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’ ~ FOREWORD

This research monograph is the third in a series of monographs reportmg the

results of studies conducted by personnel in the Sc1ence Educat:on 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 Behavior effect:
ing studert 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.

Spradlm found that teacher behavior in the classroom could be modified by
inservice training using modelmg strategies. Montague found that the same
modeling strategies for inservice training could result in an'improvement 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 be modified. Areas for cause-and-&ffect research therefore have been deline-
ated. Thefesults produced from this cause-and-effect regearch could have im-
portait-implications for competency- -based teacher education in science.

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

A number of people contributed to the development ‘of this publication. In
particular, appreciation is extended to Dr. Addison E. Lee, Dr. James P. Baru-
faldi, Dr. John P. Huntsberger Dr. Rolland B. Bartholomew, and Dr. Lowell
J- Bethel who critiqued the reports included in thjs monograph, Mrs. Joan Vance

\
l
\
|

.+ and Mrs. Kris Cervenka, who were responsiblé for the typing and preparation

-

of the manuscripts fpr pubhcabon, and Mrs. Bonner Sch- b, who coordmated
the project. Q

EARL J. MONTAGUE ' » o .
Austin, Texds '
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A'STUDY OF THE RELATIONSHIPS BETWEEN CERTAIN
TEACHER PRACTICES AND STUDENT ATTITUDES
IN THE SECONDARY SCIENCE CLASSROOM
C. ROBERT JINGOZIAN - ‘

BRAINTREE PUBLIC SCHOOLS
BRAINTREE, MA.?SACHUSEI'I‘S

y_

INTRODUCTION

Prior to the major curridulum development projects of the 1960’s, science.cyr-
ricula were largely content-oriented. Du’ﬁ/ng 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 Ry Schwab (1962)
and the “new humanism” in science as advocated by Bronowski (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 achievgment of
cogmtlve 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 toward science-oriented objects are, in many instances, com-
parable in importancy, to, cognitive Ieammgs

THE PROBLEM

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

L

Curriculum . Teacher
Materials /actices .
’ . " Student ‘
Performance -

"However it is felt that the attitude of a student toward a particular subject
is theyvital final link toward his performance in that subject. Many factors are
involved in whatever atfitudes 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

4
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v to some extent determined by the avmlable curriculum materials, may be 111us-
trated byAthe following diagram: |

P - G ey G N GNP =D S B 7

rriculum -~ | Teacher 7

< | Practices ,/’
//
. 7
_ i
- . Stude -’
, - 7 Attitudes | -~ -

‘ —— - w— o ews Sy e - ‘ *

U —Student - T =
. -t Perforr»gce ' T W
) The need fo evaluate the relationship between teacher practlces 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 sciencé classroom. The purpose of this study was to
identify possibje relationships between teacher inquiry practices and the athtudes
of students.

e iz
INSTRUMENTS USED

The sémantic 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) Scxence (2) Science Class, (3) Science Laboratory and (4)
Science Teacher.

The Science Classroom Actjvities Checklist (SCAC) was originally develaped
by Kochendorfer (1968) as the Biology Classroom Activities Check list (BCAC).
Seven specific teacher practices evolved from a list of fifty-three items on the
BCAGC, twenty-six being described as positive practices and twefty-seven as neg-

. ative-practices. Kochendorfer determined a ]udgemental reliability coefficient
‘ of .96 and a validity correlation of .84 for the BCAC. These values tend to estab-
lish 2 high degree of reliability and a high degree of agreemept concermng the

7 ) content validity for the items,

The seven teachers’ practices examined by Kochendorfer were: ‘

1. The role of the teacher 5. Pre-laboratory
A * 2. Student participation 6. Laboratory
3. Use of curriculum materials 7. Post-laboratory
- . 4. Tests
' The BCAC was dev:sed as a checklxst to determme how well students per-
. L . ° <
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ceived their teachers’ practices in the secondary science biology classroom. Koch-

endorfer chose to use a true-falfe 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 A~Role of the Teacher. Low scores describe an aythoritarian -

teacher. 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 matenal which w111 permit students to draw their own conclu-
sions. -

Teacher pract:ce B~Student Parhmpahon Low scores unply that 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 carrymg out their own demon-
strations.

Teacher practice C—Use of Curriculum Materials. Low scor: ,indlcate a teach-
er who presents the text as a source of facts to memorize, a ﬁze of word list
definitions and something to be outlined. High scores reveal text use as a source
of problems and further class discussions. The text is subjected to careful dnalysis
while students investigate original works of scientists.

Teacher practice D—Tests. Low scores portray practices such as the writing of
definitions o etms, the labeling of drawings and the regurgitation of rote memory
work. High s reflect that tests include a ‘balance betweén laboratory exer-

cises and class. discussion which lead the student to mveshgate new problems

and to draw independent conclusions. .

Teacher practice E=Pre-Laberatory. Low scores indicate ste by-step teacher
instructions, laboratory work unrelated to class discussions, and predetermined
conclusions. High scores indicate that the laboratory is used a3 a place to in-
vestigate problems when they arise in class discussions and reflect well-or.gan-
ized preparation. .

Teacher practice F—Laboratory. Low scores indicate a cookbok laboratory
situation and/or little individual experimentation’ while the teacher is engaged
in other work. High scores indicate some origmality and comparis¢n of collected
data among the.students The teacher is actively mvolved in the Jaboratory sit-
uation.

Teacher practxce G—Post-Laboratory. Low scores denote little \follow-up of
laboratory exercises. The laboratory notebook, its neatness and copied procedure,
purpose and materials used, is the principal and desired end. High scores sug-
.gest much activity and student involvement following the laboratary exercise.
Results are discussed among the students under the leadership of the teacher,
graphs of data are constructed and all conclusions are analyzed.

s
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DESIGN OF THE SﬁDY

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 wefe 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 science 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 factorial designs for statistical
analyses. Interaction effects could also be determined by the factorial design
method. Al mean scores for both subjects and levels, as well as for all subject
‘by level combinations, were computed using the Boston Univerfity 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-
“cqunted 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 variable was subjected to a three by three analysis of variance;
namely, three subject factors and three placement levels.

* 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 factona,a.nalyses exposed certain significant differences in both teacher
practice mean Scores and student attitude measurements as separate entities. The
Pearson Product Moment Correlation (r) was then computed for 758 correlations
to determine significant relationships between the students’ perceptions of seven
teacher practices and the students’ attitudes in the three placement leve e
three science areas as measured by theg evaluative, potency, and activity factors
of the Osgood Semantic Differential. All correlations were computed by using
the individual raw scores of all the students. .

t

.

NULL HYPOTHESES T

The primary purpose of this study, was to 1dent1fyhrelatlonsh between stu-, ro N
dent perceptions of seven teacher practices and student attitddes toward four \
attitude objects. However, the results could be meaningless if the teacher prac- /
tices and the student attitudes were not mdmdually examined. Guttman’(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 sub-
hypotheses: - ¥

-

Hy: 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-

»

10 .
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er pracnces "A-G among non-college preparatory, college preparatory and .
accelerated stiidents. .

’ o3 - ©

There is no interaction in the mean scorés of studegt“ﬁexcepnons of teach-

er practices A-G between subjects and levels, L G

()
l/.n; '

Hs: There are no differences in the students’ attltude mean scofes (toward each
of the four attitude objects) among biology, chermstry andfphysics students.

There are no differences in the students attitude Tnean scdﬁ:es (toward each
of the four attitude objects) among non—college,prepara’éory, college pre-
paratory, and accelerated students.

There is no interaction in the students’ attltude m%g%ﬁéores between sub-
jects and levels.

M
&)“

*)

* a .

Hs:. There is no relationship-between teachers’ practices /A-C and (science) stu-
dents’ perceptions of. (attitude objects) as measured by the evaluative, po-
tency and activity dimensions of the semantic differential.

RESULTS ..

-

of students’ percept:ons of teacher practices B, C, and D and the science sub]ects .
studied. Chemistry students perceived, their classrgom partxcxpabon as less in-

the curriculum materials being used as more inqui
ology or chémistry students. Biology students percejved their tests as being less

TABLE 1

Means for.all Teacher ‘Practice|Scores for all
Biology, Chemistry and Physics Students

) N ) :
Subject Teihcher‘Fractices ] . -
i A B [ X J - C (X ] .‘ﬁ .0 E F G
I L] /
Blology , 2841 20.86 2131 17l.94 25.13 28.05 24.69
Chemistry ' 28.99 ° 1041 2197 2073 92575 2865  24.60
Physics £7.39 20.40 22.66 20.41 2595 - 28.50 25.22
**p <.01 ! . ‘ .

‘no significant d1flerences between students in_different sub]ects 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 t,he laboratory activities,
or the nature qf the post- laboratory discussions. ’S
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. When the students perceptions of gacher-behavior were analyzed with re-
spect to the levels of placement (See Table 2) several sxgmﬁcant differences are
evident. Those \ \

~ . 4
. 3

. ’ TABLE 2 -

Means for all Teacher Practice Scores for all
L ) : . Levels of Placement . \

S

Level - - e Teacher Practices .

. - A * B**® C** D°** " E F** G** / "
Non-College \ 27.65 21.02 22.39 18.78 25.82 27.32 24.42

N Collefe Prep.  27.97 19.51° 21.01 19.42- 2540 28.35 24.36
P Accelerated 28.46 20.21 22.60 2088 - 2561 29.55 25.80

o
- .

~ *p<,0l . )
students entolled in college preparatory cou,rses perceived student parhmpatlon
and the curriculum materials being used as being less inquiry oriented than dl/
those students enrolled in non-college oriented courses or in courses for the ac-
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 mteract?on was s;gmﬁcant (See Table
3) is in accord with the theory of random sampling and substantlates the random-
ness of the sample used. .

*

| TABLE S - o :
- - . Mean Scores for All Teacher Practices

Subjects (S) by Levels (L)

) * Teacher Practices \
O Biology - A "B C* D E F G \

\ » +

! - " Non-college 27.29  21.50° 2220 1813 2571 2720  24.92
College Prep. 2843 2014 1982 1742 2463 2758 2350
Accelerated 2952  20.98 -+ 2257 18.32° ,2508 2941 2573

Chem@ / - )
Noncollege :27.96 1948 2132 .1881 2551 2738  23.26
College Prep. 28.30 1895 2195 2068 2565 2880 2414
Accelerated  28.60  19.88  22.42 22'.'6(5 2611 2971 2642
Physics ’ ' )
Non-college 2773  21.82° 23.17 1935 26.18 _ 27.39 2490
. College Prep. 27.12 1942 2193 2024 2597, 2870 2552
. © " Accelerated | 2728 1979 2280 2174 2568 2054  25.30

\4
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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 sxgmﬁmt differences in students’
attitudes toward science, the science class, the science Iaboratory, or the sciencé ,
teacher bettveen 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 tlasses. 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 studenf 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 cajca-
lated, anid 312 found to be significant 3t the 0.05 level. A summary of the number

. of significant con-elat:ons 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
G (Post-laboratory) - 18 38 54
A (Role’of the Teacher) 18 ' 34 52
B (Student Participation) 24 . © 23 . 47
C _(Use of Curriculum Materials) 10 32 . 42
E (Prelaboratory) . 17 . 1) -39
D (Tests) ° , 11 13 .o

It can be seen from the data that there is a substantial number of relabonshlps

. between teacher practices and the attitudes of students. The more inquiry in

nature the teacher practiges, the more favoral'lie are the students attltudes in
approximately 41% of the categories tested.

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

¥

%ONCLUSIONS

The primary purpose of this study ( Hypothesm 3) was to identify certain
relationships between students’ perceptions of ‘their secondary school science
teachers’ practices and the same students’ attitudes toward Science, Scierice Class,
Science Laboratory, and Science Teacher. In order to accomplish this purpose
and to establish the validity of correlat:on coefficients whlch identified these re-

Y
(N
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TABLE 8

Number of Computed Significant Correlations for the Attitude
Objects Subdivided by the Evaluative, Potency and Activity
Dimensions of the Semantic Differential for all Science
Studengs According to Subjects and Placement Levels

. Science Sci Class ‘SciLab " Sci Teacher
) E P A *E P A E P A E P. A
Subjects ’ ’ Totals
Biology 14 2 11 13 3 10 8 3 6 12 5 10 97
Chemistry 3 1 4 5 2 15 4 4 8 11 311 171
Physics 13 5 11 15 5 14 15 8 13 17 11 17 14
Totals 30 8 286 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
CollegePrep. 9 5 8 3 6 1 10 6 15 18 9§ 17 107
Accelerated 12 2 11 7 15 17 9 6 4 13 5 13 114
- Totals 30 8 26 17 33 32 27 15 27 %0 18 38 312

. -

lationships, it was deemed necessary {o first compare differefices in mean scores
for both students’ perceptions of teacher practices (Hypothesis 1) and students’
attitudes toward the attitude objects’ (Hypothesis 2) individually.
The conclusions are submitted in light of the three hypotheses of the study.
Hypothesis 1: First, the study was designed to analyze teacher praétices 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. Nén-college preparatory students per-
ceived their teachers practices as the most strict, authoritative 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 no definite trend in student attitudes
by subject areas. By placement levels, accelerated students displayed the most
favorable attitugles toward the four attitude objects, followed successively by the
attitudes of college preparatory and non-college preparatory students. ’
Hypothesis 3: The previoys 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 teacher, practices and student .attitudes. -
Approximately 41.27 percent of the 758 correlations were found to be signifi-
cant at the .05 level. Nearly half of these (144) were attributed to physics stu-




o

18 The Umuemty of Texas Publication

" dents, nearly one-third to bxology students (97) and nearly one-fourth (71),to .

chemistry students.
Three general conclusions are submitted for Hypothesxs 3 o
"1. Physics étudents’ 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 then' science
teachers are more closely related to the practices of the teacher than are the stu-
dents’ attitudes toward science, science laboratory or science class.

Finally, the totality of findings afford sufficientfevidence to suggest that the
more the teaghers’ practices reflected the philosophy promoted i in the new science
curricula, the more favorab‘le were the students’ attltudes
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SUMMER INSTITUTES FOR SCIENCE TEACHERS AND THEIR .
INFLUENCE IN THE AFFECTIVE DOMAIN s
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INTRODUCTION y ‘

The ‘ultimate criterion of a teacher’s effectiveness is usually consi red to be
his effect on his pupils’ achievement of some educational goal defingd in terms ,
of desired pupil behavior, abilities, habits, or attitudes (Gage, 1963,p. 118). 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 teacher-is 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 perceptlons of his students..
The. purpose of this study is to determine whether a teachers involvement in

* a Summer Institute Program (SI) designed to incregse his content competencies

will alter his perception of self and subject, and suBsequent]y alter his students’
view of science and education as a whole. . Tt

THE SAMPLE : - SN o

" 'The sample for this study was divided into two groups: Group I was com-
. posed of 48 teachers selected fr participation in the Surnmer 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 fiyst 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 advancéd 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, 28 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 Diﬁerentza.l (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 ninie protocols grouped
into four categories descriptive of attitudes toward; Institutes, School Sxtuahons
Over Whl(;h Teachers Have Little Control, Teachmg as a Job, and Self as a

[\\ . -
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Science Teacher. The mean scores for each cafegory were recorded as the pa.rtici-
" pant’s score.

The Annual Self-Inventory for Science Teachers (ASIST) was dmde& into
seven sections containing statements that gave operational meaning to the general
characteristics of the professional 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 from Non-
teaching concerns at Level 0 to Student-centered concerns at Level 6. 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 teachjng 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.

Each partlcxpant selected a “typical” class for inclusion in the study and was
asked to use a compgmble class for the post-treatment measures; howeyer, the
investigator had no control over the students selected. .

The research design used in this stady is identified by Campbell and Stanley
(1970) as one-group-Pretest-Posttest. The .05 level of significahce was chosen
to test the hypotheses formed for acceptance. .

-l

RESULTS - ' -

Null hypotheses were formed regarding change in’ student athtudes following
their teacher’s involvement in a SI. retraining program. Data for Group$'l and
II were tested for change (Table 1).-

Examination of Table 1 indicates that the students tested. differed in thexr
attitudes toward the world of science before and after their teacher’s involvement
in the SI in the following ways: -¢-

Students of Group II teachers felt their science class 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 from teachers involved in the Group I follow-up stu&y were compared
and the results are. given in Table 2. The data revéaled that the studests 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 involverdent (p = O{z

-

Null hypotheses were formed regarding change in teacher atti des following
institute involvement. Data for both groups were compared between Tnals 1
and 2 and Trials 1 and ‘3, results are given on Table 3.

"This table reveals that there was a post- -institute drop in certam aspects of
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teacher attitudes that were partially re-established during the following year.
The following changes were noted:

Teachers regarded their institute expenence as less valuable (Group Ip =
.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
after the institute. A year later they viewed it as more worthwhile (Group
I p = .015) and their involvement with it as more active (Group Ip = .004)
than they had originally anticipated. )

' 'Eeachers regarded the school conditions over which they had little control

as less unportant {Group I p = .031, Group II p = .001) and less power-
ful (Gueup II'p = .009) to their success in teachmg 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 0-28 Factor  Group Group Mean Group Mean . F Ratio.
- BEx I 202341 20.6752 .305 5893
L e i 19.6390 20.3148 2.658 1108
Science ~  Po. ! 18.5712 17.7777 3.268 0720
Class ) . T 16.8467 18.0887 9.438 ".0049°°
Act. 1 17.9005 18.4032 884 3531
11 .17.8344 18.4616 3.284 0773
Ev. -1 20.3882 *20.5615 .003 9558 -
: . I 1938012 21.1518 6.806~ 0150
- Science Po.. . I 17.0818 17.3032 282 8035
Laboratory ; II  16.8483 ., 17.8590- 10787  .0031°*
. ‘Act I 18.4325 18.7080 037" 8393
‘ 11 18.0141 189387 - 6.299 0172%°
" Ev. - I 22.5987 22.5787 -000 9943 -
. II.. 212393 © 21.8851 1363+ 9517
Science , Po. I 18.5745 18.2536 . .286 " .8025
Tedcher * I 17.5886 18.6841 - 6939, -  .0130°*
Act. - I 19.5789 19.5689 .001 9778.
o, I 19.0878 19.6381 1779 -, .1903
Ev. - | I ' 182345 .18.6589 -~ 474 |\  .5005.
' 11 17.5632 18.2004 998 .\ - .3278
School Po. \1 191476 . 195745 790 | 3813k
- I 19.0030 19.3685 . 451 5142 A
_ Act. \ ©17.9896 182771, 451 5142
. M 174732 183039 .  3.880 .0499°
- %sig. .05 ’ Group I (SI’'71) , N=32

*sig, .01 Group II (S1°72) N—30

4 -
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- * TABLE 2

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

Trial 1 Trial 2 Trial 3 _ ;
Protocol Factor Group Mean Group Mean Group Mean F Ratio Prpbability
Science Ev. 20.7501 . ,20.8681 21.5585 .968 .3887
Clacs * Po. 18.8690 ¥ 17.9102 18.1918 . .995 3788
) Act.  18.1418 18.6293 ° ~ 18.8544 1270 , .2893
Science Ev. 20.6655 - . 20.2466 22.2265 4714 . .0132°
Laboratory ~FO-  17:2036 17.5167 17.9621 2.077 .1330,
Act. 187035 18,5710 19,3852 2.044 - .1383
Science Ev. 231580  22.7918 23.0994 - ,.205 8171
Teacher Po. 18.9628. - 18.3621 18.9021 1.399 2554
Act. 19.8554- .. 19.5718 19.9487 408 -  .6748
Ev. 18.3361 18.7795 19.4462 .876 4355 . -
School Po. 19.1618 19.7306 199431  1.673 - . .1925
: Act. 18.1789 18.3345 . 18.9180 1.209 .3089
sig. 05 . - . "~ Group I (2 Year Study) N=26 ,

