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FOREWORD

This research monograph is the third in a series of monographs reporting the
results of studies conducted by personnel in the Science Education Center, The
University of Texas at Austin. .

Currently there ,is a great deal of research and development in the area of
Competency-Based Teacher Education. Several of the. studies reported in this
monograph were attempts at identifying broad areas of teacher teliavior effect-
ing student outcomes, which once identified, could be the basis for further.
cause-and-effect research. The results of these studies suggest several promis-
ing areas for 'such research.

Spradlin found that teacher behavior in the classroom could be modified 'by
inservice training using modeling strategies. Montague found that the same
modeling strategies fOr inservice training could result in animprovement of stu-
dent attitudes in the classes of teachers so trained. Hillis and Jingozian established
correlations between teacher behavior and the attitudes of students, students'
critical thinking skills, and students' views of the tentativeness of science. Lamb
found an inverse relationship between the frequency of a teacher's use of student
names and the frequency of nonproductive silence and confusion in the class-
room. These studies in total have therefore indicated that relationships exist be"-

tween teacher behavior and student outcomes, and further, that teacher behavior
can lie modified. Areas for causeand-effect research therefore have been deline-
ated. Theiesults. produced from this cause-and-effect research could have im-
portatit'unplication:s for competency-based teacher education in science.

Other studies presented in this monograph may be of interest to a broad spec-
trwn of science educators. Certainly the instruments described in some of these
5,eports will be useful in several areas of, on-going research. ' .

A number of people contributed to the developtrient 'Of this publication. In
particular, Appreciation is extended to Dr. Addison E. Lee, Dr. James P. Baru-
faldi, Dr. John PHuntsbeiger, Dr. Rolland B. Bartholomew, and Dr. Lovirll
J. Bethel who critiqued the reports included in this-monograph, Mrs. Joan Vance
and Mrs. Kris Cervenka, who were responsible for the typing and preparation,
of the manuscripts for publication, and Mrs. Bonner Sch b, who coordinated
the project.

EARL 7. MONTAGUE:

Austin, Texas
March1.1975



'r
a

TABLE OF CONTENTS

I. A Study of the Relatianships Between Certain Teacher Practices
and Student Attitudes in, the Secondary Sclence Classroom
C. Robert Jingozian

II. Summer Institutes for Science Teachers and Their'Influence in
Nthe Affective Domain
Susan D. Spradlin

III. Changes In Science Teacher Classroom Behavior Following In-
volvemenik a Summer Institute Employing Modeling Techniques
=Susan a Spradlin

N. The Development of an Instrument to Determine Students' Views
of the Tentativeness of Science
Shelby R.1-Iillis

V. The Relationship Between Inquiry Orientation in Secondary
Science Jlassrooms and Students' Critical Thinking Skills, Atti-
tudes, and Views of Science ,

Shelby R.
VI: The Effect of an Inductive, Laboratory-Centered Approach on the

Attitudes of Ninth-Grade Physical Science Students
Earl J. Montague

VII. Piaget-Based Sequences of Instruction in Science: The Pendultml
Joel E. I3ass.

VIII. The Development of an Instrument to Meat-tire Understanding of
Relationships Between Science, Technology, and Society

--, :
an

Marlene.M. Milkent .

,

IX. An Evaluation of Supplementary Chemistry Curriculum Mate 'els
Reflecting Relationships Between Scienc e,eTechnology, andSoci
Marlene M. Milkeo

X. The Development of kcale to Assess iollege Students' Attitudes '
.Toward Nuclear Sciencek,,'
Harold L. Grater' . -

XI. The Identification of Factors Associated with College Students
HolcJing.Favorable Attitudes Toward Nuclear Science ,
Harold L. Crater .

'?..1,

XII. The Development of a Classroom Interaction System for Second-
ary Science Student Teachers
Barbara M. Strawitz

XIII. The Evaluation of a Verbal Interaction System for Secondary
Science Student Teachers ' :` . . .

--Barbara M. Strawitz , ,

XIV. A Comparison of the Verbal Behaviors of Preservice Science
Teachers When Teaching Secondary,Students and When Teaching:
'Peers 104
Earl J. Montague '

.

XV. The Relationship Between Teachers' Use of Pupils' Names and the
Frequency of Confusion in the Science Classroom ,. 109
--William G. Lamb and MArilyn M. Lamb , s 1

9

19

28

34

41

51

54

60

67

82

91

96

a



Teacher
Practices,

..

,

ASTUDY OF THE RELATIONSHIPS BETWEEN CERTAIN
TEACHER PRACTICES AND SM3ENT ATTITUDES

IN lkik.: SECONDARY SCIENCE CLASSROOM

C. ROBERT JINGULIAN

BRALNTREE PUBLIC SCHOOLS

BRALSTREE, MASSACHUSt. i i-s

.

INTRODUCTION

Prior to the major curriculum development projects of the 1960's, science4vr-
ricula were largely content oriented. During the 1960's content-process science
programs were developed. The new programs introduced an emphasis on .the
attainment of affective goals. The "inquiry method" espoused by Schwab (1962)
and the "new humanism" in science as advocated by Bronowsld (1968) are two
examples. This trend requires an emphasis on positive attitude development to-
ward all areas that encompass the scientific endeavor as well as achievement of
cognitive competence in science.

It is maintained that a student with a particular attitude portrays, a bias to
function in ways parallel with his attitude. Mager (1968) notes that attitudes
can be influenced and that the teacher is one of the influencing factors. The new
curricula recognize the potential of the affective domain in science education,
that the best teacher practices will result in learning by all the students and that
student attitudes tovcard science-oriented objects are, in many instances, com-
parable in importancR to cognitive learnings.

THE PROBLEM

, Most educators generally agree that it is a combination of curriculum materials
and teacher practices whichtultimately determine a student's performance in the
classroom. Flanders (1963), Hurd (1964), and others have suggested that the
practices of the teacher are of compatable importance with relation to the con-
tent of any curriculum* project. Kochendorfer (1966) illustrates these concepts by
means of the following diagram:

4

Curriculum
Materials

_....- s-ko..ent---.

Performance ,

--,effOw ever, it is felt that the attitude of a student toward a particular subject
is thelvital.final link toward his performance in that subject. Many factors are
involved in whatever attitudes a student may possess, such as his background;
interests, needs and abilities. However, the immediate environment of the teach-
er-student relationship, ,together with the:assumption that,teachers' practices are

.
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to some extent determined by the available curriculum materials, may be illus-
trated b the following 'diagram:.

f- - ---
I i.irra. ulum
Materials

- Teacher .0'
Prabt c es

, / .,
1 Attitudes ..-#'

< AtudeAl
t._....... ONO *mar

i .
., .

Student
' Performance

The need to evaluate the relationship between teacher practices and student
attitudes becomes evident. Perhaps certain teacher practices, exclusive Of teachers'
knowledge of subject matter, have a significant relation to the attitudes 'of stu-
dents in the secondary science classroom. The pUrpose of This study was to
identify possible relationships between teacher inquiry practices and the attitudes
of students.,

INSTRUMENTS USED

The semantic differential, developed by Osgood (1957) is an instrument cap-
able of observing and measuring the perception of an individual toward various
concepts. This scale was used to identify the evaluative, potency and activity di-
mensions of students' attitudes toward four attitude objects. The attitude objects
examined were: (1) Science, (2) Science Class, (3) Science Laboratory and (4)
Science Teacher.

The Science Classroom ct 'ties Checklist (SCAC) was originally developed.
by Kochendorfer (1966 as the Biology Classroom Activities Check list (ACAC).
Seven specific teacher practices evolved from a list of fifty-three items on the
BCAC, twenty-six bring described as positive practices and twenty-seven as neg-
ative practices. Kochendorfer determined a judgemental reliability coefficient
of .96 and a validity correlation of .84 for the BCAC. These values tend to estab-
lish, a high degree of reliability and a high degree of agreement concerning the
content validity for the items.

Tlie seven teachers' practices examined by Kochendorfer were:

1. The role of the teacher 5. Pre-laboratory
2. Student participation 8. Laboratory
3. Use of curriculum materials 7. Post-laboratory
4. Tests .

The BCAC was devised as a checklist to determine how well students per-

4.
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ceived their teachers' practices in the secondary science biology classroom. Koch-
endorfer chose to use a true-faSe response method. The questionnaire was both
simple to administer and easy to score.

The BCAC has been revised slightly to be applicable to all, areas /of science.
An occasional word or phrase has been replaced by another word or phrase. One
additional item has been added to the original fifty-three items. Very few state-
ments have been replaced ,by other statements, and specific references to "biol-
ogy" have been, replaced by the word "science." ,

The seven teacher practices which constitute the subscales on the SCAC are
Teacher practice ARole of the Teacher. Low scores describe an authoritarian

teactier. Straight lectures are featured, the text is infallible and science has all the
answers. High scores identify practices,_which_permit freedom of discussion and
analyses of text material which will permit students to draw their own conclu-
sions. . .

Teacher practice BStudent .Participation. Low scores imply tht learning is
accomplished by writing study questions, watching teacher demonstrations and
memorizing teacher prOvided facts. High scores represent student involvement,
discussing problems of science and scientists, and carrying out their own demon=
stations. _..

Teacher practice CUse of Curriculum Material's. Low scoreitInclicate a teach-
er who presents the text as a source of facts to memorize, a Mitze, of word list
definitions and something to be outlined. High scores reveal text use as aosource
of problems and further class discussions. The text is subjected to careful analysis
while students investigate original works of scientists.

Teacher practice DTests. Lose scores portray practices such as the writing of
definitions 4-t-is, the labeling of drawings and the regurgitation bf rote memory
work. High*6re" -s reflect that tests include a 'balance between laboratory exer-
cises and class. discussion which lead the student to investigate new problems
and to draw independent conclusions.

Teacher practice EPre-Laboratory. Low scores indicate ste -by-step teacher
instructions, laboratory work unrelated to class discussions, an predetermined
conclusions. High scores indicate that the laboratory is used a place tq in-
vestigate problems when they arise in class discussions and re ct well-organ-
ized preparation.

Teacher practice rLaboratory. Low scores indicate a cookb ok laboratory
situation and /or little .individual experimentation while the teac er is engaged
in other work. High scores indicate some originality and comparis n of collected
data among th.e...students. The teacher is actively involved in the aboratory sit-

,
uation.

Teacher practice bPost-Laboratory. LOTvicores denote little follow-up of
laboratory exercises. The laboratory notebook, its neatness and copi:. procedure,
purpose and materials used, is the principal and desired end. Hig scores sug-
gest much activity and student involvement following the labopt ry exercise.
Results are ,discussed among the ,students under the leadership of e teacher,
graphs of data are constructed and all conclusions are analyzed.
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DESIGN OF THE S 'JDY

Eight suburban school systems in the Greater Boston (Mass..) area were se-
lected from among twenty school systems invited to participate in this study. Nine
secondary school, science classes within each school system weEe used; namely,
three classes according to ability levels of students, identified as non-college pre-
paratory, college preparatory and accelerated students; and in each of the three

.major scienee disciplines, biology, chemistry, and physics. An effective popula-
tion, of 1,358 students comprised the total of seventy-two classes.

The nature of the study suggested a series of factonal designs for statistical
analyses. Interaction effects could also be determined by the factorial design
method. All mean scores for both subjects and levels, as well as for all subject

'by level combinations, were computed using the Boston Univergity IBM 360,
Model 50 Computer. All analyses, were personally performed ,on a computer
terminal utilizing an interactive statistical package.

There were altogether nineteen variables involved. The teacher practices ac-
"counted for seven of these, while the remaining twelve were accounted for by
the evaluative, potency and activity dimensional factors toward the four attitude
objects. Each varialile was subjected to a three by three analysis of variance;
namely, three subject factors and three placement levels.

4 The .05 level was chosen as the level of significance. All significant results
were subjected to the Newman-Keuls procedure as a post-hoc procedure to ex-
amine more closely the factors contributing to the significance.

The factori alyses exposed certain significant differences in both teacher
practice mean cores and student attitude measurements as separate entities. The
Pearson Product Moment Correlation (r) was then computed for 756 correlations
to determine significant relationships between the students' perceptions of seven
teacher practices and the students' attitudes the three placement leve 1e

three science areas as measured by the, evaluative, potency, and activity factors
of the Osgood Semantic Differential. All correlations were computed by using
the individual raw scores of all the students.

NULL HYPOTHESES

The primary purpose of this study, was to identi relationships between stu-zio
dent perceptions of_ sever teacher practices and student attitudes toward four
attitude objects. However, the results could be meaningless. if the teacher prac-
tices and the student attitudes were not individually examined. Guttman-s(1944)
stated that while correlations between universes may be of interest,"each uni-
verse should be defined and observed in its own right."

Therefore, there were three distinct hypotheses composed of a number of stib-
hypotheses: 4-

. ..."
_

Hi: There are no differences in the mean scores of student perceptions of teach-
er practices A-G among biology, chemistry, and physics students.

There are no differences in the mean scores of student perceptions of teach-
.
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er practices an non-college preparatory, college preparatory and
accelerated students.

I 11 1..

rceptions of teach-

1 .
, =.- -

4.
?,---f :

H2: There are no differences in the students'attitude thean sea es (toward each
of the four attitude objects) among biology, chemi's'try, an hysics students.

There are no differences in the students' attitude mean sakes (toward each,
of the four attitude objects) among non-college,-..-_preparatOry, college pre-
paratory, and accelerated students. i.

..,.,`

.

There is no interaction in the students' attitude m p,; eores between sub-

There is no interaction in the mean scores of studeut
er practices A-G between subjects and levels. ,

Teets and level.

113:, There is no relationshipbetween teachers' practices/A-G and (science) stu-
dents' perceptions of. (attitude objects) as measur:. by the evaluative, po-
tency and activity dimensions of the semantic di: erential.

Rican be seen in Table 1 that significant differen
Of students' perceptions of teacher practices B, C, an
studied. Chemistry students perceived, their classr
quiry oriented than did biology and physics studen
the curriculum materials_ being used as more inq
ology or chemistry students. Biolagy students per
inquiry oriented than did the chemistry or physi

Subject

Biology ,

Chemistry

Physics

TABLE 1

s exist between the means
D and the science subjects

om participation as less in-
Physics students perceived

ay oriented than did the bi-
e%ved their tests as being less
s students. There were

Means for all Teacher Practice Scores for all
Biology, Chemistry and Phy 'es Students

T cher ractices.

A B C
28.41 20.86 $1.31 25.13 28.05 24.69

28.9. 19.41 21.97 2d.73 25.75 28.65 24.60

g7.39 20.40 22.66 20.41 25.95 28.50 '25.22

< .01

no significant differences between students in different subjects with regard to
the degree of inquiry in the classroom as exhibited by the role of the teacher,
the nature of the pre-laboratory discussions, the nature of the laboratory activities,
or the nature of the post-laboratory discussions.

4
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When the students' perceptions o acher.behavior were analyzed with re-
spect to the levels of placement (See Ta le 2) several significant differences are
evident. Those

TABLE 2

Means for all Tedcher Practice Scores for all
Levels cif PlaceMent

Level
..

Teacher Prictices
A B" C" D" E F" G

Non-College 27.65 21:02 22.39 18.78 25.82 27.32 24.42
College Prep. 27.97 19.51' 21.01 19.42- 25.40 28.35 24.36

wJ Accelerated 28.48 20.21 22.60 20.88 25.61 29.55 25.80

< a01.

students enrolled in college preparatory courses perceived student participation
and the curriculum materials being used as being less inquiry oriented than ad
those students enrolled in non-college oriented courses or in courses for the ao-
celerated student. On the other hand, those students enrolled in accelerated
courses perceived their tests, laboratory activities, and post-laboratory discussions
as being more inquiry oriented than did the students in non-college or college
preparatory courses.

The fact that only one subject by level interacilm was significant (See Table
3) is in accord with the theory of random sampling and substantiates the random-
ness of the sample used.

TABLE

Mean Scores for All Teacher Practices
Subjects (S) by Levels- (L)

Teacher Practices
Biology A B C D E F G

Non-college 27.29 21.50 22.29 18.131N 25.71 27.20 24.92
C011ege Prep. 28.43 20.14 19.22 17.42 24.63 27.58 23.50
Accelerated 29.52 20.98 22.57 18.32 ' ,25.08 29.41 25.73

Chem
Non co .27.96 19.48 21.2 18.81 25.51 27.38 23.28
College Prep. 28.30 18.95 21.95 20.68 25.65 28.80 24.14
Accelerated 28.60 19.86 22.42 22;65 26.11: 29.71 26.42

Physics
Non-college 27.73 21.82 23.17 19.35 26.18 27.39 24.90
College Prep.
Accelerated

27.12
27.28

19.42
19.79

21.93
22.80

20.24
21.74

25.97 ,

25.88
28.70
29.54

25.52
25.30

'p < .05

12
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Table 4 summarizes the findings with respect to Hypothesis 2. The students
enrolled in biology perceived science as being less awesome than did students in
chemistry or physics. There were no other significant differences in students'
attitudes toward science, the science class', the science laboratory, or the science .

teacher between students enrolled in biology, chemistry, or physics.
Students enrolled in accelerated classes perceived science and their science

class as being more valuable or worthwhile than did students in non-college or col-
lege preparatory classes. The accelerated students also perceived science, their
science class, and science. laboratory as being more potent and active than did
other students.

Hypothesis 3 which relates to the relationships between the degree to which
teacher practices are inquiry oriented and the attitudes of studenfs is central to
the study. A more detailed analysis of the data may be found in the original re-
port of the research (Jingozian, 1973). A total of 756 correlations were calcti-
rated, and 312 found to be significant at the 0.05 level. A summary of the number
of significant correlations is provided in Table '5.

TABLE 5

. - Number of Significant Correlations ,

for Each Teacher Practice in Order of Rank

Teacher Practice p < .05 p < .01 Total

F (Laboratory) 14 40 54
C (Post-laboritory) 18 38 54
A (Role -of the Teacher) 18 34 52 ,

B (Student Participation) 24. 23 .. 17
C (Use of Curriculum Materials) 10 32 . 42
E (Pre-laboratory) .. 17 . 22 '39
D (Tests) ' 11 13 24

It can be 'seen from the data that there is a substantial number of relationships
between teacher practices and the attitudes of, students. The more inquiry in
nature the teacher piactiges the more favorable are the students' attitudes' in,
approximately 41% of the ,categories tested.

A further breakdown of the distribution of correlations is given in Table 6. It
can be seen that the largest number of relationships exist for physics students
and those students in accelerated classes. Students' attitudes toward the science
teacher seem tQ be somewhat more related to teacher practices than do studen '
attitudes toward science, science class, and science laboratory.

CONCLUSIONS

The primary purpose of this study (Hypothesis 3) was to identify certain
relatiOnships between students' perceptions ,of their secondary school science
teachers' practices and the same students' attitudes toward Science, Science Class,
Science Laboratory, and Science Teacher. In order to accomplish this purpose
and to establish the validity of correlation 'coefficients which identified these re-

r

14
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TABLE 6

Number of Computed Significant Correlations for the Attitude
Objects Subdivided by the Evaluative, Potency and Activity

Dimensions of the Semantic Differential for all Science
Students According to Subjects and Placement Levels

Subjects

E
Science Sci Class Sci Lab Sci Teacher

Totals
P A E P A EP A E P.A

Biology 14 2 11 13 3 10 8 3 6 12 5 10 97

Chemistry 3 1 4 5 2 15 4 4 8 11 3 11 71

Physics 13 5 11 15 5 14 15 8. 13 17 11 17 144

Totals 30 8 26 33 10 39 27 15 27 40 19 38 312

Levels

Non-college 9 1 7 7 12 14 8 3 8 9 5 8 91

College Prep. 9 5 8 3 6 1 10 6 15 18 9 17 107

Attelerated 12 2 11 7 15 17 9 6 4 13 5 13 114

Totals 30 8 26 17 33 32 27 15 27 4)0 19 38 312

lationships, it was deemed necessary to first compare differe ces in mean scores
for both students' perceptions of teacher practices (Hypo esis I.) and students'
attitudes toward the attitude objects? (Hypothesis 2) individually.

The conclusions are submitted in light of the three hypotheses of the study.
Hypothesis I: .First, the study was designed to analyze teacher practices by

subject areas and placement levels. Examination of students' perceptions of their
teachers' practices revealed no definite trends by subject "areas. By placement
levels, accelerated students perceived their teachers' practices as being more up-

-to-date than college preparatory students. NL-college preparatory students per-
ceived their teachers' practices as the most strict, auth6ritative and traditional.
College preparatory biology students' perceptions of their teachers' practices with
regard to :tests" were very different from any other subject by level combination.

Hypothesis 2: Second, the study was designed to observe differences in stu-
dents' attitudes toward the four attitude objects, Science, Science Class, Science
Laboratory and Science Teacher. There was np definite trend in student attitudes

by subject areas. By placement levels, accelerated students displayed the most
favorable attitudes toward the four attitude objects, followed successively by the

attitudes of college preparatory and non-college preparatory students.
Hypothesis 3: The previous conclusions were based upon the results obtained

by defining and comparing teacher practices and student attitudes. However,
the final conclusions pertain to the primary purpose of the study, which was to
analyze the relationships between teacherr, practices and student.attitudes.

Approximately 41.27 percent of the 756 correlations were found to be signifi-

cant at the .05 level. Nearly half of these (144) were attributed to physics stu-
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dents, nearly one-third to biology students (97) and nearly one-fourth (71), to
chemistry students.

Three general conclusions are submitted for Hypothesis 3:
1. Physics students' attitudes are more closely related to their teachers' prac-

tices than the attitudes of biology or chemistry students.
2. Accelerated and college preparatory students' attitudes are more closely

related to their teachers' practices than the attitudes of non-college preparatory
students.

3: The attitudes of all 'placement levels of science students toward their science
teachers are more closely related to the practices of the teacher than are the sta-
dents' attitudes toward science, science laboratory or science class.

Finally, the totality of findings afford sufficient] evidence to suggest that the
more the teachers' practices reflected the philosophy promoted in the new'science
curricula, the more favorable were the students' attitudes.
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SUMMER INSTITUTES FOR SCIENCE TEACHERS AND THEIR
INFLUENCE IN THE AFFECTIVE DOMAIN

SUSAN D. SPRADLIN
AUSTIN COMMUNITY COLLEGE

AUSTIN, TEXAS

_ .
INTRODUCTION

The "ultimate criterion of a teacher's effectiveness is usually cons red to be
his effect, on his pupils' achievement of some educational goal deft in terms
of desired pupil behavior, abilities, habits, or attitudes (Gage, 1963, . 116). por'
the purpose of this study one aspect of effectiveness of a teacher is measured by
his classrOom behavior and the attitudes his students develop toward the world
of science. The classroom behavior, of a teacheis an integral part of student at-
titude formation. Any change in the way in which a teacher perceives himself in
his role as a teacher or the subject he teaches will reflect itself in his classroom
behavior and.thereby in the perceptions of his students.,

The. purpose of this study is to determine whether Nteacher's involvement in
a Summer Institute Program (SI) designed to increise his content competencies
will alter his perception of self and subject, and subsequently alter his students'
view of science and education as a whole. . ._.._,

THE SAMPLE

.The sample for this study was divided into two groups: Group I was com-
posed of 48 teachers selected fdr participation in the Summer Institute, 1971, at
The University of Texas at Austin and 1,332 of their students; Group-II con-
tained 40, teachers involved in the Summer Institute, 1972, and 1,029 of their
students. At the close of the fist year of teaching following the institute, 32
Group I teachers and 30 in Group II responded to instruments prepared by the
author and submitted to the teachers. Of the original sample, fourteen remained
in school working toward advanced degrees, four no longer taught science, two
suffered, ill health, and six did not reply. At the time of the Group I second-year
follow-up study, 26 teachers completed the instruments. Thus, sample numbers
and scores for the Group I teachers were different'between the first and second
year study,in the results which are reported later.

THE INSTRUMENTS

The Student Semantic Differential (SDS). contained 12 pairs of words selected
to discover the Evaluation (Ev.), Potency (Po.), and Activity (Act.) factors
described by Osgood (1957). The concepts, or protocols, to be rated were:
Science' Class, Science Laboratory, Science Teachers, and School, The partici-
pant's score was the class mean score of his students for each factor.

The Teacher Semantic Differential (TSD) contained nine protocols grouped
into Four categories descriptive of attitudes towards Institutes, School Situations
Over Which Teachers Have Little Control, Teaching as a Job; and Self as a

1.
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Science Teacher. The mean scores for each category were recorded as the partici-
pant's score. . .

The Annual Self-Inventory for Science Teachers (ASIST) was divided into
sewn sections containing statements that gave operational meaning to the general
characteristics of the &rofessional science teachers as defined by NSTA (1970).
Mean scores were recorded for statements in each section and for the total score
for each participant.

The Teacher Concern Statement (TCS) (Fuller, 1970) was a listing .of the
things about teaching that concerned the person. These were scored Lout Non-
teaching concerns at Level 0 to Student-centered concerns at LeVel 8. The mean
level of all concerns listed was the participant's TCS score.

TESTING
All four measures were taken in April of the teaching year prior to the institute,

the first year of teaching following the institute, and, for the 1971 Summer In-
stitute teachers, the second year following the institute. The TSD and TCS were
administered at the, close of both institutes.

ga.ch participant selected a "typical" class for inclusion in the study and was
asked to use a. comparable class for the post-treatment measures; howeyer, the
investigator had no "control over the students selected.

Thd research design used in this study is identified by Campbell and Stanley
(1970) as one - group- Pretest - Posttest. The .035 level' of significance was chosen
to test the hypotheses formed for acceptance.

RESULTS --.."

Null hypotheses were formed regarding change irtstudent attitudes following
their teacher's involvement in a SI retraining program. Data for GroutiI and
II were tested for change (Table 1).

Examination of Table '1 indicates that the students tesied, differed in their
attitudes toward the world of science before and after their teacher's involvement
in the SI in the following Ways: .

Stunts of Group II teachers felt their science cla was more powerful (p
.0049), the science laboratory was more worthwhile (p = .0150), more power-
ful (p = .0031)), and they felt more 'actively involved with it (p ='.0172); the
science teacher was perceived to be stronger (p = .0130), and they felt' them-
selves more actively involved with school (p = .0499).

