation-
ship between two cognitions. In terms of the two previously mentioned
cognitions, dissonance is experienced by students enrolled in an intro-
ductory science course in which they feel unsuccessful. Acquiring a
negative attitude toward the physics course—a condition more consis-
tent with the lack of success-——represen.s a natural move on a student's
part to reduce dissonance by reducing the importance of achievement in
physics. When students are provided with instructional experiences
compatible with the manner in which they prefer to learn, dissonance
is reduced; learning in preferred ways is consistent with having a
successful experience in the course. Course attitude is thereby
improved as the negative effects of achievement are somewhat counter-
balanced. .

Suggestions are to be made for the development of an instrument
which will access the extent to which achievement, method of instruc-
tion, and the instructor influence students' attitude toward a science
course.
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AN ACHIEVEMENT AND ATTITUDINAL COMPARIS&N OF AN ELECTIVE MINI-
N .
COURSE SCIENCE CURRICULUM AND A CONVENTIONAL NON-ELECTIVE
' SCIENCE CURRICULUM AT THE JUNIOR HIGH SCHOOL LEVEL

Ronald E. Davies
Dr. H. Seymour Fowler
The Pennsylvania State University
Downingtown, Pennsylvania 19335

Rationale and Objectives

<&

During the last decade curricular revitalization to achieve indivi-
dualization and relevance has included science programs that offer stu-
dent electives in the form of "mini-courses."

It appears that the idea of the elective mini-course curricula
will continue to expand in the years ahead as an ‘alternative instruc-
tional approach. In view of the apparent lack of published and
scientifically oriented studies denoting the effectiveness of mini-
courses, several questions are pertinent at this time. Are the elective
mini-course programs better than what had been taught previously? Does
the new approach make a difference in student achievement? Are there
students for which an elective program results in greater achievement
or a better attitude toward science? What effect does a random order-
ing of courses have upon student learning? Are the attitudes of stu-
dents towagd science affected as a result of the elective programs?

- Obviously, the recent rapid growth of elective programs must be
recognized. The answers to these questions would be most helpful in
justifying their continued growth and to assist in building better
curricula and improving instruction. A comparative study, between a
school utilizing a science elective curriculum and one using a conven-
tional textbook program was completed to hopefully provide answers to
such questions by measuring gains in student achievement and attitude.
In retrospect, different instructional approaches were utilized in the
two schools to teach similar course content.

Methodology and Design

A longitudinal study utilizing a '"Nonrandomized Control-Group
Pretest-Posttest Design" was employed. The experimental and control
groups consisted of grade 7 and 8 science students at two junior high
schools in a suburban Pittsburgh, Pennsylvania school district. The
statistical similarity of the two student populations was confirmed
by data from a socio-economic survey and by comparing the group
intelligence scores.

The investigation was conducted during the course of the complete
1975-1976 school year.
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Instruments, Data, and Results

The Test of Science Knowledge (TOSK), Part II, was administered
at the beginning of the school year in September, 1975, and repeated
at the termination of the course in June, 1926, as a criterion measure
to determine the amount of mean achievement gains. A Scientific Atti-~
tude Inventory was also administered as a pretest and posttest measure
to assess gains in scientific attitudes of the students in each treat-
ment. The effects of non-sequential and sequential presentation of
subject matter upon cumulative'mean achievement gains was monitored
also by administration™of the Cooperative Science Tests, General
Science, forms A and B, to each grade at nine-week intervals. A "Three-
Factor Mixed Design: Repeated Measures on One Factor" was utilized to
obtain the gain scores analvses.

Aptitude-Treatment Interactions (ATI) were studied also as the
basis for determining what effect various personological variables
have upon student achievement and attitude in both of the programs.
In this study, the personological variables were grade level and sex
as a function of mental ability upon the achievement and attitude cri-
terion measures. All possible combinations of grade level and sex were
studied for both the experimental and control groups. Simple regres-
sion equations were utilized to test the slove of the pairs\of
regression lines for the existence of aptitude tyeatment interactions
at each level.

Pl

The .05 level of significance for rejecting or not rejecting the
null hypotheses for equality of population means and homogeneity of
regression equations was utilized in the data analysis.