0

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

Data for the Group I teachers in the second year follow-up study (Table 4)
reveals that by the close of the second year after the mstltute, the teachers
viewed 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 between 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 (Croup
"I p = .0001, Group II p = .002), had a more fupctional philosophy of edu-
cation and more technical skills of teathing ( Group I p = .046), had con-
tinued to grow in knowledgé and skills (Group I p = .008, 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 1 p= .021,.Group II p = .047), had con-
tributed more to improvement of sgience teachmg (Group I p = .003, Croup
~ . 11 p = .032), had taken a more vital interest in the quahty of future science
«rteachers (Group I p = 004, Group II p =.032), and in general beheld

themselves as more professional persons (Group I p = .0005, Group I p =

+  The teachers in the second )eaﬂﬁx/r" (Group III,.T rable 5) ét the close of the
second year of teaching following the institute felt their perceptions of them-
selves 23 professional persons had further improved in that they were better

) TABLE 3 .
' Change in .Teacher Attitudes Through Two Trials (TSD)
‘ - ’ (one-group-two-trials analysis of van'ar;ce)
) Trial 1 Trial 2 Trial 3 Trial 1-2 - Trial 1-3
! Protocol Group Group Mean Croup Mean" Group Mean F Ratio F /Ratio
Institute, (Range 4-28) . ot
Ev. I 24.6562 23.7187 25.8750 7.512°° 5.906°*
. II' 258552 18.7588 23.7241 271.531*** 3.535
Po. I 20.5937 18.8750 20.4375 4.307°,  3.833°
II 21.0000 16.2759 20.0345 T 50.089°°° 673
. Act; I 22.3750 21.5625 22,9375 4.418° 4.695°
¢ II 22.4138 . T 17.5172 23.6552 36.824'3\' - 458
Schopl Situation (Range 12-84)
Ev. I 54.5313 51.0582 54.4687 *© . 5.626° .098
- I, 579655 48.0347 . 54.9310 15.521°°° 977
Po. I 53.6875 54.6562 . 55.4375 252 .580
RN | 57.1378 53.0698 60.9310 . 6.923°** 708
Act. I 51.6562 52.56°% 53.1250 .603 671
- ' 1I- 56.2414 51. 96'51 © 58.8966 - 3.483 1.138
W Teaching as i{Job;'(Range 12-84)
> Ev.. 1. 731250 72.5312 734687 ¢ 373 .010
II 70.8966 50.5862 70.6552 145.363***  _.007
Po. I 659687 64.3437 65.2812 3.978 748
) II 61.7241 52.5517 68.0698 21.509*** 1.522
Act. I 69.2800 68.1600 70.0400 - 413 177,
II 86.7931 51.5517 * 770.3103 504714 2813

" Self as'a Science Teacher (Range 8-56) "

Ev. 1 483750 43.5213
© . I 46.5862 32.9655
Po. I 42,0625 40.0312
I 422414  36.4828
Act. I 428750 . *41.5000
I 431724 33.5172

46.2812

“45.3448

42.1562
43.1034

' 42.8750

47.3793

7.653°°
167.601°**
2.994°
20.503°**
703
68.781°**

" 5.008°*

393
3.877°
246
001

2.381

~

* sig. 05
**® sig. .01
...Sig¥k 001 C. i

Group I (SI 71) N=32
Crpup IT (SI'72) N=40

v
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eduaated in science and the liberal arts (p =.0001), had a more functional
p sephy of education and had more technical skills of teachmg (p=

005§), had contigned 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 unprovement of science
teaching (p = .0013), had taken a more vital interest in the quality of

future science teachers (p = .0010), in all, they rated themselv&s as more

professional persons (p = .0007).

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

At the close of the first year of teachmg followmg the institute, the level of the
feachers’ concerns about teaching had changed in that:

The mean level of the teachers’ concerns was more student-oriented (Croup

I p = .049) and the level of their most frequently listed concern was more
mature (Group I g= .008).

At the close of the secondyear of teaching following the mstltute teachers in

the Group 1 follow-}_lp studyhad changed as follows: -
Teachers showed addltlonal maturity in_the meéan level of their concerns
(p=004) and their most frequently ‘Tisted concern was more student-
oriented (p = .001). -

TABLE 4+

Group 1 Change in Teacher Attitudes Through Four Tnals (TSD)
(one- -group- four-tnals analysxs of varmnce) .

- Groups
-7 Trial g Trial 2 'I‘nal 3 Tnal 4 by Trials
Protocol Group Mean Group Mean Group Mean Group Mean F Ratio
Institute (Range 4—28) # ] ]
Ev. | 25.00 23.64 28, 12 25.52 3.489**
Po. 21.16 18.68 20.86 20.88 3.899**
Act. 23.00 21.20 23.04 23.00 2.605°°
School Situation (Range 12-84) .
Ev. 55.08 - 51.]12 54.40 51.20 1.878
Po. 5472 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 7304 . . 7372, . 71.28 .820
Po. 67.40 64.72 66.00 65.48 950
Act 69.28 68.18 70.04 67.04 748
Se¥f as a Science Teacher (Range 8-58) ‘
Ev. 46.32 43.20 48.56 45.36 2.279°
Po. 42.08 39.88 42.00 42.98 1682
Act. .- 43.00 41.60 42.96 43.2\4 492 -
*sig. .05 ' Group I (2 year study) N=28

**sig,

a
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, TABLE 5
’ Change in Teacher Self-Edaluation Through Two and Three Trials (ASIST)
( one- goup—two/ three-trials analysxs of variance)
T ASIST*
Subscale " Trial 1 _Tral2 - Trial 3 Trial 1-2. Trial 1-2-3
Range 0—4 Group Group Mean Group Méan Group Mean  F Ratio *F Ratio
i A. I 1.8931 3.6472 26.420°°*
I 22048 ,_ 2.5938 7 12.083%° _
: I 18498 25715 25346 14.648°°°
' B I 28098 .  3.0811 2.386 o~ .
. IL 29888 32010 . 4234°
- 27692 29900 25346 . 5.783°*
. Cr I 2.1781 127144 8.486° -
R I 2.5514 2.8834 10.287°¢
I 20377 2.6935 '+ 29031 . 7.354°°*
D. I 2.5662 3.0753 12.557°*
1I 2.9341 3.1114 2.420
o 25312 3.0442 2.9504 7.657°°
'E. -1 . 1.9459 2.8312 5.082*
I 2.1655 2.3934 . 2.359 .
‘ I 1.9796 2.3115 2.2254 2.227
' F. I 1.5809 2.8312 10.577°*
3 1.7669 . 2.3500 i 15.870%** ~ t
’ I 1.4785 - 2.0823 3.5973 6.128°° -
G. I 1.2572 2.1708 ¢ 17.786°°*
_ i 1.9724 - 2.4076 L. 4.945°
; mr 13281 - 21319 21215 : g.411°°*
Total .1 20250 2.6118 16.978°°
I 2,3817-. . 2.7000 15.876°*° -
I 1.9738 2.5758 2.5358 8.977°¢*
-+ THE PROFESSIONAL SCIENCE TEACHER: ¢ sig. .05 .
A. is well educated in science and the liberal °* sig. 01
“B. poses a functional phxlosophy of educahon and the *e0sig. .001
technical skills of teaching, .
C. continues to grow in knowledge and skill during his Group 1 (SI'71)
: . career. . N=32
D. ;r(:svat(s)r;n a sound’ educatxonal environment in whxch Group I (SI *72)
" E. maintains his professional status. - ’ Group HI;I 722 "1 -
F. confributes to the xmprovement of scxence teaching. . T
' G. takes a vital mterest in the quahty of future science *2 year study)
teachers. .

"

N=26 °*
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Changes in Level of Teacher Concern Through Three and Four Trials ( TCS)

R (one-group-three/four-trials analysis of variance) wt,
TCS - ’ » by Trials
Measure Trial 1 Trial¢ - Trial 3 Trial 4 F Ratio
Range 0-.Group Group'Mean Group Mean Group Meant Group Mean  Groups
Mean I 472937 ° 4.6911. 48344 . 4.215°
“ LI 4.5310 4.5828 3.9655 _or T 2931
1t 4.3538 4.7923 47308 4 3.8428 4.750°°
Mode - I ' 4.4063 4.9357 5.0938 - , 6.636°*
11 “4.5517 4.8552 4.0000 . o 2.873
\ I 4.4231 5.0000” 5.0000 3.9231 6.027°°
Most I 44328 . 46874 4.8790 T 4188
I 4.6207 48276 © 41379 2.605
11 4.3077 46923 47300 4.0385 2214
*sig. .05 ' . GroupI  (SI™1) N=32 *
*%ig. .01 . - Group II {SI ’72) __N=30
S Group III (SI71- ~ = N=26
B . 2 year study) )
CONCLUSIONS - . S -

+ The findings indicate that there ws, only partial positive group effect on the
attitudes of Group II participants’ students-toward the world of science. Group
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 changes, found in
this study were not as great as thosé¢ found by Butts and Raun (1969), Ost
(1971), or Yager (1968) who reported on institutes specially structured to
achieve attitude change. Both institutes in this study were designed to improve
teacher content competencies as a meaps of increasing teaching effectiveness with
no special attention given to the affective domain. _ .
There was an apparent negative effect on participant attitudes immediately
. “following 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 the 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 had had the opportunity to employ
the competencies, skills, and techniques acquired during the ifstitute. 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 attitydes. ~ « ) .
The professional self-perception of all participants was markedly improved.
The teachers’ evalyation 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, ' . T
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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 fafled to show maturation due primarily !
_ to the inclusion of an increasing number of O level concerns dealing with job \\ |
security for the 1973 teaching year, a time when the number of surplus teachers |

_ . was increasing. | . g . |
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 jnclusion in this study and the degree of confidence i
established with the stude!Jt{l 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-existing h_i5h positive attitudes and concerns that would |

- be difficylt to in¢ inglly, ¥he early 1970s were a time of foment-and un- |
certainty in theworld ticafion for both students ‘and tea¢hers that would ‘
surely be reflected in their attitudes. * ‘
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
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Inservice education is commonly used to improve science teaching and in-
crease teacher effectiveness. Yet, rarely is the seacher-student interaction a part of

either the inservice program or the evaluation of its effects (Fischler and Anas-

tasiow, 1963). Little has been done to measure the effectiveness of such prograﬁs
as they relate to teacher classroom behavior change.

Studies reported by Veldman and Peck (1983), Ryans (1964) Kochendorfer
(1967), Ost (1971) and others express gigreement that students are the most re-
liable, valuable raters-of their teacher’s cldssroom behavior. '

Frequently institutes include special methods courses in their offerings to fa-
cilitate the alteration of teacher classroom behavior toward more desired and
appropriate behaviors. The National Scier Foundation (NSF) spbnsored
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 which employ the use of the desired new. w. 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 Texas at Austin has offered NSF sponsored teacher retrain-
ing institutes every summer since 1957. These Summer-Institutes (SI) are “uni-
tary” in that they are designed to up-date pnmanly the content competencies of
partxcxpants The institutes originally offered science content courses for senior
high school teachers, but have recently concentrated on teachers in middle
schools, . . \

¢

THE STUDY ., . , ‘ i

¢

"The subjects for this study attended one of two insetvice institutes offered in

pril before institute involvement and again the following April after partici-

.. [\xhe summer of 1971 and 1972. Teacher classroom behavior was determined in

" va

vy

pants had been back in their classrooms working with students for eight months.
research design is identified by Campbell and Stanley (1970) as One-Group-
Preteyt-Posttest.

There were 48 participants in the SI rogram of 1971 and 40 in the 1972 pro-
gram, ‘data from both groups were combined in this study. At the close of the
study, 26 of 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 £or science, classes,
two were not- avallable due to health reasons, and four did not respond. ‘I‘hls Ieft
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a population of 62 from which three groups were taken. Of the teachers used, 18
taught earth science, 15 physical science, and 15 taught biological or life science.
Each faught in his area before and after the institute and was enrolled in the
corresponding institute content course. The remaining participants failed to meet
these eriteria. ..

THE INSTRUMENT S o,

Chegklist (SCAC) which is & modified form of Kockendorfer's (1967) Biology
Glassroom Activity Checklist. It is composed of 53 stajements descriptive of ac-
tivities in science classrooms. The statements are grouped into seven categories
according to activity: Role of the Teacher, Class Participation, Use of Curriculum
Materials, Tests, .Pre-laboratory, Laboratory, and Post-laf)oratory. This instru-

Teacher classroom behavior was determined by %Sc:ence Classroom Activity

- 29.

L

»

" ment yields seven subscale scores plus the total score. The students reéspond to

it in a TRUE/FALSE manner depending on whether the activity described
occurs frequently in their classrooms or not. Twenty-six items were determined
desirable by a panel of judges whose ratings had an intrdclass correlation co-
efficient of .96. 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.
“Ihese SCAC scores were then compared, pre-treatment to post-treatment, by
analysis of variance to determine 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 4brough laboratory experiences. The instructor had been on the project
writing team and was familiar with nﬁdeliﬁg the student-oriented, laboratory-
centered teaching approach used. g
The Earth Science course was based on Earth Science Curriculum Project’s
Investigating the Earth. The instructor was a part of the writing team for 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 covered a wider range
* of topics. The Biological Science Curriculum Study’s Laboratory Block: Plant
Growth and Development was used for the laboratory section during both years.
Due to differences in content and methodology of the three institute courses,
there were two groups. (Earth Science and Phiysical Science) in which student-
oriented modeling techniques were used and one group (Biological Science) in
which the lecture technique coupled with a laboratory s%ction was used primarily.

oo
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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; and retested in the same area. Results of the one-group-two-
trials analysis of variancéare given in Table 1. -, )

This analysis suggests tha teachers'who had been working in a content
area came to an inservice institgte 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 by their students based on data for the entire group. However, the
purpase 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.
N - - #
, coe * TABLE1
Change in Teacher Classroom Behavior for Total Group Through Two Tria. (: .
< ' (one-group-two-trials analysis of variance) * .. o= 7
R , ~ N ’ R
. . ' GI:OUPS < -t T
SCAC , _ . Triall , Trial' by .
Subscale - - ., Range Group MeanGroup Mean  F Ratio Probability
A. Role of the - , 0-8 45510° 47971 5.473 .0223°
Teacher _ k : 2
- ' B. Class ) 0-8 4.3452 4.6275 8.719 . 0031°*
Participation X v - o
C.  Use of Curriculum 0-7 3.4990 3.8455 4.050 0472°
Materials * P ‘ .
Do Tests - 08 29169 3.1203 4.156 .0445° )
JE. Prelaboratory 08 42711 45480 6.998 **  .0100°°
F. Laboritory ' 0-0 46827 50578 8507 0135 - -
© . . ’ ' .
G. Post o 0-7. 3.6728 4.0944 16.001 0004°°* *
, Laboratory .
K3 . Total Score 0-53 27.9181 208880  22.385  .0001°**
" *= .05 level of significance o - N=48
" **= .01 level of significance ' ' i o
- ***=" .001 level of significance . -
. To examine the change in teacher behavior in each of the three content areas .

the data were examined by three-groups-two-trials analysis of variance. Results,
of this further analysis (Table 2) indicate that after the institute the following
- changes were found: S '

~
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Earth science teachers spent less time having students write study ques-
tions and memecrize 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-
patlon, p = .0175).

Earth science teachers used the text l&cs as a source of facts and defini-"
tions 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 (Subscale C, Use of Curriculum Materials, p = :0127).

Earth science teachers placed less stress on notebooks graded primarily
for neatness as the main product of the laboratory exercise; instead they
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). - .

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

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

Physxcal science teachers spent more time discﬁssing laboratory prob-
lems and the means of investigating them with an open mind, instead of
explaining step-by-step what the students wege to do in the laboratory
and what they were to find in the exercises (Subscile E, Pre-laboratory
p = .0210). '

Physmal 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 quest:ons to interpret the text matenal ( Subscale F, Labofta-
tory p = .0384).

Physical soience 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). ‘ :

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

Biological science teachers did not exhibit any significant changes ih

.their teacher classroom behaviors before and after the institute.

-

-
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CONCLUSIONS - . )

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 techmiques
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-ogiented ateyials and 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 qwn classrooms. - A

- .
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INTRODUCTION Pl

Sund and Trowbridge (1967) state that from ignorance of the limitations and
" uncertainties inherent in scientific concepts, students are led to expect behavior
\ubich does not occur. They further state that this is turn breeds cynicism about _

scienice and its value, a cynicism summed up by a total alienation of the idea of
theory and practice, science and common senge. 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 sciénce
is not static, as is implied by such terms as “systematic” and “organized knowl-
edge”; rather, it is very dynamic and is changing and continally developing.
Science operdtes on a basis of probability, not certainty; yet many teachers ap-
proach science as a fixed body of knowledge of ahsplute 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 typ'% 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 not
scientists. ’ , > .

Fischer (1971) states that the authority of science is thé 'sénges 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 sendes; the object or phenomenon being‘observed is also acted upon o
and may be changed. .

This implies that views of the universe change as,the observer changes. With
this in mind, the Views of Science instrument was developed to accomplish the
task of determining the students’ views of the tentativeness of their universe.

.

-

DEVELOPMENT OF THE INSTRUMENT »

The initial step in the development of the instrument was the determination of

a method to select statements which imply science is either tentafive or absolute.

In order that the statements reflect either the tentativeness of science ar falsely

reflect in absolute termis 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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dealt with the nature of science, it was considered necessary that people recog-

' nized in a field of specialization and with an expressed interest in the nature of
science make up the panel of judges. Cooley (1970) states that instruments should
be given to judges who have established a reputation in a special field as ascer-
tained by their publications and by recommendations of people workmg in that _
field. He also states that the judges should have expressed interest in the nature
of science as evidenced by pubheatmns, 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 tésults 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 individu#s are both rehable agd valid, within
their frame of reference.

In the development of the Views of Sczence instrument, six judges, experts in
their fields of specialization, were used in' the first pool of statements and four of
‘the ]udga 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
stience 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, anq .
one professor of the history of sciénce. Two of the. professors of science edu-

~ 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 mdlcate by markmg U in column #1 lf you are uncertain about the
statement.

Please indicate by marking “A” in.column #2 if you agree that the statemept
correctly implies or indicates that science is tentative in nature.

Please indicate by marking “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 scxence

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 majdrity
of votes; consequently, another pool of statements from the same sqgurces as the

.. first pool was constructed. The second pool was made up of forty-five statements
and judged for content validity by four of the judges.
" Items which received at least three votes for either tentativeness or absolute- «

S - X

»
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ness, with the remaining vote being uncertain, were selected for cons:deratmn
for the final 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 absclute in nature. Two statements selected were dis-
carded by the investigator because of difficulty in wording, leavmg a total of
forty items in the final instrument. - (

VALIDITY b

Construct validity 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. Accordmg to Anastasi (1954), valida-
tion by the method of contrasted groups 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 :
Créup #1=TA #2=SST ,  #3=PS. 303 #4=PS. dth
. . ) grade
X 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 Watson-Glaser Criticgl Thinking Appraisal (WGCTA), and
the Science Classroom Acthty Checklist (SCAC) are reported in Table 3.
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- . TABLE2
" - Multiple Group Analysis of Variance\(T-TEST) for The .
3 Mean Scores of the Four Test Groups .
) Group N Mean Score \ r p
; 1 8 164.50 1.76 .05
2 26 156.05 , ‘
1 8 164.50 2.94 .01
3 . 42 150.57
vl .Y 8 - 164.50- . 535 - .01 * :
Ay 33 139.24 ‘ ,
2 Y 28 156.07 1.83 .05 :
3 . 42 150.57
2 . 26 156.07 5.83 -0l
4 33, - 130.24 ’
3 42 150.57 391 01
4 33 139.24 :
. ¢ TABLE 3

- Concurrent Validity for Views of Science

Factor - Means r P
] - Vs 132.89 - i -
WGCTA 56,51 7559 .01 .