Data fiorn teachers involved in the Group I follow-up staly were compared
and the results are, given in 'Table 2. The data revealed that the students of
teachers in' Group I found their science laboratory to be more worthwhile and
valuable by the close_ of the second post-institute year of teachipg than had stu-
dents of these teachers before their institute involverrient (p = .013

Null hypotheses were formed regarding change in teacher atti des following
institute involvement., Data for both groups were compared be een Trials ,1
and 2 and Trials 1 and 3, results are given on Table 3.
'This table reveals that there was a postinstitute drop in certain ,aspects of

18
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teacher attitudes that were partially re-established during the following year.
The following changes were noted:

Teachers regarded their institute experience as less valuable (Group I p
.010, Group II p = .001) and less powerful (Group I p = .051, Group II
p = .001), and felt less actively involved (Group II p = .001) immediately
aftei the institute. A year later they viewed it as more worthwhile (Group
I p = .015) and their involvement with it as more active (Group I p ,----- .004)
than they had originally anticipated.
Teachers regarded_the school conditions over which they had little control
as less important ( Group I p =.031, Group II p = .001) and less power-
ful (Group II = .009) to their success in teaching after their institute ex-
perience.

TABLE 1

Change in Student Attitudes Through Two Trials (SSD)
(one-group.two-trials analysis of variance)

Range Groups by
Protocol. Trial 1 Trial 2 Trials

Probability 0-2E) Factor Group Group Mean Group Mean , F Ratio.

,... -
Science
Class

rw,

Po.

Act.

I
II
I
II
I
II "..17.8344

20.2341,
19.6390
18.5712
16.8467
17.9005

20.6752
20.3148
17.7777
18.0887
18.4032
18.4616

.305
2.658
3.266
9.438.

.884
3.284

.5893

.1106

.0720

.0049

.3531

.0773

Ev. I 20.3882 s 20.5615 .003 .9558
H 10012 21.1516 6.606 '.0150

Science Po.. I 17.0818 17.3032 .282 .6035
Laboratory II 16.8483 17.8590 10.737 .0031

'Act. I 18.4325 18.7.080 .037 .8393
II 18.0141 18.9387 6.299 .0172

Ev. I 22.5987 22.5787 000 .9943
-

II ,, 21.2393 21.8851 1.383 .2517',
Science Po. I 18.5745 18.2536 . .286 .6025
TeaCher ' II 17.5886 18.6841 6.939 .0130

Act. I 19.5789 19.5689 .001 .97781
II 19.0878 19.6381 1.779 .1903

Ev. I 18.2'345 .18.6589 .474 \ .5005
II 17.5632 18.2004 .996 . \ .3278

School Po. I 19.1476 . 19.5745 .790 \ .3813
. . II 19.0030 19.3685 .451 .5142

Act. , I 17.9896 18.2771 .451 ' .5142
'II 17.4732 18.3939 *. 3.880 .0499*

- 'sig. .05
sig. .01

Group I (SI '71) N=32
Group II (SI '72) N=30
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TARLE2

Group I Change in Student Attitudes Thr.ough Three Trials (SSD).
(one-group-three trials-analysis of variance)

Protocol
Trial 1 Trial 2

Factor Group Mean Group Mean
Trial 3

Group Mean F Ratio Probability

Science Ev. 20.7501 .20.8681 21.5535 .968 .3887

Class* Po. 18.6690 Y 17.9102 18.1918 .995 .37M3

Act. 18.1418 18.6293 18.8544 1.270 , .2893

Science Ev. 20.6655 - 20.2466 22.2265 4.714 , .0132*

Laboratory 'Po. 17.2056 17.5167 17.9621 2.077 .1330,
Act. 18.7035 18.5710 19,3852 2.044 .1383

Science Ev. 23.1580 22.7916 .23.0994 , o.205 .8171

Teather Po.
Act.

18.9626;
19.8554

18.3621
19.5716

18.9021 1.399
19.9487 .406

.2554

.6748

Ev. 18.3361 18.7795 19.4462 .876 .4355
School Po. 19.1618 19.7306 19.9431 1.6,73 . .1925

Act. 18.1789 18.3345 ., 18.9180 1.209 .3069

'sig. .05 . Group I (2 Year Study) N=26

Teaching as a job was felt to be less worthwhile (Group II p = .001), less
powerful (Group II p = .001) and less actively involvirig (Group II p =
.001) after the institute experience.
Teachers lost some sense of worthiness (Group I p = .007, Group II p =
%an), lost power (Group I p =..031, Group II p = .001) in themselves as
science teachers and perceived themselves as less actively involved in teach-
ing, (Group II p = .001) at the close of the institute, yet one year later all
returned to their pre-institute attitudes toward themselves as science teachers.

Data for the Group I teachers in the second year follow-4 study (Table 4)
reveals that by the close of the second year after the institute, the teachers
Nieued their involvement in the institute as more valuable (p = .008), less awe-
some (p = .010), and themselves as more actively involved (p = .020) than they
perceived before the institute.

Null hypotheses were formed regarding change in participants' self-evaluation
of themselves as professional science teachers. Data for both groups were com-
pared he-tween Trials 1 and 2 (Table 5).

This table'reveals that at the close of the first year of teaching following the
institute, teachers' proftssipnal perceptions of themselves had changed by im-
provement in the following ways:

They felt they were better educated in science and. the liberal arts (Group
I 15 = '.0001, Group II p = .002), had a more fupctional philosophy of edu-
cation and more technical skills of teaching (Group IT p = .046), had con-
tinued to grow in knowledge and skills (Group I p = .006; Group II p =
.003), had insisted more on a sound educational environment in which to
work (Group I p = .001, Group II p = .001), had done more to maintain
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their professional status (Group I p = .021,.Group II p = .047), had con-
tributed more to improvement of science teaching (Group I p = .003, Group
II p = .032), had taken a more vital interest in the quality of future science

'teachers (Group .I p = 004, Group II p = .032), and in general beheld
themselves as more professional persons (Group I p = .0005, Group II p =
.0007).

The teachers in the second ea-fr., (Group III,Jable 5) at the close of the
second year of teaching following the institute felt their perceptions of them-
selves a professional persons had further improved in that they were better

TABLE 3
Change in -Teacher At.titudes Through Two Trials (TSD)

(one-group-two-trials analysis of variance)
Trial 1 Trial 2 Trial 3

Protocol Group Group Mean Group Mean' Group Mean
Trial 1-2
F Ratio

Trial 1-3
F Ratio

Institute. (Range 4-28)
Ev. I 24.6562 23.7187 25.8750

. II' 25.6552 16.7586 23.7241
Po. I 20.5937 1t".8750 20.4375

II 21.0000 16.2759 20.0345
Act. I 22.3750 21.5625 22.9375

H 22.4138 17.5172 23.6552

7.512
271.531"

4.307
50.469
4.418

36.824

5.906
3.535
3.833

.673
4.695

.458

School Situation (Range 12-84)
Ev. I 54.5313 51.6562 54.4687 5.626° .098

II 57.9655 48.0347 54.9310 15.521 ,977
Po. I 53.6865 54,6562 . 55.4375. .252 1.580

II 57.1378 53.0698 60.9310 6.923 .708
Act. I 51.6562 52.5(3'1_ 53.1250 .603 .671,

II- 56.2414 51.96?5 58.8966 3.483 1.138

Teaching as a Job,IRange 12-84)
Ev. I . 72.5312 73.4687 .373 .010.73.1250

II 70.8966 50.5862 70.6552 145.363" .007
Po. I 65.6687 64.3437 65.2812 3.978 .746

H 61.7241 52.5517 68.0698 21.509 ' 1.5224

Act. I 69.280d 68.1600 70.0400 .413 .177.
II 66.7931 51.5517 '70.3103 50.471-s" 2.BI3

Self as 'a Science Teacher (Range 8-56)
Ev. I 46.3750 43.5213 46.2812 7.653 5.008

II 46.5862 32.9655 "45.3448 167.601' .393
Po. I 42.0625 40.0312 42.1562 2.994 3.877

II 42.2414 36.4828 43.1034 20.503 .246
Act. I 42.8750 41.5000 42.8750 .703 :001

II 43.1724 33.5172 47.3793 68.781" 2.381

sig. .05 Group I (SI '71) N=32
sig. .01 Grpup H (SI '72) N=40"sig.-_.00I .

2



24 The Unice sity of Texas Publication

e tielated in science and the liberal arts (p = .0001), had a more functional
p sophy of education and had more technical skills of teaching (p =
.005 ), had contiwed to grow in knowledge and skills (p = .0010), showed
a greater interest in a sound educational environment in which to work
(p = .0016), ,had had contributed more to the improvement of science
teaching (p = .0013), had taken a more vital interest in the quality of
future science teachers (p = .0010), in all, they rated themselves as more
professional persons (p = .0007).

Null hypotheses were formed regarding change in the maturity of teachers'
concerns about teaching. Data for both groups were compared between Trials
(Table 6).

At the close of the first year of teaching following the institute, the level of the
teachers' concerns about teaching had changed irr that:

The mean level 2f the teachers' concerns was more student-oriented (Group
I p -7:- .049) andie level of their most frequently listed concern was more
mature ( Group I fr=.- .008). .

At the close of the secondYyear of teaching following the institute, teachers in
the Group I follow-11p studrhad changed as follows:

Teachers showed additional maturity in the mean level of their concerns
(p = .004) and their most frequently 'listed concern was more student-
oriented (p = .001). -

TABLE 4 -
Group I Change in Teacher Attitudes Through Four Trials (TSM

(one-group-four-triali analysis of variance)

.,7 . Trial 2
Protocol Group Mean Group Mein

Trial 3
Group Mean

Trial 4
Group Mean

Groups
by Trials
F Ratio

Institute (Range 4-28)
Ev. 25.40 23:64
Po. 21.16 1,8.68

Act. 23.00 21.29

26,12
20.86
23.04

2.5.52
20.88
23.00

3.489
3.899'
2.605

Selma Situation (Range 12-84)
Ev. 55.08, 5142 54.40 51.20 1.878
Po. 54.72 55.64 56.68 55.64 .322

Act. 52.56 , 52.68 54.40 52.40 .393

'Teaching as a Job (range.12-84) -

Ev. 73.84 74,04 , 73.72. .71.28 .820
Po. 87.40 64:72 68.00 65.48 .950

,Act: 89.28 68.16 70.04 87.04 .748

Self as a Science.Teacher (Range° 8-56)
Ev. 46.32 43.20 46.56 45.36 2.279
Po. 42.08 39.88 42.00 42.28 1.8$2
Act. 43.00 41.60 42.96 43.24 .492

'sig. .05
"sig. .01

22

.5-

Group I (2 year study) N=26



/

SUSAN D. SPRADLIN

TABLE 5

Change in Teacher Self-Etialuation Through Two and Three Trials (ASIST)
/ (one-group-two/three-trials analysis of variance)

ASIST .

SubscaJe Trial 1 _Trial 2 Trial 3
Ranke 0-4 Group Group Mean Group Mean Group Mean

Trial 1-2
F Ratio

Trial 1 -2-3
'F Ratio

A. I
II

1.8931
.2.2048

3.6472
2.5938

26.420"
/ 12.083"

lir 1.8496 2.5715 2.5346 14.648*

B,' I 2.8098 3.0811 2.386

II 2.9886 3.2010 4234'
III 2,7692 2.9900 2.5346 5.783"

I 2.1-781 . 2.7144 8.486'1
II 2.5514 2.8834 10.287"
III 2,0.377 2.6935 2 9031 7.354

D. I 2.5662 3.0753 12.557'',
II 2.9341 3.1114 2.420

III 2.5312 3.0442 2.9504 7.657'1"

I 1.9459 2.8312 5.082'
II 2.1655 2.3934 2.359

III 1.9796 2.3115 2.2254 2.227

F. I 1.5809 2.8312 10.577"
II

III
1.7669
1.4785

. 2.3500
2.0823 3.5973

15'.870''
6.128"

1,,

G. I 1.2572 2.1706 17.786
II L9724 2.4076 4.945'
III 1.328c 2.1319 2,1215

Total I 2.0250 2.6116 16.978
IL 2,3817 -- 2.7000 15.876
III 1.9738 2.5758 2.5358 8.977"

+ THE PROFESSIONAL SCIENCE TEACHER:
A. is well educated in science and the liberal fut.'

`./3. poses a functional philosophy of education and the
technical skills of teaching.

C. continues to grow in knowledge and skill during his
career,

D. insists on a sound educational environment in which
to work. -

-E. maintains his professional status.
F. contributes to the improvement of science teaching.
G. takes a vital interest in the quality of future science

teachers.

23.

sig. .05
sig. .01

°sig.. .001

Group I (SI '7.1)
N=32

Group II (SI W2)
N=30

Group III (SI '71 -

2 year study)
N=26
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, TABLE 6. .

Changes in Level of Teacher Concern Through Three and Four Trials (TCS)
(one-group-three/fOur-trials analysis of variance) J...

TCS
Measure Trial 1

Range 0- 6.Group Group" Mean
Trial 2 Trial 3 Trial 4

Group Mean Group Mead Group Mean

by Trials .

F Ratio
Groups

Man I 42937 4.6911 . 4.8344 4.215'
II 4.5310 4.5828 3.9655 2.931

.4. III 4.3538 4.7923 4.7308 4 3.8428 4.750"
Mode "- 1 4.4063 4.9357 5.0938 - 6.636

II .4.5517 4.6552 4.0000 2.873
III '4.4231 5.0000' 5.0000 3.9231 6.027"

Most I 4.4326 4.6874 4.8790 4.166
II 4.6207 4.8276 4.1379 2.605
III 4.3077 ; 4.6923 4.7300 4.0385 2.2r4

'sig. .05
''sig. .01

CONCLUSIONS

Group I (SI '71) N=32
Group II :(SI '72) N=30
Group HI (SI '71 - N=26

2 year study)

The findings indicate that there wars, only partial positive group effect on the
attitudes of Group II participants' students toward the world of science. Croup
I showed no change at the 'close of the first year, but the second year study re-
vealed a possible beginning of student attitude change. The chauges)ound in
this study were not as great as those found by Butts and Raun (1969), Ost
(1971), or Yager (1966) who reported on institutes specially structured to

,achieve attitude change. Both institutes in this study were designed to improve
teacher content competencies as a means of increasing teaching effectiveness with
no special attention given to the affective domain.

There was an apparent negative effect, on participant attitudes immediately
-,follow,ing the institute that was reversed during the following year of teaching.
This suggests that teachers came to the institute with high expectations,yet, after
nine weeks of intensive work, they apparently experienced a let-down of feeling
at the close of she institute that was replaced by a return to "normal" by the close
of the following year. This was accompanied by an increasing respect for the
value of the institute itself once participants gad had the opportunity to employ
the competencies, skills, and techniques acquired during the astitute. These
results point out that in many instances, short term measurements, such as those

-taken at the end of the institute, may not accurately reflect the real effect on sub-,
sequent attittNcles.

The professional self-perception of all participants was markedly improved.
The teachers' evaluation of themselves as professional science teachers improved
significantly by the close of the institute and continued to grow during the follow-

"ing years of teaching.
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Less success was noted in the ability of the participants to increase the maturity
of their concerns about teaching. Teachers in 1971 were found to be more mature
at the close of the institute and continued to increase in maturity during the
following years. Teachers in the 1972 SI fatted to show maturation due primarily
to the inclusion of an increasing number of 0 level concerns dealing with job
security for the 1973 teaching year, a time when the number of surplus teachers
was increasing.

The lack of certain definite positive attitude changes may have been influenced
by several factors; There was no control over the comparability of students se-
lected by participants for inclusion in this study and the degree of .confidence
established with the studefif groups prior to measurement is unknown. Teachers
who applied for and were accepted as participants would be expected to come
to the institute with pre-existin hiah positive attitudes and concerns that would
be difficult to inc in. y, e early 1970s were a time of fomeritand un-
certainty in thpworld ) .uc..on for both students and teachers that would
surely be reed in their a etudes.

This study stresses the need for further long range studies in the affective do-
main in order to uncover changes not exposed in short term measurements. It is
indicated .that certain aspects of this domain may be positively altered by such
institute involvement.
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CHANGES IN SCIENCE TEACHER CLASSROOM BEHAVIOR
FOLLOWING INVOLVEMENT IN A SUMMER INSTITUTE

EMPLOYING MODELING TECHNIQUES

SUSAN D. SPRADLIN
AUSTIN COMMUNITY COLLEGE

AUSTIN, TEXAS

'INTRODUCTION

Inservice education is commonly used to improve science teaching and in-
crease teacher effectiveness. Yet, rarely is the teacher-student interaction a part of
.either the inservice program or the evaluation of its effects (Fisch ler and Anas-
tasiow, 1965). Little has been done to measure the effectiveness of such prograks
as they relate to teacher classroom behaVior Change.

Studies reported by Veldman and Peck (1963), Ryans (1984), Kochendorfer
(1967), Ost (1971) and others expresseement that students are the most re-
liable, valuable raters,of their teacher's Assioom behavior.

Frequently institutes include special methbds courses in their offerings to fa-
cilitate the alteration of teacher classroom behavior toward more desired and
appropriate behaviors. The National Scien* Foundation (NSF) sponsored
institutes usually offer purely content courses so that new strategies, and methods
must be informally introduced by 'outside readings, discussion, or the use of
modeling techniques mlich employ the use of the desired new strategies while
teaching the' course.

The problem presented in this study is to ascertain to what degree the use of
these modeling techniques during content presentation can be shown to have met
the challenge of altering teacher classroom behavior in the desired direction.

The University of Teias at Austin has offered NSF sponsored teacher retrain-
ing institutes every summer since 1957. These Summer ;Institutes (SI) are "uni-
tary" M that they are designed to up-date primarily the content competencies of
participants. The institutes originally offered science content courses for senior
high school teachers, but have recently concentrated on teachers in middle
schools.

THE STUDY

classroom
subjects for this study attended one of two inservice institutes offered in

he summer of 1971 and 1972. Teacher classom behavior was determined in
April before .institute involvement and again the following April After partici-
pants had been back in their classrooms working with students for eight,00nths.

research design is identified by Campbell and Stanley (1970) as One-Croup-
(-/Prete t-Posttest. r

There were 48 participants in the SI program of 1971 and 40 in the 1972 pro-
gram, 'data. from both groups were combined ,in this study. At the close of the
study, 2&ot the total population of 88, roughly 30%, did not complete the follow-

up measurements. Fourteen teachers had remained at the university working
toward advanced degrees, four were no longer responsible for science classes,
two were not available due to health reasons, and four did not resf)ond.This left

.
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a population of 82 horn which dime groups we're taken. Of the teachers used, 18
taught earth science, 15 physical science, and 15 taught biological or life science.
Each taught in his area before and after the institute and was enrolled in the
correspondirig institute content course. The remaining participants failed to meet
these criteria.

THE INSTRUMENT

Teacher classroom behavior was determined by a Science Classroom Activity
CheGklist (SCAC) which is 'a' modified form of Koc endorfer's (1967) Biology ,

Classroom Activity Checklist. It is composed of 53 sta ments descriptive of ac-
tivities in science classrooms. The statements are grouped into seven categories
according to activity: Rolb of the Teacher, Class Participation, Use of Curriculum
Materials, Tests, ,Pre-laboratory, Laboratory, and Post-laboratory. This instru-
ment yields seven subscale scores plus the total score. The students respond to
it in a TRUE/FALSE manner depending on whether the activity described
occurs frequently in their classrooms or n6t. Twenty-six items were deterinined
desirable by a panel of judges whose ratings had an intraclass correlation co-
efficient of .98. A TRUE response to any statement of a desirable activity or
FALSE to an undesirable one was counted as a correct response. The class mean

score for- each subscale and the total were recorded as the participant's score.
these SCAC scores were then compared, pre-treatment to post-treatment, by
analysis of variance to detertnine any change present and. its level of significance.
The three groups were thus examined individually and in combination.

INSTITUTE COURSES AND INSTRUCTORS

The Physical Science course was based on the Physical Science Resource Guide
developed by the Texas Education Agency for use with ninth-grade physical

science students. The guide stresses student operational understanding of con-
cepts through laboratory experiences. The instructor had been on the project
writing team and was familiar with rdodeliilg the student-oriented, laboratory-
centered teaching approach used.

The Earth ,Science course was based on Earth Science Curriculum Project's
investigating the Earth. The instructor was a part of the writing team fot this
project and was well versed in the use of modeling techniques. This course
stressed the proper use of the ESCP materials in a student-laboratory-centered
approach to teaching science.

The Biological Science course was taught by different instructors each sum-
mer. In 1971, the course was based on ecological problems presented by lecture
and independent study projects. The 1972 course lectures covei'ed a wider range
of topics. The Biological Science Curriculum ,Study's Laboratdry Block: Plant
Growth and Development was used for the laboratory section &ring both years.

Due to differences in content and niethodology of the three institute oxides, 4

there were two groups. (Earth Science and Physical Science) in which student-
oriented modeling techniques were used and one group (Biological Science) in
which the lecture technique coupled with a laboratory section was used primarily.

27.
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RESULTS

Data from all three groups were combined to determine change in teacher
'classroom behavior for participants who had tested in one area, enrolled in that
institute area course, retested in the same area. Results of the one-group-two-
trials analysis of varianc e given in Table 1.

This analysis suggests tha teachers'who had been working in a content
area came to an inservice insti e and received instruction in that content area,
returned to the clasSroom and made use of their newly acquired insight and
knowledge, there was a dramatic change in their teacher classroom behavior as
perceived students based on data for the entire group. However, the
purpose of this study was to focus primarily on the effects of modeling student-
centered techniques to determine their potential effect, in bringing about this
change.

i-t
TABLE 1

Change in Teacher Classrob-m Behavior for Total Group Through Two Trials
(one-group-two-trials analysis of variance) '

SCAC ,

Subscale

A. Role of the ,
Teacher

B. Class
Participation

C. Use of Curriculum
Materials '

D. Tests . ---

E. Pre-laboratory

F. Laboratory

G. Post
, Laboratory

.
Trial 1 ,2 Triall

Range Group Mean Group Mean

0-8 4.551Q " 44.7971
q

0-8 4.3452 4.6275

0-7 3.4990 3.6455
,

, 0-6 2.9169 3.1293

0-8 4.2711 4.5480'

0-9 4.682T 5.0578
:

0-7 . 3.6728 4.0944

Groups
by

F Ratio

5,413

8.719

4.050

4.156

8.998

8.507

18.001

''

Probability

.0223

, .0051

.0472

.0445

.0100"

.0135

.0004,"

Total Score 0-53 27.9181 29.8880 22.365 .0001

=-- .05 levgl of significance
*IP= .01 level of significance

stk. ;---. .001 level of significance

N=48

To examine the change in teacher behavior in each of the three content areas
the data were examined by three-groups-to-trials analysis of variance. Results,
of this further analysis (Table 2) indicate that after the institute the following
changes were foundt
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1) Earth science teachers spent less time having students write study ques-
tions and memorize class notes. Instead, they allowed students to dis-
cuss scientific ideas, look for the thinking behind scientific conclusions,
and to do their own laboratory demonstrations ( Subscale B, Class Partici-
pation, p = .01751.

2) Earth science teachers used the text less as a source of facts and demi--
dons for students to memorize or outline and more as a source of knowl-
edge for class discussion of problems and evidence. to support their
answers (Subscide C, Use of Curriculum Materiali, p = :0127).

3) Earth science teachers placed less stress on notebooks graded primarily
for neatness as the main product of the laboratory exercise; instead tlfey
followed up the laboratory with a discussion of all results, compared and
graphed all data, and analyzed all conclusions drawn by the students
(Subscale G, Post-laboratory p = .0375).

4) Earth science teachers were less authoritarian than they had been and
they employed more student-centered practices (Total score p = .0012).

5) Physical science teachers tested less for rote memorization and defini-
tions or drawings to be labeled; testing instead was equally based on
laboratory experiences and class discussion, leading students to analyze
new problems and draw independent conclusions (Subscale D, Tests
p = .0131).

6) Physical science teachers spent more time discussing laboratory prob-
lems and the means of investigating them with an open mind, instead of
explaining step-by-step what the students wew to dp in the laboratory
and what they were to find in the exercises (Subscale E, Pre-laboratory
p = .0210).

7) Physical science teachers used the laboratory' less as a means of "prov-
ing facts" presented in lectures and were more open-minded with prob-
lems and procedures often developed by the students guided by the
teachers questions to interpret the text material (Subscale F, Labora-
tory p = .0384).

Physical science teachers followed up the laboratory experiences with
discussion of all results and led the students to compare and graph all
data' and analyze their, conclusions (Subscale G, Post-laboratory p =
.0030).

9) Physical science teachers conducted more student-centered classrooms
and were less authoritarian in their behaviors and more laboratory-
centered (Total score p = .0004).

1.0) Biological science teachers did not exhibit any significant changes
.their teacher classroom behaviors before and after the institute.

8)
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CONCLUSIpNS

The statistical, findings of this study tend to indicate that participation in an
inservice retraining institute, where teachers study in the area of their teaching
responsibility and .subsequently return to that same teaching area, works to alter
the classroom. behavior of the teacher during the, year of teaching immediately
following the institute. The teacher whose instructor utilized modeling.techniques
to impart desired classroom strategies and new teaching methods showed signifi-
cantly greater change than teachers whose instructors used the lecture or lecture-
laboratory methods' of class presentation. . .

Retrainipg teachers by use of student-ogented "materials anci imparting new
teaching strategies and methods through modeling techniques seems to be a feas-
ible way of encouraging teachers to use more student-centered activities and
newer teaching strategies in their own classrooms.
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THE DEVELOPMENT OF AN INSTRUMENT TO
DETERMINE STUDENTS' VIEWS OF THE TENTATIVENESS OF

SCIENCE

SHELBY R. HILLISsy,
SCIENCE EDUCATION CENTER /

THE UNIVERSITY OF TEXAS AT AUSTIN

AUSTIN, TEXAS

INTRODUCTION

Stind and Trowbridge (1967) state that from ignorance of the limitations And
\uncertainties inherent in scientific concepts, students are led to expect behavior

`vvhich does not occur. They further state that this is turn breeds cynicism about
science and its value, a cynicism summed up by a,total alienation of the idea of
theory and practice, science and common sense. Later, due to the failure to
understand science, students are led to treat conclusions as absolute truth. Sund
and Trowbridge (1967) claim that later in life when these conclusions prove
false, the student. retreats from clarity to generalized suspicion of scientific con-
ceptions and authority.