Conclusions

The mini-course elective program, as an alternative approach to
science instruction at the junior high school, has demonstrated limited
success.

1. There was no significant difference in mean achievement
or attitude gain scores between the schools, and

2. There was no significant relationship between achieve-
ment or attitude scores and general ability across the
experimental and control groups for students of different

sex or grade level.




AN ANALYSIS OF LABORATORY ACTIVITIES IN TWO MODERN
SCIENCE CURRICULA: PROJECT PHYSICS AND PS3C,

Vincent N. Lunetta
The University of Iowa
Iowa City, Iowa 52242

and

Pinchas Tamir .
The Hebrew University
Jerusalem, Israel

Laboratory activities in the '"new" curricula of the 1960's were
supposed to lead students into problem solving and scientific think-
ing, into inquiry and independent investigation. Yet Shulman and
Tamir (1973), following criteria developed by Schwab (1962) and Herron
(1971), have pointed out that the overwhelming majority of laborator-

‘ies at schools using the "Rew" curricula were still providing students

with the definition ¢f a problem, giving them a set of procedures to
follow, and often giving them a key against which to check thkeir
answers. VWhile several recent studies have attempted to analyze the
kinds of instruction occurring in the laboratory, no attempts to
follow and to refine the kind of analysis of laboratory manuals per-
formed by Herron (1971) could be found in the literature.

Are the laboratory guides for Project Physics (1970) and for PSSC
(1971) consistent with the goals of their designers? Do they reflect
appropriate attention to scientific inquiry? The purpose of this

study has been to:

1. develop a refined scheme for the quantitative snalysis
of science laboratory investigations;

2. analyze and compare the laboratory activities ‘n the
third edition of the PSSC Laboratory Guide and the Project
Physics Course Handbook according to the proposed scheme;

3. discuss the implications of the analysis for instruction
and for curriculum development in physics,

A 20-item task-analysis instrument and a 6-item instrument to
identify the integration of laboratory work with other components
of the course were developed. The tasks were formulated in terms of
the inquiry skills and actual behavior required to perform the pre-
scribed laboratory work. Frequency counts were compiled for each
experiment and unit in the PSSC course and in the Project Physics

course.
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Differences in orientation between the PSSC Laboratory Guide and
the Projaect Physics Handbook are not as easy to detect from the
‘results of this analysis as might haVe been expected. However, the
following conclusions are clear:

1. The task analysis instrument and the organization instru-
ment are of use in the analysis of science laboratory
maunuals generally and physics laboratory manuals in

o ° particular.

2. Laboratory work in both PSSC and Project Physics does play
o a central role in the two physics courses. Students
actually perform 2nd manipulate materials, gather quali-
tative as well as quantitative data, make inferences and
generalizations, and communicate the results of their
- activities in a variety of commonly accepted ways. .

3. Five important deficiencies were identified: a) students
do not engage in identifying and formulating problems or
in formulating hypotheses; b) students have rclatively
few opportunities to design observation and measurement T j
procedures, and even fewer opportunities to design experi- :
ments and to work according to their own design; c) students
are not encouraged to share their efforts in laboratory
investigation where sharing might be appropriate; d)
explicit provisions do not currently exist for post-
laboratory discussions to facilitate understanding the
implications of findings.

Harvard Project Physics. The Project Physics Courgse Handbook. New
York: Holt, Rinehart & Winston, 1970. \\

Herron, M. D. "The Nature of Scientific Enquiry." éEhool Review,
1971, 79, 171-212.

Physical Science Study Committee. Laboratory Guide. ;gvington, Mass-
cachusetts: Heath, 1971. ;

Schwab, J. J. '"The Teaching of Science as Enquiry." 1In J. J. Schwab
and P. F. Brandwein, The Teaching of Science. Cambridge, Massa-
chusetts: Harvard University Press, 1962.