SCAC 56.55 .4386 .05

7

-

The fact that correlation coefficients for WGCTA and SCAC are greater than

1 (.05 level of mgmﬁcance) gives gvidence of the substantial relationship

exlstmg 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 mtemal con- .
sistency was computed. J

The reliability coefficient was computed for each group. Anastasi (1954) states
that each reliability coefficient should be accompanied by a description of the
type of group on which it was determined because the reported reliability co-
efficient is apphcable only to samples sTmilar to that on which it was found Usmg v

.
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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 Physmal Science 303,304: 4- .82
Group 2: Secondary Science Teachers: -4- .75

Group 3: College Physical‘Science Students: 4- .81

Group 4: Ninth-Grade Physical Science Students: +1

Y  POTENTIAL USE"

Many curriculum projects emphasize that teacher practices and student critical
thinking skills are important to theif successful use. Research supports that teacher
prachces and student critical thinking skills and attitudes are related to the stu-
dents” views of the tentitiveness 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 practlces are ac-
comphshmg this ob]ecbve :
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 absolate 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-[SAJA JU [ D]sSD !

side ourselves, for al__} 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

measu ‘>ment process, even with the very best equipment. -

5. Atoms are thought to exist, bt this has not been observed

directly.

6. Science has gradually discovered that its naturr, standing by | -

its own strength; was an assumption rather thar. an established N

fact. '

7. When the same expenmer'\t is performed any number of times,

under ex: .y the same circumistances, the result is necessarily aI- w

ways the same. :

»
'
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8. In practice, the scientist follows 2 rigid step-by-step procedure

in solving problems to insure accurate results.

9., Anything observable-can be measured exactly. o

10. We cannot experience the whole of nature; consequently, we
, can never hope to understand it completely.

J1. In sending Apollo 11 and Apolio 12 to the moon, many as-

sumptions were made because they are 2ssential in scientific think-

ing. o i : ’

12. Since scientific fmowledge is changing all the time, scientific

ideas are subject to being revised or thrown away.

13. Scientists do not know if the-mass-remnins the same during
chemical reactions, but they do know if any change oceurs it must
be small. 2

14. Scientific knowledge is constantly subject to revision.

15. “There is no reason why we cannot obtain knowledge and

. have it change with the passage of time.

18. Scientists using the very best instruments can measure things
exact]y R

17. Science is the true and certain way to solve problems of na-
ture and of man.

18. When two people observe a chair, the sensations which this
" produces will never be quxte identical to both people.

19. Most laws &f nature have been discovered.

20. We cag never say that any theory is final or corresponds to
absolute truth because, at any ‘moment, new facts may be discov-
ered and compel ys 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.

- 28— Noi“‘/o‘men_eve;,obse_rve the same rainbow in the same way.

23., It has been proven that there is no gain or loss of mass in
any chemical reaction.

24. Scientific laws can be proven to be true.

25. Scientists will never be able to discover the exact position
and exact speed of motion of every particle in the universe.

26. Our knowledge of nature can be visualized, little by little, in
a mumber of different pictures, although no single picture enables
us to visualize the whole of nature at ori’oe _—

27. The scientist is content-with a smgle exact observatxon

28. In science, most evidence.is arrived ;.\f' or denved from some.
particular set of experimental data and {hcn extended 0 an all-
embracing law., -——

29. The dgvelopment of new scientific instruments, as the elec-
tron microscope, made exact measurements possible.

30. Scientific laws are not provable in a classroom or m a well-
equipped laboratory

IS P
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31. In laboratory experiments, it is unposmble to record a]l p0551-—— -

ble observations. L
32. The picture or model provides a representatlon, not of ob-

jective nature, but only of qur knowledge of nature.

33. Observations are often very difficult to explam in, terms of ’ .
scientific laws.

34, We can know nothing of the world outside outselves for cer- ’ » .,

35. The scientist no longer sees nature as SOmethmg entirely dis- SA ‘A U D SD
tinct from himself.  ~

36. A measurement depends on the object being measured the

measuring msEmment and the observer. . . -

37. With the exceptlon of counting a small number of ob]ects .
there, is always uncertainty and/or error in measurement. * 3
. 38. When an experiment is repeated several times under identi- o ) M
cal conditions, several different results may be obtained.

39. Scientists do not expect 2 model to be permanently success-
ful. . . o
40. The notion that scientific knowledge is certain is an illusion.
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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, and the teacher is becorhing more of a director of research than a dis-
penser of knowledge (Sund and Trowbridge, 1967). )

All too often, school science has been characterized by an over-emphasis on.
content (Fields and Cropley, 1969), while the use of information for adaptive
‘purpuses 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). Gagné (1963)
states that knowledge of principles is a prerequisite to the successful practice of
the techniques of inquiry, plus incisive knowledge—discriminating 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 a$ a part of science education is an area requiring increasing -
research. '

“THE PROBLEM

This study was designed to permit the author to investigate the 1;elationships'
between teacher attitudes toward inquiry teaching strategy, the degree of inquiry
orientation in science classroom activity, students’ critical thinking skills, attitudes
toward the science curriculum (science class, science laboratory, science teacher,
school ), and views of the tentativeness of science. ‘

The general hypotheses developed and investigated were:

Hypothesis 1: 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 sample used in the research problem consisted of ninth grade physxcal
science teachers and one representative classroom for each teacher from a wide
geographxcal area of the State of Texas. The fol]owmg procedure was used in

g teachers and students for participation in the research: a list of names

d ad esses of members_of the Texas Science Supervisors Association was ob-
tamed and each supervisor on the list was asked to identify teachers willing to -

‘ part:lc1pate in the study, if the scheol district was willing to ‘allow the study. Addi-

* tional letters were sent to science department chairmen or secondary superv1sors

in school districts without science supervisors. Thirty physical science teachers
and a total of 671 ninth-grade physmal 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 operatlons 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 instruments—Watson-Glaser Critical Thinking Appraisal, Osgood's Semantic
Differential, Science Classroom Activity Checklist, and the Views of Science weze
used to gather students’ critical thinking skills, attitudes toward the science cur-
riculum, students’ perceptions of teacher classroom practices and v1ews of the
tentativeness of science, respectively. T

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 monograph (Hillis, 1975).

RESULTS: . .

The purpose of thls study was nét 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
teachmg strategies and the degree to which the science classroom activities are
_inquiry oriented. Two questions were generated from this,problem and will now

be discussed. .

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

In discussing this question, the following null hypotheses were tested:

Hypothesi.r 1.I: 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’, attitudes toward in-
Q N : B ' " v (
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qmry teachmg strategles and their students’ perdeptions of the degree of i mqmry
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 relatlhrfshlp Between teachers’ attitudes toward in-
quiry teaching strategies and their students’ attltudes toward the science labora- *
tory. . -

Hypothesis 1.5: There is no relationship between teachers’ attitudes toward in-
quiry teaching strategies and their students’ attitudes toward the science teacher.
Hypotheszs 1.8: There is no relationship between teachers’ attxtudes toward*in-"
quiry ‘Feaching strategles and their students’ attjtudes toward the school.
Hypothesis 1.7: "There is no relationship between teachers’ attitudes toward in-
quify teaching strategies and their students’ views of the tentativeness of science.

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

To test Hypotheses 11 through 1.7, the teachers’ scores on the ISTS instrument
(Lazarowitz, 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 Hypothesm 1.2, the SCAC class mean scores were used.as
the second variable. For Hypothesés. 1.3 through 1.6, the students’ class mean
scores 6n attitudes tow#rd the science class, sgience laboratory, science teacher,
and school were used as the second variable. Tp test Hypothesis 1.7, the stugents’

“class mean scores from the Views of Sciencé oonstlt'uted the secor@,vanable A
summary of the results for the above hypotheses may be found in Table 1. In

reading the tables with respect to the attitude objects, the dimensions of the
Semantic Differential Have been abbreviated in the following mannér: Ev.-.:
evaluatlve factor; Po. — potency factor; and, Act. — activity factor. . °

] * The correlations for all hy|pothe§es ex null Hypothesis 1.8 are not signifi-

cant; therefore, lthey are not rejected. The power dimension of the students’

.attitude towdrd the school is srgmﬁcant at the .01 level. The figures in Table 1

indicate that the more favorable Lhi/teachers attitude toward inquiry teaching
strategies the Tess power'ful that teacher’s students view the school to be.

Question 2: Is there a relationship between the degree to which the science

Cay

classroom activities are inquiry oriefted and students’ critical thinking skills; atti-

tudes toward the science curriculim, and views' of the tentatlveness of science?
To answer this question, the following null hypotheses were tested: |
Hypothege*2.1: There is no relationship between the degree of inquiry oriepta-
tion in Science classroom ‘activities and students’ gritieal thinking skills. ey
The results shéwn in Table 9 indicate there is a positive correlation between .
'the degree to which the science classroom act1v1t1es are inquiry oriented and _
students’ critical thinking skills; however, more detailed analysis (Tables 3 and-:
4) indicate this correlation is positive for Anglo boys, Anglo girls, and non-Anglo
girls. HyPothesis 21is therefore accepted for the non-Ang,lo boys.

L
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- : TABLE1 . - &

Summary of Correlations Between Teacher's Attitude Toward Ip-
quiry Teaching Strategies and Students’ Critical Thinking
“Skills, Attitudes, and Views of Science

‘
P4
]

FACTOR MEANS -t p ‘ ~A
., First Variable - p ' '
- ISTS . 149.83
% 7 Second Variables '
. ' SCAC ' 56.55 ¢ . .2493 ns
? ' WGCTA _ 58.51 0124 IS . -
- VS . 132.89° 2127 . ns
; Science Class - s . . .
’ ' Ev. - 1854 —.0125 . ns ,
‘ Po. 17.62 . 0868 ‘ns )
Act. 17.39 —0713 . . bs ‘
‘ -Science Laboratory . i
Ev. ©20.09° —.0815 " ns
Po. 17.41 -—.0864 ns
“ Act. ¥ 0273 ns
. Teacher . ’ . T
* Ew. 20.32 ’ 1302 ns !
Po. 16.83 —.2387 ns ‘
Act. . 18.08 1041 ns :
School i ’ oo t
: Ev. © 1871 —3341 .. ’ns‘ ;!
; Po. -19.78 —5673 - o o
' Act. . 1825 —.3353 ns. . .
Levels of Significance < 05 .361
- .01 .463

14 ’
IS

Hypothesis 2.2: There is no xelationship between the degree of inquiry orienta-

. tion in science classroom activities and students’ attitudes toward the science,
clgss. - " .
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 ipquiry 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 nall 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 dggree to which the science class is inquiry
orientetl. The potency factor of null Hypothesis 2.2 is therefore accepted. A more

detailed analysis (Tables 3 and 4) indicates that this correlation is s_igniﬁcantly

-
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N ) TABLE 2 T .
Summary of Correlations Between Science Classroom Activity and )
Students’ Critical Thinking Skills, Attitudes, and Views of
Science
FACTOR MEANS r ) P
First Variable .. - -
SCAC 56.55 . -
Second Variables |
WGCTA 58.51 .3847 .05
VS -132:89 4386 , 05 - ;
Science Class , ™ ' J
Ev. 18.54 .3087 .05 |
Po. 17.62 —.0074 ;s |
Act. 17.39 2549 ns |
*  Science Laboratory (! ’
Ev. 20.09 .3520 . ns .
Po. 1741 1242 ns . . ’
* Act. 18.74 .1602 ns -
Teacher .
. Ev. © 20.32 - 4941 .01
Po. 16.83 .0188 ns .
Act. ° 18.08 * .3253 \ns
School , . . )
Ev. 18.71 . -.3753 .05
Po. 19.78 -.3561
Act. 18.25 ~-.1182 ns
Levels of Significance .05 361 . -
01 483 g

" -

« 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 studepts’ attitudes toward the science
laboratory.

Table 2 shows no sxgmﬁcant correlations between the degree of inquiry orien-
tation in teachers” behaviors in science classrooms and students’ attitudes toward
the science laboratory in éither the evaluative, potency, or achwty factors when
,class means were used as measuring units. Null Hypothesis 2.3 is therefore ac-
cepted However, a more detailed analysis (Tables 3 and4) indicates this correla-
tion 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
accepted for non-Anglo boys. Table 3 also indicates this correlation is sxgmﬁcant
ly positive for the activity factor for Anglo boys. The activity factor of null
Hypothesis 2.3 is therefore only aocepted for Anglo girls, non-Anglo boys,. and
non-Anglo guls
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L  TABLE3

" Correlations Between the Degree of Inquiry Orientation in
Science Classroom Activities and Critical Thinking Skills,
Attitudes Toward the Science Curriculum, and Views of the

Tentativéness of Science for Anglo Students by Sex , p
ANGLO BOYS ANGLO GIRLS -
. FACTOR ~  MEAN r P MEAN - T D -
- SCAC 55.47 - 5856
WGCTA 5857 1718 01 58.06 1502 .01 -
. ..VS 132.78 3069 .01 13453 L1135 05
Science Class . . ) o : -
Ev. *© - 18.44 2568 .01 . 1844 1634 . 01
Po. 1780 0181 _ ns 1797 0023, s
Act. 1743 2010 01 17.30 0411 ns
Science Laboratory y o '
Ev.f - 2002 . .2389 .01 2017 - .1284 .05
o Po. 1757 0742  ns 17.32 0441 ns
. Act. . 19.00 1674 01 - 1876 .0124° ns
" Teacher . - ’ . : .
Ev. 19.27 2576 - .01 21.60 * 2203 .01
Po. 16.63 1269 .05 ‘1675  —.0930 ns |
. Act. 17.85 2448 ~ 01 1885 1092 ms g
School .
Ev. : 17.54 0455  ns 1990  —0960 . ns
Po. 1958  ~.077 ns 1996  —0850  ns
Act. 1749 0168  nms. 1904  —0080 . ,ns. |
N=282 BOYS . . 'N=299 GIRLS ’
Levels of‘:gigniﬁcance : ’ C o '
.05 120 : 113
01 180 . . . .48

L4

Hypothesis 24: There is rig 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 8 and 4 indicate the correlation is only
significant for Anglo boys, Anglo girls, and non-Anglo girls. The evaluative factor
of null Hypothesis 2.4 is therefore accepted for non-Anglo boys but rejected for
S Anglo boys, Anglo girls, and pon-Anglo girls.
_ There is no significant corrélation (Tables 2, 3, and 4) hetween the potency
factor of students’ attitudes toward the teacher and the degree of inquiry orienta-
tion in science.classroom activities. . . B
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: " TABLE 4 .
Correlations Between the Degree of Inquiry Orientation in” t’“
Science Classroom Activities and Critical Thinking Skills,
Attitudes Toward the Science Curriculum, and Views of the
Tentativehess of Science for Non-Anglo Students -
S . By Sex |
. NON-ANGLO BOYS NON-ANGLO GIRLS
FACTOR MEAN r p - MEAN r . p
SCAC 5512 . 56.40 -
WGCTA 50.79 ..0825 ©  ns 54.23 ~.3667 .05
VS ) 129.74 1224 ns 131.38 .0953 ns
Science Class. - ) ’ .
Ev. © 2074 - 3125 05, 19.02- - 4272 .05
Po. 17.79, ~.0140 ns 168.04 1518 ns -
Act. 18.05 © 1301 ns 18.19 3104 01
Science Laboratory . -~ T ) s
Ev. 2263 - .2982 .ns 2051 - 4076 01
. Po.. 19.07 1189 ns 17.28 —.0480  ns
Act. [18.63 1377 ns, 1909 2365  ns
Teacher " . ‘ ’
Ev. 20.14 2436 . ns 21,38 - 4515 .01
Po, 17.67 2185, ns 18.13 —.0110 ns
Act. ~- 17,14 , 2200  ns 18.13 .:4751 .01
School : L ’
Ev. 19.70, 1111 ns 18.58. 2287 ns .~ .
Po. . 19.88 —.1880 - s 1928 ° —.0220 - ns
Act. 18.88 —.0230 ns 1758 -~ - 1076  _ns
) N=43 Boys .. N=47Gids
Levels of significance -7 . ‘ - .
.05 304 288
01 393 ‘ S A

A ,Table 2 does not indicate a significant correlation between the degree of in-

quiry orientation in science classroom activities and the actiyity 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-Anglo boys. ‘

Hypothesis 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’ class mean scores are used is measiring

units there is a significantly negafive correlation between the degree to which the

science classroom teacher’s behaviors are inquiry orfented and how highly’stu-

4..
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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. T .
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 asa 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. : ' R
As shown in the discussion of .Question 2, when students scores were used as
mgasuring units, coirrelatiqn coeficients were computed for groups diiferent;’ated
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 torrelations to exist, at
- least for that group between the two variables under consideration. * ,
To further revéal differences in critical thinking skills, attitudes toward the .
science curriculum, and views of the tentativeness of science, a2 X 2 analysis
of variance was computed. Through the analysis unweighted means of the four
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 girls,
Group 3, N= 43 Non-Anglo boys ,
Group 4, N= 47 Non-Anglo girls
The gengfal hypothesis tested was: ‘
There is no diffgrence between Anglo and non-Anglo students’ or between
boys and girls in critical thinking skills, attitudes toward the science cur-
riculum, and views of the tentativeness. of science.

Analysis of data reveals that Anglo students have higher critical thinking skills,
feel the science cldss is a more powerful force, and view science as mdre tentative
than do non-Anglo.students. Non-Anglo students seem to more highly value the
science class and the ‘scierice laboratory and view the science teacher as a more
powerful person than do Anglo students. - -

The results of this study show that girls have higher citical thinking'skills and
more highly value the science teacher than do boys. e

Non-Anglo girls seem to feel the science class is & less powerful influence than
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do Anglo boys, Anglo girls, and non-Anglo boys. Angld girls ahd non-Anglo boys

appear to value the school more highly and view it as more ackive than do Anglo |

boys and non-Anglo girls. - o : |
‘ |

~  €QNCLUSIONS -

The analysis of data indicates no significant relationship between a teacher’s |
attitude toward inquiry teaching strategies and a teacher’s actual teaching prae- |
tices in the science classroom. An examination of students’ perceptions of teacher |
practices compared with the teachers’ attitudes toward inquiry teaching strategies, 1‘
reveals that a teacher’s score on the ISTS instrument is a poor indicator of the ‘
teaching strategie§ the teacher will actually yse 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 varidble 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 powerful in naturé than do students whose teachers
. have 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 ltave 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 degreeﬂof'. 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. Thi§ 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 rélated to a student’s

. -critical thinking skills, attitudes, and views of scieh'ce. Anglo students havé

" higher critical thinkifig skills, yalue the science class and science laboratory less
highly, view the science class as being more powerful and the teacher as Tess
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.

A
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is a less powerful influence than do Anglo boys, Anglo girls, or non-Anglo boys. p:
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 EFFECT OF AN INDUCTIVE LABORATORY-CENTERED
APPROACH ON THE ATTITUDES OF NINTH:GRADE PHYSICAL
~ SCIENCE STUDENTS .

- " . ° EARL J. MONTAGUE Y-

SCIENCE EDUCATION CENTER

THE UNIVERSITY OF TEXAS AT AUSTIN ‘
AUSTIN, TEXAS -

INTRODUCTION

The Texas Education Agency Physical Science Resource Guzde (1971) was
developed as a joint effort involving scientists, science educators, science teachers,
and the Texas Education Agency. It is desxgned for use in ninth-grade physwal
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:

tivating 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 phengmena. 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 name along side of their
data. Through the use of class data the same experiment hds been repllcated
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 inférence can be made from the data.