Fischer (1971) states there is. a failure to stress, or even recognize, that science
is not static, as is implied by such terms as "systematic" and "organized knowl-
edge"; rather, it is very dynamic and is changing and continually developing.
Science operates on a basis of probability, not certainty; yet many teachers ap-
proach science as a fixed body of knowledge of absplute truths, accumulated and
dead. They do not give the student an understanding of the tentative and doubt-
ful elements of science, nor do they enlighten the students about the types of evi-
dence used in making tentative conclusions.

Frank (1957) claims that every American citizen would be well advised to try
to understand both science and scientists as best he can; thus a method is needed
to impart knowledge of the tactics and strategies of science to those who are nbt
scientists.

Fischer (1971) states that the authority of science is tho.,.' ..Ondes and this in-
volves two-way interaction between the observer and that which. is observed.
According to Fischer (1971), the observer is affected or caused to respond
through his senIs; the object or phenomenon being/observed is also acted upon 4.

and may be changed.
This implies that views of the universe change as ,the observer changes. With

tilts in mind, the Views of Selectee instrument was developed to accomplish the
taSk of determining the students' views of the tentativeness of their universe.

DEVELOPMENT OF THE INSTRUMENT dr

The initial step in the development of the instrument was the determination of
a method to select statements which imply science is either tentative or absolute.
In order that the statements reflect either the tentativeness of science or falsely
reflect absolute ternis the nature of science, it was necessary that they reflect
the opinion of a spectrum of well - informed individuals. Since these statements
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c

dealt with the nature of sciene, it was considered necessary that people recog-
nized in a field of specialization and with an expressed interest in the nature of
science makeup the panel of judges. Cooley (1970) states that instruments shoiild
be given to judges who have established a reputation in a special field as ascer-
tained by their publications and by recommendations of people working in that
field. He also states that the judges should have expressed interest in the nature
of science as evidenced by publication's, speeches, or participation in such dis-
cussions on state or preferably national levels.

Blanchet (1957) states that the size of a panel of judges needed to obtain re-
liable and valid itsults is not important if the evaluators are well qualified. Cooley
(1970), Smith (1951), and Atwood (1971) state that individual evaluations ,by
a panel of judges of as few as three individuits are both reliable and valid, within
their frame of reference.

In the development of the Views of Science instrument, six judges, experts in
their fields of specialization, were used in the first pool of statements and four of
'the judges were used in the second pool..

SELECTION OF VIEWS OF SCIENCE ITEMS

A pool of sixty-five statements about the tentativeness of science taken from
science textbooks, philosophy of science books, or composed by the author con-
stituted the first pool. These were submitted to a panel of six judges, composed of
four professors of science education, one professor of philosophy of science, anil
Cine professor of the history of,scieince. Two of Ale. professors of science edur-

' cation were also professors of physics. The judges were asked to read each state-
ment and rate it according to the following directions:

Please indicate by marking "A" in column #1 if you agree with the statement.

Please indicate by marking "D" in column #1 if you disagree with the state-
ment.

Please indicate by marking "U" in column #1 if you are =certain about the
statement.

Please indicate by marking "A" in,column #2 if you agree that the statement
correctly implies or indicates that science is tentative in nature.

Please indicate by marking "D'D" in column #2 if the statement incorrectly im-
plies.or indicates that science is certain or -absolute in nature.

Please indicate by marking "U" in column #2 if the statement does not imply
or indicate either the tentativeness of science or the certainty. of science.

Those items which received a majority of votes (i.e. 6-0, 5-1, 4-2) for repre-
senting the tentativeness or false certainty of science were considered for the final
instrument. Only twenty-four items from the pool of sixty-five received a majority
of votes; consequently, another pool of statements from the same soturces as the
first pool was constructed. The second pool was made up of forty-filte statements
and judged for content validity by four of the judges.

Items which received at least three votes for either tentativeness or absolute-
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ness, with the, remaining sate being uncertain, were selected for consideration
for the filial instrument. This means that, although an item may have received
three votes for tentativeness and one vote for certainty, it was not selected to be
part of the final instrument. Eighteen items from the pool were selected.

A total of forty-two statements were judged to be implying that science is
either tentative or falsely absolute in nature. Two statements selected were dis-
carded by the investigator because of difficulty in wording, leaving a total of
forty items in the final instrument. -

(\,
VALIDITY

Construct solidity was evaluated by a method described by Shaw and Wright
(1967)'which- involves a determination of the relationship between the attitude
score and other aspects of the personality. According to Anastasi (1954), valida-
tion by the method of contrasted grotips generally involves a composite criterion
which reflects the cumulative and uncontrolled selective influences of everyday.
life. The contrasted groups are distinct groups which gradually become differenti-
ated through the operation of the multiple demands of daily living. In this study,
the method called the known-groups technique was used. It was expected that
the four groups in the developmental study would differ in their mean scores on
the Views of Science instrument according to their level of involvement in science
educatiOn. It was expected that the groups composed of teaching assistants (TA)
who were graduate students working on advanced degrees and teaching an in-
quiry-oriented physical science course would' have the highest mean because they
were closest to the level of judgmental authority. This group would be followed
by the secondary school science teachers (SST), the college physical science
students (P.S.)',and the ninth-grade physical science students (Table 1):

TABLE*1
The Mean Scores of Four Test Groups on VS

Croup #1=TA #2=SST #3.--P.S. 303 #4=P.S. 9th
grade

164.50 156.07 150.57 .139.24

The Views of Science instrument was given to the four groups in March, 1974.
The summary of the results may be found in Table 1. It can be seen that teaching
assistants had the highest mean, followed by secondary school teachers, followed
by college physical science students, followed by secondary ninth-grade physical
science students. Analysis of variance for the mean scores of the four test groups
(Table 2) indicates that the differences in mean scores for each group were sig-
nificantly different from, any of the other three groups. Thus, validation by the
method of contrasted groups was determined.

Concurrent validity was established as a part of the battery of tests used in
the author's research study. Correlations between class means on the Views of
Science VS), the WatIon-Glaser Critical Thinking Appraisal (WGCTA), and
the 'Scie ce- Classroom Activity Checklist (SCAC) are reported in Table 3.

34



...

.

411111tELBY R. 1111 I TG -''' 37

TABLE 2

Multiple Group Analysis of Variatice4T-TEST) for The
Mean Scores of the Four. Tat Groups

Graup
.

N Mean Score \ r p

. A. 8 164.50 1.76 .05
2 26 156.05

1 8 164.50 2.94 .01

3 42 150.57

.4\14. .
%, 8 164.50' 5,35 .01

33 139.24

2 ' 26 156.07 1.83 .05
..3 42 . 150.57

2 , 26 156.07 5.63 .01

4 33 139.24

3 42 150.57 3.91 .01

4 33 139.24

TABLE 3

Concurrent Validity for Views of Science

Factor Means r P

VS 132.89'
WGCTA 5651 .7559 .01
SCAC 56.55 .4386 .05

The fact that correlation coefficients for WGCTA and SCAC are greater than
.381 (.05 level of significance) gives 9,vidence of the substantial relationship
existing between the views of the tentativeness of science as measured by Views
of Science and the following. (1) critical thinking skills and (2) students' per-
ception of the degree to which science classroom activities are inquiry, oriented.

RELIAbILITY

Any research based on measurement must be concerned with the accuracy or
dependability or, as it is usually called, reliability of measurement. To compute
the reliability of the Views of Science test, an Alpha coefficient of internal con-
sistency was computed.

The reliability coefficient was computed for each group. Anastasi (1954) states
that each reliability coefficient should be accompanied by a des&iption of the
type of group on which it was determined because the reported reliability co-
efficient is applicable only to samples similar to that on which it was found. Using
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the responses of the individuals in the four groups, the following Alpha co-
efficients were computed:

Group '1: Teaching Assistants of Physical Science 303,304: -I-- .82
Group 2: Secondary Science Teachers: -I-- .75
Group 3: College Physical'Science. Students: -I-- .81
Group 4: Ninth-Grade Physical Science Students: -I-- .71

POTENTIAL USE

Many curriculum projects emphasize that teacher practices and student Critical
thinking skills are important to them successful use. Research supports that teacher
practices and student critical thinking skills and attitudes are related to the stu-
dents' views of the tentativeness of science. It has been advocated that science
students should view science as dynamic, flexible; and tentative. The Views of
Science instrument allows researchers to determine if teacher practices are ac-
complishing this objective.

SUMMARY

The purpose of this project was to develop a valid, yet easy to administer, in-
strument

'
to be used in determining student views toward the tentativeness of

science. A list of forty items was selected by 'a panel of judges. The statements
selected were judged to imply either that science was tentative or absolute in
nature. The final instrument was administered to .34 teachers and to over 700
students for computation of validity and reliability.

VIEWS OF SCIENCE

The following list contains 'items related to the views' of science. Please check the blank
by each item which is most representative of your view of science: SA- strongly agree,
A- agree, U- undecided, D- disagree, SD- strongly disagree.

1. We all see the same nloon because the moon is out there, out-
side ourselves, for allt,g see.
2. Our laws of science, especially any developed within the last
ten years, are not likely to ever be changed.
3. Scientists do-not agree entirely on the basic concept of the
atom.

4. It is impossible to eliminate error and uncertainty from the
measti .arnent process,,even with the very best equipment.
5. Atoms am thought to exist, Iit this has not been observed
directly.
6. Science has gradually discovered that its natur ", itanding by
its own strength; was an assumption rather than an established
fact.
7. When the same experiment is performed any number of times,
under exE .y the same circunistances, the result is necessarily al-
way The same.

36,
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8. In practice, the scientist follows a rigid step-by-step procedur
in solving problems to insure accurate results.
9.. Anything observable-can be 'measured exactly.
10. We cannot experience the whole of nature; consequently, w
can never hope to understand it completely.
3L In sending Apollo 11 and Apollo 12 to the moon, many as
sumptions were made because they are essential in scientific think
ing.

12. Since scientific inowledge is changing all the time, scientifi
ideas are subject to being revised or thrown away.

13. Scientists do not know if the-mass-remains the same during
chemical reactions, but they do know if any change occurs it mus
be small.

14. Scientific knowledge is constantly subject to revision.
15. There- is no reason why we cannot obtain knowledge an
have it change with the passage of time.
16. Scientists using the very best instruments can measure thin
exactly.

j7. Science is the true and certain way to solve problems of na
tore and of man.
18. When two people observe a chair, the sensations which thi
produces will never be quite identical to both people.
19. Most laws Of, nature have been discovered.
20. We canssnever say that any theory is final or corresponds to
absolute truth because, at any moment, new facts may be discov-
ered and compel us to abandon it.
21. In sending Apollo 11 and Apollo 12 to the moon, no assump-
tions were made because everything had to be certain.

No-two_mensver observe the_same_rainbow in the same way.
23. It has been proven that there is no gain or loss of mass in
any chemical reactiQn.

24. Scientific laws cari be prOven to be true.
25. Scientists will never be able to discover the exact position
and exact speed of motion of every particle inthe universe.
26. Our knowledge of nature'can be visualized, little by little, in
a number of different pictures, although no single picture enables
us to visualize the whole of nature at ace.
27. The scientist is content-with a single' exact observation.
28. In science, most evidence, isarrivedi.ae or derived froth some
particular set of experimental data and then extended to an all-
embracing law.
29. The kelopment of nem, scientific instruments, as the elec-
tron microscope, made exact measurements possible.
30. Scientific laws are not provable in a classroom or in a wen-

.equibped laboratory.
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31. In laboratory experiments, it is impossible to record all possi
ble observations.
32. The picture or model provides a representation, not of'ob-
jective nature, lint- only of our knowledge of -nature.

Nsar
33. Observations are often very difficult to explain in terms of
scientific laws.
34. We can know nothing of the world outside otihelves for cer-
tain.

35. The scientist no longer sees nature as something entirely dis- SA A U jD $1:5
tinct from himself. "

36. A measurement depends on the object being measured, the
measuring instrument and the observer.
37. With the exception of counting a small ,number of objects,
there. is always uncertainty and/or error in measurement *.
38. When an experiment is repeated several times under identi-
cal conditions, several different results may be obtiined.
39. Scientists do not expect a model to be pemianentlysuccess-
ful.. /
40. The notion that scientific knowledge is certain is an illusion.
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SECONDARY PHYSICAL SCIENCE CLASSROOMS AND'
STUDENTS' CRITICAL THINKING SKILLS, ATTITUDES
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INTRODUCTION

At all levels of education, the inquiry or process approach is being advocated
in the science curricula. New materials are giving attention to the investigatory
aspects, aid the teacher is becoming more of a director of research than a dis-
penser of knowledge (Sund and Trowbridge, 1967).

All too often, school science has been aharacterized by an over-emphasis on.
content (Fields and Cropley, 1969), while the use of information for adaptive
purposes to create new ideas or cope with strange or novel settings has received
too little attention. Teaching school science is teaching students to be alive, dy-
namic and thinking human beings (Sund and Trowbridge, 1967). Gagne (1983)
states that knowledge.of principles is a prerequisite to the successful practice of

the techniques of inquiry, plus incisive knowledgediscriminating ability. This
does not mean that thinking follows naturally out of knowing.

Ramsey and Howe (1969) claim that a student's attitude toward science may
well be more important than his understanding of science since his attitudes de-
termine how he will use his knowledge. For this reason the development of atti-
tudes and views asp a part of science education is an area requiring increasing
research.

-nig PROBLEM

This study was designed to permit the author to investigate the relationships
between teacher attitudes toward inquiry teaching strategy, the degree of inquiry
orientation in science classroom activity, students' critical thirildng skills, attitudes
toward the science curriculum (science class, science laboratoi-y, science teacher,
school), and views of the tentativeness of science.

The general hypotheses developed and investigated were:

Hypothesis I: There is no relationship between teachers' attitudes toward
inquiry teaching strategies and students' critical thinking 'skills, attitudes to-
ward the science curriculum, and views of the tentativeness of science.

Hypothesis 2: There is no relationship between the degree to which the
science classroom activities are inquiry oriented and students' critical think-
ing skills, attitudes toward the science curriculum, and views of the tenta-
tiveness of science.
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THE STUDY

The sample used in the research problem consisted of ninth grade physical
science teachers and one representative classroom for each teacher from a wide
geographical area of the State of Texas. The following procedure was used in

.obtainiqg teachers and students for participation in the research: a list of names
and addresses of niembers,of the Texas Science Supervisors Association was ob-
tained and each supervisor on the list was asked to identify teachers willing to
participate in the study, if the school district was willing to allow the study. Addi-.
tionalletters were sent to science department chairmen or secondary supervisors
in school districts without science supervisors. Thirty physical science teachers
and a total of 671 ninth-grade physical science students in sixteen secondary
schools in ten school districts agreed to participate in the study.

During the month of April, 1974, the testing instruments were administered to
the participants. The class means of the thirty classes as well as student scores
were used in the statistical operations of the study.

Five instruments were utilized in collecting necessary data for the study. One
instrument, the Inquiry Science Teaching Strategy (ISTS), was administered to
the teachers to gather the teacher's attitude toward inquiry teaching strategies.
Four instrumentsWatson-Glaser Critical Thinking Appraisal, Osgood's Semantic
Differential, Science Clqssroom Activity Checklist, and the Views of Science were
used to gather students' critical thinking skills, attitudes ,toward the science cur-
riculum, students' perceptions of teacher classroom practices, and views of the
tentativeness of science, respectively.

Since no instrument was available to determine a student's view of the tenta-
tiveness of science, the first part of this study was to develop one for this purpose.
Descriptions of the development and evaluation Of the instrument, Views of
Science (VS) as well as a copy of the instrument itself are found elsewhere in
this ;nopograph (Hillis, 1975).

RESULTS:

The purpose of this study was not to find out if one method was "better" than
another method; but instead, was to determine the relationships of the students'
critical thinking skills, attitudes toward the science curriculum, and views of the
tentativeness of science to the following factors: teacher attitude toward inquiry
teaching strategies and the degree to which the science classroom activities are
inquiry oriented. Two questions were generated from thiseproblem and will now
be discussed.

Question I: Is. there a relationship between teacher attitudes toward inquiry
teaching strategies and students' critical thinldng skills, attitudes toward the
science curriculum, and views of the tentativeness of science?

In discussing this question, the following null hypotheses were tested:
Hypothesis 1.1: There is no-relationship between teachers' attitudes toward in-
quiry teaching strategies and their students' critical thinking skills. -
Hypothesis 1.2: There is no relationship between teachers', attitudeetoward fn-
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quiry teaching strategies and their students' perceptions of the degree of inquiry
orientation in the science classroom activities.
Hypothesis 1.3:. There is no relationship between teachers' attitudes toward in-,)
quiry teaching strategies and their students' attitudes toward the science class.
Hypothesis 1.4: There is no relatiiniship Between teachers' attitudes toward in-
quiry teaching-strategies and their students' attitudes toward the - science labor'a-
tory.

Hypothesis 1.5: There is no relationship between teachers' attitudes toward in-
quiry teaching strategies and their students' attitudes toward the science teacher.
Hypothesis LB: There is no relationship between teachers' attitudes,toward'in-
ouirySaching strategies and theistudents' attitudes toward the school.
Hypothesis 17: 'There is no relationship between teachers' attitudes toward in-
quiry teaching strategies and their students' views of the tentativeness of science.

To test these hypotheses, Pearson Product Moment Correlation Coefficients
were computed.

To test Hypotheses 1.1 through 1.7, the teachers' scores, on the ISTS instrument
(Lazarovvitz, 1973) were used as the first variable. In Hypothesis 1.1, the students'
class mean scores on the Watson-Glaser Critical Thinking Appraisal served as the
second variable. For Hypothesis 1.2, the SCAC class 'mean scores were used. as
the second variable. For Hypothesds 1.3 through 1.6, the students' class mean
scores on attitudes toward the science class, science laboratory, science teacher,
and school were used ,as the second variable. l',12 test Hypothesis 1.7, the stuients'
class mean scores from the Views of Science constituted the.secorKfl variable. A .

summary of the results:, for the above hypothesei may be found iii Table 1. In
reading the tables with respect to the attitude objects, the dimensions of the
Semantic Differential have been abbreviated in the following manner: Ev.*,:,
evaluative factor; Po. Potency factor; and, Act. activity factor. c

The correlations for all hypothees expt null Hypothesis 1.6 are not signifi-
cant; therefore,t they are not rejected. The power dimension of the students'

attitude toward the school is significant at the .01 level. The figures in Table 1
indicate that the more favorable tk teacher's attitude toward inquiry teaching
strategies the less powerful that teacher's students view the school to be.

Question .2: Is there,a relationship between the degree to which the science
classroom activities inquiry oriented aitcl students' critical thinking sltill.s; atti-
tudes toward the science cutricuhlm, and views* of the tentativeness of science?_

To answer this question, the following null hypotheses were tested:
Hypothvele21: There is no relationship between the degree of inquiry orienta-
tion in science classroom 'activities and students' pritical thinking skills.
. The results shown in Table indicate there is a positive correlation between .

the degree to which 'the science classroom 'activities are inquiry oriented and
students' critical thinking skills; however, more detailed analysis (Tables 3 and,
4) indicate this correlation &positive for Anglo boys, Anglo girls, and non-Anglo
girls. Hypothesis 2.1 is therefore accepted for the non-Anglo boys.
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TABLE 1 .

Summary of Correlations Between Teacher's Attitude Toward ln-
quiry Teaching Strategies and Students' Critical Thinking

-Skills, Attitudes, drat Views of Science

FACTOR .MEANS

First Variable ,
ISTS 149.63 ,

Second' Variables
SCAC ' 56.55 4 .2493 ns
WGCTA _ 56.51 .0124 ns .

VS , 132.89 ' .2127
,

ns
Science Class

Ev. 18.54 -.0125 ns
Po. 17.62 , .0868 ns
Act. 17.39 - .0713 , ns

- Science Laboratory
Ev.
Po.

20.09:,
17.41

-.0815
-.0864

, ns
ns' Abt. a.74 .0273 n's

Teacher
Ev. 20.32 .1392 ns

Po. 16.83 -.2387 ns
Act. 18.06 .1041 ns

School
Ev. : 18.71 -.3341 /ns

Po. 19.78 -.5673 - .01' '
Act. , 18.25 -.3353 ni- .

Levels of Significance , 05 .361
.01 .463

L

Hypothesis 2.2: There is no, elationship between the degree of inquiry orienta-
tion in §,cience classroom acWities and students' attitudes toward the science,
class.

The results shown in Table 2 indicate there is a positive correlation between
the degree to which the science teacher's behaviors are inquiry oriented and how
highly students value the science class. Table 2 shows no significant correlations
between the degree of inqmiry orientation in the Science classroom activities and
how active the students view the science class to be,or how powerful they view
it to be. Therefore, the evaluative factor of null Hypothesis 2.2 is rejeCted. Tables
2, 3, and 4 show no significant correlations betWeen how potent students view
the science class to be and the degree to which the science class is inquiry
oriented. The potency fact& of null Hypothesis 2.2 is therefore accepted. A more
detailed analysis (Tables 3 and 4) indicates that this correlation is significantly
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TABLE 2

Summary of Correlations Between Science Classroom. Adivity and
Student.? Critical Thinking Skills, Attitudes, and Views of

Science

45

FACTOR MEANS

First Variable
SCAC 56.55

Second Variables
WGCTA 58.51 .3847
VS -132:89 .4388
Scnce Class

Ev. 18.54 .3987
Po. 17.82 -.0074
Act. 17.39 .2542

' Science Laboratory
Ev. 20.9 .3520
Po. 17.41 .1242
Act. 18.74 .1602

Teacher
Ev. 20.32 .4941
Po. 16.83 .0188
Act. 18.06 ' .3253

School
Ev. 18.71 . - .3753
Po. 19.78 - .3561
Act. 18.25 - .1182

p

.05

.05

.05
ns
ns

ns

ns

.01
ns
ns

ns

r

Levels of Significance :05 .361
.01 .483

t positive for Anglo boys and non-Anglo girls. The activity factor of null Hypothe-
sis 2.2 is therefore accepted for Anglo, girls and non-Anglo boys:
Hypothesis 2.3: There is no relationship between the degree of inquiry orienta-
tion in science classroom activities and students' attitudes toward the science
laboratory.

Table 2 shows no significant correlations between the degree of inquiry orien-
tation in teachers' behaviors in science classroonis and ,students' attitudes toward
the science laboratory in either the evaluative, potency, or activity factors when

,class ,means were used as measuring units. Null Hypothesis '23 is therefore ac-
cepted. However, a more detailed analysis (Tables 3 and4), indicates this correla-
tiara is significantly positive for the evaluative factor for Anglo boys, Anglo ,girls,
and non-Anglo girls. The evaluative factor of null Hypothesis 2.3 is 'therefore

f_as.cepteil for non-Anglo boys. table 3 also indiCates this correlation is significant-
ly,positive for the activity factor for Anglo boys. The activity factor of null
Hypothesis 2.3 is therefore only accepted for Anglo girls, 'non-Anglo boys,. and'
non-Anglo girls.
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TABLE 3

Correlations Between the Degree of Inquiry Orientation in
Science Classroom Activities and Critical' Thinking Skills,

Attitudes Toward the Science Curriculum, and Views of the
Tentativeness of Science for Anglo Students by Sex

ANGLO BOYS ANGLO GIRLS -

FACTOR MEAN r p MEAN r 13 -
SCAC .55.47 58.58
,WGCTA 58.57 .1778 .01 58.06 .1502 .01
.VS 132.78 .3089 .01 134.53 .1135

Science Class
Ev. 18.44 .2586 .01 18.44 .1634 , .01
Po. 17.80 .0191 ns '" 17.97 .0023, ns
Act. J.2.43, .2010 .01 17.30 .0411' ns

Science Laboratory
Ev.f 20.02 .2389 .01 20.17 .1284 .05
Po. 17.57 .0742 ns 17.32 .0441 ns
Act. 19.00 .1674 .01 18.78 .0124 ns

Teacher '
. .

Ev. 19.27 .2576 ..' .01 21.80 .2293 .01
Po. 18.63 .1269- .05 ' 13.75 -.0930 ns
Act. 1'7.85 .2446 - .01 18.85 .1092 ns

School
Ev. 17.54 .0455 ns 19.90 -.0960 ns
Po. 19.58 - .077 ns 19.96 -.0850 ns
Act. 17.49 .0168 ns. 19.04 -.0060 - , -ns.,

N=282 BOYS , 'N=299 GIRLS

Levels ofj*nificance
.05 .120 .113
.01 .180 .148

Hypothes0 2.4: There is lig relationship between the degree of inquiry orienta-,
tion in science classroOm activities and students' attitudes toward the teacher.

The results in Table 2 indicate there is a significant positive correlation between
the degree to which teacher practices are inquiry oriented and how highly stu-
dents value the science teacher. Tables 3 and 4 indicate the correlation is only
significant for Anglo bom Anglo girls, and non-Anglo girls. The evaluative factor
of null Hypothesis 2.4 is therefore accepted for non-Anglo boys but rejected for
Anglo boys, Anglo girls `and pun-Anglo girls.

There is no significant correlation (Tables 2, 3, and 4) between the potency
factor of students' attitudes toward the teacher and the degree of inquiry orienta-
tion in science.classroom activities.
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TABLE 4

Correlations Between the Degree of Inguky Orientation in.
Science Classroom Activities and Crlical Thinking Skills,

Attitudes Toward the Science Curriculum, and Views of the
Tentativeness of Science for Non-Aoglo Students

, By Sex

NONANGLO BOYS
FACTOR MEAN r p -

NON -ANGLO GIRLS
MEAN r p

SCAC 55.12 56.40
SVCGTA 50.79 .0825 ns 54.23 .3667 .05
VS 129.74 .1224 ns 131.36 .0953 ns
Science Class.

Ev. 20.74 .3125 .05 , 19.02' .4272 .05
Po. 17.79. -.0140 ns 16.04 .1516 ns
Act. 18.05 .1301 ns 18.19 .3104 .01

Science Laboratory
Ev. 22.63 .2982 ,ns 20.51 .4076 .01
Po..- 19.07 .1189 ns 17.28 -.0480 ns
Act. 418.63 .1377 ns 19.09 .2365 ns

Teacher
Ev. 20.14 .2436 ns -21.36 .4515 .01
Po., 17.67 .2185,- ns 18.13 -.0110 ns
Act 17.14 .2200 ns 18.13 .4751 .01

School
Ev. 19.70 .1111 ns 18.58. .2267 ns . -
Po. 19.88 -.1880 ns 19.28 -.0220 ns
Act. 18.88 -.0230 ns 17.58 .1076 ,,.., ns

N=43 Boys N=47 Girls
r

Levels of significance
.05' .304
.01 .393

.288,

.372

Table 2 does not indicate a significant Correlation between the degree of in-
qUiry orientation in science classroom activities and the activity factor of attitude
toward the teacher; but, Tables 3 and 4 show this correlation to be significantly
positive for Anglo boys and non-Anglo girls. The activity factor of null Hypothesis
2.4 is therefore accepted for Anglo girls and non-AUglo boys.
Hypotheiis 2.5: There is no relationship between the degree of inquiry orienta-
tion in science classroom activities and students' attitudes toward the school.