Shulman, L. S.‘énd Tamir, P. . "Research in Teaching in- the Natural
Sciences.” In R. M. W. Travers (ed.), Second Handbook of
Research on Teaching. Chicago: Rand McNally, 1973.
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SCIENCE CURRICULUM SELECTION CRITERIA AS DISCRIMINATED BY
DECISION-MAKERS, CHANGE AGENTS, AND CURRICULUM
1
DEVELOPERS/PUBLISHERS ’

Brenda (Mengel) Johnson
. University of South Dakota
. Vermillion, South Dakota 57069

In order that the greatest number of viable options of science
curricula are available to local decision-makers, a common set of
selection criteria which articulates the needs of the user, producer,

o o and disseminating agent must be found. This will facilitate the
function of an information delivery system as it provides the curri-
culum options for decision-makers. -

This research focused on the criteria for kindergarten through
twelfth grade science curriculum selection as-discriminated by local
decision-makers, change agents, and curriculum developers/publishers.

The specific questions addressed in the study were: (1) What
are the ten most important science curriculum selection criteria as
ranked separately by: decision-makers, change agents, and curriculum
developers/publishers?; (2) What are the significant differences
among the four United States geographic regions in their ten most
important criteria for science curriculum selection as ranked by:
decision~makers and change agents?; and (3) What are the significant
differences among the three groups' perceived value of science curri- -
culum selection criteria from the ten most important as ranked by
decision-makers, change agents, and curriculum developers/publishers?

To find the answer to these questions, a two-part 3urvé§ was
designed, piloted, and then mailed to 725 individuals, using a system-
atic sampling procedure. The instrument was composed of a demographic
data sheet and a list of 25 validated criteria. The respondents chose
the "most important ten' and ranked them. Space was provided for the
inclusion of other criteria not mentione. in the list. A total of 347
usable instruments, or 48 percent of the sample, was returned. A non-
respondent survey validated that the relatively large number of non-
respondents in the original survey were similar in their discrimination
among the curriculum selection criteria.

The data were quantified and weighted means, analysis of variance,
and Scheffe's Multiple Comparison proccdures were used in analyses of
the data. AJ1 tests of significance were made at theo( level of
P <-10.




Conclusions of the Research

1

There is a common set of eight criteria which have been selected
by decision-makers, change agents and curriculum developers/publishers.
They are:

- Approach (e.g., concept, process inquiry, discovery, disci- v
pline-centerzd, lecture)

- Scope, i.e., depth or focus of entire curriculum

- Sequence, i.e., pattern or structure of curriculum with
each grade level \

.\

- Student-learning objectives or outcomes stressed by the
curriculum

.

- Ability level of student materials -

- Readability and physical appearance for student's age

- Teacher in—sefvice training materials and services available

- Suggested classroom organization/management of curriculum

Decision-makers appear to be generally similar to change agents
in overall ranking of criteria.

Overall significant differences do exist among decision-makers,
change agents, and curriculum developers/publishers as defined in this
study. Decision-makers ranked

o - Approach (e.g., concept, process, inquiry, discovery,
discipline~centered, lecture)

_lower than the other groups.

21) 495




\ ]

USING QUALITATIVE DATA IN FORMATIVE EVALUATION

Glen S. Aikenhead
University of Saskatchewan
Saskatoon, Saskatchewan, Canada S7N 0OWO

Objectives and Rationale

The purpose of this study is to explore \the role of qualitative

o data in evaluating a science c¢urriculum projeqt which is in the midst
of its development Assets and limitations to\the qualitative analysis

technique are cldrified. This is done in terms\ of its usefulness to
curriculum developers.

Qualitative data are found by asking such questions as: What
ideas have students learned? What misunderstandihgs have they still
retained? The need for qualitative data and its use in a partial
summative evaluation of Project Physics has been reported (Aikenhead,
1974).

It was claimed by Aikenhead that the technique of qualitative
analysis would have greater applicability to formative evaluation
than to summative evaluation. The specificity of the qualitative
data over quantitative data was expected to give clear directions
concerning what materials or activities nceded revising or whether
additional materials or activities needed to be added; and if so,
vhat were their objectives.

Methodology and Désign

A new kind of science course, Science: A Way of Knowing, is
presently in the midst of deve10pment in Saskatchewan, Canada (Aiken-
head, 1975). The course, is anoactivity-centered interdisciplinary
approach to learning the processes, the nature, and the social inter-
actions of science. The curriculum materials allow for a high degree
of flexibility for teachers, in both the content of the course and
how it is taught.