The pattem followed then, is one of starting with a laboratory expenence in-
volving the phenomena to be studied, and then drawing an ihferencé from class
data. In turn, this inference may Be combined with precedmg laboratory. findings
in order to derive a description of a more generalized behavior. If appropriate,
the generalization may be named and theoretical constructs then developed:

This pattern of teaching has séveral advantages over the usual approach: The
process of collecting data in the laboratory keeps students actively involved and
stimulatéd. 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 gmotional involvement, but also jndicates to all students that what each
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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 otily 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 different
than thps¢ commonly used. For lower ability students the primary criteria for
grading¥may be attendance, student willingness to do the activities in the labor-
atory agH] keep a notebook, and student participation in discussion. The use of
these cn ena allows science teachers to prov1de a situation in which all students
at least have the opportunity for success. This is not to say that all students will
achieve spiccess, but the opportunity for success exists. Once students realize this,
it is hop d the vast majority would, undergo a change in attitude and motivation.

The deyelopers of the Physical Science Resource Guide assumed that if a
student, on the completion of a science course, leaves the course hating science,
he would pe better off never to have had the course. It was also assumed that
students will leam more if they feel an experience involves something important
and worthwhile. The improvement of student attitudes toward science instruction
is therefore{one of the primary goals of the Physical Science Resource Guide.

THE STU n

A study wds conducted to determine what effect the use o# the activities in n the
guide wauld Rave on the attitudes of students after they had been exposed to this
material for an} entire school year.

Ten teachery who had been usmg the ‘guide for the entires school year were
chosen at randam. Ten teachers who were teaching’ hysxcal science but not using
the guide also were chosen at random from aLpu tion of teachers who agreed
to cooperate in the study. One clayg for each teacher y c_l;gggt trandom, and a
modified Osgood Semantic Differential (1967) wds given to the % Students in each
of these classes during late spring. The 243 students whose teachers used the

. guide were labelel] the expérimental group, and the 240 students whose teachers

d1d not-use the {de were labeled the control group

S @

RESULTS ' v : ‘

’

The evaluative fadtor of the Semantic Differential measures the basic attitudes
of students with regard to how good, pleasant, and valuable the students per-
ceived the situation. Yable 1 shows the results when the two groups were com-

 pared with respect to #his factor. The stiidgpts who had experienced the approach

presented within the g¥ide had more positive attitudes toward their science class-

" room, sciénce laborato y, science teacher, andschool than did the control group.

The fact that the dttitules of the two groups toward school were different indi-
cates the broad significahice of this approach.

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

The University'of Texas Publication -
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TABLE 1
. Egvaluative Factor
) Experimental Contrdl
Variable Group Means  Group Means F - Probability
Science Class 22.4033 18.9583 43.674. .0000
Science Laboratory 23.4280 - . 21.8125 14.515 0004
Science Teacher 23.7119 22.2458 7.596 .0062
School 19.6214 18,0167 5.991 , . 0141

percewe a, situation. The results presented in Table 2, indicate that the students
whose teachers had used the guide perceived their science class ang 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-to_the science teacher likely indicated
, thattthe two groups of.teachers were similar (in size and stature.

- TABLE2 5 .
- ' . Potengy Facton

- Experimental Control
Variable . Group Means ~  Group Means” F Probability
Science Class 18.7854 18.1708 12.532 ©.0008
“ Séience Laboratory 17.8045 . 17.9583 2825 , 0894
Science Teacher - 18.3374 18.4000 016 - 8934
School . 18.9095, . 2075000 + 12588 .0007
o _ ] J ]
TABLE 3 T
Activity Factor
; ~ Experimental Control .
"Variable Group Means  Group Means F «  Probability
Science Class 118.7160 16.4042 24851 - .0000
Science Laboratory 19.6914 19.1333 . 1.620 2008
Science Teacher - 19.4568 . ~18.4792 4.170 .0391

School - 18.0858 17.7417 - 393 5382

The activity factor is a minor contributor to the overali attitude of a Student,

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 hkely indicates

that both students and teacher become more actively involved when a laboratory
approach is being used in the classroom.

' |
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CONCLUSIONS I S

The study just presented demonstrates that the use of a success-oriented, in-
ductive 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 quahty of education for all
students and not just those pursuing a career in science. Many of the current
problems with the negative feehngs students have toward science ¢an 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.

v P
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PIAGET-BASED SEQUENCES OF INSTRUCTION IN SCIENCE:
THE PENDULUM .

+ L)
JOEL B/BASS .3
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SAM HOUSTON STATE Umvr-:hsm g i
» HUNTSVILLE, TEXAS, : o ¢
; .

Mathematios is the basic instrument of science. It is the language smenhsts use
to organize and clarify the regularities they believe occur in nature. Because of its
nnportant 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 mvanably, 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 introductiop of relationships in
their quantitative form. He implies that students should have more time fo 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 betwéen factors. Piaget contends-that

“until the logical structure of the problem

has been grasped, nunierical considerations
remain meaningless and serve only to conceal
relationships invplved.” (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 empbhasis in 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 goa]s of the study were:

(a) to derive an ordered sequence of instructional objectives 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
(¢) To determine the effect of the Plaget-based materials #n ninth- -grade
physical science students’ achievement of the derived objectives.

-

THE PENDULUM PROBLEM

In their investigation of child thought on the pendulum Inhelder and Plaget
(1958) presented children with the problem of detf\rtmn‘r{ng how four different
variables affect the rate of oscillation of a pendulum.~The four variables were:
(1) the length of the pendulum string; (2) the height of the startmg point or’
angle of swirig; (3) the welght of the pendulum bob; and (4) the size.of the
initial push the child gave to the, swmgmg weight. Within certain limits, only
length has an effect on the rate of swmg , s

'
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“Inhelder and anget showed that a chﬂd progresses through a number of rather
well defined stages in the deyelopment of his understanding of the re]abonshxps
involved in the pendulum problem. A summary of their ﬁndmgs follows.

‘Stage 1 (Ages 67 years®) .o S

The Stage I child (preoperational) camnot ngevan objective accoynt, of the

problem of what variables efféct the pendulum s swing. His thotghts aré dominat- .,

ed by his physical actions.. He has difficulty separatmg ‘his own actions from ex-
ternal factors and constantly interferes With the free motion of the pendulum.
Stage II (Ages 8-10) -

The Stage II subject ( concrete operational) is able to order 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 disc3W the inverse rela-
tlonshlp between the length and the frequency. However, he does not yet know
how to isolate variables through Wontrolled experiments, and thus cox(\c]udes that
length is not the only relevant varidble. .

Piaget presents protocols as evidence that Stage II children still make a very
fundamental logical error. The children in experimenting varied both the welght_
and the length at the same time and observed a concomitant change in the
frequen,cy 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
thought. The subject at this substage is able to separate out factors as relevant
or irrelevant when he is given combinations in which one of the factors is varied
while the others remaiked constant. In thése cases he reasons correctly and does

* not make the ‘type of error described for the Stage-II subject. However, the Sub-

stage III-A subject does not yet know how to produce such combmat;ons on hlS

-own in any systemat:c way. - ) . BL'
© Substage 1II-B (Ages 14-15) ;

The Substage III-B subject is able to exclude both anie 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 holdmg the others constant. This is ‘made poss:ble, according
to Piaget, because the subjects have avax]able a comp]ex combmaton&lal system of
logic. ! .

The combinatorial system igvolves, in essence, the ablhty to logically interpret
data mvolvmg all possible combinations of experimentation with severdl variables.
Thus the subjects are able to vary length while holding weight and angle con-
stant, to vary angle while holding weight and length constgnt, and to vary weight
"while holding lefigth and angle constant, and the adolescent at this substage
can arrive at valid conclusions from his expenmentat:on

S

M

* The age ranges glven are approxxmatxons -drawn from the protocols reported by
* Inhekler and anget (1958)
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" DEVELOPMENT OF AN INSTRUCTIONAL o
*  SEQUENCE ON, THE PENDULUM .

An instructional sequen'ce Jbased on Inhelder and. Piaget’s analysis was devel-

oped for the pendulum problem. The Piaget-based instructional sequence con-

,sisted of a series of self-instructional problems that require the?xdents to experi-

, ment with a pendulum apparatus, to systemati¢ally exclude weight and angle as

factors affecting the period of oscillation, and to determing that the period of a

pendulum depends on its length. A more complete description may be found in
the original report of the study (Bass, 1968). .

* ., Piaget does not carry his analysis of child logic to the point where subjects

work with a mathematical equation tha arizes observed relationships. The

instructional sequence, However,* con;él/mio'.(llm:lrl section which attempted to lead

students to comprehend that the length (L) and period (T) data could be co-
ordinated:through the tion L/T? = constant. ).

The objectives fo Jinstructional sequence on the pendulum problem are
_-presented in Table I, ~ ' §
ST ' TABLE 1
S " Instructional Objectives Derived from Piaget’s Analysis of the
, Pendulum Problem :
Piaget’s Substage - . Derived Objective
11 ~y . 1. State and apply the rule that-a change
< ' " in the length of a pendulum results in a
v i change in the period.
1 . . 97 State and apply the rule that increasing
: the length of-a pendulum leads to an in-
_ . - * crease in the period. .
" 1I-A, HI-B 3. State and apply the rule that a change '
. . ! . in the pendulum weight does not affect
< I | the period of oscillation.
IIi-A, TI-B - , 4. State and apply the rule that a change

the period of a pendulum.

above III-B T . 5 Appl’ the equation to coordinate nu-
‘ : : / merical data on variation of the period
of a pendulum with its length.

™~

EVALUATION OF THE PENDULUM INSTRUCT TONAL MATERIAES

“The effects of the instructional sequence on the pendilum were exi)lored
through classroom trials with 133 ninth-grade physical science studenig. Most of

the students were either 14 or 15 years of age. The students were well above

avergge in intelligence (median IQ = 115), reading achievement (median =

%

~ LT BB o

Cws -~ .

in the angle of oscillation does not affect’
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' 82nd percentile), and anthmetlc achievement (median 73rd percentlle) Most of

the students gompleted the instructional sequence in their two or three fifty
minute class periods, *

Data on pupil achievement were collected 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
-sequenge objectives are’ presented in Table IL ’

.-' . » s
. . T =

; B , TABLE 11
Percent of Students Attaining Each Objective on the Pendulum Problem
; ‘ Pretests and Posttests
. Objective , oo : . s
. {See Table I) ' " . Substage * - Pretest Posttest
1 - I ‘ 87% v 89%
L7 2 11 . 74% . 75%
‘ /{ 3 e II-A, 1II-B . 10% .- 79% -
;o 4 . II-A, II-B, ’ , 8% - . 62%
5 II-B+ 5o 15% 20%

!

{ [

'A ma]or ga.m in the pupil achiévement came only with objectives 3 and 4, which
mvolved ekcluding the Welght and angle as factors affecting the period of oscilla-
tion. Most of the students knew before instruction that the length of the pendu-
um had an effect on its perjod (objective1§ and that an irfcrease in length would
ead to an increase in the period (objective 2). There was negligible gain after
thstruction in the achievement of these two objectives.
~ Only about 15% of the student€on the pretest and 20% on the posttest achjeved -
, objective 5. Despite the careful attention to sequencing and the time devofed to
quahtatwe reasoning, the Plaget -based instructional sequence on the pendu]um
“was not successful in leading the ninth grade students to understa,nd and use the
rule that the square of the period is proportional to the length of the pendulum
(objective 5). Intereshngly the errorfeous notidn that period and length were
dn'ectly proportional was m;lesgread on both the pretest. and the posttast.

.
2

CONCLUSIONS B

“The'sciencé teacher's expenence as well as Piaget’s ‘careful investigation of the
growth of child logic suggest thdt thete are qualitative adpects of problems in
physical science that are prerequisite to the comprehension of quantitative laws
and relationships. Piaget’s analyses are good séurces for drawing suggestions
about instruétion on the qualitative aspects. . _

Piaget has not investigated the growth of child logic to the poirit where mathe-
matical equatlons dre used to summarize relatlonshlps and solve problems in pre- -

’

‘o R M . -
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. dxctlon and control. It was at thxs pomt that the instructional materials of th15
study were unsuccessful. Furthef studies in the Piagetian vein are desirable to
find out how students move from an understandmg of relationships at a forma.l
operahonal Tevel to using equations to .express the relationships.

Even though the instructional sequence on the pendulum was carefully de-
sxgned 80% of the students in the 4y ot did not learn to apply the pendulum
equation. Wheh one considers that the sample of students were well above aver-
age academically, the difficulty that ninth, graders must have in leammg mathe-
matical relationships in science becpmes 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?
YVhat experiences at earlier grades will enhance readiness, to.do quantifative |
thinking? What are the characteristics of the small percentage of the students
who were successful with the quantitative redsoning? These are important ques-
tions for the curriculum developer and merit more detailed study.

2 . . Y ’ ~
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THE DEVELOPMENT OF AN INSTRUMENT TO MEASUBE
UNDERSTANDING OF RELATIONSHIPS BETWEEN -
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INTRODUCT ION

The Opmwn Intentory on Relatzonsths Betueen Scxence Technology, and
Society is an instrument desngned to measure student understanding of the role
of science and technology in society. The instrument is similar in format and con;
 tent ‘to the Test on the Social Aspects of Science (Korth, 1968) and is based upon
an abridged version of Korth’ “NModel of the Social Aspects of Science” (Korth,
1968).

Students are asked to respgnd to each of the statements by .indicating agreement,
" uncertainty, or disagreement. The instrument is scored on the basis of one pojnt
for each response which corresponds to the responsé derived from the abridged
version of the model. Four scores, a total score and one For each of the three. parts,
are obtained from the admmxstratlon of the opinion mventory

. DEVELOPMENT OF THE INSTRUMENT -
“Three general guidelines were followed in the construction and selection of
items to be included in the.opinion lhventory

: /
(1) The item had to pertain to one or more statements in the abndged
‘ version of Korth’s model. . -

(2) "The item could not pertam o any smgular 11'1"c1dent or to any parhéular .

branch ,of science;. -

The instrument consists of three parts and contains a total of forty-three items.”

P

(3) The item should be a statement. whlch is, general]y accepted as true or’

false:. - .

Thirty-hine items were generated fdr the prehmmary form of the mstrument J

" Twelve.of the items pertained to the interaction of science, technology, ,zlnd So-
ciety (Part I), eighteen to science asa social institution (Part J1}, and nine to
the social eonsequences of science and' _technology ( Pax:t III) These items were
submitted fo five judges who were asked to rate the 1tems *for reflection of, the

model and for clarity. In addition, each judge was asked to ihdicate agreement( ~

or disagreement with the expected response, to ‘each item. Ong of the items in-

Part I and two of the items in Part II were found to be unsatlsfactory and Wwere

discarded. The remaining thirty-six items were incorporated into the prehminary.

form of the opinion inventory.
In administering the instrument, four teachers in four dlfferent high’ schools
administered the instrument to the students in their chemistry classes. A total of

138 students in nine chemistry classes completed the instrument. An alpha co-
efficient, as a measure of internal consistency ( Veldman 1967), was determmed .

.

\
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for the total mstrument and for each of its three pam The coefficient for the
total instrument was .70, and Parts I, 1, and HI had coeﬂiments of .52, 48, and
35 respectively.

Ten additional items were then iwritten and the ]udges found them to be satis-

‘factory. These were added to the instryment while thres items which at least .

ninety-six percent of the students answered correctly were discarded, thus making
a total of forty-three statements in thé revised form of the instrument.

The revised instrument was administered to eighty-two high school chemistry
students and -the scoring procedure and the statistical analysis, whxc}; was em-

-

whxch are presented in Table 1 along with the means and standard deviations,
weére .78 for\the total mstrument and .73, 41 and .57 for Parts I, 11, and 11 re-

- ployed for gme first form of the instrument was repated The alpha coefficients,

- " TABLE 1

Results of the Administration of the Opinion Im,entpry on . .
*» Relgtionships Between Science,” Technology, and Sociely

L - "PartI'< ;o PatIl . Part IIf Total .
Number of R o "
Items ., - .15 . 20- - 8 43
Meari © . | 124 - 1046 .528° . 2698

"~ Standard ., ., N |
- "Deviation w 2.89° | 233 - 185 . 5.50
A]pha ‘ B B E 8- " N -
.Coefficient , 78 - —.41_ N 78

. Table 2 contams the resufts of the. xtem analysis for the admunstrahon of the

final form of the justrument. Table 2¢is followed by a copy of the instrument. The
i pomt-blsepal con-elahons for some jtems is rather low, mdxcatmg a need for

further revision. Certain limitations on the author prevented revision at this time.

" The insttument is presented, however, as a useful intermediate step for those who

may be mterested in deveIopmg sumlar mstruments )

- < TaBLE 2.

Results of the Administration 6! . Opinion Inuentory on .
. ‘Relatioriships | Between Science, Technoiogy, and Society

v S + With 82 High School Chemistry Students .
AT '+ . Choice ] . '

dtem Key‘; Scale? |  Distribution Mean Sigma . R(T)3: R(S)* --
- " ASSU D 3 , '

1. A 3 57 11 . 14 70 480 | 145 292

.2. D 2 14719 49 -+ .60 490 - 311 281

3. D 1° '8 4 70 85  7.353 Jd92 345

4 A T G2, 580150 9 T 455 168 381

5 A 2.. 6% 8 ‘8§ . .79 ' 405 .199 1686,

- L% '(' . : . L
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’ ) . Table2 (contmued)
. . Choice Lt : -
* . ltem Key! Scale? *  Distribution Mean  Sigma .R(T)* R(S)*
A U D B
6. D _ 2 0 L 8. .89 .10 181 . 070 .
7. A -2 85 12 5 79 405 369 .386
8. D 1, _4 10 6- 8 _ .376 451 | 571
.9 D -2 37 20 ; 5 30 - 460 308 | .369
BTV S | 72 10 0 * .88 ~327 458 1 ATT
: 1. A 2 92 C29. 31 .27 443 .024 341
122 D~ 1 -5 8 .69 84 365 489, 573
13. A 3 40 19 .23 49 . 500 317 365
- 14 A L] 73 8 1 ‘-89, 313 359 - .395
15. A 2. 55% 18 9 , 67 470 1,198 .273
) 16 D 3 13 ‘16 53 .63 478 < 817 812
-17. D 2. 1 19-°46 °© 58 496 472 524 -
+18. 7 LA 1. .57 21 4 70 460 .193.- 287,
N " 19.. D 2 3, 2 7T 94 . .23 267 -~ 138
R 2. B - 1 "8 22 52 837 1482 529 806
2. A" 1 33 14 35 40 _ 490 .I88 349
22: D 2 44 -22 18~ 20 396 305 ~ 351
23. A . 1 ‘78 2 2 95, 215, 204 315
2. D 3 67 11 44 - 787 - 414 - 312 487
2. D .- 2 "0 - 0- 8 1.00 © 000 . .000 .000
. 26, A "} 60 16 8 737 - 443 468 556
a 27. D 3 12 16~ 54 , .68° A74° 397 696
28, D ., 2 _ 100 .8 64 , 78 = 414 . 484, 371
.729. D, 3 15 23 4 54 499 438 © 551
e, 0 0800 A "1 74 7 1 90 ¢ %; © 409 497
8L A 2 39 " 27 16 48 499, 046 -~ 167
32. D 2 '43 18 . 21 26 436 182 267
33.° D 1 2 20 60 734 443 521- . 505
» 3 .D  1- 14 23 45 -5 498 , 257 .50
. 5. D ' 3, 7 13° 62 76 .+ 429 +.353 507
. "36. A 2 11" -28 45 . .13 341 198 - 244,
: 37.. A -2, 18 .26 40 29. 396~ 1,003 . .285
PR 3. D 1 ‘95 35 22+ 2T 443 ¢ 529 539
"o 39, . A 2. 24 30 28 29 , 455 243 © 2715
e 40. © A 1 - 78 3° 0 95 215 . 410 442
) - 41. D- -2 45 2 9 A1 313 123 . 182
(42, A 1 4 31 -6 54 - 499 563 594 °
© - 143 A 3 57 16 8 70 ., 460 415 478"
W% 1 DaDisagree . .. : o
*A—&Agree .