Table 2 shows that when students' ciass mean scores are used is measuring
units there is a significantly negative correlation between the degree to which the
science classroom teacher's behaviors are inquiry oriented and how highly'stn-.,
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dents value their school. The evaluatiye factor of null Hypothesis 2.5 is there-
fore rejected. The potency and activity factors of null Hypothesis 2.5 are there-
fore accepted. When fixed groups scores were used as measuring units, null
Hypothesis 2.5 could not be rejected.
Hypothesis 2.6; There is no relationship between the degree of inquiry orienta-
tion in science classroom activities and students' views of the tentativeness of
science.

When class means were used as measuring units (Table 2), there was a positive
correlation between the degree to which the science teacher's practices are in-
quiry oriented as measured by the SCAC and the degree to which students view
science as tentative. Therefore for students as a group, null Hypothesis 2,6 is
rejected. Using student scores as measuring units does not permit rejection of this
correlation for non-Anglo boys and girls.

To test the above hypotheses,. Pearson Product Moment Correlation Coefficients
were computed.

As shown in the discussion of .Question 2, when, students scores were used as
measuring ,units, correlation coefficients were computed for groups differentiated
by race and sex. This is especially meaningful in analysis of data when analysis
using class means indicates no existence of a significant relationship between two
variables. Fixed group analysis shows that while students in general show rela-
tionship or lack of relationship between two variables, certain _groups differenti-
ated in some way show, significantly positive or negative Correlations to exist, at
least for that group between the two variables under consideration.

To further reveal differences in critical thinking skills, attitudes toward the
science curriculum, and views of the tentativeness of science, az2 X 2 analysis
of variance was computed. Through the analysis unweighted means of the fair
fixed groups were used instead of raw scores because of unequal sample sizes
of the groups. The fixed groups were:

Group 1, N= 282 Anglo bOys
Group 2, N= 299, Anglo girlsi.
Group 3, N= 43 Non-Anglo boys
Group 4, ,N= 47 Non-Anglo girls

The general hypothesis tested was:,
There is no diffsrence between Anglo and non-Anglo students' or between

. boys and girls in critical thinking skills, attitudes toward the science cur-
riculum, and views a the tentatiVeness.,of science.

Analysis of data reveals that Anglo students have higher critical thinking skills,

feel the science dais is 'a more powerful force, and view science as more tentative
than do non-Anglo,students. Non-Anglo students seem to more highly value the
science class and the 'science laboratory and view the science teacher as a more
powerful person than do tXxiglo students.

The results,of this study show that girls have higher critical thinking skills and

more highly value thescience teacher than do boys.
Non -An &o girls seem to feel the science class is a less powerful influence than
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do Anglo boys, Anglo girls, and non-Anglo boys. Angld girls and non-Anglo boys
appear to value the school more highly and view it as more aciive than do Anglo
boys and non-Anglo girls.

.

eCINCLUSIONS

The analysis of data indicates no significant relationship between a teacher's
attitude toward inquiry teaching strategies and a teacher's actual teaching prac-
tices in the science classroom. An examination of students' perceptions of teacher
practices compared.with the teachers' attitudes toward inquiry teaching strategies,
reveals that a teacher's score on the ISTS instrument is a poor indicator of the
teaching strategies the teacher will actually use in the science classroom. This
means that a teacher may indicate a favorable attitude toward inquiry strategies
but attitude toward inquiry strategies says little or nothing about what strategies
a teacher is likely-to use.

The data also show no significant relationship between a teacher's attitude to-
ward inquiry teaching strategies and any student variable except the potency'
factor of student attitude toward the school. This implies that students whose
teachers indicate a more favorable attitude toward inquiry teaching strategies
view the school as being less poweiful in nature than do students whose teachers
hake a less favorable attitude toward inquiry teaching strategies.

Analysis reveals a relationship does exist between inquiry teaching practices in
the science classroom and students' critical thinking skills, attitudes toward the
science curriculum, and views of the tentativeness of science. Students whose
teachers have more inquiry oriented teaching practices have higher critical
thinking skills, more positive attitudes toward the science class and science teach-

er, and view science as more tentative than do students whose teachers have less
inquiry oriented teaching practices. Students in more inquiry oriented classrooms

seem to more highly value the science class and teacher, and view them as being
more active than do students in less inquiry oriented classes. Students in more
inquiry oriented classes value the science laboratory more highly than do students
in classes less inquiry oriented.

Student attitude toward the school was. not related to the degree. of: inquiry
orientation in the science classrooms when students were examined by race and .

sex. However, students as a whole reflect a negative relationship existing between
the degree -to which the science classroom activities are inquiry oriented and
students' attitudes toward the school. ,.This could be due to the group's positive
attitude and response toward inquiry teaching practices used by the science
teacher which is probably not used by teachers in other subject matter fields.

The study shows that race and sex are variables which are related to a student's

critical thinking skills, attitudes, and views of science. Anglo students have
higher critical thinking skills, value the science class and science laboratory lees

highly, view the science class as being more powerful and the teacher as Iess
powerful; and; view science as more tentative than' do non-Anglo students.
Girls have higher critical thinking skills and seem to more highly value the.
science teacher .than do boys. Non-Anglo girls seem to feel the science class

4
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is a less pow erful influence than do Anglo boys, Anglo girls, or non-Anglo boys..
Anglo girls and non-Anglo boys seem to more highly value the school and view
it as more active in nature than do Anglo boys and non-Anglo girls.
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THE EWECT OF AN INDUCTIVE LABORATORY-CENTERED

APPROACH ON THE ATTITUDES OF NINTH-GRADE PHYSICAL
SCIENCE STUDENTS

EARL J. MONTAGUE if

SCIENCE EDUCATION CENTER

THE UNIVERSITY OF TEXAS AT AUSTIN

AUSTIN, TEXAS

INTRODUCTION

The Texas Education Agency Physical Science Resource Guide (1971) was
developed as a joint effort oh ing scientists, science educators, science teachers,
and the Texas Education Agency. It is designed for use in ninth-grade physical
science.

Those, working on the project recognized that for most students, ninth-grade
physical science would be the last formal study in any of the physical sciences to
which these students would be exposed. It would also likely be the last oppor-
tunity to provide students with experiences which could be instrumental in mo-
tisoting them to pursue further study in the physical sciences. -

°

The Texas Education Agency Physical Science Resource Guide has been de-
-signed to overcome some of the difficulties students experience in some science
classrooms by reshaping the usual pattern of teaching science. The guide attempts '-
to teach concepts through a structured inductive approach, that is, the initial
focus is on direct experience with physical phenomena. From the, direct observa-
tion of phenomena the student can be led to understand the behavior and verbal-
ize this understanding in his or her own words. Eventually, through discussion,
an accurate definition may be derived. The behavior, as described in the defini-
tion, can now be symbolized in the form of words or mathematical symbols.

If several groups of students in class are conducting the experiment, the first
stage in the analysis of data involves having the students place their data on the
blackboard in a class data table. The students place, their nameoalp' ng side of their
data. Through the use of class data the same experiment his been replicated
many times. -On occasion this data may then be placed on a bar graph. This
usually presents the data in a form more easily interpretable by students. Through
class discussion an inference can be made from the data.

The patte,rn followed then, is one of starting with a laboratory experience in-
volving the phenomena to be studied, And then drawing ainference from class
data. In turn, this inference may be combined with preceding laboratory, Endings
in order to derive a description of a more genefalized behavior. If appropriate,
the generalization ivy be named and theoretical constructs then developed:

This pattern of teaching has several advantage's over the usual approach: The
process of collecting data in, the laboratory keeps students actively involved arid
stimulated. Data collected by the students is recorded for all to see, and data
collected by all'of the students is used in drawing inferences. This not only helps
generate emotional involvement, but also indicates to all students that what each

1
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student did in the laboratory is useful to the class. In this sense, no student has
failed in the activity, and all have made a worthwhile contribution.

Another distinct advantage of using the inductive approaCh is that it closely
parallels the actual development_ of concepts in science. This makes it very easy
to develop an understanding on the part of students, not oily of the nature of
scientific concepts, but also the nature_ of the scientific enterprise.

This approach has the further advantage of providing flexibility in evaluation.
and grading. The primary criteria for determining grades may be quite iliffeient
than thpse commonly used. For lower ability students the primary criteria for
grading ay be attendance, student willingness to do the activities in the labor-
atory . keep a notebook, and student participation in discussion. The use of

,

these cri eria allows science teachers to provide a 'situation in which all students
at least ye the opportunity for success. This is not to say that all students will
achieve s ccess, but the opportunity for success exists. Once students realize this,
it is hop the vast majority would, undergo a change in attitude and motivation.

The de elopers of the Physical Science Resource Guide assumed that if a
student, o the completion of a science course, leaves the course hating science,
he would e better off never to have had the course. It was also assumed that
students '11 learn more if they feel an experience involves something important
and worth hile. The improvement of student attitudes toward tscience instruction
is therefore one of the primary goals of the Physical Science Resource Guide.

THE STU

A study w. conducted to determine what effect the use ofthe activities in the
..

guide would ave on the attitudes of students after they had been exposed to this
material for entire school year.

Ten teache who had been Using the guide for the entire; school year were
chosen at rand Ten teachers who were teaching- hysical science but not using
the guide also ere chosen at random fromi allopu "don of teachers who agreed
to cooperate in t e study. One cla*for each tea err two ;random, and a
Modified Osgood Semiotic DiffeMntial (1987a wA Veil to t gitudents in each
of these classes uring late spring. The 243 students whose teachers used the
guide were labele the experiniental group, and the 240 Students whose teacher's
did not-use the de were labeled the control group. .

.,......

RESULTS

The evaluative fa., or of the Semantic Differential measures the basic attitudes
of students with re:: d to how good, pleasant, and valuable the students per-
ceivedthe situation. ' able 1 shows the results when the two groups were coin-
pared with respect to is factor. The stiKkots Who had experienced the approach
presented within the ide had more positive attitudes toward their science class-,
room, science laborato , science teacher, ancschool tlian did the control group.
The fact that the alttitu p es of the two groups toward school were different indi-
cates the broad significa ce of this approach.

The potency factor gi es some indication of how large or awesome students

5 0
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TABLE 1

Evaluative Factor

53

Variable
Experimental
Group Means

Control
Group Means F Probability

SciFrice Class 22.4033 18.9583 43.674, .0000.
Science Laboratory 23.4280 . 21.6125 14.515 .0004'
Science Teacher 23.7119 22.2458 7.596 .0062
School 19.6214 18.0167 5.991 , '.0141

perceive a situation. The results, presented in Table 2, indicate that the students
whose teachers hadused the guide perceived their science class anti school as
less awesome. It should be noted that an attitude change of a fairly large magni-
tude must have occurred in order for the differences with regard to school to be
detected. The lack of differences with regard-ta-thg science teacher likelS, indicated
that the two groups of.teachers were similar in size and stature.

TABLE 2

Potency ham,

Variable
Experimental Control
Group Means Group Means' F

12.532
2.825 ,

.016
12.588

Probability

Science Class
'Science Laboratory
Science Teacher
School

16.71654 18.1708
17.3045 17.9583
18.3374 18.4000
16.9095 20:5000*

.0008

.0894

.8934

.0007
-4

TABLE 3

Activity Factor

Experimental Control
'Variable Group Means Group Means Probability

Science Class 18.7160 16.4042 24.851 .0000
Science Laboratory 19.6914 19.1333 1.620 .2008
Science Teacher 19.4568 . -48.4792 4.170 .0391
School 18.0658 17.7417 ,393 £382

A

The activity factor is a minor contributor to the overall attitude of a Student,
bit it does indicate how active a student perceives a given situation or person. It
can be noted from the results in Table 3 that students in science classrooms where
the guide was being used perceived the science class and science teacher to be
more active than those students in the control classroom. This likely indicates
that both students and teacher become more actively involved when a laborato6r
approach is being used in the classroom.
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CONCLUSIONS

Thy University of Texas Publication

The study just presented demonstrates that the use of a success-oriented, in-
ductiv.e approach, as represented by the Texas Education Agency Physical Science
Resource Guide, does have a positive effect on student attitudes. Science educat-
ors increasingly are becoming concerned with the quality of education for all
students and not just those pursuing a career in science. Many of the current
problems with the negative feelings students have toward science can be traced
to experiences provided them in science classes. An inductive, phenomenological
approach seems to hold some promise in improving students' attitudes toward
science instruction and hopefully toward science and scientists in general.
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PIAGET-BASED SEQUENCES OF INSTRUCTION IN SCIENCE:
THE PENDULUM

JOEL EBASS
'DEPARTMENT OF EDUCATION

SAM HOUSTON STATE UNIVEIISITY IF

HUNTSVILLE, TEXAS. o

Ar )

Mathematics is the basic instrument of science. It is the language scientists e
to organize and clarify the' egularities they believe occur in nature. Because Of its
important role in the progress of science, many people believe that mathematics
is essential in science courses if the true character of the subject is to be portrayed.
But, almost invariably, students at the secondary level have difficulties when faced
with mathematics and quantitative reasoning in science courses.

Piaget (1951) has suggested that one of the causes of the students' difficulties
with mathematical reasoning is the premature introduction of relationships in
their quantitative form. He implies that students should have more time to work
with problems at a qualitative level, identifying releVant factors and excluding
inoperate ones and getting a feeling at a concrete level for the relationships that
exist between factors. Piaget contendsthat

"until the logical structure of the problem
has been grasped, numerical considerations
remain meaningless and serve only to conceal
relationships involved." (Piaget, 1951, pp. 95-96)

Piaget's analyses of how children meet and solve basic problems in science pro-:
vide some specific insights into how to place more emphasis fn instruction on the
concrete, qualitative aspects of thinking as a prerequisite to formal, quantitative
thinking in science.

The study described in this paper was based in Inhelder and Piaget's (1968)
investigation and analysis of child thought concerning the effects of certain vari-
able factors on the rate of oscillation of a pendulum. The goals of the study were:

(a) to derive an ordered sequence of instructional objeatives on the oscilla-
tion of a pendulum from Piaget's analysis of child thought on the topic;

(b), to develop a set of self-instructional materials on the derived objectives;
and

(c) To determine the effect of the Piaget-based materials 'fin ninth-grade
physical science students' achievement of the 'derived objectives.

THE PENDULUM PROBLEM

in their investigation of child thought on the pendulum, Inhelder and Piaget
(1958) presented children with the prOblem of detenninjng how four different
variables affect the rate of oscillation of a penduluir.-Tfie four variables were:
(1) the length of the pendulum string; (2) the height of the starting point or
angle of swing; (3) the weight of the pendulum 'bob; and (4) the size..of the
initial push the child gave to the, swinging weight. Within certain limits, only
length has an effect on the rate of swing.

,
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"Inliekler and Piaget showed that a child progresses through a number of rather
well defined stages in the developme{it of his understanding of the relationships
involved in the pendulum problem. A summary of their findings follows.

'Stage I (Ages 6-7 years* ) -

The Stage I child (preoperational) cannot givey'an objective accowt,of the
problem of what variables effect the pendulum's swing. His thoughts aretfominat-
ed by his physical actions.. He has difficulty separating his own actions from ex-
ternal factors and constantly interferes With the free motion of the pendulum.

N.

Stage II (Ages 8-10)
The Stage II subject (concrete operational) is able to ordet the lengths, weights,

angles, and pushes serially and to observe the differences between observed
frequencies objectively. But he does not manage to exclude the inoperant vari-'
ables except for the push. The child at this stage does disc' ilki- the inverse rela-
tionship between the length and the frequency. However, he does not:yet know

ari Ie.

how to isolate variables through ntrollecl experiments, and thus coocludes that
length is not the only relevant v .'

Piaget presents protocols as evidence that Stage II children still make a very
fundamental logical error. The children in experimenting varied both the weight.
and .the length at the same time and observed a concomitant change in the
frequenpy. Mistakenly, they concluded that they had proved that either weight
or length could independently cause the frequency to change.
Substage III-A (Ages 11-13)

Piaget's' Substage III-A is characterized by beginning, formal operational
4. thought. The subject at this substage is able to separate out factors as relevant

or irrelevant- when he is given combination in which one of the factors is varied
while the others remaiked cdnstant. In these cases he reasons correctly and does
not make the'type of error described for the StageII subject. However, the Sub-
stage III-A subject does not yet know how to produce such combinations on his
own in any systematic way.

i .

Substage III-B (Ages 14-15) ; .,

The Substage Ill-B subject is able to exclude both an e and weight and to
isolate length as the single variable relevant to the frequency of the pendulum.
He does this through a logical procedure, initiated by himself, of varying a
single factor while holding the others constant. This is made possible, according
to Piaget, because the subjects, have available a complex combinatolal system of
Ingle. f

The combinatorial system involves, in essence, the ability to logically interpret
data involving all possible combinations of experimentation with several variables.
Thus the subjects are able to vary length while holding weight and angle con-

,stant, to vary angle while holding weight and length const4nt, and to vary weight
while holding lefigth and angle constant, and the adolescent at this substage
can arrive at valid conclusions from his experimentation. ' .

The age ranges given are approximations drawn from the protocols reported by
Inheyer and Piaget (1958).\

. ,
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4 . 4

DEVELOPMENT OF AN INSTRUCTIONAL
SEQUENCE ON THE PENDULUM

An instructional sequence,based on Inhelder and Piaget's analysis was devel-
oped for the pendulum problem. The Piaget-based instructional sequence con-

isisied of a series of self-instructional probiems that require the dents to e eri-lu
; ment witli a pendulum apparatus, to systematically exclude w ight and an e as
.factors affecting the period of oscillation, and to determine that the period of a
pendulum depends on its length. A more complete description may be found in
the original report ot the study (Bass, 1968).
, Piaget ,d5>es not carry his analysis of child logic to the point where subjects
work with a mathematical eqiption tha anzes observed relationships. The
instructional sequence, however,' con ed a section which attempted to lead
students to comprehen at the length (LI and period (T) data could be co-
ordinated through the lion L/T2 =. constant. ).

The objectives fo ctional sequence on the pendulum problem are
-presented in Table I. ,

TABLE I
4-' ' .
4

*
Instructional Objectives Derived from Piaget's Analysis of the

Pendulum Pioblem

Piaget's Substage ,. Derived Objective

II

II

III A,

above

1. State and apply the rule ihata change
in the length of a pendulum results in a
change in the Period.

2:1 State and apply the rule that increasing
the length ofa pendulum leads to an in-
crease in the period.

3. State and apply the rule that a change
in the pendulum weight does not affect
the Period of oscillation.

4. State and apply the rule that a change
in the angle of oscillation does notaffect
the period of a pendulum.

5. Applt the. equation to coordinate nu-
merical data on variation of the period
of a pendulum with its length.

EVALUATION OF THE PENDULUM INSTRUCTIONAL MATERIALS

The effects of the instructional sequence on the pendulum were explored
through classroom trials with 133 ninth-grade physical science student,. Most of
the students were either 14 or 15 years of age. The students were well above
average in intelligence (median IQ 115), reading achievement (median =

55 _.
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82nd percentile), and arithmetic achievement (median 73rd percentile). Most of
the students 5ompleted the instructional sequence in their two or three fifty
minute class periods.

Data on pupil achievement were oollected through the use of a pretest and a
posttest base on the stated Objectives.and through. analysis of the student's re-
sponses on the self-instructional materials. The K-R 20 reliability of the test;
Which also included a section on the balance and inclined plane (Bass and
Montague, 1972) was 0.76. Data on the students' achievement of the pendulum
sequence objectives are' presented in Table II.

T4.BLE II

Percent of Students Attaining Each Objective on the Pendulum Problem
Pretests and Posttests

Objective
(See Table I) . Substage 4etest Posttest

1 II 87% 89%
2 II 74% 75%

3 ' IIY A, IIIB . 10% 79%
- 4 IIIA, III-13', .8% ? 62%

5 IIIB+ 15% 20%

A major gain in the pupil achievement came only with objectives 3 and 4, which
involved deluding the weight and angle- as factors affecting thd period of oscilla-
tion. Most of the Students knew before instruction that the length of the pendu-
lum had an effect on its period (objective l) and that an inbrease in length would
lead to an increase in the perio0 ,( objective 2). There was negligible. gain after
instruction in the achievement of these two objectives.

,

Only about 15% oT the studeneon the pretest,and 20% on the posttest achieved
objective 5. Despite the careful attention to sequencing and the time devoted to
qualitative reasoning, the Piaget-based instructional sequence on the pendulum

`was not successful in leading the ninth grade students to understand and use the
rule that the square of the period is proportional to the length Of the pendulum
(objective 5). Interestingly, the erroneous-notion that period and length were
directly proportional was wisiespfead on both the pretest and the posttest.

,

CONCLUSIONS

The science' teacher's experience as well as Piaget's .careful investigation of the
growth of child logic suggest that theie are qualitative aspects of problems in
physical science that are prerequisite to the comprehension of quantitative laws
and, relationships. Piaget's analyses are good sources for drawing suggestions
About instruction on the `qualitative aspects.

Piaget has not investigated the growth of child logic to the point where mathe-
matical equations are used to summarize relationships and solve problem's in pie-
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diction and control. It was g this point that the instructional materials of this
study were unsuccessful. Finth'eF studies in the Piagetian vein are desirable to
find put pow students move,from an understanding of relationships at a formal
operational ,level to using equations to Cxpreis the relationships.

Even though the instructional Sequence on the pendulum was carefully de-
signed, 80% of the students in the try out did not learn to apply the pendulutn
equation. Wheii one considers that the sample of students were well above aver-
age academically, the difficulty that ninth, graders must have in learning mithe-
rnatical relationships in science bec9mes apparent. Might it be that the ability
to reason abstractly with equations,that describe physical situations is a type of,
reasoning that is open primarily only to older students at higher grade levels?
What experiences at earlier grades will enhance readiness, to, do quantitative
ihiiiking? What are the characteristics of the small percentage of the students
who were successful with the quantitative reasoning? These are important ques-
tions for the curriculum developer and merit more detailed study.
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THE DEVELOPMENT OF AN INSTRUMENT TO MEASURE
UNDERSTANDING OF RELATIONSHIPS 'BETWEEN

. SCIENCE, TECHNOLOGY, .AND- SOCIETY

MARLENE M. MILKENT
DEPARTMENT OF SCIENCE EDUCATION

UNIVERSITY OF SOUTHERN MISSISSIPPI

HATTIESBURG, MISSISSIPPI

INTRODUCTION. .

The Opinion Intentory on Relationships Between Science, Technology, and
Society is. an instrument designed to measure student understanding of the role
of science and technOlogy in society. The instrument is similar in format and cone,
tent to the Test on the Social Aspects of Science (Korth, 1968) and is based upon
an abridged version of ,Korth's "Model of the Social Aspects, of Science" (Korth,
1968).

The instrument consists of three parts and contains a total of forty-three items.
Students are asked to respqnd to each of the statements by.indicating agreement,
uncertainty, or disagreement. The instrument is scored on the basis of one point
for each response which corresponds to the response- derived from the abridged
version of the model. Four scores, a total score and one For each of the threeparts,
are obtained from the administration of the opinion inventory.

DEVELOPMENT OF 'THE INSTRUMENT 4

Three general guidelines were followed in the construction and selection of.
items to, be included in the opinion itiv,entory:

The item had to pertain to one or rnore statements in the abridged
version of Korth's model.. 7

(2) The item could not pertain.to any singular iikident or to any particular
branch ,of science; -

t

(3) The item should be a statement which isgenlrally accepted as true or
false:

Thirty-nine items were 'generated fa, the preliminary form of the instrument..
Twelve.of the items pertained to the interaction of science, technology,, and so-
ciety (Part I), eighteen ,t9 science as 'a social institution .(Part and nine to
the social consequences pf science and'technologyo(Part These items were
submitted to five judges who were asked to rate the items for reflection of 4ile
Model and for clarity. In addition, each judgeWasasIZed to indicate agreement
or disagreement with the expected response. to 'each item. One of the itemsrr,i
Part I and two of the items in Part II were found to be unsatisfaceory and were
discarded. The remaining thirty-six items Were incorporated into the preliminary.
form of the opinion inventory.

In administering the instrument, four teacherS in four different high schools
administered the instrument to the students in their chemistry classes. A total pf
138 students in nine chetniitry classes completed the instrument. An alpha di-
efficient, as a measure pf internal consistency (Veldman,'1967), was determined.

^
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for the total instrument and for each of its three parts. The coefficient for the
total instrument was .70, and Parts I, II,, and III had coefficients of .52, .48, and
.35 respectively. , ,. _.

Ten additional items were then Written and the judges found them to be satis-
factory. These were added to the instrument while three items which at least
ninety-sixpercent of the students answered correctly were discarded, thus malting
a total of forty-three statements in the revised form of, the instrument.

The revised instrument was administered to eighty-two high school chemistry
_students and the scoring procedge and the statistical analysis, whicli was em-
ployed for e first form of the instrument was repeated. The alpha, coefficients,i

which are resented, in Table 1 along with the means and standard deviations,
were .78 for ,the total instrument and .73, .41, and .57 for Parts I, II, and III re-
spectively. i , '

. ,
TABLE 1, -

Results of the Administration of the Opinion inventory on , ,
..- Relationships Between Science.,:Technology, and Society

, .- Part II . Part III Total _

.. A

, 20 ; 8 43

10.46 . 5.26 ' 26.96

- .

2.33 .Y-45 -- 5.50

..- ' Part I
Number of ,4 se

Items , - - - 15

nMea ' , 424 -

Standard
'Deviation / -,- 2.89'
Alpha ..-- - 4 - '

, Coefficient .78 .41 ',- .57 .. .78, - .

.

,
v.

Table 2 contains the results° of the. item analysis for the administration of the
final form of the:instrument. Table 24is followed by a copy of the instrument. The
point-biserial correlations for some items is rather low, indicating a need for
further "revision. Certain limitations on the author. prevented revision at this time.
The instrument is presented, however, as a useful intermediate step for those who
May be interested in developing similar instrtiments.