The present investigation is a pilot study related to the field
development of Science: A Wav of Knowing (draft #3). The developers
wished to know: '

'

a. What ideas have students learned about science and scientists?
b. What misunderstandings have they still retained?
~ c. How do the answers to the above questions vary among
\ classes taught by different teachers?
The:é

questions led to the one-group pretest posttest design using the
McNembr chi-square item analysis (Cooley and°Klopfer, 1963). At this

\

A
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gtage in the development of Sciecnce: A Way of Knowing, there was
no intention .of comparing treatment with control groups.

The field testing groups were diveése. Six teachers taught
Science: A Way of Knowing between 1974 and 1977; two in rurai
Saskatchewan schools, one in a Swiss intérnational school, and the
others in urban Saskatchewan schools from low to high middle class
communities. The total student sample was 203,

)

Instruments and Data

The Science Process Inventory, SPI (Welch, 1973), and the Test
on the Social Aspects of Science, TSAS (Korth, 1968), were adminis-
tered during the first and last weeks of the course. A Kuder
Richardson formula-2J measure for the sample was .85 for the SPI and
+ A8 faor the TSAS. Each item was analyzed by the McNemar chi-square
statisi{c. This statistic identified test items which experienced
a Btatistically significant increéase or decrease in student response
between &h: pretest ané posttest.

¢

Results and Conclusions

2

The items identified by McNewar's chi-square were grouped by
their content. The following is a partial 1list of ideas for which
student understanding dramatically increased ()3 >10, for df = 1):
(1) the difference between science and technology, (2) the simpli-
'§§ty value, (3) the nature of scientific laws, (4) assumptions made

y scientists, (5) the nature of scientific models, (6) the mythology
of "the scientific method," (7) deduction, (8) the varying methods
used.by scientists, and (9) the role of imagination in formulating
hypotheses. On the other hand, the few instances of "negative"
learning suggested that students were applying oversimplifications
to the situations they were asked to analyze.

Content areas were also identified for which gains were meager
or for which misunderstandings were still prevalent in spite of the
large gains mdde by a number of students. These included:. (1) the
analysis of an experiment in terms of its control and its variables,
(2) induction, (3) the meaning of '"tentative," and (4) a belief in
"the scientific method."

For the SPI, strdent responses were very similar fdr all six,
teacher groups. However, there was great variation among the groups
with respect to their TSAS results.

' The qualitative analysis procedure proved to be a valuable tool
JAn the repetoir2 of techniques used in formative evaluation. Speci-
‘fic examples will be cited which illustrate how material was altered
_and what activities were added in order to respond to the non-
positive findings.




The qualitative analysis procedure has some inherent limitations.
These relate to an omnipresent problem of assessing student learning:
the problem of a student communicating to the evaluator what the

student has learned. It is expected that this issue will be dis-

cussed by those attending the session.

Aikenhead, Glen S. "Course Evaluation. II: Interpretation of Student
Performance on Evaluative Tests." Journal of Research in Science
Teaching, 11, 1974, 23-30. ’

~
~ -

. "A New Kind of Science EXperience in the High School."

Paper presented at*the 23rd National Convention of the NSTA, Los
Angeles, March 22, 1975.

Cocley, William W. and Klopfer, Leo. "The Evaluation of Specific
Educational Innovations.” Journal of Research in Science Teach-
ing, 1, 1963, 73-80. ‘

3

Korth, Willard W. '"The Use of the History of Science to Promote Student
Understanding of the Social Aspects of Science.'" Unpublished
doctoral thesis, Stanford University, 1968, -

Welch, Wayne W. "Welch Science Process Inventory: Form D." Dr. Wayne

Welch, College of Education, University of Minnesota, Minneapolis,
Minnesota, 1973.

2{;,{98



GENERAL SESSION II

Presiding: James R. Okey
University of Georgia
Athens, GA 30602

Speaker: NSF'g New Direction in Science Education
' Research

4

F. James Rutherford (or a person designated
by him)

National Science Foundation

Washington, DC 20550

206

O - 199