?Scale 1— Interactions of Science, Technology, -and Socxety
w . Scale 2— Science As a Social Institution .-

. Scale 3— Social Consequences of Sgence/anf’rgchnology —
# 3R(T) = point-biserial correlatior of itém to total . :
~*R(S) = ppint- -biserial correlation of 1tem toscale . . . .
S, . )
’ e * '
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OPINIO'N INVENTORY ON .
RELATIONSHIPS BETWEEN’ SCIENCE, TECHNOLOGY, AND SOCIETY

You will be aﬂpwed 35 mmutes to complete the mventory You should be able to.
finish in the time allowed, but do not spend too much time on any one item.

The inventory ‘contains stafements about science, technology, and society. To the left
of each statement are the letters A, U, and D. Below each l.etter 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 dzsagree with the statement .

Mark your answer¥with pencil and be sufe to erase the first mark completely if you
“change your answer. Answer ev ery 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 mventory Presented
below is a sample statement. Applying the above directions, give your reaction to this
statement. _

E)/(AMPLE: o o -
D All the scientists in the world live in the Umted States.

IR

DO NOT TURN THIS PAGE UNTIL YOU ARE TOLD TO BECIN THE
- INVENTORY. y

st
3 " OPINION INVENTORY ON oo "
RELATIONSHIPS BETWEEN SCIENCE, TECHNOLOGY, AND $SOCIETY

AT U

[ ”" H 1 It is extremely difictlt to ‘predict how new scientific knowledge /

. will effect society.
A U D

I [l || 2 Mostscientists are reluctant to share thei{ findings with foreign-
.. ers because of ‘the danger of exposing secret scientific mforma-
" . tiom. .. . T
A U D . D . , r“
[l ]l -]l .3 If all basic research were brought to a halt, fiture technological
activity would not be effected. -
A U -D .
J ; I 4. Scientists are expeated to doubt their own findings as well as
those of other scientists. -
U D ' ] . * .
Ik .1l [l 8. The'aim of scientists is to increase man’s knowledge of the physi- _
© cal and biological world. B

Il Il fl 6 Once a famous scientist has announced a’'new dlsoovery, other

., " scientists accept his ﬁndmgs thhout questnon

A, U D ‘ . .

Il [ I 7. A free flow of scientific mformatnon among scientists is xmportant
to scientific progress.

. "1 1 8. Scientific and technological. advances have had little effect upon
to- ' political relationships between countries. .
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.A fundamental rule for scientists is that their discoveries should

have some practical use.

Scnent]ﬁc research is often necessary to answer qu&st]ons ralsed
by advances in technology.

Scientists are usually concerned that they be ngen ‘credit for
their discoveries. , .

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

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

Scientists often provide the knowledge which makes new tech-

nological advances possible.

15.

16.

A scientist is expected to share his knowledge with other soien-’

tists rather than to use it exclusively for his own profit.

Technology has provided many improvements in living condi-
tions and the public should accept all techno]ogxcal advances as
beneficial to social progress.

. The greatest accomp]ishments' of scientists consist of the many

useful commercial products,they have produced. -

. Many scientific advances have been made possible only after

technologists have provided the tools and equipment for scieg-
tists to use in their investigations.

:
4

. Scientific knowledge is of value only’ to scientists and technoTo- ’

Lists anck not to the general publie.

. Science and technology have been lso]ated from politics in the

past, and it is llke]y that they wxll continue to be isolated from
politics. .

-

. One of the reasons that scwnhsts report the results Qf their in-

, vestigations is to receive credit for their dlscovenes

. Scientists consxstent]y fo]low, step by step, a definite pxocedure

called the scientific method. o

. Science and technology are related because advances in one

often lead to, advances in the other.

- i
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ozl 1l < |l 24 The uses that can be made of a scientific discovery can usually :
[P . 'bé determined immediately after the discovery is made. " 4
A o
[i |l ]| 25. Since scientists in different countries speak different languages,
> scientists are interested only ir the scientific work done in tHeir
“ own country. :
A U D
[l Il |]. 26. The political climate of a nation may affect the problems investi-
L . gated by its research scientists. . ‘ ‘
A U D 4
[ |l |l 27 Many of the problems in the world today are the sole responsi- ¢
, . bility of. scientists since they have developed the knowledge’
‘ which has contributed to the development of nuclear weapons,
“ air pollution, etc. e
A q D . . .
[I Il || 28 Science is primarily a method for inventing new devices.
A
Il "}l |l 29. The scientist who makes a partlcu]ax discovery is the one best

qualified to determine what use society should make“of his dis-
covery. ,

. Scxentlﬁc and technologxml advances often lead to changes in
the economic structure of society. .

. The pérsons best qualified to judge the contributions of one
scientist ta scientific progress are’ dther.scientists.

. The principal aim of scientists is to provide the people of the
- world with imﬁauqlivi,n,g conditions.

Il 1l || 33 The social problems caused by scientific and technological ad-
.. vances are usually so minor that they are of little consequence to
society. e - B N

. ‘Scientists depend upon engineers and other technologists to pro-
" vide them thh laws and theories.

. Scientists-should plan and direct their research only to prob-
lems which presently confront society.

, Scientists are more inte‘resged in the explanation of events than °
: ] in the collection of facts.
A U D L.
I I |l 37.A sclentxst is usually mterested in gaining recognition from other .
scientists, | . . . » > e
A- U D . . : Ln . .
Il |} 38. Technologists generate the knowledge and explanations which o
scientists use-to invent new products. ) . S

-

»
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A U D - . .

[I I ]I 39. The theories of science arp not likely to endure in their present
form. - e ;

given time may influence the kinds

N of questions its scientists will investigate. v
AU ‘ - a
oL |l 4L Technology is a spec:ahzed ranch of science dealing with me-
- ) chanical objects.

-1 4 New legislation is often neceysary to control problems created

‘ advances.

[l o]l 48 the apphqatlons pf basxc scxent\‘ e knowledge cannot be decxded

Korth, W. The Use of the History of Sciencé to Promo Student Understanding of the
Sacial Aspects of Saence Unpubhshed Dootoral msertahon Stanford University,
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AN EVALUATION OF SUPPLEMENTARY CHEMISTRY .
CURRICULUM MATERIALS REFLECTH\IG T
- RELATIONSHIPS BETWEEN SCIENCE,
TECHNOLOGY, AND SOCIETY

MARLENE M. MEKENT
DEPARTMENT OF SCIENCE EDUCATION
— UNIVERSITY OF SOUTHERN MISSISSIPRI
. HATTIESBURG, MISSISSIPPY

INTRODUCTION ’ - ‘
The purpose of this study was to de\ elop 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 follow ed by the development of an evaluative instrument.
In the final phase of the study the curiiculum materials were evaluated for their
effectiveness in promoting student understandmg of relationships between science,
technology, and society. )

o

DESCRIPTION. OF THE CURRICUIﬁJ\d MATERIALS o Dt

Q

The curriculum materials ate presented in the form of a two-week msttuctlonal
unit and consist of a student bcfigd‘ﬁw—cﬁzr Energy: Origins and Consequences
and a teacher’s manual, Teacher's Guide to Nuclear Energy: Origins and Conse-
quenges. N ‘.

The student booklet contains an mtroductxon, a section’ on science and tech-

nology, and three episodes, each_qu}uch describes a major scixenhﬁc discovery

and some of the social consequences of the applications of this discovery. The
first episode pertains to X-rays, the second to radioactivity, and the third to nu-
clear fission. In addition, the student book]et contains six exertises which are to
be completed by the students at the appropnate time u\ the f)resentatlon of the
unit. -

The teacher's guide contains suggestions for using the curriculum materials as
well as the instructional sequence prescribed for the teach’fng of the unit. The
unit is divided into ten lessons, with each lesson contaxmng a syggested procedure
. as Well asa hst of possible answers for the various questions and activities.

"THE EVALUATION OF THE CURRICULUM MATERIALS
VARIABLES ‘ . \

“In evaluatmg the effectiveness of the materials, the use of the curriculum ma-
terials was the independent variable controlled by randomly assigning classes to
either the experimental or the control group. Since, it was beljeved that the mental

ability of the students might .be a.major factor mﬂuencmg the effectiveness of -

the materials, this variable was taken mto eonslderatlon rin aualyzmg the results
of the evaluation.
" The individual teachers "who partlclpatedqxi_the expenmental tryout of the

mstructlona] materials also represented a ma]or variable, and the selectlon of .

. i3
. - .
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B
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tedchers automat:cally introduced other associated variables, such as the students’

‘prior experiences in chemistry class, the characteristics of ge school, and the

socio-economic class of the students. The teacher variable was taken into con-

~% sideration in the statistical analysis, and the associated variables were considered

. to be controlled by having the same teacher teach both an experjmental and a
*  control class.

The major dependent variable of the evaluatlon was stude t undersmndmg of
relationships between science, technology, and society. This variable was consid-
-ered o be composed of three different, but related parts: understanding of (1)
‘the interaction of science, technology, and socxety, (2) science as a social inst-

. tut.lon, and 13) the social consequences of science and technology.

THE SAMPLE _

The expenménta.l 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 apd 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 secoud,
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 insttument used

., to measure this variable was the Opinion Inventory on Relationships Between
Science, Technology, and Society. The alpha coeficient, as a measure of internal
consistency (Veldman, 1967), for the total instrument was deterntined to be .78
while Parts I, II, and III had coefficients of .73, 41, and .57 respectively. Four
scores are obtained from the administration of the instrument; a total score and

, & score for each of its three parts. e

Student scores on the standardized mtellxgence test used by thelr school district

" were obtained from the school records. The instruments used by the school dis-
tricts included the California Tést of Mental Maturity, the Lorge-Thorndike In-

) telhgence Test, the Otis Qulck -Sqoring | Mental Ability Test, and the SRA Testsof -
Educational Ability.

\

 * EXPERIMENTAL DESIGN ° ’ ‘ .

v £

The posttest-only contfol group design, as described by Campbell and Stanley ’
. (1983), was adopted for the purpose of evaluating the curriculum materials. This
design controls for factors ]eopardxz\mg internal validity since it can be assumed
that history, maturation, and other contaminating variables will affect the experi-
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‘ menta.l 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 possxblhty of an inter-

action between the teachers’ knowledge of the test and the way in which they |

presented the matenals

., 7

PROCEDURE

Each of the five teachers participating in the study was asked to teach the i in-
structional unit Nuclear Energy: Origins and Consequences for a ' two-week period
hetween April and the end of the school year. Individual teachers were permitted
to select the time penod 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 for 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 evalugtive instrument to both
the experimental class and the control class. Hr%

.

STATISTICAL ANALYSES .

The general purpose of the evaluation was to determine X 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 méasured by:
~ A. The total evaluative instriment),

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 concemed with science as
a social institution;

D. Part III of the evaluative instrument, Wthh pertams to the social con-

*  sequences of science and technology.

A separate analysis was performed to test each of the four subhypotheses. Since

the same teacher taught ofie experimental elass and one control class, the teacher
effect was taken into consideratioaby addptlng a 2x 5 analysis of variance des:gn
in which subjects were stratified according to"two levels of treatment and ﬁve
levels of teacher. B

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 scores on the standlardized 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

67
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twelve analyses one for each of the three sybgroups 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 thesstudents of the correspond-

. ing subgroup of the control group.
¥

RESULTS OF THE EVALUATION  * - . |
Hypothesis 1 W

The first analysxs related to Hypothesis 1 was performed to test the hypothesis
as it pertained t¢ understandmg 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 éffects wds not significant. -

The second analysis was performed mth 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 level. Once again, the difference

[y

TABLE 1 ' ‘ :

-’

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

. * A. Analysis of Variance Table

Source _ DF. "Mean Squ¥re F-Ratio Probability
Treatmerit (A) -+ 1 170.097 7.7327 0081 . |
Teacher (B) 4 177502 - 80693 - .0000 -
A x B Interaction © 4 , 31475 1.4309 , 1180
Within 193 7. 21997 ) T
* . Total . 202 25997 - n
o : B. Means for All Effects -
Teacher “Treatment

e 1 V2 3 " 4 5 Averages ‘
Exp. 285625 286842 - 30.8750  30.7500 ~34.2222  30.6188 .+
Control , 252381 29,6400 27.9565 29,6250 31.35)29 28.7625

Teacher y .
Averages 26.9003 29.1621 29.4185 30.1875 - 32.7876 . ’

-

s ~

betweeii 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. :

.




. o .
. 3
" "“M‘?;
MARLENE M. MILKENT . . ¢ ‘ % . 71 !
- b N hd LY
t < TABLE 2.’ I~
", ¢ Analyses of Students” Scores on Part 1 of the Opinion Inventory on /
- Relationships Between Science, Technology, and Society <
. Y. A. Analysis of Variance Table .
Source D/F. Mean Square F-Ratio Probability
Treatment (A) 1 95653 . 5.0001 0235 ,
Teacher (B) 4 16.938 3.3687 0110
.A x B Interaction 4 4.341 © ¢ 8628 5107 - .
Within - 193 5.031 . _ : .
Total .. 202 5.355 : : - |
B. Means for All Effects ‘ )
. Teacher - ~ Treatment
1 2 3 4 5 Averages |
Exp. 115625 127368 . 128750  12.2083  I3BIIl._ 12.5088 i
Control - 10.8095 12.1200 - 11.5652 ‘I2.5417 12.3529 - 11.8779 .
: \ |

Teacher ° Y .. . Lo
Averages 11.18680 12.4284 12.2201 lg.3750 12.9820 °

~

The next analysis of this series concerned the scores for Part 11 of the evaluative

instrument, and the results of this analysis are presenfed in Table 3. Onee again, d
both the main effects of treatment ahd teacher were §ign' nt—the former at
the .05 levell and the latter at the 0.1 level. The interaction of the main effects was
also significgnt at the .01 level, thus indicating that, for the understanding meas-
ured by thid scale of the instrument, the treatment did not work equally well for
all teachers. ¢ c . '
TABLE 3 . s~
. Analyses of Students” Scores on Ijgrt‘lf'bf the Opinion Inventory on ‘
Relationshipg_Between Science, Technology, and Society
A. _Analysis of Va;-iance Table ' ) .
. ) S Y " .
Source D.K. ) > Mean Square F-Ratio Probability” -
Tredtment (A) 1, 28502 5.0928 - 0%,
Teacher (B) .4 . 43548 8.3683 - .0000
A x B Interaction = » 4, 20.995 | . 4.0344 0040 o
Within 193 . 5.204 . -
Total : 202 Q.381 . ’
B. Means for All Effects’ e g .
; . -Teacher - ", Treatment ,
1 2 3 . 4 5 Averages
_Exp. . 11,7500 10.052 2.0625 12.1667 - 14.0000 + 12.0064
Control 9.9048 11.8800 0.8261 ~ 10.8750 12.8824 11.27"36 .
Teacher * . , N . ’ )
Avcraj;es 10.8274 10.9663 11.4443 11.5208 13.4412
,‘ M
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The final analysis related to Hypothesis 1 concerned understan:ding as r}x‘eas-
ured by Part III of the opinion inventory. The results of this analysis, which are
presented in Table 4, indicate thdt the teacher effect was significant at.the .01
level and that neither the treatment effect nor the interaction of main effects was -
significant. . - T '
¢ L) ’ ’ a - I’ TA.BLE4 3 - ' "’ £ d
_ Analyses of Students’ Scores on Part I11,0f the Opinion Inventory on R
- Relationships Betiveen Scignce, Technology, and Society
’ A. -Analysis of Variance Table

o Source . D.F. Mean Squaré " F-Ratio - b Probability
““Treatment (A)- ~ 1 8.004 3.0650 07718 < ¢
... + Teacher {B) . 4 . 13.789 / 52802 - 0007 ..
A x B, Intefaction 4 472/ 1809 9459 .
Within ' 193 2.611 )
Total . * 202 2.817 i . ~
' * B Means for All Effects - r ~
Teacher o Treatment -
. D A 2 . 3. 4 5 * Averages
Exp. . 5.2500. 58947 . 59375 8.3750"  6.6111 - 6.0137
+ Control 4.5238 5.6400 5.5652 6.2083 . 6.1176 . 56110
’ Teacher . _ . - . o . ,
. Averages 4.8869 5.7674  5.7514 6.2017 - 6.3844

1] . -

4 e,

On-the basis ofsthe above results, Hypothesis 1 was réjected as it related to

- * understaniding as measured by the total evaluative instrument and"Rarts I and

¢ II of the instrument. ¢ C . . . :

T : Hypothesis 2 S G
othesis 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 means for each of the subgroups of the experimental and control groups, .
and for each of the four analyses, are presented in Table 5. A comparison of the
means of corresponding subgroups reveals that for all subgroups except the “low”
on Part I of the instrument, the experimental gioup obtained a higher meari than
the control group. " - . RN

" The results of the analysis of vagiance, which are presented in Table 6, reveal
" that ogly 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 lével, on Part I of the instriment and at’
the .05 level on the total instrument. The differences between the scores of the two

- subgroups on Parts II and III of the instrument, while not significant, approached

significance. In only one other comparison, that of the “high” subgroups for Part

" I of the instrument, did the differepce approach signiﬁrfance. e :

" 'Hypothesis 2 was rejected as it pertained to the “medium” subgroups and the

“scores on the total evaluative instrument and Part I of the instrumenty but it was
. accePted f/gr all ?thér comparisons. - ) -

ST L
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TABLE 5

- . . . ’
< Means of the Scale Scores for the Experimental and Control
. i Level-of-Mental-Ability. Subgioups ’ T
— - - [P = = hd
\( Scale Subgroup Nexp Meangyp * Néon Meancon
Part I Low 25 11,8400 25 11.9200
Medium 23 13.0870 28 ‘ 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 12.8957 28 12,5714
Part III Low 25 5.7200 25 5.5200
) Medium 23 6.3478 26 5.5385
Vo - High 23 6.6087 - 28 6.3929
" Total Low 25 28.7600 - 25 ' . 28.1600
~ Medium = 23 319130 26 28.5000
AN High 23 33.0000 28 31.7143
. ! a T, \
DN TABLE 6 . )
~ 0 (Analysis of Variance Table for the Scale Scores bf the Experimental
- : and Contra’l Level-of-Mental-Ability Subgroups
X, ~ - A. Low Experimental and Low Control
"Scale - MSpg & MS, MS. F-Ratip  Probability
L - DF=1 -DF=49 D.F.=50 )
Part 1 .7 .0800, 6.4417 6.3118 012 9079
- Part IT' 2.8800 7.8133 ) 7.7127 * 369 .5536
Part I1I .5000 3.0683 - 3.0159 .163 , ~.6808 °
. Total ~4:5000 . 26.7483 - 26.29043,~ , °.168 .6863
: . _ B. Medium Experimental and Medium Control ‘
+ . Scale . MSg - MS, MS, F-Ratio  Probability
’ DF.=1 D.F.=47 D.F.=49 .
—t x _ : i
‘ Patl < 237375 3.3056 37313 .  7.81 0099
Part II ~ ! 7.8394 6.1884 6.4311 2.883 .0924
Part 111 7.9945 2.8315 -+ 2.7432 3.038 ».0842
- Total 142.1837 20.2197 22.7602 7&\'3\1 .0106
r‘ [} -
. S C. High Experimental and High Control \
.. Scale. MSsg -MSw MS, F-Ratio - Probability
: DF.=1 DF=49  DF.=50 )
Part I ' 11.29022 3.4718 . 3.6282 3.253 740
Parg II - 1949 N 4.9740 -4.8784 .039 .8381
T Part UI .-- "-.5883 . 1.8808 . 1.8549 313 5852
Total” 20.8739 1790962 , -17.1718 ¢ 1221 2740

b
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- .CONCLUSIONS - - -

The following conclusions were made from the results of the evaluation:

1. The cldssroom use of th instrigtional unit Nuclear Energyérigins and - :

. Consequences resulted in jncreased student understanding of relationships
between science, tethnology; and society. s

dent ’understanding of the interactions of science, technoli)gy,b and §Ociety4
« ‘and of science as a social institution. than it was in increasing student

l;%derstandJng of the social conséquences of science and technology. ,

e tqacbér variable, which may include a nldmber of associated variables
was a more important factor in contributing to student understanding-of --
rela.tionsh,ips between science, technology, and -sogiety than was the use
N of the curriculum materials developed in this study. .-

‘ 4. When students in both the éxperiméntal and control groups were assigned-
to high, medium, and low subgroups based on their mental ability, a com-
parison of the scores of corresponding subgroups indicated that the cur-

. ~riculum materials were most effective with-students of the middle range

v

. of mental ability. o .
T ‘ ! o S, “
TMPLICATIONS ’ ST e
)N . ‘

Ore of the conclusions of this study is that the experimental group had a
greater understandjng of the relationships between scignee, technology,,‘a‘nd
society than the control group. While the difference between the mean sgores of
the two groups was statistically significant, the numerical value of this difference
for the totdl evaluative instrument was less than two points. It therefore appears
that the classroom usé of the curriculum materials was only moderately successfut
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 tmplications of science and technology. One of the \vegkhesses..
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 relatianships gre implicit and may not be discetned” by a readet who is not . -
already aware of the 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 thé curriculum materials may lie in the teacher’s guide.
While behavioral objectives for each lesson are listed in the guide, the objectives
generally pertain to the eontent which illg\sirates_ the relationships and not to the -
relationshipstthemselves. A teacheF who is not already aware.of: the relationships
illustrated by -the narrative may have difficulty in extracting them from the nar-
rative or from the behavioral objectives. A revised teacher’s guide--one in which
the relatjonships are made more explicit—might increase, the effectiveness of the
curriculum matctials. - 3 . '

- 2 The use of the curriculum materials was more effective in increasing stu-"

e L
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The resiilts of the sﬁxdy 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 significnt than the treatment effect. One implication of this result is °
that, while the use of supplementary 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- .
.plementary materials might be better invested in training teachers to more effec- -
tively teach Tel?tionships between science, technology, and society without the
-« - use of special nfaterials. ) 6 N T
The use of the curriculum materials was relatively unsuccessful with students -
of ldwer 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” subgroups A re-
_vision of the materials in which the format was retained but the relationship§
were mate more explicit might make them more suitable for students in the lower
. range of mental ability. - : o
: While the students of the experimental “high” subgroup indicated the greatest
.- . degree of understanding of the relationships under study, the difference between b
. the’scores of the experiméntal and control “high” subgroups was not significant. |
,  This suggests the possibility that the treatment wds not as effective with the “high”
" subgroup as with the “medium” subgroup because the 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 thetefore appears that
the materials are not particularly suited for students in the high range of mental
ability. . o : : L .

_ 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

.:]ypes of curriculum materials in this"area might act differently with students of

differing mental abilities. Yet another possibility is that a-variety of approaches

.. or materials with different formats miight provide the best means for all students
, in a partjcular classroom. -+ . | ~ s .

N
~ s
[

. RECOMMENDATIONS FOR FURTHER RESEARCH .~

_The scope of this study was limited by restrictions which were imposed upon ’ ’
it by the author. While the evaluation yiélded results which suggested answers fo .
some of the questjons posed by the, study, these results also suggest possibilities*
for: further research in this area. ’ S

Only qne instructional unit was developed.in 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 4nd techndlogy. Since
the teacher was found to be a major factor in contributing to student upderstand- A
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ing of the relationships under study, research related to the ‘characteristics of ~,
teachers whose students show a substantial tnderstanding of these relationships
might provide insights into methods of training other teachers to acquire these
characteristics. Finally, thete remains a need for research with other .methods
and a need for the development of curriculum materials employing approaches
and techiniques that are different from those used in this study but which attempt
to provide high schopl students with an opportunity to intrease their understand-
+ ing of the role of sci¢tice and technology in society. e T .

-~ .
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UNIVERSITY OF MISSISSIPPI o T

It .has been suggested by some researchers that the adverse opinions some stu-
dents express about science might be influenced by the role of scientists. in the de-
velopment .of nuclear weapons. This suggestion seems plausible when one’ con-
siders the unfavorable plﬂ)hmty 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 pubhc on behalf of a nuclear industry in the United States by optimistically
, describing its potential benefits and offering assurances that T poses little danger . .
to the welfare of humanity. In light of the dichotomoys nature of this controversy,
a basic qu&stlon:that might be raised is, “What attitudes do college students hold
toward nugledr s,c’x&-ce as a cont:roVersiaI and evolving field of technologlcal ap-
phcatlon?” .

Stnce no ms&uments were in existence to assess such attitudes, for this §tudy it
was necessary that the investigator develop an Attztude Toward Radzoactimty
Scale (ATRS) to achxeve this purpose. e

e .

MODEL'OF AN ATTITUDE T - LW
Since the purpose of the study was to assess what attltudes college stn’dents

!,«

hold toward nuclear science, it would be useful at this point to define what was

meant by the construct “attitude” as used throughout the study: “Rokedch (1970)
offers this definition: “An attitude is a relatively ‘enduring organization of beliefs
around an object or mtuatlon predxsposmg one to respond in some preferential * "~
manner.” s

When using the term belief, Rokeach means any sxmple proposntfon, conscious
or unconscious, that can be inferred from what a perSon says or does ard can be
preceded by the phrase “I believe that ." . .” The belief expressed by a subject
might describe the ob]ect of the belief as true or false; evaluate it as good or bad;
or advocate a certain course of action as desirable or unde;uable As pointed out
_byF ishbein (1967 ), mos} attitude measurement instruments (including the Likert-

‘ type summated rating scale.described 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 repr&sentmg a person’s knowledge held with
 varying degrees of certitide, about what is true or.false, good or bad, de-
sirable or undesirable. ,

v
. I3
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2. An effectlve component capable of arousing affect of varying intensity ..
about the belief when its validity is seriPusly quest}oned, as in an argu-
ment. *

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

Concuwrring 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 intd three major categories. cognitive, affective, and behavioral.”

Hardmg, etal. (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 affective, he 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 believes that nuclear science will ultlmately 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. '

v

o .+ DEVELOPMENT OF THE INSTRUMENT

. The model &f an attitude developed above suggests that jn defining an individ- *
ual’s attitude toward an object or situation, some procedure should be used to
sample his beliefs about representatrve aspects of thé attitude object.

. One techmque of sampling a person’s beliefs about specific components g of an
attrtudve object is the method of summated ratings first repofted in a monograph

’ , " . by Likert (1932). In this method of attitude scaling, the subject is presented

“swith a list of declarative statements about the attitude object. Approximately on¢:- _
half of the statements refer to-the attiude object favorably and the rest are stated

.~ unfavorably. The subject is then asked to indicate wirethey 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, and if he disagrees strongly with a favorable statement his wexghted 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 objeet
or situation. !
In determrrung a person’s attitude toward nuclear scmece then, a list of state-
ments about the nuclear power industry, nuclear medicine, industrial applica-
tions of radroactmty atomic screntxsts, and the atom’s history and future could

75
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. . |
elicit his beliefs on these topies and yield a quantitative indication of his attitude. - ‘
A pool of 42 statements about nuclear science was assembled by the experi- J
menter from both technical and popular sources to form an item pool for use in ‘
the Attitude Toward Radioactivity Scale (ATRS). The editorial and commentary R
pages of newspapers, articles in Science and Public Affairs, and the Atomic v
Energy Commission \Understanding the Atom Sgries of booklets yielded many.of . “
these jtems. An effort was 4nade 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 ift 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 advocated 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 1, 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 i
behavioral components of the beliefs held by college students about various as-
pects-of nuclear science. 0 .
The original 42 jtems were submitted as a triaf run to 125 University of Texas
students in seven intact classes during December, 1971, to simulate as closely as
possible 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. ‘o - .
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 knowl-
edge’ of the principles'and applications of radioactivity. IR
The groups of judges were composed of four professors of science education,
six graduate students in science education, and four college undergraduates ngt
having science backgrounds. It was felt that these diver$e groups would complé-
ment one another in judging the ability of each statemént to assess attitudes only.

in at least two of the three judging groups in order to be considered by the second. .
selection criterion, Also, agreement among the three groups of judges on which
items would effectively sample attitudes was considered a form of content validjty
for the ATRS since no other validation procedure is applicable for an attitude
scale of this type. . ] . ’ -
The second step taken in the selection of items was to determine which state-
ments most effectively discriminate, between subjects having favorable and un-
favorable: attitudes toward nuclear science., This was done by comparing |the
scores on each item’of the top and bottom scoring 27% of the subjects (N = Np =
N = 32) with a t-test. The value of this “t” is a measure of the extent to which
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a given statement dxiferentxates between the hlgh and lowe groaps. Edwards
(1957) suggests aj“t” valug equal to or greater than 1.75 as indicating that the
average responses of the high and low groups to @ particular statement d1Eer
significantly provided both groups are composed of 25 or morg subjects.

When the two criteria described above were applipd to the 42 statements sub-
mitted as a trial run, twenty of the items were, judged appropriate for sampling
attitudes and.also had t-scores rangjng from 1.86 to 10.1. These, then, became the
statements which, with some minor rewording, cons tuted the final form of the
Attztude Toward Radioactivity, Seale’ (ATRS).

?X v

RELIABILITY OF THE ATRS C

In discussing the method of summated ratings, Edwa ds (1857 ) states that the
tained from a split-halves
type of correlation. A procedure that has similaritieset6
the same tést is the methed of rational equwalence using the Kuder-Richardson
Formula 20. A ‘generalization of this formula is the alpha coefficient of internal
consistency developed by Cronbach (1851). Coefficient alpha, which reflects the
degree of reliubility among all items of a scale, is not rgstricted in its application
to tests composed of dichotomous items, but can be used on a test having a range
of scoring as long .as the total score is the simple suny of the item scores (as is
the cdse in the method of summated ratings). ..

Using the responses of 1,157 stibjects who responded to all twenty statements,
Program TESTAT written hy Veldman (1967) computed a coefficient alpha of
83 for the ATRS. .~ - , » .

v

»

ATTITUDE TOWARD RADIOACTIVITY SCALE

Listed below are tWent'y statements about radioactmty and nuclear energy and their
role in oontemporary society. After reading each statement, please indicate the extent to
which you agree with the idea it expresses by checking one of the following five re-
sponses on the Response Sheet. -

~ A.C.—You agree completely with he statement )
. T-A. — You tend to agree with the major idea .
' .« expressed in the statement
*  N.—You are neutral or undecided about what
, . is expressed in the statemen ,

T.D?—sYou tend to disagree with the major 1dea
expressed in the statement
D.C. — You disagree completely with the statement
1. To date the development of nuclear energy has proceeded in an orderly and re-
. sponsible manner, which promises to carry over into future development.
2. It would be desirable for all Jarge cities to replac their coal-burning power plants
with plants that generate glectricity from nuclear energy,
3. We should be suspicious of nuclear powered submarines as malor polluters of the
world’s oceans.
4. The spending of large sums of money for basic uclear research would be a poor
. investment by the federal government. ‘
5. The job crisis currently confronting many highly trained nuclear scientists xwas in
, evntable because the “product” they produce neyer was worth the high cost.

T3 . S




15.

16.

17.

18.
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In general, the national news media tend to present information a}Lut nuclear
power and radioactivity in an unfavorable light.

We should question the construction of all nuclear facilities bmuse of the harmful
products they produce.

People living near a nuclear reactor can have conﬁdence in the abxlxt'y of health
physicists to prevent major radiation accidents.

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.
Although radidtion can be helpful or harmful, it is safe to say that to date more

" lives have been saved than lost by it. .
. People living near a harbor*have no cause o, be app:eﬁenswe ‘when a nuclear

powered ship is in port for any length of time. -
Over the next decade the United States should commit itself to developmg a net-
work of nuclear power reactors to meet its future energy demands.

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

or contamination.
As the number of nuclear power reactors brought into operation inthe United
States increases, I fear we are likely to detect significantly higher levels of radio-
active contaminants in our streax)fs and lakes.
We can be optimistic that scientists will soon develop ways &f utlhzmg the high
temperature water released from nuclear power plants for some useful purpose.
Most nuclear physicists working today have “sold their souls” to the military-
industrial complex in order to obtain their research grants.
An appropriate adjective that describes the activities of the Uhited States Atomic
Energy Commission is “militaristic.”
cientists can be depended upon to study nearby fracture zones very carefully be-
ore detonating nuclear test explosives underground.

ecause of the increased ugt of radioactivity, I fear an increasing genetic load for

utations among humans.

We can be optimistic that in’the. future the benefits derived from radxoacthf:y will

exceed any possible misuses of nuclear power. v

-
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" 'on as an influence in developing positive attitudes. However, when Greenberg

THE IDENTIFICATION OF FACTORS ASSOCIATED WITH .
COLLEGE STUDENTS HOLDING FAVORABLE ATTITUDES
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INTRODUCTION . " ‘
A frequently statgd objective of science instruction is that it should instill favor- ’

able attitudes in sudents 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 some students toward science might be influenced
by the well publicized role of scientists in the development of nuclear weapons.

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 niore favorable attitudes toward nuclear
science? o .

Accumulated evidence lends little support to acceptini the value of informa-

-

(1964) studied the attitudes held by college students toward fall-oyt shelters’ * *
relative to the information made available to them, he_concluded that attitude
change is consistently related to information gain. Also, data obtained by both
Grozier (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 gttitude toward science. 7

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 apd 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 ?ttitudes toward.nuclear
science. a0 : . X

This hypothesis was tested by computing a correlation between the scores on_
the Attitude Toward Radioactivity Scale ()‘.TRS) and the Test on Understanding
Radioactivity (TOUR). .
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The Test on Understanding Radwacthty (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 technique, the reliability of the TOUR Test was ascertained to be .82.

The subject’s grade classification has been treated as a variable in numerous
studies on attitudes without definitive results. The indistidual 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 thmkxng ability, attitudes, and values occur from
the student’s freshman to senior years in college Lehmann, however, was unable
fto specify whether it was the academic or informal experiences of college stu-
dents that had the greater impact, on the changes in attltudes he obs’ened Hy-
pothesis Ho 2"expressed in null form stated:
No relgtionship 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 séores of subjects who fdentified themselves on a Student Descriptor Sheet
as freshmen, sophomores ]umors seniors, or graduate students.

Using cotlege students of the life scignces, physrcal sciences, social sciences,
gnd the humanities as subjects in a comparative study of student attitudes to-
ward the sciences and humamtles as courses of study, Snow and Cohen (1968)
detected s1gmﬁcant 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
instrument he prepared.

Hypothesis Ho 3 expressed in null form stated:

No relationship exists between the subject major of a college student and his
attitude toward nuclear science.

This hypothesis was tested by computing an analysrs of variance amoug 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 latge samples of high school seniors to assess student attitudes toward
science and scientists, Allen (1959) reported Eosrtwe relatlonshrps between in-
telligence and favorable attitudes. Guilford (1959) after reviewing several studies
of school achievement as a function of measured intelligence, ‘docuniented a
positive corielation between intelligence test scores and school grades. Grade
point averages were accessible from the students without asking them to identify

themselves by name. Is a student’s grade point average, and mdlrectly his in-

telligence, a factor in the attitudes he holds toward radioactivity?
Hypothesis Ho 4 expressed in null form stated: ,
No relationship exists between.a college students grade point average and
his attitude toward nuclear science.
This hypothesis was tested by computmg an analysis of vanan.ce among the
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" ATRS scores of subjects who reported their gr‘ade point averages as falling within
one of five ranges equivalent to C—, 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
4 science. Anid 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 college student and his attjtixdg toward nuclear science.
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 in 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 semeffer 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 correlation 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” §em&s€er hours was arbi-
trarily defined 100. . d ' “

How a coflege student described himself politically (e.g. liberal vs. conserva-
tive) was found to have ah effect on the, attitudes he expressed toward political, -
economic, religious, and socjal issues in a study by Sinai (1951). Whether collegé
students” political leanings can be associated with the attitudes they hold toward *

specific areas of science such as nuclear science has not been previously investi-

-

~

Y

gated. . . :
In this study Hypothesis H, 7 expressed itenull form stated: .
No relationship exists between the self-described political leanings of a col-
legerstudent and the attitqdés he holds toward radioactivify. N .
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 purpdse of
. statistical analysis. An analysis of variance amgng the mean ATRS scores of sub-
~_ jects in the remaining four political groups was computed to test this hypothesis.
v , )

.y
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. The Sample "~ _ . oL "/":" R
In aftempting to determine what factors are associated with those students hold- . |
ing fayorable attitudes toward nuclear science, an effort was. maﬂe to ehmt in- -
formatjon from a representative cross-section of the student body at The Univer-
4, sity of Texas at Austin. T \ |
.\ The sample was chosen to mclude students of dlﬂ:erent ,grade Tevels, sub]ect .

majors, grade point averages, g)htlcal leanings, and those who had received vary-
ing amounts of science instruction and who differed in their upderstanding of the *
. prmcxples and applications of nuclear science. .
_ To'reach such a representative group "of ‘subjects, arrangements were made
* with twenty-one different instructors in nine distinct academic départments of
| The Utliversity of Texas at Austin to :iollect data ffom-their intact classes during
} regularly scheduled ‘class pesiods. In' this way data‘werlu obtained from over ‘
1,200 students in twenty-five classes. Appro:umately 60% of thesé classes 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 spec1ahzed and were composed-of more homogeneous

> groups of students. . . L,
¢ . -, .o

Proceduré ’ . s

The experimental design of this study resembles in cértain respects the Posttest- _
Only Control Group Design of Campbell and Stanley (1963) with ‘the control
*group regarded as one of the N treatment groups. It should be*noted,&a:\th;_\ ..
. numerical value of N varies according to which variable is being considered f ‘
statistical treatment e.g., five grade levels, fourteen groups "of subject majors, four -
political groupings, etc. '
The individual subjects were not randomly selected for partigipation in this ‘',
study, but were included as a result of their instructor’s agreeing to make class .
, time available to ‘the experimenter. Further, they were not assighed to specific
N treapment groyfs, but were considered to have already received the treatments
under consideration by virtue of past experientes, thft'is, the number of science
courses taken in high school and college, grade poirft averages achieved, under-
standing of nuclear science, etc: ' : ’

-~

Sfat:'btfcal Treatment of tlaz Hypothesz’s’ . o
Hypothesm Hol. A correlation of .2568 was 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
..relatlons}hp from'a condition of, no relatxonshlp,
I N is greater than 100 and the correlatxon coefficient, 1, is 50 or less its

~

st%ndard erro'r can be determmed by AP Y~ _ -
’,". o )1 ._z 1! w__fla" ‘ ‘ ” . "
) oy ‘“ . "\\ \/N_‘l \/1‘1‘77 -, 34-3 5 . . . ’
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VVhen the obtamed ris dmded by thls standard error, a Z-value is calcu]ated
which can then be entered in a normai probablht‘y table. .