TABLE 2.

Results.of the Administration o; Opinion Inventory on
flelatioriships,Between. Science, Tehnology, and Society

* With 'l2 High School Chemistry Students

r

Item Key' 5cale2.
Choice -

Distribution Mean Sigma R(T)3: R(S)4

A 1_, U D

,l.
2.
3.
4.
5.

A
15

D
A
A

- 3
2
1

2."
2, ,

57
1,4'

8
. ,--"

65',
-

11 .

49
4

15
8

If
49
70

9
.

.70

.60

.85

.71

.79

.460

.490 -,..34593

.455

.405

.145

.311

.192

.166

.199

.292

.281

.345

.381

.10.
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Table 2 (continued)

Rein Key' Scale=
Choice

Distribution Mean Sigma R(T)3 R(S)*
'A U D

6. D 2 0
..

-1, 81 .99 .110 .181 .070
7. A 2 65, 12 5 .79 .405 .369 .386
8. D 1 4 10 68 .83 .376 .451 .571
9. D . 2 3-7 20 ; 25 .30 .460 .308 .369

.10. A 1 72 10 0 . .88 -.327 .453 .477
11. A 2 ;22 '29 31 '..27 .443 .024 .341 t '
12; D 1 5 8" , 69 .84 .365 .489 , .573
13. A 3 40 19 23 .49 .500 .317 ; .365

' 14. A 1 .73 8 1 - .89 .313 .359 .395
15. A 2 , 55 ' 18 9 : .67 .470 f .198 .273
i6. D 3 13 16- .53 .65 .478 c- .617 .612

_ -17. D
.

2 17 19 46 ' .56 .496 .472 .524
18. A 1 . , 57 .21 4 .70 .460 .193, .287
19.. D. 2 3 2 77 .94 . .239- .267 .138"
20. D 1 8 22 52 .63 ' 'A82 .529 .606
2L -A 1 33 14 35 .40 .490. 168 .349
22: D 2 44 22 _,"16 .20 .396 .305 .351 ..

23. A - 1 78 ,2 ;2 .9k..., .215, .204 .315
24. D 3 6-"*. 11 64 .78 .414 - .312 .487

.25. D 2 ' 0 0 '.. 82 1.00 i .000 .000 .000
:M. A I 60 16 6 .73 ..443 .466 .556
27. D 3 12 ' -16-- 54 .66* .474 ' .397 .696
28, D . 2 10 .8 64 '.78 .414 .484 .371
29. D, 3 23 44 .54 . 9 .438 .551
30. A 1

,15
74 7 1 .90 ." . 7 .409 .427

31;. A 2 39 27 16 .48 ,046 .1-67

32. D 2 :,. '43 18 21 .26 .436 .182 _267,
33. D 1 2 20 60 .73. .443 .521 .505
34. D 1 14 23 45 -155 .257 .7..292
35. D' ' 3 , 7 13 62 .76

..498:
. ' .429 :.353 .507

36. A 2 11* - 26 45 .13 .341 .198 --' .244 4
A 2 16 . 26 40 .29. .396-;-. .003 .285'

38. D 1 g5 35 22 * .27- .443 .529 .539
39, A 2 24 30 28 .29 .455 .243 .275'
40. A 1 78 3 0 .95 .215- .410 .442

41. D 2 45 26 9 .11 .313 .123 .182
42. A 1 44 31 6 .54 .499 .563 .594 ..

43. A 3 57 16 8 .70 .. .460 -315 .478'

D-- Disagree
-,,apA-LAgree

2 Scale 1- Interactions of Science, Technology, -end society
1. Scale 2- Science AS a Social Institution

Scale 3- Social Consequences of Sience,--ari-VTchnology
3 R(T) = point-biserial correlatiori of item to total
4 R(S) --= ppint-biserial correlation of item to scale
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OPINION INVENTORY ON
RELATIONSHIPS BEiWEEN. SCIENCE, TECHNOLOGY, AND SOCIETY

You will be allowed 35 minutes to complete the inventory-. You should be able to
finish in the time allowed, liut do not spend too much time on any one item.

The inventory' contains starements about science, technology, and society. To the left
of each statement are the letters A, U, and D. Below each,letter are two lines. Blacken
the space between the two lines under

A. if you agree with the statement
U if you are,uncertain about the statement
D, if you disagree with the statement
Mark your answelPwith pencil and be sute to erase the first mark completely if you

change your answer. Answer every statement and be sure that you give only one answer
to each statement.

It may be helpful if you try an example before you begin the inventory. Presented
below is a sample statement. Applying the above direCtions, give your reaction to this
statement.

EXAMPLE:
A U D All the scientists in the world live in the United States.
II II II

DO NOT TURN THIS PAGE UNTIL YOU ARE TOLD TO BEGIN THE
INVENTORY.

OPINION INVENTORY ON
RELATIONSHIPS BETWEEN SCIENCE; TECHNOLOGY, AND SOCIETY

A D

It- 11 1.1t is extremely difficlilt `to predict how new scientific knowledge
will effect society.

A U D

II I I

,
11 2. Most scientists are reluctant to share theik findings with foreign-

ers because of'the danger of exposing secret scientific informa-
Ition.

A U D
It II -II 3. If all basic research were brougho a halt, ru'iure technological

activity would not be effected.
A U

,11 H 4. Scientists are expected to doubt their own findings as well as
those of other scientists. .

A U D

-I
-II H 5. The-aim of scientists is to increase man's knowledge of the physi-

cal and biological world.
A' U D
II II II 6. Once a famous scientist has announced a new discovery, other

scientists accept his findings without question.
A, U D
II II If 7: A free flow of scientific information among scientists is important

to scientific progress.
U D

Ii: II II 8. Scientific and technological, advancei have had little effect upon
political relationships between countries.

6 1 .

o

I
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A U D

I I I I I I 9..A fundamental rule for scientists is that their discoveries should
have some practical use.

A U J)
I I 10. Scientific research is often necessary to answer questions raised

by advances in technology.
A U D
I I

I I I I
11. Scientists are usually concerned that they be given credit for

their discoveries. . . ,

II II
--,

I I 12. The economic conditions within a nation have little effect upon
the amount of scientific research done by the scientists of that

' nation.
A U D -

I
I I I I I

13. A scientist generally has little control over the use society may
make of his discovery.

A U D
I I II II 14. Scientists often provide the knowledge which makes new tech-

nological advances possible.
A U D ..":4''t1

I i r' i I I 15. A scientist is expected to share his knowledge with other soien- 43-,,

tists rather than to use it exclusively for his own profit.
A U D
II -II H 18. Technology has provided many improvements in living condi-

?'
lions and the public should accept all technological advances as/beneficial to social progress.

A U D

II If

A U

II I

D
I 18. Many scientific advances have been made possible only after

technologists have provided the tools and equipment for scien-
tists t9 use in their investigations.

D
I I 19. Scientific knowledge is of value only to scientists and technolo-

.gists and not to the general publie. .

D.
I I 20. Science and technology have been isolated from politics in the

past, and it is likely that they will continue to be isolated from
politics.

17. The greatest accomplishments of scientists consist of the many
useful commercial products they have produced.

A U D

II

A U D

II-
.

A
.

U D

II II II

21. One of the reasons that scientists report the results of their in-
vestigations is to receive credit for their discoveiies.

22. Scientists consistently follow, step by step, a definite procedure
called the scientific method.

23. Science and technology are related because advances in one
often lead to. advances in the other.
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/ A U D
";,

-

I I 24./Q., I I

. .
The uses that can be made of a scientific discovery can usually

.......Y be determined immediately after the discovery is made.
A U D

i I I I I 25. Since scientists in different countries speak different langtiages,
scientists are interested only in the scientific work done in their

country..
.

A U D .

I I II Il - 26. The political climate of a nation may affect the problems investi-
gated by its research scientists.

A U D 7

II II II' 27. Many of the problems in the world today are the sole responsi-
bility of. scientists since they have de'eloped the knowledge
which has contributed to the development of nuclear weapons,
air pollution, etc. r'

A U D

11 II H 28. Science is primarily a method for inventing new devices.
A U D

II II 29. The scientist who makes a particular discovery is the one best
qualified to determine what use society should mak;4of his dis-
covery.

A U D

I I
30. Scientific and technological advances often lead to changes in

the economic structure of society.,
A U D

II 31. The p&sons best qualified to judge the contributions of one

scientist to scientific progress are'Other_scientists.
A D

II II II 32. The .principal aim of scientists is to provide the people of the
world with imiraliving conditions.

A U 13

I I I I I I 33. The social problems caused, by scientific and technological ad-

vances are usually so minor that they are of little consequence to
society. .

A. U D
I I I I I 34. Scientists depend upon engineers and other technologists to pro-

vide them with laws and theories.
A .0 D

I I
35. Scientists- should plan and direct their research only to prob-

lems which presently confront society
A U D

II II II 36. Sscientists are more interested in the explanation of events than
in the collection of facts.

A U D

II II' 37. A scientist is usually interested in gaining recognition from other
scientists.

A. U D

I I I I I
38. Technologists generate the knowledge and explanations which

scientists use-to invent new products.
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A U D
II II 11 39. The theories of science not likely to endure in their present

form.
A U D

- II I - 40. The needs.of a society at given time may influence the kinds
of questions its scientists investigate.

A U D
II , 41. Technology is a specialized ranch of science dealing with me-

chanical objects.
A U- D

F. 11 11 42. New legislation is often n sary to control problems created
by scientific and technological' advances.

A U D
II II 43. 'hie applications of basic scient c knowledge cannot be decided.

on the basis of scientific eviden e alone.

The University of Texas Priblication
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AN EVALUATION OF SUPPLEMENTARY CHEMISTRY
CURRICULUM MATERIALS REFLECTING

RELATIONSHIPS BETWEEN SCIENCE,
TECHNOLOGY, AND SOCIETY

INTRODUCTION

MARLENE M. MIL-KENT
DEPARTMENT OF SCI1NCE EPUCATION

UNIVERSITY OF SOUTHERN MISSISSIPPI

HATTIESBURG, MISSISSIPPI'

The purpose of this study was to develop and evaluate supplementary chem-
istry curriculum materials reflecting relationships between science, technology,
and society. The first phase of the study-involved the development of the curricu-
lum materials, this was followed by the development of an evaluative instrument.
In the final phase of the study the curriculum materials were evaluated for their
effectiveness in promoting student understanding of relationships between science,
technology, and society.

DESCRIPTION OF THE CURRICULit.IM MATERIALS

The curriculum materials_aiq presented in the form of a two-week instructional
unit and consist of a student botklet, Nucgar Energy: Origins and /Consequences,
and a teacher's manual, Teacher's Guide to Nuclear Energy: Origins and Conse-
quences. 4

The student booklet contains an introduction, a section on sience and tech-
nology, and three episodes, each °f describes a major scientific discovery
and some of the e-a,social consequences of thpplications of this discovery. The
first episode pertains to X-rays, the second to radioactivi, and, the third to nu-
clear fission. In addition, the student booklet contains siX exerbises which are to
be completed by the students at the appropriate time i the i9resentation'of the
unit.

,

The teacher's guide contains suggestions for using the curriculum materials' as
well as the instructional sequence prescribed for the tejching of the unit. The
unit is divided into ten lessons, with each lesson containing a suggested procedure
as well as a list of possible answers for the various quest'Ons and activities.

THE EVALUATION OF THE CURAICULU MATERIALS

VARIAliLES

'In evaluating the effectiveness of the materials, the lite of the curriculuni ma-
terials was the independent variable controlled by randomly assigning classes to
either the experimental or the control group. Since,it was believed that the mental
ability of the students might .be a. major factor influencing the effectiveness of
the materials, this variable was taken into consideration qn analyzing the results
of.,the evaluation. ,

The individual teachers who participated--in_the experimental tryout of the
instructional materials also represented a major variable, and the selection of
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teachers automatically introduced other associated variables, such as the students'
'prior experiences in chemistry class, the characteristics of die school, and the
socio-economic class of the students. The teacher variable was takes into con-
sideration in the statistical analysis, and the associated variables were considered
to be controlled by having the same teacher teach both an experjniental and a
control class.

The major dependent variable of the evaluation.was studelt understanding of
relationships between science, technology, and society. This variable was consid-
ered to be composed of three different, but related parts: understanding of (1)
*the interaction of science, technology, and society, (a) science as a social insti-
tution, and /3) the social consequences of science and technology.

THE SAMPLE

The experimental tryout and evaluation of the curriculum materials was con-
, ducted in five high schools located in five different school districts. Three of the
schools were located in Texas and two of them were located in Kentucky. The
schools ranged in size from 400 students to 1,550 students, and one chemistry
teacher from each school participated in the study.

Two chemistry classes of each teacher were used in the evaluation. One class
for each teacher- was randomly assigned to the experimental group; a second
class for the same teacher was assigned to the control group. The experimental
group consisted of ninety-three students in five chemistry classes while the con-
trol group consisted of one hundred ten students in five chemistry classes.

INSTRUMENTS

The major dependent variable under consideration was student understanding
.of relationships between science, technology, and society. The instrument used
to measure this variable was the Opinion Inventory on Relationships Between
Science, Technology, and Society. The alpha coefficient, as a measure of internal
consistency (Veldman, 1967), for the total instrument was deternsined to be .78
while Parts I, II, and III had 'coefficients of .73, .41, and .57 respectively. Four
scores are obtained from the a ministration of the instrument; a total score and
a score for each of its three pa s.

Student scores on the standar 'zed intelligence test used by their school district
were obtained from the school ecords. The instruments, used by, the school dis-
tricts included the California T st of Mental Maturity, the. Lorge-Thorndike In-
telligence Test, the Otis Quick-S oring Mental Ability Test, and the SRA-Tests-of-'
Educational Ability.

EXPERIMENTAL DESIGN °

The posttest only control group design, as described by Campbell and Stanley
, (1963), was adopted for the purpose of evaluating'the curriculum materials. This

design controls for factors jeoparcliz.\ing internal validity since it can be assumed
that history, maturation, and other cpntaminating variables will affect the experi-

.
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mental and control groups similarly. The experimental group does not receive a
pretest, and this eliminates the possibility of pretest-treatment interaction. In
addition, the use of a pretest would have introduced the possibility of an inter-
action between the teachers' knowledge of the test and the way in which they
presented the materials.

PROCEDURE
4

Each of the five teachers participating in the study was asked to teach the in-
structional unit Nuclear Energy: Origins and Consequences for a two-week period
between April and the end of the school year. Individual teachers were permitted
to select the time period which best fitted their schedules.

The teachers were asked to proceed with the regularly-scheduled instruction
for the control class. The teachers were given no directions fdr the experimental
class other than to try to follow the specified instructional sequence as, closely
as possible. Immediately following the completion of the instructional unit, by the
experimental class; the teacher administered the ev u tive instrument to both
the experimental class and the control class:

STATISTICAL ANALYSES

The general purpose of the evaluation was to determine1k the classroom use
of the curriculum materials effected students' understanding of relationships be- ,

tween science, technology, and society.Hypothesis 1 related to this purpose is:
Students who have been presented the instructional unit Nuclear Energy:'
Origins and Consequences do not have a significantly greater understanding
of relationships between science, technology, and society than students who
have not been presented the instructional unit.

The subhypotheses subsumed under the hypothesis involved student under-
standing as measured by:

A. The total evaluative instrtimentX
B. Part I of the evaluative instrument, which pertains to the interactions of

science, technology, and society;
C. Part II of the evaluative instrument, which is concerned with science as

a social institution;
D. Part III of the evaluative instrument,, which pertains to the social con-

sequences of science and technblogy.
A separate analysis was performed to test each of the four subhypotheses. Since

the same teacher taught ohe experimental class and one control class, the teacher
effect was taken into consideration -by addpting a 2 x 5 analysis of variance design
in which subjects were stratified according to two levels of treatment and five
levels of teacher.

.In order to determine if the effectiveness of the curriculum materials was de-
pendent upon the level of mental ability of the students receiving instruction, the
students in each class were assigned to one of three subgroups on the basis of
their sc?res on the standardized intelligence test used by their school district and
their rank on this test in relation to other members of the same class. A total of
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twelve analyses, one for each of the three silthgroups on each of the four scales
of the evaluative instrument, were performed with the use of a single-classification
analysis of variance design to. test Hypothesis 2:

The scores of the students of a particular subgroup of the experimental group
are not significantly greater than the scores of thettudents of the correspond-

. ing subgroup of the control group.

RESULTS.OF THE EVALUATION

hypothesis 1

The first analysis related to Hypothesis 1 was performed to test the hypothesis
as it pertained to understanding as indicated by students' total scores on the
evaluative instrument, and the results of this analysis are presented in Table 1.

For the total scores on the evaluative instrument, the main effect of treatment
produced a difference in favor of the experimental group significant at the .01
level. The main effect of teacher was also significant at the .01 level, but the in-
teraction of main effects was not significant. -

The second analysis was performed with the scores on Part.I of the evaluative
instrument, and the results reveal that the main effects of treatment and teacher
each produced significant differences at the .05 revel. Once,again, the difference

TABLE 1

Analysis of Students' Total Scores on the Opinion Inventory on
Relationships Between Science, Technology, and Society

^ A. Analysis of Variance Table

Source D.F. Mean Squ1tre F-Ratio Probability

Treatment (A) . 1 176.097 7.7327 .0061
Teacher (B) 4 177.502 8.0693 .0000 -

A x B Interaction 4. 31.475 1.4309 .1180
Within 193 ' . 21.997

. ---

Total 202 25.997.
c

B. Means for All Effects

Teacher 'Treatment\. 1 2 3 4 5 Averages

Exp. 28.5625 28.6842 30.8750 30.7500 34.2222 30.6188
Control 25.2381 29,6400 27.9565 29.6250 31.3529 28.7625
Teacher
AN/Wages 26.9003 29..1621 29.4185 30.1875 32.7876

between treatments was in favor of the experimental group, and once again the
interaction of main effects was not significant. The results of this analysis are
presented in 'Table 2.

6
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*TABLE 2.

4.7

Analyses of Students' Scores on Part I of the Opinion,Inventory on
Reldtionships Between Science, Technology, and Society

71-

A. Analygis of Variance Table
D.F. Mean Square F-Ratio Probability

. .

Treatment (Ai
Teacher (B)
A x B Interaction
Within
Total

1 25.653 5.0991 .023.5
4 F 16.938 3.3667 .0110
4 4.341 4 .8628 .51074.

193 5.031
202 5.355

B. Means fpr All Effects

Exp.
Control
Teacher
Averages

Teacher Treatment
1 2 4 pr Averages

11.5625 12.7368 12.8750 12.2083 13. 111' 12.5988
10.8095 12.1200 * 11.5652 12.5417 12. 529 11.8779

11.1860 12.4284 12.2201 12.370 12.9820

The next analysis of this series concerned the scores for Part Ti of the evaluative
instrument, and the results of this analysis are presented in Table 3. Once again,
both the m in effects of treatment and teacher were `sign t -the former at
the .05 leve and the latter at the 0.1 levet The interaction of e main effects was
also signifi nt at the .01 level, thus indicating that, for the understanding meas-
ured by th scale of the instrument, the treatment 'did not work equally well for
all teachers.

TABLE 3

Analyser of StUdents' Scores on Parteof the Opinion Inventory on
Relationshis_Between Science, Technology, and Society

A. Analysis of Variance Table

Source Mean Square F-Ratio Probability

Treatment (A) 1 _26.502 5.0928 .0236
Teacher (B)

4'
4 43.548 8.3683 .0000\

A x B Interaction a 4. 20.995 . 4.0344 .d040
Within 193 5.204
Total 202 6.381

B. Means for All Effects'

7,
-Teacher Treatment

Averages1 2 3 4 5

Exp.
Control
Teacher
Averages

11.7500
9.9048

10.8274

10.052
11.8800

10.9663

2.0625
0.8261

11.4443

12.1667
10.8750

11.5208

14.0000
12.8824

13.4412

12.0064
11.2736

sI

a
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The final analysis related to Hyikothesis 1 concerned understanding as meas-
ured by Part III of the opinion inventory. The results of this analysis, which are
presented in 'Table 4, indicate that the teacher effect was significant at.the .01
level and that neither the treatment effect nor the interaction of main effects was
significant.

TABLE4

Analyses of:Students' Scores on Part 1l 142f the Opinion Inventory on
Relaiionships Betiveen Science. Technology, and Society

A. Analysis of Varian Ce Table ,

Source D.F. Meari Square F-Ratio k Probability

'Treatment (A) 1 8.004 3.0650 .0778
Teacher (B) 4 13.789 i 5.2802
A x B Interaction 4 .472 / .1809 .9459 .,
Within 193 2.611
Total . 202 2.817

B. Means for All Effects

Teacher 7reatrnent

.1' .2 '3. 4 5 =Averages

Exp. 5.2500 - 5.8947 0 5.9375 6.6111 6.0137
Control 4.5238 5.6400 5.5652 6.2083 , 6.1176 . 5,6110
Teacher , 8

Averages 4.8869 5.7674 5.7514 6.2917 6.3644

onthe basis aftthe_abOVe results, Hypothesis 1 was rejected as it related to
* understanding as measured by the total _evaluative instrument andParts I and

II of the instrument.
Hypothesis 2

;thesis 2 was tested by Comparing the subgroups of the experimental and
cofitrol groups with the use of a single-classification analysis of variance design.

The me,ans for each of the subgroups of the experimental and eontrol groups,
and for each of the four analyses, are presented in Table A comparisonof the
means of corresponding subgroups reveals thaffor all subgroups except the "low"
on Part I of the instrument, the experimental geoup obtained a higher mean than
the "Control group.

"" The results of the analysis of vVartoe, which are presented in fable 6, reveal
that Oily the differences between the "medium" subgroups of the experimental'
and control groups were.significant. For these subgroups, the experimental group
had significantly higher scores, at the .01 level, on Part I of the Instrument and at
the .05 level on the total instrument. The differences between the scores of the two
subgroups on Parts II and HI of the instrument, ;while not significant, approached
significance. In only one other comparison, that of the "high" subgroups far Part
I of the instrument, did the difference approach significance.

'Hypothesis 2 was rejected as it Pertained to the "medium" subgroup's and the
scores on the total evaluative instrument and Part I of the instrumentv but it was
accepted for all other comparisons.

17.0

,

o.



mAkr..ERE M. iu.xgrrr
)

TABLE 5

Means of the Scale Scores for the Experimental and Control
Level -of- Mental - Ability. Subgroups

, .

Scale Subgroup NExp MeallExp 4 . Neon Meancon

Part I Low 25 11.8400 25 11.9200

Medium 24 13.0870 26 11.6923

High 23 13.6957 28 12.7500

Part II Low . 25 11.2000 25 10.7200

Medium 23 12.4783 26 11.2692
... High 23 12.6957 28 12.5714

Part HI Low 25 5.7200 25 5.5200

Medium 23 . 6.3478 26 5.5385

High 23 6.6087 28 6.3929

Total Low 25 28.7600 25 _ 28.1600

Medium 23 31.9130 ' 26 28.5000

-,' High 23 33.0000 28 317143

TABLE 6

.

.
(Analysis of Varibnce Table for the ScideNScores of the Experimental

and Control
1

Level-of-Mental-Ability Subgroups
. .

A. tow Experimental and Low Control

Scale ., MSbs o MS MSt F-Ratio Probability
k D.F.=1 D.F.=4p D.F.=50

Part I ? .0800, 6.4417 6.3118 .012 - .9079

Part II' ,2.8800 7.8133 7.7127 s .369 .5536

Part III .5000 3.0683 3:0,159 .163 , .6908

Total -4:5000 .. 26.7483 , 26.2943; , .168 .6863

B. Medium Experimental and Medium Control

Scale .. MSb, . MS,, MS, F-Ratio Probability

D.F.=1 D.F.=47 D.F.=49
. .

Part 1 Cs 23.7375 3.3056 3.7313 - 7.18f .0099

Part II 6 17.8394 6.1884 . 6.4311 2.883 .0924
/

Part III 7.9945 2.6315 , 2.7432 3.0,, .0842

Total 142.1637 20.2197 22.7602 7A31 .0106

C. High Experimental and High Control

Scale MSb,
. D.F.=1

MS MSt
D.F.=49 p.F..so

F-Ratio . Probability

Part I ' 11.2922 3.4718 3.6282 3.253 ,0740

Part 11 .1949 4.9740 4.8784 .039 .8381

Part III ,' .5883 - 1.8808 . 1.8549 .313 ,5852

Total` 20.8739 17.0962 . -17.1718 ' 1.221 .2740
-..... .

71



74 -

.CONCLUSIONS

The following conclusions were made from the results of the evaluation:
. The clissroom use of tg ins*tional unit Nuclear EnergytiPrigins and, . 2-

Con.Sepences result pd in increased student understanding 9f relationships
between sciencetethnology, and society. r

- 2 The use of the curriculum materials was more effective in increasing stuf
dent understanding of the interactions of science, teclmolOgy

1
arid society

and of science as a social institution. than it was in increasing student
terstanding of the social consequences of science and technology. ,
The te,,achr variable,.which may include a number of associated variables
was a more important factor in contributing to student'understandint,;-of--
relationships between science, technology, and society than was the use
of the curriculum materials developed in this study. . 1

4. When students in both the experimental and control groups were assigned-
to high, Medium, and low subgroups based on their mental ability, a come
parison of the scores of corresponding subgroups indidated that the cur-
riculum materials were most effective with-students of the middle range
of mental ability. -

IMPLICATIONS

The Universitq of Texas Publication

of the conclusions of this study is that the experimental group had a
greater understanding of the relationships between science, technology,eand
society than the 'control group. While ithe difference between the mean scores of
the two groups was statistically significant, the numerical value orthis difference
for the total evaluative instrument was less than two points. It therefore appears
that the classroom use of the curriculum materials was only moderately successful
in affecting student understanding of the relationships under consideration.

The most Obvious implication of the above results is that the instructional unit
developed in this study is limited'in its effectiveness in promoting an understand-''
ing of the social Implications of science .arid technology. One of the wea6esses
of the curriculum materials may be that many of the relationships reflected by
the content of the instructional unit are illustrated, only once, Furthermore, many
of the relationships ire implicit and may not be discerned-by a reader .who is not
already aware of relationships. If the materials were revised, and if these
weaknesses were removed or reduced, the effectiveness of the materials might be
increased.

Another weakness of tlie curriculum materials may lie in the teacher's guide.
While behavioral objectives for each ,lesson are listed in de guide, the objectives
generally pertain to the .eontent whiCh illustrates the relationships and not to the
relationshipsithemielves. A teache who is not already aware.ofthe,xelationships
illustrated by-the narrative may have difficulty in extracting them from the nar7
rative or from the behavioral objectives. A revised teacher's guide-one in which
ehe relationships are made more explicitmight increase-61e effectiveness of the
curriculum materials.

' 31
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The results of the study also indicated that students who are taught by different
teachers differ -significantly in their understanding of relationships between

,science, technology, and society. In most analyses, the teacher effect was found
to.be mare significant than qie treatment effect. One implication of this result is
that; while the use. of supplmentary materials. similar to the ones used in. this
study may provide a means for increasing student understanding of the social
implications of science and technology, it may not provide the most effective
means for doing so. The expense, energy, and time involved in developing sup-

materials might be better invested in training teachers.to more effec-
lively teach tebilionships between science, technology, and society without the
use of special Materials.

The use of the curriculum materials was relatively unsuccessful with students
of Idw.er mental ability. This introduces the possibility that the format of the
materials is one which should be.used ^only with students in the middle or high
ranges of_ mental ability. Another possibility is that the relationships were not
sufficiently explicit to be grasped by the students of the low" subgroup; A re-

vision of the materials in which the format was retained but the relationships
were made more explicit might make them more suitable for students in the lower
range of mental ability.

While the students of the experimental "high" sttap.....ip indicated the greatest
degree of understanding of the relationships under study, 1e difference between
the scores of the experimental and control "high" subgroups was not significant.
This suggests the possibility' that the treatment was not as effective with the "high"
subgroup as with the "medium" subgroup becauseflie students of higher mental
ability.were more aware of the relationships before the onset of the experimental
treatment and the treatment did, not act to produce any significant changes in
understandings of the students of the "high" subgroups. It therefore appears that
the materials are not particularly suited for students in the high range of mental
ability...

While the results of this study are:limited to the evaluation of one set of cur-
riculum materials, the above considerations support the possibility that different

es of curriculum materials in this-area might act differently with students of
iffering mental abilities. Yet another possibility is that a-variety of approaches

or materials with different formats night provide the best means for all students
in a particular classroom. .

RECOMMENDATIONS FOR FURTHER RESEARCH

The scope of this study was limited by restrictions which were imposed upon.
it by the author. While the ,evaluation yielded results which suggested answers tb

some of the questions posed by the, study, these results also suggest possibilities-
,

for. further research in this area. -

Only Rne instructional unit was developed this study. Other units using a
similar approach; are needed to determine if the approach is effective in increasing
student understanding of the 'social implications of Science and technblogy. Since
the teacher was found to be a major factor in contributing to student Upderstand-.
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ing of the relationships under study, research related to the -characteristics of
teachers whose students show a substantial inderstanding of these relationships
might proyide insights into methods of training other teachers to acquire these
characteristics. Final there remains a need for research with other .methods
and a need fdr iredevelopmfnt of curriculum materials employing approaches

diniques that are different from those used in this study but whicl, attempt
to provide high schc91 stu&fits with an opportunity to inftrease their understand-

. ing of the role of scidnce and technology, in society.
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THE DEVELOPMENT °PI-A SCALE TO ASSESS COLIZGE
STUDENTS' ATTITUDES 'TOWARD NUCLEAR SCIENCE

INTRODUCTION

HAROLD L CRATER
PHYSICS DEPARTMENT

UNIVERSITY OF MISSISSIPPI

ImprEasrry, misstssun;1.

It has been suggested by some researchers that the adverse opinions some stu-
dents express about science might be influenced by the role of scientist& in the de-
elopmenCof nuclear weapons. This suggestion seems plausible when one con-

siders the unfavorable publicity about radioactivity and nuclear energy that has
been generated by certain scientists, pOliticians, and writers. On the other hand,
the Atomic Energy Commission and other proponents have appealed strongly to

`the public on behalf of a nuclear industry in the United States by optimistically
describing its potential benefits and offering assurances that it poses little danger
to the welfare of humanity. In light of the dichotomous nature of this controversy,
a basic question) that might be raised is, "What attitudes do college students hold
toward nwilear sgi&e as a controversial and evolving field of technological ap-
plication?" '

Since no instruments were in existence to assess such attitudes, for this Shidy.it
was necessary that the investigator develop an Attitude Toward Radio4 ctioity
Scale (ATRS ) to achieve this purpose.

e

MODEL'OF AN ATTITUDE
. . . = ... .

Since the purpose of the study was to assess what attitudes college sttidehts
hold toward nuclear science, it would be useful at this point to refine what was
meant by the construct "attitude" as used throughout the studyAiokeich "(1970)
offers this definition; "An attitude is a relatively enduring, organization of,beliefs
around an object or situation predisposing one to respond in some prefetentar '''
manner." .

a .

When using the term belief, Rokeach means any simple proposition, conscious
or unconscious, that can be inferred from what a perion says or does and can be
preceded by the phrase "I believe that . '. . ." The belief 'expressed.by a subject
might describe the object of the belief as true or false; evaluate it as good or bad;
or advocate a certain course"of action as desirable or undesirable. As pointed out
by Fishbein ( 1967), most attitude measurement instruments (incktding the Likert-

' type summated rating scaledescribed here) obtain individual attitude scores by
considering the beliefs expressed by the, respondant toward the ,attitude object.

Each belief within an attitude organization can be considered to have three
components. '

. .

1. A 'cognitive component representing a person's knowledge, held with
varying degrees of certitide, about what is true or false, good or bad, de-
sirable or undesirable.

75
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2. An effective component capable of arousing affect- of varying intensity
about the belief when its validity is seripusly questioned, as in an argu-
ment.

3. A behavioral component which leads to some action when the belief is
suitably activated.

Concurring with this analysis arg Rosenberg and Hovland (1960) who used
slightly different terminology to state, "when attitudes are studied, what are ob-
served are the evoking stimuli on the one hand and the various types of response
on the other. The types of response that are commonly used as indices of atti-
tudes fall into three major categories. cognitive, affective, and behaviorA"

Harding, et.al. .(1954) pointed out that the relationship among these com-
ponents is so close that it makes little difference which ones are used to rank in-
dividuals with respect to their attitudes toward specific stimuli, e.g., ethnic groups.
Thus, when Rosenberg ( 1960) investigated the cognitive component as a func-
tion of the affectivee 'hypothesized that a strong positive affect toward an ob-
ject should be associated with beliefs that it leads to the attainment of a number
of values important to the subject. For example, Rosenberg would agree that an
individual who belies es that nuclear science will ultimately provide mankind
with adequate power resources accompanied by low levels of pollution or will
yield improved techniques in medicine will have a favorable attitude toward that
field. Conversely, an individual who fears nuclear science as a source of explo-
sives and radioactive contamination of the environment will hold an unfavorable
attitude.

DEVELOPMENT OF THE INSTRUMENT

The model 14 an attitude developed atove suggests that in defining an individ-
uals attitude toward an object or situation, some procedure should be used to
sample his beliefs about representative aspects of the attitude object.
. One technique of sampling a person's beliefs about specific components of an
attitude object is the method of summated ratings first repotted in a monograph
by Liked (1932). In this method of attitude scaling, the subject is presented

owith a list cif declarative statements about the attitude object. Approximately one-
half of the statements refer to-the attiude object favorably and the rest are stated

-f unfavorably. The subject is then asked to indicate wliether he agrees strongly,
agrees somewhat, is neutral, -disagrees somewhat, or disagrees strongly with each
of the statements. If he agrees.strongly with a favorable statement he receives a
weighted mark of four for his belief about that statement If he agrees somewhat,

'his weighted mark is three, if he is neutral it is two, if he disagrees somewhat it
is one, arid if he disagrees strongly with a favorable statement his weighted mark
on that item is zero. For unfavorable statements the marking system is reversed.
The total score of an individual is the summation of the scores he obtained on the
individual items and. is considered representative of his attitude toward the object
or situation.

In determining a person's attitude toward nuclear scinece, then, a list of state-
ments about the nuclear power industry, nuclear medicine, industrial applica-
tions of radioactivity, atomic scientists, and the atom's history and future co(ild
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elicit his beliefs on these topics and yield a quantitative indication of his attitude.
A pool of 42 statements about nuclear science was assembled by the experi-

menter from both technical and popular sources to form an item pool for use in
the Attitude Toward Radioactivity Scale (AIRS). The editorial and commentary
pages of newspapers, articles in Science and Public Affairs, and the Atomic
Energy Commission 'Understanding the Atom Series of booklets yielded many. of
these (items. An effort wasAnade to word each statement in such a way that it'
would sample only one component of a subject's belief concerning the idea ex-
pressed iii that item, That is, the subject was asked to agree or disagree with a
statement that described some aspect of nuclear science as true or false (cogni-
tive), evaluated it as good or bad (affective), or adv-ocated some course of action
(behavioral). Items 3, 6, 8, 10, 11, 14, 18, and 19 in the final form of the Attitude
Toward Radioactivity Scale (ATRS) were intended to sample the cognitive com-
ponents of a subjeCt's beliefs. Items,l, 5 ;"9, 16,17, and 20 were included to sample
the affective' component; and items 2, 4, 7, 12, 13, and 15 were meant to elicit
behavioral components of the beliefs held by college students about various as-
pects-of nuclear science. j.

The original 42 items were submitted as a trial run to 125 University of Texas
students in seven intact classes during December, 1971, to simulate as closely as
pOssitle the procedure expected to be followed in the-final collection of data. After
assigning weighted marks to the responses of all subjects to each item, a sum-
mated score was calculated for each student. Two criteria were then utilized to
determine- which of the original items would constitute the final- form of the
ATRS. '

The first step taken was to ask the opinions of three groups of judges as t
which of the items seemed capable of assessing student attitudes. The judges wer
asked to reach each statement and rate it according to the following directions:

Please judge each of the statements on the Attitude Toward Radioactivit
Scale as: (A) the item is capable of effectively assessing a college student'
attitude toward radioactivity, or (B) the item more likely,measures know
edge of the principles' and applications of radioactiirity. .

The groups of judges were composed fpur professors of science educatio
six graduate students in science education, and four college undergraduates n i t
having science backgrounds. It was felt that these diverSe groups would compl
anent one another in judgifig the ability of each statement to assess attitudes onl
It was necessary for an item to receive a majority of votes indicating agreeme t

at least two of the three judging groups in order to be considered by the scco d, .

selection criterion. Also, agreement among the three groups of judges on whi h
items would effectively sample attitudes was considered a form of content valid ty
for the ATRS since no other validation procedure is applicable for an atti de
scale of this type.

The second step taken in the selection of items was to determine which st te-
ments most effectively discriminate, between subjects having favorable and
favorable; attitudes toward nuclear science. This was done by comparing the
scores on each iteiriof the top and bottom scoring 27% of the subjects (N = N =
NL = 32) with a t-test. The value of this "t" is a measure of the extent to w ich
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6. In general, the national news media tend to present information ab1; ut nuclear
power and radioactivity in an unfavorable light.

7. We should question the construction of all nuclear facilities because of the harmful
products they produce. f

8. People living near a nuclear reactor can have confidence in the ability of health
physicists to pievent major radiation accidents.

9. If forced to make a choice between continuing their research and taking a stand
for the public good, most nuclear scientists would give priority to their research.

10. Although radatiqn can be helpful or harmful, it is safe to say that to date, more
lives have been saved than lost by it. .

11. People living near a harbortlave no cause. so,be apprehetisive when a nuclear
.,

powered ship is in port for any length of time. .

,12. Over the next decade the United States should commit itself to developing a net-
work of nuclear power reactors to meet its future energy demands.

13. Radionuclides should not be allowed in hospitals because of the danger of leakage
or contamination.

14, As the number of nuclear power reactors brought into operation in the United
States increases, I fear we are likely to detect significantly higher levels of radio-
active contaminants in our streaots and lakes. ,

15. We can be optimistic that scientists will soon develop ways f utilizing the high
temperature water released from nuclear power plants for some useful purpose.

16. Mist nuclear physicists working today have "sold their souls" to the military-
in ustrial complex in order to obtain their research grants.

17. A appropriate adjective that describes the activities of the United States Atomic
E ergy Commission is "militaristic."

18. cientists can be depended upon to study nearby fracture zones very carefully be-
ore detonating nuclear test explosives underground.

19. because of the increased ust of radioactivity, I fear an increasing genetic load for
utations among humans. .

2D. 1 e can be optimistic that in the future the benefits derived from radioactivity will
exceed any possible misuses of nuclear power. t.
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THE IDENHHCATION OF FACTORS ASSOCIATED WITH .

COLLEGE STUDENTS HOLDING FAVORABLE ATTITUDES
TOWARD NUCLEAR SCIENCE
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A frequently stat objective of science instruction is that it should instill favor-
able attitudes in s dents toward science and the applications of science. Studies
by Mead and ux (1957) and Beardslee and O'Dowd (1961) indicated this
objective was not being achieved satisfactorily. Allen (1959) suggested that the
adverse opinions expressed by somc students toward science might be influenced
by the well publicized role of scientists in the development of nuclear welt/5012's.

This study utilized an Attitude Toward Radioactivity Scale (ATRS) developed
by the investigator to measure college students' attitudes toward nuclear science
to answer the following question: What are some of the characteristics associated
with those college students holding the more favorable attitudes toward nuclear
science?

Accumulted evidence lends little support to accepting the value of informa-
tion as an influence in developing positive, attitudes. However, when Greenberg
(1964) studied the attitudes held by college students toward fall-out shelted
relative to the information made available to them, he.concluded that attitude
change is consistently related to information gain. Also, data obtained by both
Crozier (1969) and Jones (1969) on developing positive science attitudes by
college students in physical science courses indicated that the greater a student's
knowledge of scientific facts,. concepts, and principles, the more positive will be
his attitude toward science.

While field testing his instrument to assess high school students' beliefs about
science and scientists, Champlin (1970) concluded that an accurate understand-
ing of science is not prerequisite to having a favorable attitude toward science.

THE STUDY

The references cited above indicate that the relationship between a college
student's understanding of a field of science and his attitude toward it cannot be
predicted with Any certainty. Hypothesis Ho 1 expressed in null form stated:

No relationship exists betWeen the knowledge a college student has about
the principles and applications of nuclear science as measured by the Test
on Understanding Radioactivity (TOUR) and his t-titudes toward ..nuclear
science. '

This hypothesis was tested by computing a correlation between the scores on
the Attitude Toward Radioactivity Scale ( kTRS) and the Test on.Understanding
Radioactivity (TOUR).
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The Test on Understanding Radioactivity (TOUR) was developed by the
author to discriminate between college 'students possessing' varying knowledge
of the principles and applications of nuclear science. The TOUR Test was vali-
dated primarily using content and empirical validation procedures. Using a split-
halves techniqtie, the reliability of the TOUR Test was ascertained to be .82.

The subject's grade classification has been treated as a variable ih numerous
studies on attitudes without definitive results. The indi#idual researcher who has
perhaps investigated most closely the relationship between a student's grade
level and the attitudes and values he professes was Lehmann (1963) who con-
cluded that changes in critical thinking ability, attitudes, and .values occur from
the student's freshman to senior years in college. Lehmann, however, was unable
to specify whether it was the academic or informal experiences of college stu-
dents that had the, greater impact on the changes in attitudes he obs'erved. Hy-
pothesis no 2'expressed in null form stated:

No reltionship exists between the grade level of a college student and his
' attitude toward nuclear science.

This hypothesis was tested by computing an analysis of variance among the
ATRS shores of subjects who identified themselves on a Student Descriptor Sheet
as freshmen, sophomores, juniors, seniors, or graduate students.

Using college students of the life sciences,"physical sciences, social sciences,
a,nd the humanities as subjects in a comparative study of student attitudes to-
ward the sciences, and humanities as courses of study, Snow and Cohen (1968)
detected significant differences in the attitudes expressed by each group. On the
other hand, Wilson (1954), while studying the opinions of college students on
the nature' and purposes of science, reported little difference in the reactions of
science majors and non-science majors to the majority of the statements on the
instrunient he prepared.

Hypothesis. Ho 3 expressed in null form stated:
Iclo relationship exists between the subject major of a college student and his
attitude toward nuclear science.

This hypothesis was tested by computing an analysis of variance among the
ATRS scores of subjects in fourteen groups of related subject majors who reported'
their major,subjects on a Student Descriptor Sheet Completed by each student.

Using late samples of high school seniors to assess -student attitudes toward
science and qcientists, Allen (1959) reported Rositive relationship; between in-
telligence and favorable attitudes. Guilford (1959) after reviewing several studies
of school achievement as a function of measured intelligence, docurriented a
positive correlation between intelligence test scores and school grades. Grade
point averages were accessible from the students without asking there to identify
themselves by name. Is a students grade point average, and indirectly his in-
telligence, a factor in the attitudes he holds toward radioactivity?

Hypothesis }1 4 expressed in null form stated:
No relationship exists betweert,a college student's grade point average and
his attitude toward nuclear science.

This hypothesis was tested by computing an analysis of variance among the
a
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ATRS scores of subjects who reported their grade point averages as falling within
one of five ranges equivalent to C, B B+, and A .

A major conclusion by Myers (1967) was that no relationship exists between
college students' attitudes toward science and their high school backgrounds in
science. And in comparing the responses to statements about the nature and pur-
poses of science by sixty subjects who had taken fifteen or more semester hours
of science to those of 225 students who took less than fifteen hours of science,
Wilson (1954) noted few differences in the attitudes expressed by each group.

Although the evidence cited above is generally negative toward the proposi-
tion that science instruction develops positive attitudes toward science in students,
the question of whether a student's attitude toward a particular area of science
is related to the number of science courses he has taken has not previously been
investigated in any detail.

Hypothesis Ho 5 expressed in null form stated:
No relationship exists between the number of science courses completed in
high school by a c9llege student and his attitude toward nuclear science.

11,
This hypOthesis was tested by computing an analysis.of variance among the

' ATRS scores of subjects who reported having taken one, two, three, four, or more
than four science courses while i,n high school.

Hypothesis Ho 6,expressed in null form stated:
No relationship exists between the number ,of ,semester hours of college
science courses studied by a college student and his attitude toward nuclear

, science.
'A Student Descriptor Sheet prepared by the investigator asked the subjects to

indicate within a range the number of semeg; hours of college science they had
studied. Assuming a uniform distribution of science semester hours to exist about
the mid-points of each of the ranges, a correlAion was computed between the
ATRS scores and the midpoints of the ranges of semester hours in college science.,
For the purpose of this correlation, "more than 100" semester hours was arbi-
trarily defined 100.

Hbw a cbtlege student described himself politically (e.g. liberal vs. conserva-
tive) was found to have an effect on the,attitudes he expressed toward political,
economic, religious, and social issues in a study by Sinai (1951). Whether college
students' political leanings can be associatedwith the attitudes they hold toward
specific areas of science .such as nuclear science has not been previously investi-
gated.

.

In this study Hypothesis 11,,, 7 expressed iNitill form stated:
No relationship exists between the self-described political leanings of a col-
legerstudent and the attitudes he holds toward radioactivity. .'

The Student Descriptor Sheet asked each subject to identify himself as. Very
conservative, conservative, middle of the road, liberal, or radical left in his
politics. Because very few of the subjects considered themselves to be "very con-
servative," those who did were grouped with the conservatives for the purpOse of
statistical analysis. An analysis of variance among the tnean ATRS scores of sub -
jects in the remaining four politiCal groups was compUted to test this hypothesis.

a
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The Sample ..., %,

. . . .
, In attempting to determine what factors are associated' with those students hold-

,

ing fayorable attitudes toward nuclear science, an effort was. made. to ,elicit, in-
formation from a representative cross-section of the student body at The Univer-
sity of Texas at Austin. . , .

The sample was chosen to include students of different .grade levels, subject
majors,rade point averages, Rolitical leanings, and those who had received vary-
ing amounts of science instruclion and who differed in their understanding of the
principles and applications of nuclear science.

To' reach such a represeniative group' of 'subjects, arrangements were made
with twenty-one different instructors in nine distinct academic d6partments of
The University of Texas at Austin to collect data flom-their intact classes during
regularly scheduled class periods. In this way dataliwere. obtained from over
1,200 students in twenty-five classes. Approximately 60% of theseclasses Could be
classified Introductory" or "of general interest" and were composed of students
of widely varying backgrounds and interests. The other 40% of the classes were
"upper division" or "more specialized" and were composed-of more homogeneous
groups, of students.

Procedure

The experimental design of this study resembles in certain respects the Posttest-
Only Control Group Design of Cimpbell and Stanley (1963) with the control

'group regarded as one of the N treatment groups: It should lieWnoie the
numerical value of N varies according to which variable is being considered f
statistical treatment e.g., five grade levels, fourteen groups'of snbject majors, four
political groupings, etc. .

.

The individual subjects were not randomly selected for participation in this
study, but were included as a result of their instructor's agreeing to make clas
time available to the experimenter. Further, they were not assigned to specific
treapient,groyfs, but were considered to have already received the, treatments
under consideration by virtue of past experienbes, th t 'is, the number of 'science
courses taken in high school and college, grade po averages achieved, under-

;stpding of nuclear science, etc

Statisecal Treatment of tlk Hypothesis
r.

Hypothesis-Ho 1. A correlation of .2566 Nias computed' between the scores of
1,177 subjects on the ATRS and the TOUR Test. The procedure used was one
suggested by McNemar (1969) for determining whether an obtained correlation
coefficient deviates sufficiently from zero so that it cannot be regarded as a chance

relationship frOin'a condition of no relationship, ..

', If N is greater than 100 and tkte correlation coefficient, r, is .50 or less, its
,

standard err& can be determined by: -, . -....

1 :
11

I 1

\*i 1.

0r
N "V1,17 34.3

I .
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. , .. .

,
A

. When the obtained r is divided by this, standard error, a Z-value is calculated
-

i i t , -
which can thin be entered in a normal probability table.

.,'' 0 ...L....., .2566 -

OT 2 1/34.3 :

8.8 standard. deviations .
A

The probability that this Z-vatue could have occurred by chance is less than
,

.0001, hence Hypoth'eVs Ha l'was,not accepted.
Hypothesis fro 2. An analysis of variance imong the mean ATRS scores of col-

lege freshmen, sophomores, juniors, seniors, and graduate students was computed
and the results of this analysis are displayed in Table 1. Since the computed F-

.ratio of 3.308 indicates the ATRS scores achieved by those groups stiffer signifi-
cantly at the .01 level, Hypothesis Hz 2 was not accepted.

I

TABLE 1
Significantly 'Different Mean Scores on the ATRS by Grade Level-

, (Arr,, -rmalis underscored by the same line do not .diffe'r significantly at the .05 level.)
...- GRADE LEVEL Freshman Juniors . Sopho.Mores Seniors Graduate

-
, Students

SIUMBER OF
SLVECT§. 228
MEAN ATRS
SCORE a 44.77

40*

*349 306 289 31

45.42 45.93- 47.00.

Fratio=3.308 .
Significant at the .01 level.

Hypothesis Ho 3: Axi analysis of variance was computed among the mean
scums on the .V RS attained by students who identified their grade point averages
fell IA ithin fourteen subject-thajor groupings. The results of this analysis are dis-
Payed in Table 2. The complited F-ratio of 8.178 is significant beyond the .001

. level, 'hence Hypothesis Ho 3 was not accepted. . .

Hypothesis Ho 4. When an analysis of variance was computed among the mean'
scores of the ATRS attained by students who identified their grade Oint pverages
as falling within five distinct ranges, a non significant F-ratio of .330 was obtained.
1Ience, Hypothesis -Ho 4 was accepted as stated above: The sources of this corn-

.
putation are reported in Table 3: 2.

TABLE'S - ., .0.4, , 4

,'
Analysis; of Mean ATRS Scores of Students With Different

( . . - Grade Point Averages

C.P.A. RANOE 1.50-1.99 2.00-2.49 2.5072.99 t 3.00-3.49 '3.50-4.00
MEAN ATRS '

SCORES F 44.26 45.90 46.17 ' 45.83 45.98

D.F. , F-RATIO P

102.7643 ' . 1194 ) it °-
332971 4 .330 .8586

102.9956 1190"

SOURCE MEAN, SQUARE

Total
Croups
Error

A

4.0

84,7
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Hypothesis Ho 5: An analysis of variance was computed among the mean
scores on the ATRS of college students who reported having taken one, two,
three, four, or more than four science courses in high school. The results of this
analysis are displayed in Table 4. Because the obtained F-ratio of 11.365 is
significant beyond the .001 level, Hypothesis Ho 5 was not accepted. Using
Multiple Rang Techniques, the ATRS scores of college students who had taken
four or More science courses in high school were found to be significanq higher
than those of other students.

TABLE 4 _

Significantly Different Mean Scores on the- RS' by the
Number of Science Courses Taken in High School

(Any means underscored by the same line do not differ sign tly at the .05 level.)

,NUMBER OF I

HIGH SCHOOL One Two Three ; Four
.bore
Mari

SCIENCE COURSES Four

NUMBER OF
SUBJECTS 43 '305 372 290 . 186

MEAN ATRS /
SCORES 41.74 43.86' . 45.30 48.18 48.05

Fratio=11.365
Significant beyond the .001 'level

Hypothesis Ho 6. A correlation of .1684 was computed between the cores of
1196 subjects on the ATRS and the midpoints of the ranges of semesturs
they reported having studied in college science classes on the Student Descriptor
Sheet. The procedure for convecting correlation coefficients to Z-scores- outlined"
by McNemar (1969) yielded the following results. ,

standard error: cr, =
1

V1196 34B.

o-r 1/34&46

Jol

.

. = 5.83 standard deviation.
The probability that this Z-value Turd have occurred by chance is less than

.001, hence .Hypothesis Ho 6 was not accepted. . _

Hypo thesis HO 7: When an analysis of variance was computed among the
mean ATRS scores attained by students who identified themselves politically as
conservative, middle of the road, liberal, or radical left on the Student Descriptor
Sheet, a highly significant F-ratio of 22.214 was obtained. The .sources of this
computation are reported in ,Tgble 5. Hypothesis Ho 7 was not accepted. Using
Multiple Rangel Techniques for detertnining where significant diff6rences Ilie
among the means of unequal sized 'groups, it was found that the mean ATRS

'e ,. g 3 4
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stores of each political group differed significantly from that of every other group
at the .05 level.

0

. . -.T. -' TABLE 5 .:- .-.