& r . 2366 .
R 1+ = (250) (U3) -

, =88 standard. deviations
The probablhty that this Z value could have occurred by chance is less than

«~-0001, hence H theils Ho 1’ was_not accepted.

Hypothesis Ho 2. An analysis of variance imong the mean ATRS scores of col-
Icge freshmen, aophumores, 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 differ s;gmﬁ- ]
cantly at the .01 level, Hypothesm Ho 2 was not accepted.

TABLE1
ngmﬁcantly ‘Different Mean Scores on the ATRS by Grade Level’
o Am nicans undegscored by the same line do notdlffe'r sxgmﬁcanﬂy at the .05 level.)
CRADE LEVEI_J“ Freshman Juniors Sophpmores Seniors * , Graduate

- Studénts
NU\JBFR OF _ . ’ ' - T
BJECT§ 298 340 306 289 . 31
, ANTATRS N ) R o :
g SCORE a 4477 45.42 4593 | 47.00 -50.39
¢ * N >
" F—ratio=3.308 . T g
Significant at the .01 level. B . s

Hypothesis Ho 3: An analys:s of variance was computed among the mean °
scores on the ATRS attained by students who identified their grade point averages
fell within fourteen subject-major groupings. The results of this analysis are dis-
ﬁlay ed in Table 2. The computed F-ratio of 8.178 is sngmﬁcant beyond the .001
leyel, hence Hypothesns Ho 3 was not accepted.

Hypothesis Ho 4. When an analysis of variance was computed among the 1 mean’
scores of the ATRS attuined by students who identified their grade pgint averages
as fallimg within five distinct ranges, a non-significant F-ratio of .330 was obtained.
flence, Hypothesis 1o 4 was accepted as stated above The sources of thls com-
putation are reported in Table 3: 5. i .

: . TABLE3 SRR
Analyszs of Mean ATRS Scores of Students With Different
{* .. - Grade Point Averages - -
GPA.RANGE  L50-1.99 2.00249 - 2.502.99 1, 3.00-349 3.50-4.00
MEAN ATRS e ‘ ! ‘

.

’

SCORES . 44.26 © 4590 - 4617 = 4583 © ' 4598
SOURCE - . MEAN SQUARE DF. - F-RATIO P
‘Total - C v 71027643 . 1194 ) s

 Croups | © 339717, 4 330 - 8586
Emor ' i 1029958 | 1190 ) -

— T
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F~ratio=11.365 ' oo
/(\f@ Significant beyond the 001 level ,

.., ‘than those of other students.

o
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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 thxs
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 Range Technigues, the ATRS .scores of college students who had taken
four or mhore science courses in high school were found to be significantly hxgher

&
TABLE4

Signlficantly Different Mean Scores on the ATRS' by the ' . s
Number of Science Courses Taken in Hx'gh School ]

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

NUMBER OF : o .yt ﬁore ;
HIGH SCHOOL One Two Three , Four

SCIENCE COURSES <. 7 Four
NUMBEROF , : : : '
SUBJECTS 43 305 372 290 . 186

MEAN ATRS o - . o

SCORES 41.74 43.86'.  45.30 48,18 48.05 " .

Hypothesis Ho 8. A correlation of 1684 was computed between the gcores of v

~ 1196 subjects on the ATRS and the mldpomts of the ranges of semest urs:

they reported having studied in college science classes on the Student Descriptor,
Sheet. The procedure for converting correlation coefficients to Z-scores’ outhned' :

by McNemar (1969) yielded the foilowmg results. .
. 3 . 1 : 1 B o
stendard ermor: Or = U706 = =346
7 LI _'1_6§.4._ —
== Vaag = ) (346)

= 5.83 standard deviation

The probability that this Z-value cpuld have occurred by chancé is less than '
.001, hence Hypothesxs Ho 68 was not accepted v ,
. Hypothésls Ho 7: When an analysis of variance was computed among the
mean ATBS 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 22.274 was obtainied. The sources of this
computahon are reported in T4ble 5. Hypothesis Ho 7 was not accppted Using | |
Mulhple Rangel Techniques for determining where significant différences lie }

among the mwns of unequal sized groups it was found that the mean ATRS N
- ) ) i P | "‘ 5 -

;;' | ya' ."83 '~ ‘ “J' ‘,ln
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, scores of each pohtl@l group differed mgmﬁwntly from that of every other group
- at the 05 level. . SN
R / . R s ¥ ST i - ) . o _ N o~
- . - ' TABLE 5 . . .
' Analym of Mean- ‘ATRS Scores of Students Expressmg ]
¢ - - D:ﬁerent Political Leanings i
POLITICAL Radical - Liberal Middle of  Comservative g
- LEANINGS . Lefr . : the Roac_l . " o
| MEAN ATRS . -, )
SCORES - 38.60 | 44.88 * 4652 . _49.63
. SOURCE MEAN SQUARE ~ DF. ‘- F-RATIO P :
Total ] ;1027714 1182 ’ i s
. Groups : . ., 21718897 22.274 i< 0001 -
Emor . . 97,5085 117 ‘ N ‘
- ’ R . 3 . R R ‘
Conclusions T

Of the seven hypothesxs stated in null form that were tested in thls study to A
determine what characteristics are associated with those college students holding o
the more favorable attitudés toward nuclear science, only Ho 4, expressing no =~ = * .~

A relahonshxp befiveén a college student’s grade point avezage and his attitude
toward radioactivity, was accepted. Rejection of the other six hypotheéses, pro-
duced the following composite picture of collegé students who expressed more |
favorable attitudes toward nuclear science by their responses o tlie statementgon _—
the ATRS. They tend to be.more knowledgeable about the principles and app};ca- o

.tions of nuclear science, thgy are hke]y majoring in a science-related subject, ’
" 'they have studied considera %y more science in high school and college than.
. college students who hold Toss favorable attitudes toward®nuclear sc:ence, and ’

they tend to be somewhat n\lore conservahve m thexr politics, . . .,~>_'_" .
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THE DEVELOPMENT OF A CLASSROOM INTERACTION SYSTEM

+ -

FOB SECONDARY SCIENCE STUDENT TEACHERS

' e BARBARA M. S'{'RAWITZ B
DEPARTMENT OF EDUCATION -
: LOUISIANA STATE UNIVERSITY . <
. . BATON ROUGE, LOUISIANA ‘
» : b
INTRODUCTION - \

This paper describes,the dewelopment' of an O\Pservatlon system specxﬁcalfy
designed to provide feeaback to student teachers about how they deal with the

+ emotions. and feelings of their students and how they deal W1th subject matter
" content processes.

The, dgvelopment of different goals of instructibn the sciepce curriculum re-

“form programs of the 1960’s created new demands for.teachers and their students.
1'l ways- -of -¥nowing such
. as experimenting, observing, predicting, inferring, and comparing. Classroom

The emphasxg on discovery and inquiry teaching .invo

" visitations by Pella (1967) and Tyler (1968) and the results of a study by Gal-
lagher (1967) focused attention on the impdrtance of hel ing, teachers compare
their teaching styles with thosé su\ggested by the éesxgne s of science curricula.
» Teacher education programs had to. be modified to stress teacher behaviers con-
sistent with the new methodological demands of the curricula. The need for
prowdmg 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 empmcal evidence supported the idea that interaction analysis
_ systems were viable in helpm{ teachers become aware of theiy verbal behaviors

and teaching styles . '
A survey of existipfg category systems whxch had been used in\the training ahd -

superviswn of student teachers indicated, that most of them dealt with the emq-

_.and unsuitable for_the identification of dxscovery and inquiry protesses. The *

catei ny»systems developed for spec1ﬁc use in scignce classes were deeméd un-
suitable for providing a behavioral record_sensitive enough to reflect .subtle
changes, yet simple enough to be analyzed and mterpreted by student teachers
with x;elatxvely few hours of«instruction in the use of the system

.

DEVELOPMENT OF THE INSTRUMENT  © ~

The use of a mgn 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 appealmg and

category approach was adopted. An analysis of many category systems revealed |

several common (f.lmenswns which were used to defife specific categories of
behajvxor, re]atmg to the emotional.climgte in a classroom (Siggon and Boyer,
1968). The systems usually included the teachers’ reaction to pupils’ ideas, feel-

_ings, atta'npts to set their own standards and working procedures, and behavior.

N ‘qu\_w Vel Ly
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Systems relating to the processmg of information inclyded categories concerned
with data recall, data processing, and evaluation as well as categories descnbmg
classroom talk about subject-matter such as stating, explaining, interpreting, and
inferring. A special attempt was mate to define categories descnbmg processes of
- science emphasized in inquiry-oriented science curricula. Considerable use was
made of category systems developed by Parakh (1965), Balzer (1968) and Hall.
(1969) for use in science classes. .
Audiotape recordings of science classes obtained from a data bank in the \
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 categones were formulated and used to enco;ie additional
tapes.
, The selection of categones was influenced by the following guidelines: be-
) havm,rs in both affective and, cognitive domamf were included; the processes of

science ‘{nre included, behatiors were of potential use for feedback fto student VU, ’

teadhers In terms of identifying strategies consistent with inquiry-oriented meth-

.Qdology, the primary emphasis was on, teacher rather than student behaviors;
categories were restricted to, verbal behaviors, since it was hoped that teachers s
might wish to audiotape’ and analyze, their teaching after the studenk teaching®
expenence the 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 behavier was classified into one and only one category. . °

After experimentation and revision, a final form of the system was developed. -

Several experiment@h formats were considered, but the Flanders organizational*
scheme described by Amidon and Flanders (1967 ) was eventually adopted be-

* cause of its simplicity and adaptibility.

) DESCRIP’I'ION OF THE OBSERVATION SYSTEM

. The observation system developed in this study was nam-ed The So?ce Inter-
action System. The categories were grouped into the three major divisions used
by Flanders: Teacher Talk, Student Talk, and Silence or .€onfusion. The ex-

. -
{ 1}

- 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 classrqoms. The parallel design of categori€és
4 and 5 greatly simplified the ]eammg of the system. Thefinal form of the inter-
'actlon system follows: .- :

”

The §cience Interaction System ‘- IR

»

- TEACHER o .
1. Gives general ‘Support: g
Accepts feelings, praises or encourages, apolognzes for error madc earlier. Mukes

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 resrmnse by
Word or int aﬁm, R -\‘. \ o

3. Acocpts studen idbas through T ‘ '

n[ ‘th I - "

R




, C—Clarification. -Building upon or developmg student ideas by means of state-
ments or questions usually directed to the student initiating the

. idea.
TEACHER ', )
4. Asks {or: . 5.. Gives:
F~Facts. * Information /tuken to be matters of fact. Reading, F-

definitions (factual or operational), enumeration.

N E-Explangtions  formulation of hypotheses, explanations by means of E-
. examples, opinions; interpretations of, data.
R—Relationships, comparisons, contrasts, exceptions to the rule, classi- R-
mtfons, erical relationships/involving the appli-
catlon of a formula or following a set of rules.

P—Predictions from data or concepts. Information thought tobea P-—
- ’ logical.consequence of facts, conditions, or principles
. known or determinable.

O=Observations  of a demonstration, a class experiment, or a fiiag:%m. O-

i
X~Experiments, plans to test hypotheses, suggestions for checking  X—
effects of changing variables in, a demonstration,
¢ ' model, or proposed experiment. .

N-Inforfnation about the Nature of science. Information implying that N-
knowledge is tentative. Nature of theories and facts. Distinctions be-
v tween observations and inferences, thepries and hypotheses.

U-Uses of scienific pnnc1ples Explanations of everyday phenomena in U
et terms of scientific principles involved. | 4. . .

during class or during previous clas L. ..
H—A Hypothetical situation. A proposed or imaginary sxtuahon H-
. TEACHER . » R ; N
6. M-Facmhtates Managenal procedures. Makes announcements, a551gnments gx\es
. . directions.

T R-—Rccogmzes students Facﬂxfa’t% communication: Makes statements or asks
questions which a§51st in the communication process.
Repeats a statement or quéstion which a student does not
understand., Asks for 2 show of hands for a nose- count
- of a survey. Calls a student by name.

-

. O—-Ortents in both content and procedures Sets stage-by asking questxons or m
e T ing stateménts. Refers to what will b
I done or to what has béen done or
- d studied.- Asks if students have had cer-
. | w. -t . i fam experiences. Justifies goals and se-
| ect;on of subject matter in termgs of
portance

BARBARA M, STRAWITZ - ) / ' 93
R—Repetition. Repeating student statements or thoughts. Para'phrasing a stu-
. dent’s statement, Short response, “Yes,” “Okay,” “All right.”

S—Summary or restatement of what has.gen shid 6r7’x\vhat has happened ~ $- , |

Py

A
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7. "Makes Irreletant statements. Makes statements not directly concerned with the

class dzscu<51on . -
4

_ STUDENT

8. Responds to a question asked by the teacher. Reads.

9. Voeluntarily makes 2 comment or asks a question. Justifies a preyious answer. Gives
an answer not expeeted. Gives his own ideas. . AR
- : \J 1
. i~ 10. Silence or"Confusion..Silence for contemplation, observation of demonstrations.
TN Multiple stydent interaction "'hlch _cannot be understodd
‘ by the coder
+ , . £

OBSETVER BELIABILIT Y

Since The Sc:ence Interaction System was developed to glve feedback to stu-
dent teachers, the consistency with which independent coders were able to
X~ describé the same segment of classroom behaviors had to be determitfed. The
7 . author and a graduate student ppactlced coding behaviors from typescripts and
audiotapes and developed ground rules as unusual categorization problems were
encountered. Segments from randomly selected "audiotapes from the data bank in”
* . the Science Education Center were coded and used to establish measures of ob-
server agreement and coder stability using a coeficient proposed by Scott (1955).
Coefficients of intercoder agreement ranged from 0.79 to 0.92 w}ule measures of *

- coder stablhty ranged from 0.77 to 0.91.

‘ ’POTE\JTIAL USES OF THE SCIENCE INTEﬁACTION'SYSTEM

7 The category system developed in this study was pmnanly designed to provide,
A 4 a basis for specific feedback to student teachers in texms of how they deal with
the emotions and feeliffgs of their students and how they deal with subject matter
content and plocesses, Teachers trained in the use of the system could study
data derived from audiotapes of their classes and identify behaviors consistqnt
" with theories of leaming and with inquiry-oriented science cjricula.; These
teachers could be encouraged to modjfy their verbal behaviors, dévelop their own
styles of teaching, and experiment with teaching. strategies. Science supervisors
. could: use data derived from audiotapes as a basis for supervisory conferences.
Researchers could use the considerable descriptive power of derived data to in-

o . vestigate diffetences in affective and cognitive dimensions of teathing styles.
Supervisors could investigate supervisory styles to. determine if student teachers

" who initiate their own suggestions for changes in their behaviors change as suc-
cessfully as student teachers who aJtempt to make changes based on supemsor-
xmtlated ,suggestlons v oa .

[

.. |
¢ ' .. [ P

L SUMMARY L Sy Lo
. * ]
.' "The .purpose of this ‘study \!l/as to deve]op an m; ra tion ahalysis systemlde-
sxgnédr to cncourage science stuﬂent ,teachers to md y therr verl?al behaviprs.
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A thirty-one category system was develgped to code audiotapes of scienck classes
and to generate data detailed encugh to identify verbal behaviors, teaching styles,
and teachirg tactics consistent with theones of learning and with inquiry -uriented
methodology. -

] +
{
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THE EVALUATION OF A VERBAL INTERACTION SYSTEM FOR
. SECONDARY SCIENCE STUDENT TEACHERS

BARBARA M. STRAWITZ ~

DEPARTMENT OF EDUCATION ¥
LOUISIANA STATE UNIVERSITY
) ) . BATON ROUGE, LOUISIANA
g - 1 SRR .

INTRODUCTION : .

The purpose ?f this study vzg;ﬂ&/explore the effects of usiﬁ}g an intesaction
analysis system developed by the Sriter to provide feedback to secondary science *
student teachers. The thirty-one categury system used in fhis investigation, Th

. Science Interaction System, was designed to help science student teachers identi-
" fy verbal behawors teaching stylez and teaching tactics,consistent with theories
of lcammg and with inquiry-oriented methodology The category system and the
ratibnale 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 (1968),
.McLeod (1966), Molchen (1967), and Yulo (1967) used “contént-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
speuﬁcally designed for that purpose. (2) Student teachers were trained inten-
swely 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 Sczence 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 he-
haviors more than student teachers in the comparison group? ‘

(3) Do student teachers in theaexpenmental group change their attitude to-
U ward teachmg more than student teachers in the companson group?

The independent variable in this study was training and supervision with The
Science Interaction System. The dependent variables were verbal behayiors 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-

posttést control group research design was used in the investigation -(Campbgll
and Stanley, 1963). Audiotapes of each teacher in a normal classroom situatio
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.

e
>

.

PROCEDURE P !