Analysis of MeanAT liS- Scores of Students Expressing
-- i Different Political Leanings i. .

POLITICAL
LEANINGS
MEAN ATRS

Radical
, Left

Liberal Middle of
the Road

Conservative

SCORES 38.80 44.88 46.52 49.63

SOURCE MEAN SQUARE D.F. - F-RATIO

Total 102.7714 1182
Croups
Error

2171:8897
97,5065 1.171

22.274 .0001

Conclusions

Of the seven hypothesis stated ,in null form that were tested in this study to
determine what characteristics are associated with those college students holding
the more favorable attitudes toward nuclear science, only Ho 4, expressing no
relationship between 4 collee student's grade point average and his attitude
toward radioactivity, was accepted. Rejection of the other six hypotheses, pro-
duced the following composite picture of College students who expressed more
favorable'attitudes toward nuclear science by their responses #o the statements;:ion
the AIRS. They tend to he.more knowledgeable about the principles and applica-

.,tions of nuclear science, th are likely majoring in a science- -related subject;
they have studied considerably more science in high schoOl and, college thari
college students who hold less favorable attitudes towarcNnuclear science, and
they tend to be somewhat more conservative tin their politics.
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THE DEVELOPMENT OF A CLASSROOM INTERACTION SYSTEM
, FOR SECONDARY SCIENCE STUDENT TEACHERS

BARBARA M. STRAWITZ
DEPARTMENT OF EDUCATION

LOUISIANA STATE UNIVERSITY

BATON ROUGE, LOUISIANA

INTRODUCTION

This paper descripFs,the developmene of an observation system specifically
designed to provide feedback to student teacher's bout how they deal with the
emotion and feelings of their students and how ey deal with subject matter
content processes.

, The dgveloPment of different goals of instructibn the scieiCe curriculum re-,
form programs of the 1960's created new demands for t hers and their students.
The emphasit ondiscOvery and inquiry teaching...involv .ways-Of- owing such :%
as experimenting, observing, predicting, inferring, and Comparing. Classroom

'visitations by Pella (1967) and Tyler (1968) and the results of a study by Gal-
lagher (1967) ft:leased attention on the irnpdrtance of heligng,teachers compare
'their teaching styles with those sAgested by the designer's of science curricula.
Teacher education programs had to. be modified to stress teacher behaviors con-
sistent with the new methodological demands of .the curricula. The need for
providing prospective teachers with tools' and skills that would encourage.them

.
to view the teaching process with a spirit of inquiry was reaffirmed, and an'ac-
cumulation of ,empirical evidence supported the idea that i teraction analysis
systems were viable in helpinn teachers become aware of the' verbal behaviors
and teaching styles. ./

A survey of exisd(g category systems which had been used the training aid
supervision of student teachers indicated, that most of them dea t with the emo-
tional Climate of the classroom and were "content-free." The c five systems
reviewed were considered to be too complex to be useful as fe dback devices
and unsuitable for,the identi'fic4ion of discovery and inquiry processes. The
categoDysystems..developed:for speCific use in science classes were deemed un-
suitable ear providing_ a behavioral recerd."sensitive enough .to reflect ,subtle
changes, yet simple enough to be analyzed and interpreted by student teachers
with r.elatively few hours ofinstruction in the use of system:

DEVELOPMENT OF THE INSTRUMENT

The use of a,sign system for constructing the observation scheme was con-
sidered, but the idea pf preserving some record of .the sequence of behaviors
using the Flanders matrix technique was found to be .especially appealing and
category approach was adopted. An analysis of many category systems revealed
seve al common dimensions which were used to defide specific categories of
beh 'or' relating to the motional. climate in a classroom (Sidon and Boyer,
1968 e systems usually included the teachers' reaction to pupils' ideas, feel-
ings, act pts,to set their own standards and Working procedures, and behavior.

II I trA
1 ,
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Systems relating to the processing of infOrmation included categories concerned .

with data recall, data processing, and evaluation as well as categories describing
_classroom talk about subject-matter such as stating, explaining, interpreting, and
inferring. A special attempt was made to define categories describing processes of
science emphasized in inquiry-oriented science curricula. Considerable use was
made of category systems developed by Para (1965), Balzer (1968)., and Hall
(1969) for use in science classes.

Audiotape recordings Of science classes obtained from a data halt in the ,A

Science Education Center at The University of Texas were repeatedly played and
used to identify specific types of verbal behaviors. Typescripts of lessons were
made and tentative categories were formulated and used to eneo1le additional
tapes. . -

The selection of categories was influenced by the following guidelines: be-
haviors in both affective and cognitive domainf were included; die of
science ere included, behaldors wete potential use for feedbiack o student
tea hers. terms of identifymg strategies consistent with inquiry-Oriel-ilea meth- I

odology;:the primary emphasis w4 on\ teacher rather than student behaviori;
categories were restricted to verbal behaviors, since it was hoped that teachers,
might wish to audiotape' and analyze, their teaching after the studenit, teaching
experience; fhe number of categories was limited to permit student teachers to
learn the system with relatively. few hours of instruction; and finally, each in- ,
stance of observed behavior was classified into one and only one category.

After experimentation and revision, a final form of the system was developed.
Several experiment formats were considered, but the Flanders organiz,ationa
scheme described by Amidon. and Flanders (1967) was eventually adopted be-
Cause of its simplicity and adaptability.

DESCRIPTION OF THE _OBSERVATION SYSTEMf The observation system developed in this study was named The Scigice Inter-
action System. The categories were grouped into the three major di,Ksions used
by Flanders: TeacherTalk, Student Talk, and Silence or .Confusion. The ex-
pansion of categories 3, 4, 5, and 6 into two, ten, ten, and three subcategories
respectively, accounts for the sensitivity of the instrument in differentiating be-
tween teaching behaviors in science classrooms. The parallel design of categories
4 and 5 greatly simplified the learning of the system. The'flnal form of the inter-
'action system follows:

Me Science Interactiori System
,

TEACHER

1. .Ciyes general 'support:
Accepts feelings, praises or encourages, apologizes for error made earlier. Mtikes
a humorous statement but not at the expense Of a student.'

2. Criticizes student conduct or rejects a student response:
Reproaches student or the class about conduct. Rejects a student res

. Nciord or int atioiet, I

/
3. Accepts studen ideas through: .

,1 11

nse by

I
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RRepetition.

CClarification.

TEACHER

4. Asks for:

FFacts.

EExplanations

RRelationships

PPredictions

0:-Observations

XExperiments,

93

Repeating student statements or thoughts. ParaPhrasing a stu-
dent's statement. Short response. "Yes," "Okay "All right."

-Building upon or developing student-ideas by /means of state-
,

ments or questions usually_directed to the student initiating the
idea.

Information /taken to be matters -of fact. Reading,
definitions (factual or operational), enumeration.

5.. Gives:

F
formulation of hypotheses, explanations by means of E
examples, opinions; interpretations of data.

comparisons, contrasts, exceptions to the rule, classi- R
fcatfons, numerical relationshipsfinvolving the appli-
cation of a fbrmula or following a set of rules.

from data or concepts. Information thought to be a P
logical:consequence of facts, conditions, or principles
known or determinable.

of a demonstration, a class experiment, or a tdiagrtm. 0
plans to test hypotheses', suggestions for checking X.
effects of changing variables in, a demonstration,

' model, or proposed experiment.

NInfor?nation about the Nature.of science. Information implying that N
knowledge is tentative. Nature of theories and facts. Distinctions be-

, tween observations and inferences, thepries and hypotheses.

UUses of scientific principles. Explanations of exeryday phenomena in
terms of scientific principles involved.

SSummary or restatement of what has,ken said 6r)yhat has happened $,7 ,

during class or during previous classM

HA Hypothetical situation. A proposed or imaginary situation.

TEACHER

6. MFacilitates Managerial procedure. Makes announcements, assignents; gives
directions. , .

RRccognizes students. Facilitates.. conamunication: Makes statements or asks
questions which qsist iu the communication process.
Repeats a statement or que'stion which a student does not
understand., Asks fora show of hans for a nose-count
of a survey. Calls a student by name.

0Orients in both content und procedures: Sets stAge:by asking questions or m
ing statements. Refers to what will b
dbne or to Oat has bOen done or
studied: Asks if students have had cm:-
taro experiences. Jystifies goals and se,
lection of subject matter in temp of
importance.

I
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7. -Makes Irrelecant statements. Makes statements not directly concerned with the
class discussion.

STUDENT

8. Responds to a question asked by the teacher. Reads.
9. Voluntarily makes a comment or asks a question. Justifies a previous answer. Give's

an answer not expeeted. Gives his own ideas.

I

10. Silence or' Confusion.- Silence for contemplation, observation of demonstrations.....
. Multiple student interaction which cannot be understoOd

by the cod r.

OBSERVER RELIABILITY
I . 1 I

Sine The Science Interaction System was developed to give feedback to stu-
dent teachers, the consistency with which independent coders were 6le to
describe the same segment of classroom behaviors had to be determirted. The
author and a graduate student 'practiced coding behaviors from typescripts and
audiotapes and developed ground rules as unusual categorization problems were
encountered. Segments from randomly selected'audiotapeisofrorn the data bank in
the Science Education Center were coded and used to establish measures of ob-
server agreement and coder sfability using a coefficient proposed by Scott (1955).
Coefficients of intercoder agreement ranged from 0.79 to 0.92 while measures of
coder stability ranged from 0.77 to 0.91.

.

'POTENTIAL USES OF THE SCIENCE INTERACTION-SYSTEM

The category system developed in this study was primarily designed to provide.
a basis for specific feedback to student teachers in terms of hpw they deal with
the emetions and feelings of their students and how they deal with subject matter
content and phacesses. Teachers trained in the ,use of the system could study
data derived from audiotapes of their classes and identify behaviors consistent
with theories of learning and with inquiry-oriented science c l rricula., These
teachers could be encouraged to modify their verbal behaviors, evelop their own
styles of teaching, and experiment with teaching. strategies. Science supervisors
coulcf. use data derived from audiotapes as a basis for supervisory conferences.
Researchers could use the considerable descriptive power of derived data to in-

. vestigate differences in affective and cognitive dimensions of teaching styles.,
Supervisors could investigate supervisory styles to determine if student teachers
who initiate their own suggestions for changes in their behaviors change as suc-
cessflply as student teachers who attempt to make changes based on supervisor-
initiated ,suggestions.

O

SUMMARY

" The purpose of t IstudY was to develop au, int raf tion a
ti

signAei to eocourag science stutient teachers to, Ind, y their.

t
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A thirty-one category system was developed to code audiotapes of science classes
and to generate data detailed enough to identify verbal behaviors, teaching styles,
and teachirig tactics consistent with theories of learning and with hiquiry -uriented
methodology.
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The purpose If this study w explore the effects of using an interaction
analysis system developed by the fvriter to provide feedback to secondary science
student teachers. The thirty-one category system used in -is investigation, The(
Science Interaction System, was designed to help sciences tudent teachers identi-
fy verballbehaviors, teaching style, and teaching tactics,consistent with theories
of laming and with inquiry-oriented methodology. The category system and the
rationale for its development are described in another article in this monograph.

Relatively few studies involving the use of interaction analysis in the training
,of preservice secondary science teachers have been reported. Matthews (1966),

;'.McLeod (1968), Molchen (1967), and Yu lo (1967) used "content-free" informa-
tion from the Flanders System for feedback. This study differed from others in at
least two important respects: (I) Feedback related to science content and the
approach to content was provided through the development and use of a system
specifically designed for that purpose. (2) Student teachers were trained inten-
sively in the use of the system and were asked to analyze their behavioral, records
in great detail before each conference with their college supervisors.

The specific questions asked were:
(1) Do student teachers trained and supervised with The Science Interaction

System *(the experimental group) exhibit different verbal behaviors than student
teachers not so trained (the comparison group)?

(2) Do student teachers in,the experimental group change their verbal be-
haviors more than student teachers in the comparison group?

(3) Do student teachers in the experimental group change their attitude to-
ward teaching more than student teachers in the comparison group? g_^

The independent variable in this study was training and supervision with The
Science Interaction System. The dependent variables were verbal behaviors as
measured by The Science Interaction System and changes in attitude as measured
by The Teaching Situation Reaction Test (Duncan and Hough, 1966). A pretest-
posttest*.ontrol group research design was used in the investigation -(Campb I

i arid Stanley, 1963). Audiotapes of each teacher in a normal classroom situation'

were used as bases for pre- and posttreatment measures -of verbal behaviors.
Scores on The Teaching Situation Reaction Test were used as pre- and posttreat-
ment measures of attitude.

PROCEDURE

All student teachers in secondary school scien
Texas during the 1969 Fall Setriestrr -= 13)

enrolle at The University of
ere, rats omly assigned to two
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college supervisors and to cooperating teachers.,,The students assigned to each
supervisor were ranked according to their scores on Form E of the Rokeach
Dogmatism (Rokeieh, 1960). since eN idence gathered by..Hough and Ami-
don (1964), Furst (1965) and Zahn (1967) indicated that thismeasure of-"Operr-
ness to c#ange" was an important ariable to control. The ranked students were
then paired and randomly assigned to either the experimental or comparison
group. P

Student teachers in the experimental group received afipro4nately nine hours
of training in the fse of The Scicnet Interaction System. Performance objectives '
were develup&I and students were expected to demonstrate certain competencies
by the end of the training periud.'Ithdiediately. following the training period, each
student was aud4taped fur feedback purposes. The tapes were apalyzed by the
writer using The Science Interaction System, and a computerlprogram develupld
by Gouge and Hall (1970) was used to process the data and print matrices arid
ratio-s. Print-outs of earth matrix were given to student teachers and their espec-
tive college sikpervisors within approximately four days of each tapingThe
student teachers were expected analyze their print-outs accordinkto the
procedures set forth in a guide developed by the writer entitled Interpreting the
Matrix. Each supervisoi'was trained in the use of the interaction system and was
provided with ail analysis of each print-out to be used as a basis for his confer-
ence with the student teacher. During the conference the supervisor and student
teacher discussed the matrix and ratios, and the student teacher singled out a few
specific behaviors which he intended to change in. the next audiotape. This feed-
back and conference procedure was repeated two additional times before the
postmeasures were made.

Student teachers in the comparison group werevgiven e. placebo treatment in
an attempt to control the "Hawthorne effect. ApproXilitely six hours of time

ere required for the introductory session and the completion of the require-
ments for this group. Each student teacher listened to four audiotapes of his
classes at various times during the semester using The Science*Pating Scale as a
guide d prepared the suggested Factor Profile on each tape.,These materials
were deve ed by the writer specifically as -4 placebo treatment. Each student in
this group was taped three times in normal classroom situations as were tlX
students in .the experimental group, but the-audiotapes did not provide the focal
point for supervisory conferences. Student teacher's were not required to make .;

special preparation for their supervisory conferences, and the college supervisors
operated in their "natural." manner.
',Analysis of variance wis used to statisticallftreat group data for eighteen

'variables, al-id The Scott Coefficient of Agreement was used as a measure of inter-
coder reliability and coder stability (Scott, 1955). 'Coefficients of intereoder
agreement ranged from \0.79 to 0.92 while measures of coder stability ranged
from 0.77 to 0.91. -

Rest U&

At the e
vised :with

I ,

I

1

of the student teaching experience, students trained and super
lie iScience Interaction System differed i nifieantly from student
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TABLE 1

Analysis of Variance of Posttreatmcpt Means

Variably . , Cavil

1. Expression of geneial Exp.
support . Comp.

2. Acceptance and clarifi- Exp.
'cation of stUdent'ideas Comp.

3. Extended clarification of Exp:

student ideas . Conip.

4. Extended acceptance- of _Exp.
student ideas Comp.

Student talk Exp.
4 Comp.

61 Student-initiated
student talk (100)

7 Total teacher talk

Exp.
Comp.

Exp.
Comp.

8. Te4er factual talk Exp.
Comp.

9. The, proportion of total
teach& talk that is file-

' t 1 (100)

10. ilence and confusion Exp.
Comp.

Exp.
Comp;

Reviged Indirect-Direct Exp.
ratio '

13. Student k-Teacher
Talk ratio Comp.

14. Extended Teach Tally Exp.
Total Teacher Tal ratio Comp.

15. 'The,number of ques ion Exp.
categories ti§ed C.?mP.

16. 'The Anber of talk De.%
categortes-tised Comp.

Exp.
Comp.

Exp.
Comp.

11: Indirect-DireCt ratio

17. Cognitive flexibility
' ratio .(100)

18. Elexibilit)Natio
(100)

*Using' a one-tailed lest
b Using a tvv51.tailed.

Exp:
CO/7.

Post Means F ,

-1.250
1.023

12.657
9.829
0.449

0.324

3.509

2.827

.292

.043

.059
' 0.136

""" 0.831, 0.455 .260
0.669

26.31 5.049 .12
20.284 ,

4§12-33 0.221 .326
44.257

60.627 0.982 .328
65.056

14.301 7.031 .011
21.630

57.093 8.778 .006 -K

4.326

12.5T1 0.438 4 .28b
14.660

0.371 2.233 ()80
0.294

0.500 5.291 (2!020s"

0.397,

e 4.180 .032'
0.317

0:270 5:517 ,019°
0.350.
4.857 0.871 .313
4.333

7.000 .3.612 .041'
1.750

11.964 1.495 .123
10.397

16.709 0.743

.

.293

9 J

'<.05 01
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teachersnot so. trained on eight of eighteen Variables. Its not probable that eight
of eighteen significa.ni differences at the stated probability level could_ have oc-
curred by chance. In addition, all of the differences in verbal behaviors were in
the predicted direction. The results of the statistical analyses of the proposed
hypotheses are presented in Table 1. Students in the experimental group differed-
significantly from students in the ,_compatison group in the following respects:
they built upon and developed student ideas more and placed a greater emphasis
on the use of supportive and accepting behaviors in comparison to directing be -,
haviors, they elicited more student talk in their classes, they gave...less factuaj
information when they talked, a greater proportion of teacher lecturing was at
higher cognitive leveli, they talked less in comparison to their , students; they
lectured less, and they were more variable in their approach to content in that
they used more talk categories. The observed differences between the groups
could not be attributed to the effects of extraneous variables such as history,
maturation, and testing effects because of the nature of the experimental design.

Since the groups were randomly assigned, selection should not bean explanation
for group differences. Complete data were obtained for an subjects, thus mortal-
ity problems were nonexistent. The results were consistent with most of the
findings of Furst (1955) and Zahn (1967), burinconsistent with some of the
findings of Moskowitz (1965) and Yulo' (1967). It should be -noted that the
methodologies of these investigators varied rather widely and comparisons, are
probably hazardous.

During the student teaching experience, student( in the experimental group
changed significantly more 'than students in the comparison group on six of
eighteen variables, and all but two changes were in the predicted direction. There
appeared to be a logical explanation for the two exceptions. The results of the
statistical analysis of the proposed hypotheses are presented in Table 2. Students
trained and supervised with The Science Interaction System changed significantly
more than students not so trained is; the following respects: they had a greater
increase in building upon and developing student ideas; they had a greater de-

crease in their use of silence or multiple student interaction which could not be
understood by the coder; they had a greater increase in their emphasis on sup-
portive and accepting behaviors in comparison to directing and controlling be-
haviprs; they had a greater increase in the variability of their approach to
content, and they had a greater increase in the variability of their approach to
teaching. The differences between the chances for the, groups could not be at-
tributed to confounding Variables because of the experiinental design.

'Student teachers in the experimental group did not change their attitude to-
ward teaching significantly more than student teachers in the comparison group.
The results of the statistical analysis of the scores on The Teaching Situation
Reaction Test (TSRT) are presented in Table 3. The results were inconsistent
with those of Furst (1965) and Zahn (1967) who suggested that changes in atti-

tude toward teaching as measured by the TSRT might be a prerequisite, for

actual changes in teaching behavior.
Several limitations of the study should be noted. Classroom performances could

have been influenced by many factors which were not controlled, such as topics

,97
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TABLE 2. _

Analysis oftVariance of Pre- and Posit reathwni Means
and the .piffeience Between Change Scores

, for, the Groups

Variable Pre
Means

NA
Means F

Mean
Pa Changes P'

.

1. Exp. 0.704 1.250 3.360 .050' - 0.550 1.015 . .169
Comp. 1.036 1.023 0.001 .489 - 0.013

2. Exp. 7.467 '12.657 11.187 .003" 5.190 1,531 .120 -
Comp: 7.005 9.830 5.470 .020! -- 2.824

3. Exp. 0.131 0.449 3.236 .04/' 0.318 0.507 013'
Comp. 0.126 -0.136 0.019 .445 - 0.100'

4. Exp. 0.279 0.831 8.462 .006 °' 0.552 0.069 .400
Comp. 0.184 0.669 6.816 ,013° , 0.485 ,

5. Exp. , 19.673 26.861 6.925 .011' 7.188 0.358 284
=Comp.. 15.532 20.284 4.429 .030' 4.752

6. Exp. 57.750 49.233 0.485 .253 - 8.517 0.062 .402 411

Comp. 5.763 44.257 1.312 .279 - 11.506 .
7. gxp, 58.621 60.627 0.207 .330 2.006 2.375 .075

Comp. 70.004 65.056 0.976 .326 - 4.952 ('' -

8. Exp. . .17.894 14.301 0.605 :543 ,.- 3.593 0.105 .375
Comp. 26.493

.
21.630 1.133 .157 - 4.863

9. Exp. 83.574 57:093 0.452 .269 - 6.481 1.247 .145
Comp. 73.864 "75.326 0.039 .421 1.462

10.. Exp. 21.706
,

12,511 15.015 .003' " - .9.195 16.160 .002'"
. Comb. ...- 14 461

'`N
14.860 0.002 .90'2 0.200

11. Exp. 0.259 0.371 4.438 .027° 0.112 0:853 .311
Comp. 0.225 .0.294 3.926 .037' 0.069 .

, .
12. Exp. 0.300 '.0.500 32.588 .000" am 3,693 .039'

Comp. 0.303' 0.397 4.682 .02 7' 0.096 -' ,
13. Exp. 0.366 0.464 1.878' .097"' 0.098 0.060' .493

Comp_ 0.240 0.317 2.904 .058 0.07 ., -

. .

1. .14. Exp. 0.354 _0,270 4.222 .030' - 0.084 0.057- .405
Comp. 7- 0,423 0.350 '3.388 .050' - 0.073 '

,----4-

aUsinga one-tailed test .05 <'.01
b Using a t6-tailed test ..

° Sec Table L. for descriptions of"the variables.
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TABLE 2
al

Analysis of Vaderce of Pre- and Posttreatment Mecum
and the Difference Between Change Scores

Jot the" Groups

'Variable Group Pre
, Means

Post
Means F Pa

Mean
Changes F Pa

15. Exp. 4.214 4.857 1.976 .092 0.643 0.652 .179
Comp. 4.250 4.333 0.015 .450 0,833

16. Exp. 5.786 7.000 2.835 '.067 - 1.214 12.472 .003*

Comp. 7.000 5.750 '3.947 :026' -,

17. Exp. 8.197 11.964 8.413 :007 3.767 15.353 .019*
.' Comp. 9.732 10.397 0.221 .326 0.665

18. Exp. 12.688 16.709 8.383 .007* 4.021 5.025 .022*
Comp. 14.013 15.548 1.021 .169 1.535

'Using a one-tailed test
b Using a twb-tailed test

<.05 < .01

which,were taught, materials V<hich were used, objectives for the lessons, and the
1., operating procedures of the cooperating teachers. The operating styles of the

college: supervisOrs could also have had some impact un the reported outcomes.
Statistical treatment of group results to some extent masked the nature of the

detailed feedback which students received about the manner in which' they
handled science content. This investigation was designed to provide individual

TABLE 3

Analysis of Variance of Pm- and Posttreatment Means
and the Difference Between Change, Scores

for the Groups

.

,\Variable Group Pre
Means

Post
Means

Mean
F 136 Changes F

TS?T Exp. 202.000 202.000 0.000 .500 . 0.000 0.844 .310

Scores Comp. 190.167 198.167 0.847 .278 8.000

* Using a one-tailed test.

feedback to student teachers in a manner which encouraged them to experiment
with their L)ehaviors. Data from the logs of supervisory conferences indicated that
student teachers were successful in changing some of the behaviors which'they
committed themselves to change. Student teachers made 13 of 20 desired changes-
(85%) after Conference No. 1, 12 of 24 desired changes (50%) after Conference
No. 2, and 19 of 24 desired changes (79%) after Conference No. 3. They were
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unanimously enthusiastic about receiving interaction analysis data as a supple-
ment to the feedback.they .received from their cooperating teachers and college
supervisors.

The writer replicated this study at Louisiana State Unix ersity, and although the
data have not been statistically analyzed, the enthusiasm of the student teachers
in the experimental group was impressive.

CONCLUSIONS
_

Training and supervision with The Science Interaction System appeared to
ha%e a significant effect on some of the verbal behaviors and changes in verbal
behaviois of student teachers but had no effect un changes in their attitude to-
ward teaching as measured by The Teaching Situation Reaction Test. Training
secondary science student teachers in the use of techniques fOr analyzing their
own behaviors seems to be a feasible way of encouraging them to experiment
with teaching stategies. The finding that student teachers in the experimental
group became significantly more variable in their approach to content and to
teaching than student Ott hers in the, comparison group seems to indicate that
training and supervision with The Science Interaction,System encouraged science
student teachers it) deN elop their own styles of teaching and to increase their
individuality. The writer beliews that this approach to working with student
teachers is a viable one.
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A COMPARISON OF THE VERBAL BEHAVIORS OF PRE-SERVICE
SCIENCE TEACHERS WHEN TEACHING SECONDARY STUDENTS

AND WHEN TEACHING PEERS

EARL J. MONTAGUE
. SCIENCE EDUCATION CENTER

THE UNIVERSITY OF TEXAS AT AUSTIN

AUSTIN, TEXAS

INTRODUCTION

The use of videotape feedVack has been .an integral Part of the pre-service
preparation of teachers for quite some time (Cyphert and Audrew s, 1967). When
using videotape or audiotape in microteaching situations, the user is generally
faced with the decision of using either peers Or the appropriate elementary or
secondary students. as learners. Steinbach and Butts (1969) found that those
teaching elementary children asked .questions more frequently, used teacher'
classification categories more frequently, and were more indirect than those
teaching pebrs. Whether or not these differences w ould exist if pre-service teach-
ers were teaching secondary rather than elementary students is not obvious.

AubeFtine (1964), Oliyero (1964), Steinbach (1969), and others have verified
the impprtarjce of feedback in modifying teacher behavior. HoWever, the validity
and usefulness of videotape feedback when teaching peers should be limited by
the degree to which teaching behavior when teaching peers is comparable to that
when teaching- students.
Johnson and Pancrazio (1971) found that it seemed easier to obtain desired

N training effects through peer teaching, but these effects do not seem to transfer
to student teaching. While there were tatistilly significant differences.,between.
pre-service teachers teaching peers and those. teaching secondary social studies,
students, the magnitude of the difference did hot seem to be educationally signifi-

' cant.
In many microteaching situations, it is impractical to use classroom students;

thus, peer teaching is the only viable alternative. If feedback is to be provided
then. the validity and usefulness of the feedback is, in part, dependent on the
degree to which the teaching behavior before peers is comparable to the behavior

. that will he manifested in the.classroom.
One instrument which has had wide utility in research and in teacher educa-

tion is the Flanders (1963) Ten Catagory Interaction Analysis System. This
system is basically an analysis of the quantity of time a teacher spends on various

verbal behaviors.

THE STUDY

The problem considered in this study was, "In what ways is microteaching with

peers a valid reflection of the verbal behavior which would be exhibited when
teaching secondary school science students?" There are two aspects of verbal
behavior which could be useful for feedback purposes: UV quantity of time

0?
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spent on various verbal behaviors and the quality or nature a certain categories
of verbal behaviors.

,Nine students were enrolled in both student teaching and a secondary science
methods course. Each 'student teacher was asked to plan a twenty minute teach-
ing sequence to introduce new content by means of a demonstration. In addition,
the demonstration was to provide the students being taught with some expert -,
ences in using one or more inquiry skills. The twenty minutes for e9ch tape was
chdsen because it represents the approximate maximum length of ne in typical

rtmicroteaching experiences,
Each student teacher was taped while teaching this lesson to a group of ap-

proximately sixteen peers. They sere also taped while teaching this same lesson
to g' high school science class. The instrument used to analyze the tapes with
regard to the quantity of time engaged to various categories of verbal behavior
was the Flanders Ten C4tagory Analysis System. The Scott coefficient measuring
coder agreement betWeen three coders was 0.879.

In-order to determine the consistency of verbal behavior, with respect to the
percent of the total time spent in various categories when teaching peers and
when teaching secondary students a correlation coefficient was calculated.

In an attempt to analyze the consistency with respect to the quality or nature
of the verbal interactions occurring the author devised a simple modification of
the Flanders instrument called the "Quality of Interaction Instrument.'; This
instrument was designed to examine only three catagories of indirect behavior:
praising, accepting, and questioning levels. Time available and budget restric-
tions for coders prevented a more extensive analysis. It was believed, however,
that this limited analysisould allow a reasonable answer to the problem which
would be useful for the purpose of giving difection to a more extensive study.

Table 1 describes the criteria used in analyzing the indirect behavior cata-
,garies. A simple scale fromone to three was used as an indicator of the nature

_ or quality of each indirect behavior.

TABLE 1-
Appraisal for the Quality of Indirect Behavior

Category 2--Praise

1 okay, all right, good, right, repeat student responses' (mechanical,
without much expression or conveying enthusiasm).

2 good, right, repeat answer (with feeling or enthusialsm that conveys
t, teacher is pleased With the answer,).
3 . . : Very good, excellent, great idea jrnueh-enihusiasm).

Category 3-Acceptance
---

.: \
1 . . okay, repeat answer (accepts answer but does not irldicate that an-

.
_-.-....--.. swer was right). . . \
c -) . 1. ;rephrases answer (indication tlfat answer is acceptable"but not nec-

essarily correct or expect&P: 2
3 expands answer, asks class opinion, refers to student by name in later

discussion.. .
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Category 4Questions
1 . . recall, factual.
2 . . higher, dosed (specific applications, includes observations, converg-

ent questions). ,

3 . . . higher, open (opinions, evaluation, divergent questions).

RESULTS

Table 2 presents fife results of correlating the percent of time spent in various
categories of verbal behavior when teaching peers and %then teaching secondary
students. It can be seen from the correlation coefficients that the percent of time.
spent in praising, accepting, and questioning catagories varied for individuals
from the situation wen teaching peers to the situation vv hen teaching secondary
students. The fact that the correlation coefficients weie not significant indicates
that the percent of time spent in the categories by individuals changed for the
individuals but not in any consistent fashion. The percent of the total time spent
lecturing and giving directions was fairly consiStent_ for the two situations. The -

percent of time spent criticizing and in teacher talk varied for individuals. The
I/D and Lid ratios also varied for individuals between' the two situations.

TABLE 2

Correlations of Verbal Behavior
PeersIvs. Seccndary Students

- Categories 'Correlation Coefficient

Use of Praise 0.36
Accepting Ideas 0.35
Asking Questions 0.23
Lecturing 0.61*
Giving Direction 0.78
Criticism 0.26
Total Teacher Talk 0.34
I/D Ratio 0.16
i/d Ratio 0, 0.16

Significant at the 0.05 level

The results of the analysis of the quality-of praising, accep
irig as measured by the Quality of Interaction Instrument is.prese
The fact that all three-correlations were significant indicates that
havior of the pre-service teachers when teaching peers closely p
verbal behavior when teaching secondary students. The results of th
ever, suggests that the quality of the indirect verbal behavior of th
teachers was consistently lower when teaching secondary students,
teaching peers.

and question -
ted in Table 3.

e verbal be-
ralleled their

t-test, how -
pre- service
than when

1. 0 t



EARL J. MCNTACUE

TABLE d

uality of Inlirect Behavior Exhibited

107

Category Peer Student r 0t

2' 1.64 -1.38 :69. 2173°-
3 1.60 1.43 .65 3.131
4 2.20 2.03 .74 3.365

Signifiant at the 0.05 level
Significant at the 0.01 level

NA-

CONCLUSIONS 4.

t
The verbal behavior of individual pre-service teachers when teaching peers

differs from that when teaching secondary students with respect to the percent
of time sperit praising, accepting ideas, criticizing, and in total amount of teacher
talk. The Percent of time spent lecturing and giving directions is fairly consistent

J for individuals-in both situations: '
The degree of indirectness as icated by the I,'D and i/d ratios varies for

individuals vxb en teaching peers an when teaching secondary students:
The quality of indirect behavior including praising, accepting, and questioning

levels is consistently at a higher level when teaching peers than when teaching
secondary' students.

IMPLICATIONS
;

The results from this study indicdte that feedback based on microteaching with
peers may not be a- s useful .as feedback based on observations of a pre-service
teacher teaching secondary students. This is particularly true if the data accumu-
lated for feedback purposes is dependent on a quantitative instrument such as
Flanders Interaction Analysis System. Instruments attempting to identify the
quality or nature of the interactions would appear. to show more promise for this
purpose.

While this pilot study was limited in scope it does suggest some areas for fur-
ther study. Further research is needed to more clearly identify which of those
behaviors exhibited when teaching peers will manifcst themselves when teaching
in the classroom. Until such time as these behaviors are identified, mircoteaching
with peers may serve a function in helping students develop skills, but one cannot
have confidence that the demonstrated skills will be transferred to the secondary

.classroom by the pre-service teacher.
O
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THE RELATIONSHIP BETWEEN TEACHERS' USE OF PUPILS'
NAMES AND THE FREQUENCY OF CONFUSION IN THE

'SCIENCE CLASSROOM
4

WILLIAM G. LAMB
SCIENCE EDUCATION CENTER

THp.UNIVERSITY OF TEXAS AT AUSTIN

- AUSTIN, TEXAS

AND

MARILYN M. LAMB
AUSTIN, TEXAS

Discipline, classroom, control, sun hal skills, or-whatey ell else one wishes to call
it, constitutes a major concern of student teachers who, traditionally, maintain
less than adequate control of their classes during their first teaching experience.
Despite the central location of classroom control in the spectrum of teacher con-
cerns, there is little in the literature which would be helpful in structuring mean-
ingful activities for training student teachers in this area. Alshuler and Shea
(1974) describe the literature quite aptly:

Whit was there fell largely into the lattory of "Don't smile until
Christmas," "Never turn your back on a class, ". "Get the troublemakers
out of class quickly." We did locate and read reports on behavior modifi-
cation teachniques for establishing classroom control, but these pro-
cedures seemed unjust in their unilateral application.

EVen if the techniques outlined in that literature were necessary and effective,
convincing the re-service teachers who have been raised on nolt, Herndon, and
Humanism to accept them before undergoing a painful experience in the class-
room would rank somewhere along a seven -point Likert type scale between "dif-
ficult" and "nearly impossible."

So an important question is: What can student teachers do to maintain class-
,.

nroom control that they normally do not do, and that, at the same time, does not
-demean or otherwise detract from the self-concepiof their pupils? A hint of an
answer was heard when one of the autllo'rs listened to many hours of audiotaped
lessons taught by student teachers. Those student teachers who seemed to have
an inordinate alumna of .difficulty Quiitrolling their classes seemed to seldom
address their pupils individually by name, when they addressed comments, state-
ments and questions it ill, they tended to address that amorphous many-headed
beast know n by such assorted titles as "class,: "people," "everybody," and "yall."'

Below are reported the details of a study which supports this original guess,
pos'sible explanations of discrepant data, implications for pre-service teacher
education, and some suggestions for futile research.

"Ya'll" would, of course, not be a nation-wide finding. Student teachers in non-
- eSouthern areas would likely be more prone to use "You" or "You guys."

4
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PROCEDURE .2. a-.Ms--' ..-, . r,f

One ten-minute sample of audiotaped c ssroom teatilig of each subject was
analyzed using a modification of the Flanders Interaction Analysis System in
which category 10 silence or confnsionk was split 'into a category for silence
and a different category for confusion., In additioia to using the Flanders. cate-

.gories, an "N" was placed by the appropriate category code number each time
the teacher a essed an individual pupil.by.naine or used a pupil's nam in an-

.--"-\ other way. In this fashion, the frequency of use of pupils' names could be de-
termined as w 1 as an estimate of the manner in which names werensed. With

case, the minutes_at_th
i)Several of the udiotapes, it was obvious when the class was je

eginning or at
t beginning or

was about to end. When this was the ca
the end of the lesson were not sampled because of the tendency of 'pupils to be.
more disorganized and/or less attentive than They would be during the middle
of the leSspn. Otherwise, the ten-minute SampleS were randomly, selected froni
audiotapes of lessons which exceeded ten minutes. Samples were timed witfi a
stopwatch to insure that each was exactly ten minutes long.

Each investigator recoded five tapes and the two investigators mutually coded
five tapes different from those recoded.Scott's Pi coefficient j1955) was u a to

. calculate both inter- and iritra- coder consistency. Intercodcr consistency 0.81
and _infra:coder -consistency was 0.83 and 0.91, respectivelyThe consist ncy of
teacher behavior front one lesson .to another was obviously not determine since
only one lesson Per teacher was analyzed, but a review by Rosenshine (1973)
indiNtesT that an assumption of consistency regarding the teachers' affective be-
havjo' rs examined' in this stu' is not badly in error. The same review concludes
that "one or two observations (per teacher) are sufficient to obtain a trustworthy
mean-score for the group," even for the more variable cognitive teacher behaviors.

POPULATION

Samples were drawn from threedifferent populations: secondary science re-
service teach-ers who did their student' eaching in the Spring of 1974 (n ,-..--

----"`N secondary science pre-service teachers who did their student teaching in the 1

of 1974 (n = 12), and ninth grade physical science teachers whose classes ha
been audiotaped during a periiod frOin 1971 to 1973 in conjunction with a previ
unrelated study (n = 15).

DE.FINAX;Y§ A

Use of Names: The number of times a teacher addresses a pupil by name or uses a
pupil's name in some other way during the randomly selected ten minutes of in-
struction.

Confusion. The number of periods of up to three seconds in-duration during which
the coder could not understand commupication. Confusion was typically caused by
several students talking-simultaneously or making other noises. If listening to the
tape made obvious the fact that the teacher was writing do the board, passing of
papers, talking to an individual, etc., this fact was noted dining the endin

4
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starring, and the accompanying periods of confusion were deliberately omitted
from, the final frequency tally for purposes of -data analysis.

Extended Confusion. Penocis of confuSion as defined above except'longer in duration
than three seconds.

HYPOTHESES

1. There will be no significant correlation between the number of times teachers
in the tafial sample use pupils' names and the number of times confusion
or extended confusion occurs.

2. There will be no significant correlation between the number of times in-serv-
ice-teachers use pupils' names and the number of times confusion or
extended confusion occurs.

3.,,There will be no significant correlation between the number of times pre -
serviceservice teachers use pupils' names and the number of times confusion

or extended confusion occurs.
4. There will be no significant difference between in-service and pre-service

teachers in the number of times pupils' names are called.
5. There will be no significant difference between in-service and pre-service

teachers in the number of times confusion occurs.
6. There will be no significant .difference between in-service and pre-service

teachers in the number of tqes extended confusion occurs.
7. There will be no significant diffeence between the ten pre-service teachers

who use names most frequently and the ten pre-service teachers who
use names least frequently the number of times confusion or extended
confusion 'occur. ,

ANALYSIS OF THE DATA

1. , The frequency pf occurrence of rimes, confusion, and extended confusion in
each ten-minute sample of teaching were used to. kglculate Pearson-
product-moment correlation coefficients for pre-service and in-service
teacher -subgroups and 'for the entire group of teachers. These correla-
tion coefficients were used to test hypotheses one through three.

2. To test hypotheseS 'four through seven; the t-statistic was used to determine
significant differences etween the means, of the appropriate groups and
the appropriate variables. .

The 0.05 level df significance for a one-tailed test was predetermined
aSthe,level for rejection of the null hypotheses.

RESULTS

The appropriate statistics are listed in Tables 1-8.
hypotheses -one throUgh three are rejected. There is a significant negative correla-
tion between the use of names and both confusion and extended confusion
for both pre- and in-service teachers and toe the combined group of teachers.

c-mv-^,1
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TABLE 1

Correlation Coefficients
Use of Names and Confusion or Extended Conftision-

GROUP d.f. VARIABLE r.

pre-service teachers 23 confusion
extended

0.55

confusion 0.56
in-service teachers 14' confusion 0.54

extended
confusion 0.60

all teachers 44 confusion
extended

0.52

confusion 0.54

TABLE 2

<0.01

<0.01
<0.05

<0.05
<0.01

<0.01

Comparison of Pre- and In-Service Teachers on Use of
Names; Confusion, and Extended Confusion

GROUP n VARIABLE MEAN VARIANCE d.f. t. P

pre-service teachers
in-service teachers

pre-serve teachers
in-service teachers ,

pre-seiVice teachers

in-service teachers.,

30 use of names
15

10.06 38.47
10.73 2.60

43 0.41 n.s.d..,

30 confusion 10.60 219.83 43 1.97 0.05
15 2:86 16.98

1

30 extended ,
confusion 2.93, L. 15.51 43 2.00 0.05

15 .1 0.80 2.06

. . .
Hy pothesis four is accepted. Pre- and in-service teachers do not differ significantly
in the number of times per ten minute' period that they use pupils' names.
Hypotheses five and six are both rejected. There is a significant difference be-
tween pre- and in- service teachers in th.p, occurrence of both confusion and
extended confusion, with in- service teachers experiencing much less confusion.
Vothesis .seven is rejected. Student teachers who use names frequently have
significantly fewer incidents of confusion per ten minute period than student
teachers who do not use names frequently.

DISCUSSION

Inspection of the data shows that the assumption of homogeneity of variance
has been severely, stiained if not shattered. In addition, the tapes of the group of

1
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TABLE 3

Comparison of Pre-Service Teachers Who Do and Who Do Not
Use Navies Friquently

113

GROUP VARIABLE MEAN VARIANCE d.f. t. P.

frequent use of names 10 use of names,. '17.30.
infrequent use 10 3.30 3.12

frequent 1,0 confusion 2.00 4.66 18 2.78 0.01 "'-
infrequent 10 18.10 330.76

frequent 10 extended
confusion 0.80 1.06 18 2.79 0.01

infrequent 10 5.20 24.17

pre-service teachers who did their student teaching in the Spring of 1974 were
among those-which impelled4he authors to conduct the study in the first place,
thereby possibly biasing the study. Also, the in-service teachers were taped in
conjunction with another study, and this study may have ha an effect on the
results of our study. The reader should bear these points in d when consider-
ing the results and conclusions of the.experiment.

After considering the results of the analyses the authors, a empted again to
uncover any research reports or essays/related to teachers e of pupils' names.
The search was probably far from efhaustive but Current Index to Journals in
Education and Research in Education (ERIC) were investigated completely and
similar descriptors in Education Index were investigated back to 1960.-The-only-
paper uncovered in this search was an essay by Reis (1972/1973) in which he
stressed the importance of using pupils' names and suggested some techniques
which teachers could use for rapidly learning their pupils' names. He reviewed
no research and did not list a bibliography of any sort.

The research reported above supports Reis' opinions concerning the importance
of using pupils' names. Although other factors are likely involved, using pupils'
names seems to be important in maintaining classroom control. Teachers who
consistently use their pupils' names seem to experience less confusion than teach-
ers who do not and, as a general rule, confusion in the class increases as the
teachers' use of their pupils' names decreases. A closer examination of the manner
in which names were used offers even more support than the correlations and
comparisons of means.

For example, the difference in variability of the occurrence of confusion and
of extended confusion between those pre-service teachers who used names- fre-
quently and those pre-service teachers who used names infrequently was quite
puzzling. As a matter of course, the means for the Fall 1974 and the Spring 1974
groups were compared and these groups were not found to differ significantly
from each other on any of the variables examined, allowing the assumption that
the two samples were drawn from the same population, so we know that the
difference in variability was not due to Fall vs. Spring student teaching. Upon
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exaniining the ffequency tables listing use of names, confusion, and extended

'confusion for these two grolips, we noticed three, teachers in the infrequent;
group for, whom confusion, occurred much, less frequently than for flee other
seven .(in. fact, two of these teachers experienced no confusion at all). This was
puzzling so we looked at the interaction 1pa6lees for'this.group tQ see if there t

were any differences in the teaching patterns.. Six of the seven teachers who were,
.experiencing conThsicra were conducting or attempting tp conduct,discussions or
inquiry teachings of some sort, The three whO were not experiencing confusion and
also not using their pupils' names were almost exclusively lecturing. This la us
to examine the matrices for all the teaCherS tp discover other interesting obserV-
ations.

The variability of occurrence of confusion was also quite high for the middle
group of student teachers who were not in the grouPs analyzed for those whO
used pupils': names most or least freqiiently. Three of these teachers experienced
confusion quite. frequently and t1he other seven did not experience confusion as
frequently. Examination lof the matrices revealed two fairly distinct teaching pat-
terns. For the seven student teachers who experienced confusion-infrequently,
the conftision would' arise after the. teacher asked a question and then failed to
designate a respondent, resulting in' several students offering different an' swers
simultaneously. The teacher would then-name a, respondent or, taking advantage
of non-verbal cues unavailable to audiotape coders, would repeat one of the
answers or use some -other tactic Such as probing or redirecting tQ continue the
lesson. When names were used, they were -used most frequently to designate a
desired respondent to one of the teacher's questions and less often to praise a

. pupil or to alise a pupil's name with a Contribution made to the discUssion,by that
pupil. Twd of the three teachers in this group who experiencecb confusion were
lecturing, but unlike, the lecturers in the infrequent name group, their pupils
were obviously, not attentive. Short spurts of confusion became, periods ofex-
tended confusion until, finally, each of the two teachers began issuing orders to
offending pupils by name and began criticizing individual pupils, again by name.
The other student teacher in this group-who was experiencing a great deal of '
confusion was attempting to conduct a discussion without using pupils' names.
Again, as short spurts of confusion became periods of extended confusion, the
teacher "cracked down," issuing orders and criticism by name.

Although the in:service teachers' lessons Were much less variable than the
student teachers' lessons, similar patterns were observed. One major difference
was that the in-service teachers who used pupils' names with orders or criticism
were much mote likely than the student teachers to do so following the first or
second spurt of confusion. Another difference between the student teachers and
the in-service teachers was pacing. Although the in-service teachers ds a group
used names fewer times during a ten-minute period than the group of ten stu-
dent teachers who used pupils' names most frequently, the in-service teachers
generally used names .about as frequently per transaction that is, the,pace of .**
instruction was slower, and there were fewer teacher-pupil interactions per ten'
minutes of teaching. This may account for the difference in variability of con-
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fusion*tween student teachers ey,en though the frequency of name usage per
ten-minute periOd was about the game.

The results and observations discussed above are easily explained in a very
real sense, teaching is the selling of ideas and, as successful salesmen already .
ku w, using the names of their clients is crucially important. Children are no less
t -centered. than adults and their responding in predictable ways to the u.st7,or
la& of use, of their" individual names should come as no surprise.

Teachers who consistently,address their pupils as individuals, with individually
different nanies, probably make their pupils each believe that the teacher feels
he Or's-he is an important person. When a teacher uses a pupils name in asking&
question, giving praise, or using a contribution, the pupil probably feels more
important as an individual because he or she has contributed or is about to con-
tribute to the lesson. On the tither hand, if the teacher responds to a pupil as an
individual only when giving orders or criticizing, the pupil probably believes
that tire teacher doesn't have much respect for him, or her as a person. Pupils.
who feel disrespected by the teacher are likely to return the perceived disrespect
and to cooperate less fully irr the, classroom.

IMPLICATIONS FOR PRE-SERVICE TEACHER liTJCATION

Even if the proposed explanation is incomplete or even incoriett, analysis of ,

the data and the other less formal observations indicate, that there is it fairly
strong negative relationship between how and how often a teacher uses pupils'.
names and how often those pupils cause confusion to occur during a lesson,
taught by that teacher. Therefore, to help' pre-service teaehers avoid classroom
confusion during their student teaching, leachet-edu&tors should arrange for
pre-r;ervice teachers to 'encounter the opinion that using pupils' names is impor-
tart and should give, their pre-service teachers training in how to fuse pupils'
names. This training could take the form suggested by Reis (1672/1973) or might
take another' form' entirely.. 4

Activities to aid ire-service teachers in learning their pupils' names at the
beginning of the student ,.teaching experience should also be used. The .student
teacher might Check Anil selleraf times for the teacher before taldng over the dais:
The pupils might be asked to sit in assigned seats for the, first few days so that
the student teacher could begin to associate names on a seating chart with faces
at a certain location in the classroom. If a camera is available, the student teacher
might take a phdtograph of the class, identify the pupils with the help of the
operating teacher, and then use this photograph as an aid in memorizing the

namest .

Learning the names 'will, of course, ha7dly be sufficient.. The student teachers
discussed above who had to "crack down".on their obstreperous pupils, issuing
both orders and criticism to several individuals by ,name, obviously knew the
names of their pupils. Student teachers should, if at all possible, audiotape their
teaching several times near the beginning of their student teaching experience.

. Then they and /or their supervisors can listen to their teaching to determine how
often and in what ways they use pupils' names. They might discover, for example,
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thatthe pupils Who cause trouble seldom are asked questions or praised by name.
Whatever pre-service teachers do and however they do it, the research reported

in this study indicates that those pre-service teachers who, quite early in &dr,
student teaching experience, develop the habit of consistently using their pupils'
names will have fewer problems with classroom control than student teachers
who develop this habit later or not at all. Since it stands to reason that those
student teachers who aren't forced to worry about classroom control can concen-
trate more on a wide variety of interactive behaviors than can those student
teachers whO are constantly battling their pupils, it also stands to .reason that
teacher educators can teach their pre-senice teachers more about teaching during

..
the student teaching experienced those pre-service teachers learn early to con-
sistently use their pupils' names.

SUGGESTIONS FQR FUTURE RESEARCH'

The firs t suggestion is for a careful replication of this-study, preferably without
the weaknesses mentioned above. Also, the correlation coefficients are a bit larger
than we expected,them tOle and this may be partially due to ex-pbrinienter bias
since both the coders are aWare of the nature of the study. Ideally, any replication
should insure that the original observers or coders are not involved in the study
except as data gatherers. Several teaching patterns relating to teachers' use of
pupils' names were suggested from an examination of the interaction matrices.
Any replication of the study should also determine whether these patterns are
objectively real or are rrierely,artifacts of the individual teachers recorded for this
study.

e hypothesized that a teacher:s_use of a pupil's name in part determines_tha.t
pupil's perception Of his or her relationship with the teacher. A pupil's self
concept might be affected in a similar manner. Using techniques similar to those-
above and one or more acceptable .instrumenti for ,determining elf concept
and perception of pupil-teacher relationships, one could test this hypothesis. A
similar study to test the relationship between teacher's use of a .pupil's name and
`pupil achievement would also be interesting.

A facet of the name problem not investigated in this study is the question of
how many different pupils a teacher consistently addresses by name. A, teacher
who consistently fails to call on twenty other pupils, and consistently calls on only
five pupils in a class of -twenty -five, has mastered only part of the technique.
Research in another context reported by Adams and piddle (1970) indicates that
this may be a strong possibility, If this occurs, the effect on classroom control
and/or the occurrence of confusion, pupil 'self concept and perception of pupil-

'teacher relationships, and pupil achievement should'be inveitigated.
Several suggestions were made with regards to teaching prersenvice teachers

to ,use their pupils' names during student teaching. These and other methods
should be evaluated in ongoing teacher education programs to determine effec-
tive methods for teacher education in thii 'area.
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SUMMARY -

The purpose of the study was to determine the relationshiji between the ten-
dency of teachers to use their pupils' names and the tendeficy of teachers to have
problems in maintaining 'control of their classes. .

Randomly selected ten- minute` segments of audiotaped lessons taught by thirty
.pie-service and fifteen in-service teachers were analyzed using a moclifica. tion of
the Flanders Interaction Analysis System to determine the frequency of,the use of
pupils' names and the frequency and duration of period.; of confusion.

A significant negitive, correlation between teachers' use of names and
the occurrence of both short and extended periods of confusion *as observed.
The frequenCy of occurrence of both short and extended periods of confusion was
significantly greater in lessons taught by student teachers who used pupils' names
infrequently. Both short and extended periods of confusion occurred a signifi-
cantly larger numbef of times in lessons taught by pre-service teachers than in
lessons taught by in-service teachers even though both.pre- and in-service teach-
ers tended to use pupils' names with ippkoximately the same frequency.
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