" All student teachers in secondary school scienpe enrolletl at The University of
. Texas dunng the 1969 lell Sen}est?r = 13)]were, ra$1 omly assigned to two
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college supervisors “and to cooperdtmg teachers. wlhe students dsslgned to each
supetvisor were ranked .according to their scores on Form E of the Rokeach
'« . Dogmatism Scdte (Rokesch, 1960). since evidence gathered by~Hough and Ami- o
don (1964), Furst-(1965) and Zahn (1967) indicated that this measure of “open-
ness to cange” was an important variable to control. The ranked students were
then ‘paired and randomly assigned to either the expen‘mental or companson
group. ¥ ' "
Student teachers in the expenmental group receiv: ed approxfinately nine hours
of training in the pse of The Science Interaction St ystem. Performance ob]ectn es *
were dev eluped and students were expected to demonstrate certain competencies
by the end of the training period. Immedlately following the training period, each | =
student was audidtaped for feedback purposes. The tapes were analyzed by the
writer using The Science Interuction System, and a computer program developed
by Gouge and Iall (1970) was used to process the data and print matrices anid
ratios. Print-outs of each mattix were given to student teachers and their respec-
tive college ervisors within approximately four days of each taping. , The
student teachers were expected to analyze their print-outs according to the
procedures set forth in a guide developed by the writer entitled Interpnetzng the
Matriz. Each supervisor ‘was trained in the use of the intéraction system and was ,
provided with an analysis of each print-out to be used as a basis for his confer- . '
ence with the student teacher. During the corference the supervisor and student
_ teacher discussed the matrix and ratios, and the student teacher singled vut a few
specific behaviors which he intended to change in the rext audiotape. This feed-
back and conference procedure was repeated two addltwnal times before the
postmeasures were made. &
Student teachers in the u)mpamon group werergiven gt pldcebo treatment in
an attempt to control the “Hawthorne ¢ffect.” Approxnm?tely six hours of ‘time
Gre required for thé- introductory sessiun and the completion of the require- 4
ments for this group. Each student teacher listgned to four aud:otapes of his
* classes at various times during the semester using The Science’ Rating Scale as a
guide™and prepared the suggestedd Factor Profile on each tape., These materias
were devetoped by the writer specifically as-a placebo treatment. Each student in-
this group was taped threé times in normal classroom situations as were the: s
students in the experimental group, but the- audwtapes did not provide the focal
point for supervisory conferences. Student teachers were not required to make .
special preparation for their supervisory conferences, and the (.ollege supervisors
operated in their “naturaf” manner.
. '.Analysis of variance was used to statisticallPtreat group data for eightcen .
'variables, and The Scott Coefficient of Agreement was used as a measure of inter- .
coder reliability and coder stability (Scott, 1955) ‘Coefficients of interéoder
agreement ranged from 0.79 to 0.92 while measures of coder stablhty mngcd ‘
from 077 to 0L, - ‘ .

o | Resties | a I \"

| I

At

At the end of the student teaching experience, students trained and super- L :
vised ZWitT‘ The,Science Interaction System differed ﬁTniﬁFantly from student o
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Analysis of Variance of Posttreatment Means

|

l

Variable R . Goup ~ Post Means *F ?QL}
1 Expressio;l of genefal Exp. - _~1.250 0.324 202 -
support +_ Comp. 1.023 ’
9. Accéptance and clarifi- Exp. 12.857 3.509 043°*
‘cation of student’ideas Comp. | 9.829
3. Exténded clarification of Exp. 0.449 - 2.827 .059
student ideas »  Comp.~ * 0.136 -
4. Extended acceptance 8f— Exp. T~ 0.83L 0.455 + 9260
] student ideas Comp. 0.869 ' J o
~ 5. Stt}dent talk Exp. 26.@1 - 5.049 dage -’
' . . Comp. 20284 , )
8, Student-initiasted - Exp. 48233 0.221 .326
. l student talk (100) 7 Comp. ' 44.257 .
7. . Total teacher talk Exp. 60.627 0.982 .328
Comp. 65.056 ,
8. Teﬁg\her factual talk - Exp. 14.301 «  7.031 .011°
Comp. , 21.630 / .
9. Thg p;oportion of total Exp. 57.093 8,778 - .008°° ¥
teachet talk that is’ fac- Comp. 73.326 .
‘ t (l (100) N M - - . .
10. Ailence and confusion Exp. 12.511 0.438 T I
' Comp. 14.680 . Y
11;7 Indirect-Direct ratio * Exp. 0.371 '2.233 © 080
/ _ Comps 0.294 .
'}é, Revided Indirect-Diréct  Exp. 0.500 5.291 Qo20*”
A ratio ' P Comp. 0.397. Pl
. 13.  Student Ralk-Teacher Exp. p464 "> ¢ 4180 032°
Talk ratio Comp. 0.317 : .
14. Extended Teach Talky Exp. 0.270 5517 019°
Total Teacher Tal) ratio  Comp. 0.350 » y
15. ‘The.number of question  Exp. 4.857 0.871 313
categories uded Comp. 4.333
16. *The numbgr of talk | . Exp.%. 7.000 .3.612 041°
categories tised Comp. - §750 ’
17.  Cagnitive flexibility Exp. 11.964 1495 123
* ratio {100) Comp. 10.397
18.  Flexibilitf\atio Exp: - 16.709 0.743 - 293
(100) . . . Cpmp. | 15548 L
- ' ! i . N
» Using a one-tailed fest <05 . ot ‘
b Using a twd-tailed. fest " . . |
l, 1 . ;
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teachers-not so. trained on eight of eighteen variables. Ifffs not probable that eight
of eighteen significant 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

significantly from students in the compatfison group in the following respects:
they built upon and developed student ideas more and placed a greater emphasis

haviors, they elicited more student talk in their classes, they gave less factua]

higher cognitive levels, they talked less in comparison to their stydents; they
lectured less, and they were more variable in their approach to content in that

they used more talk categoriés. The observed differences between the groups
could not be attributed to the effects of extraneous variables such as history,
maturation, and testing effelts because of the nature of the experimental design.

- . Since the groups were randomly assigned, selection should not be*an explanation
for group differences. Complete data were obtained for all subjects, thus mortal-

. ity problems were nonexistent. The results were consistent with most of the
findings of Furst (1955) and Zahn (1967), but'inconsistent with some of the

methodologies of these investigators varied rather widely and comparisons_are
probably hazardous. ) .
. During the student teaching experience, students in the experimental group
changed significantly more than students in the comparison group on six of
eighiteen 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 ig 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 changes for the, groups could not be’ at-
tributed to confounding Variables because of the experimental design.
"Student teachers in the experimental group did not change their attitude to-
ward teaching significantly more than student teachers in the comparison group.
s The results of the statistical analysis of the scores on The Teaching Situation
Reaction Tést (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.

have been influenced by many factors which were not controlled, such as topics

~

hypotheses are presented in Table 1. Students in the experimental group differed

" .. on the use of supportive and accepting behaviors in comparison to directing be:

information whén they talked, a greater proportion of teacher lecturing was at -

findings of Moskowitz (1965) and Yulo' (1967). It should be ‘noted that the

Several limitations of the study should be noted. Classroom performances could -
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: o " - | . TABLEZ2 .
v Analysis oftVariance of Pre- and Posttreatment Means
~ and the Difference Between Change Scores
? ' - for the Groups ,
¢ Variable¢ Pre " Post Mean Lo )
' Means Means F . P2 - Changes - F+ P»
s 1. Exp. 0704 1250 3.360 .050° - 0550 1015 ..169
Comp. 1.036  1.023 0.001 489 ~ 0.013 ‘
, 2. Esp. 7.467 +12.657 11187 .003°* 5190 1531 .120- :
Comp: 7.005 9830 5470 .020° 2.824 ‘ '
3. Exp. 0.131 0449 3236 - 047* 0318 0507 13* ,
.~ Comp. 0.126 0.136 0.019 445 ~ 0.100°
4. Exp. 0.279 0531 8462 .008°° _ © 0552 0.069 .400 ;
' Corfip. 0.184 0669 6.816 ,013°, . 0485 . > : *
- 5. Ewp. . 19673 26881 6925 .011° 7.188 0.358 .284
. ) -«Comp., . 15532 20284 4.429 .030° 4.752 . .
, 6. Esp. 57750 49.233 0485 253  — 8517 0.082 402 s
Comp. 55763 44.257 1312 279 - —11506 - . ¥ -
7. Exp, . 58.621 60.627 ~ 0.207 .330 2.006 " 2.375 .075
- Comp. 70.003 65056 0976 326 — 4952
gl 8 Exp. . .17.8904 14301 0605 543 3593 0105 .375°
Comp. 26493 21630 1133 157 - 4863 .
9. Exp. 63574 57:093 0452 260 — 6481, 1247 145 -
. Comp. 73.864 ¥75.326 0.039 421 1462 - 7
10.. Esp. 21706 12511 15.015 .003°% = 9195 16.160 .00Z**b
+ Comp.  “=q14.461 14660 0.002 962 0.200
. “x ' . ' .
) 1. Exp. “0.259 0.371° 4438 .027° - 0112 (.853 311
) “ Comp. . 0225 .0.294 3926 .037° 0.069 Ce
- 12, Exp. 0.300 °0.500 32.588 .000°*  0.200 3,693 .039°
- Comp. . 0.303- 0397 4.682 .027° 0.098 .
: 13. Exp. ' - 0366 0464 1878 0977 0098 00607 403 -
- Gomp. 0240 0317 2904 .058 0.077 . AN
.14 Exp. 0354 0270 4222 030° — 0084 0057 405 - -
.77+ .7 Comp. ' 0423 0350 -3.38 .050° -—'0.073 _ . ° .
Lo a . q“Usmg'oa one-tailed test "< 05 *eg 01 e v
b Using a two-tailed test e L
¢ See Table &. for descriptions of’fhe varmblcs . . R ' )
? g ' ’ ' a ) N .
- . .. .o : : L
¥ . . . . . . -
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TABLE2 e

Analysis of Vagance of Pre- and Posttreatment Megns
and the Difference Between Change Scores

~

for the' Groups
#Variable Group Pre Post . Mean
. ,Means Means F ps _Changes F p:
15.  Exp. 4.2.14 4857 1976 .092 0.643 0.652 .279
Comp. 4.250 4333 0015 450 0833 B
16. Exp. 5786 7.000 2335 .067 - 1214 12472 003°°
Comp. 7.000 5750 .'3.947 026° — 1.250 A
1;1'. Exp. 8.197 11.964 8413 -007°° 3.767 15.353 .019°
: Co_mp. 9.732 10.397 0.221 .326 0.665
18.- Exp. - 12688 16709 8383 .007°° 4021 5025 .022°
T Comp. 14.013 15.548 1.021 .169 1.535 '
*Using a one-tailed test . °< .05 **< 01
b Using a twb-tailed test s - {

9

r\..
[ e
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which were taught, materials which were used, objectives for the lessons, and the
operating procedures of, the cooperating teachers. The operating styles of the
college: supervisors could also have had some impatt 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 im estigation was desigried to provide individual

< . TABLES

Analysis of Variance of Pre- and Posttreatment Means
and the Difference Between Change Scores
‘ for the Groups

NN

» -

| . 0

. <5 s . N
.. . \Variable Group Pre , Post -, ~ Mean

Means Means .F Pr» . Changes F- P

TSRT - Exp.  ~202.000 202.000 0.000 .500- . 0.000 "~ 0.844 .310
Scores . Comp. 190.167 198.1‘67 " 0647 278 © 8.000

. L

e tfsing_a one-tailed test -
feedback to student teachers in a manner which encouraged them to, experiment
with their hehaviors. Data from the logs of supervisory conferences indicated that
student teachers were successful in changing some of the behaviors whichthey
committed themselves to change. Student tcachers made 13 of 20 desired changes™

(65%) after Conference No. 1, 12 of 24 desired changes (50%) after Confefence

' No. 2, and 19 of 24 desired changes ( 79%) after Conference No. 3. They were

1

-
.

. . . .
» » . , o
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i

unammousI) enthusiastic about receiving interaction analysxs data as a supple-

ment to the feedback. they received from theu cooperatmg teachers and college .

supetvisors.

The writer replicated thls study at Louisiana State University, and although the’

data have not been stanshcally .maly7ed the enthusiasm of the student twchers
in the expenmental group was unpresswe

: CONCLUSIONS T
Tra.xmng and supervision with The Science Interaction System appmred to’

’

have a significant effect on some of the verbal behaviors and changes in verbal
behaviors 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 techmques for analyzmg their

_own behaviurs 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 f8%hers in the, comparison group seems to indicate that
training and supervision with The Science Interaction System encomaged science
student teachers tu develop their own styles of teaching and to increase their
individuality. The writer believes 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 ]. MONTAGUE “
. ~ SCIENCE EDUCATION CENTER
THE UNIVERSITY OF TEXAS AT AUSTIN
AUSTIN, TEXAS < . .

-

INTRODUCTION

The use of videotape feedback has been .an integral part of the pre-service
preparation of teachers for quite sume time (Cyphert and Andrews, 1967). When -
using videotape or qudiotupe in microteaching situations, the user is generally
faced with the deciston of using either peers ur the appropriate elementary or

’ secondary students as learners. Steinbach and Butts (1969) found that those

teaching elementary children asked .,questions more frequently,l used teacher’
classification categories mure frequently, and were more indirect than those
teaching petrs. Whether or not these differences would exist if pre-service teach-
ers were teaching secondary rather than elementary students is not obvious.
Aubegtine (1984), Olivero (1964 ), Steinbach (1969), and others have verified
the impprtance of feedback in mudifying 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 compatable to that
‘when teaching students. : .
. .Johnson and Pancrazio (1971) found that it seemed easier to obtain desired

~ training effects throngh peer teaching, but these effects do not seem to transfer

to student teaching. While there were statistigally sigﬁiﬁcant differences, petween.
pre-service teachers teaching peers and those. teaching secondary social studies,
students, the magnitude of the difference did not scem to be educationally signifi-
cant. o d ‘ -
In many rhicmtéaching situations, it is impractical to use classroom students;
thus, peer teaching is the unly viable altemative. 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 be manifested in the.classrdom.

One instrument which has had wide utility in reseaich and in teacher educa-
tion is the Flanders (1963) Ten Catagory Interaction Analysis System. This
system is basically an analysjs of the quantity of time a teacher spends on various

verbal behaviors. -~ . ) s

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: th¢ fuantity of time

) (XN
-

~ 1oz -
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spent on various verbal behaviors and the quality or nature of certain categories
of verbal behaviors. . N -

Nine students were enrolled in both studen} 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 experi-,
ences in using one or more inquiry skills. The twenty minutes for egch tape was
chdsen because it represents the appruximate maximum length of time in typical |

) ‘{nicroteaching experiences, - :

Each student teacher was taped while teaching this lesson to a group of ap-
proximately sixteen peers. They were also taped while teaching this same lesson
to 2 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 Catagory Analysis System. The Scott coefficient measuring |

coder agreement between three coders wds 0.879. -

Inorder to determine the consistency of verbal behavior, with r”espect to the
percent of the tutal time spent in various categories when teaching peers and
when teaching secondary students a cosrelation coefficient was calculated.

In an attempt to analyze the consistency with respect to the quality or Bature

. 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 analysis Would allow. a reasonable answer to the problem which
would be useful for the purpose of giving direction to a more extensive study.

Table 1 describes the criteria used in analyzing the indirect behavior cata-
gories. A simple scale fromsone to three was used as an indicator of the nature

- . or quality of each indirect behavlor. ‘ ’

-
.

G . TABLE 1-
- ' Appraisal for the Quality of Indirect Behavior
. Category 2—Praise - - ‘Y
1 . . . okay, all right, good, right, repeat. student responses  (mechanical,
without much expression or conveying enthusiasm). .

2 . . . good, right, repeat answer (with feeling or enthusiasm that conveys  ~
.- . . teacher is pleased with the answer). o

3 . . % Very good, excellent, great idea Jmueh’enthusiasm). ,

——

Category 3—Acceptance - ;
i . - okay, repeat answer (accepts answer but does not indicate that an-
e i swer was right). . ' . \
2o . ‘rephrases answer (indication tHat answer is acceptable'but not nec-
essarily correct or expectéd). .
3 . . . expands answer, asks class opinion, refers to student by name in later
discussion. . . ‘o

3 0103
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' lecturing and giving directions was fairly consistent_ for the two situations. The - .

< « .
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Category 4—Questions . - R
1 . #\. recall, factual. . o= - - -
2. . higher, dlosed (specific apphmtlons, includes observatlons, converg-
ent questions).
3 . . . higher, open (opinions, evaluatxon, d.wergent questions).
RESULTS : -

Table 2 presents the results of correlating the percent of time spent in vagious
catagories of verbal behavior when teaching peers and When teaching secondary
students. It can be seen from the correlation coefficients that the percent of time_
spent in praising, accepting, and questioning catagones varied for individuals
from the situation when teaching peers to the situation when tea:.hmg secondary
students. The fact that the correlation coefficients were not significant indicates
that the percent of time spent in the catagories by individuals changed for the
individuals but not in any consistent fashion. The percent of the total time spent

.

percent of time spent criticizing and in teacher talk varied for individuals. The
I/D and i/d rdtios also varied for individuals bemeen the two_situations.

- . - TABLE 2

Correlations of Verbal Behavior
_ Peerslvs. Secondary Students

5 . "

<
.
:

« Catagories ‘Correlation Coefficient

Use of Praise . 0.36

Accepting Ideas I 0.35 ’

Asking Questions 0.23

Lecturing 0.61* .

Giving Directions 0.78*

Guriticism 0.26 -
- Total Teacher Talk 0.34 - ‘

1/D Ratio ” 0.18

,  i/dRato ‘ : 0.1 .

¢ ngf;iﬁ(:ant at the 0. 05 level - L

} -

The results of the analysis of the quallty of pralsmg, accepting; ; and question-
ing as measured by the ‘Quality of Inferaction Instrument is.presented in Table 3.
The fact that all three correlations were significant indicates that the verbal be-

havior of the pre-service teachers when teaching peers closely piralleled their
verbal behavior when teaching secondary students. The results of the t-test, how-
ever, suggests that the quality of the indirect verbal behavior of th¢ pre-service
teachers was consistently lower when teaching secondary students\than when
teaching peers.




@

O

N

ce S * TABLE3
¢ déuality of Indlirect Behavior Exhibited

Catego}y Peer - Student ro © ot
2 © o164’ -1.38 69°, - 2.I73%
3 1.60 1.43 650 © 3131
4 2.20 2.03 74°° © o 3.365%
. Significant at the 0.05 level , , ’
(2 ngmﬁcant at the 0.01 level > -
CONCLUSIONS ‘ E .

C, i

The verbal behavior of individual pre-service teachers when teaching peers
differs from that when teaching secondary students witli respect to the percent
of time spenit praising, accepting ideas, criticizing, and in total amount of teacher

talk. The percent of time spent lecturing and giving dlrecbons is fairly consistent

for individuals-in both sxtuahons

The degree of indirectnéss as indicated by the I/D and 4/d ratios varies for
individuals when teaching peers and when teaching secondary students.

The quahty of indirect behavior including praising, accepting, and questioning
levels is consistently at a higher let'el when teachmg peers than when teaching
secondary’ students. .

3 ~

/

IMPLICATIONS ]
The results from this study mdxcz{te that feedback based on microteaching with

peers may not be as useful as feedback based on observations of a pre-service

teacher teaching secondary students. This is particularly true if the data accumu-
Jated 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 (Ioes suggest some areas for fur-

ther study. Further research is needed to more clearly identify which of those

behaviors exhibited when teaching peers will manifest 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

_elassroom by the pre-semce teacher. -

[ »
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Discipline, classroom control, survival skills, or avhatevet 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 tedching experience. ,
Despite the centrat-Tocation of classroom control in the spectrum of teacher con-

_ cermns, there is little in the literature which would be helpful in structuring mean-
mgful activities for training student teachers in this area. Alshuler and” Shea
(1974) describe the available literature quite aptly:

What was there fell largely into the datégory of “Don't smr]e until
Christmas,” “Never turn your back on a class,”.“Get the troublemakers
out of class quickly.” We did locate and reaq reports on behavior modifi-
cation teachniques for establishing classroom control, but these pro-

- cedures seemed unjust in their unilateral application.

-

<.
Even if the techmques outlined in that literature were pecessary and cffective, _
convincing the lh(e-servu.e teachers who have been raiscd on Holt, Herndon, and
Humanism to accept them beéfore undergomg a. painful expericnce in the class-
room would rank somewhere a]ong a seven-point Likert type scale bet\w een “dif-
» ficult” and “nearly impossible.” .
" So an important question is: What can student teachers do to mamtam class-
+  room control that they normally do not do, and that, at the same time, does not
~demean or otherwise detract from the self-concept of their pupils? A hint of an
answer was heard when one of the autlfors listcned to many hours of audiotaped
lessons taught by student tcachers. Those student teachers who seemed to have
aii inordinate wnount of <difficulty controlling their classes seemed to scldom
address their pupils individually by name, when they addressed comments, state-
ments and questions at all, they tended to address that amorphous many-headed
beast known by such assorted titles as “class,” “people,” “everybody,” and “ya’lL™
Below are reported the details of a study which supports this original guess,
possible explanations of discrepant data implications for pre-service teacher
educatxon and some suggestions 5or future research ,

» ¢

t«Y211” would, of course, not be a nation-wide finding. Studant teachers in non-
- Southemn areas would hhe]y be more prone to use “You” or “You guys.” *
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PROCEDURE 2 \‘/\ B R

One ten-minute sample of audiotaped clissroom teaching of each subject was *
analyzed using a modification of the Flanders Interaction ‘Analysis System in
which category 10 — silence or confusion ~ was split ‘into a category for silence
and a different cptegory for confusion, In additioh to using thé Flanders, cate- :
-gories, an “N” was placed by the appropriate category code number eath time
the teacher addressed arj individual pupil.by.name or used a pupil’s name in an-

' other way. In\this fashion, the frequency of use of pupils names could be de-
termin€d as well as an estimate of the manner in which names were used. With
several of the adudiotapes, it was obvious when the class was just beginning or
was about to end. When this was the case, the five minutes gt the beginning or at
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 lesson. Otherwise, the ten-minute samples were randomly, selected from

“ audiotapes of lessons which exceeded ten minutes. Samples were timed with 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 {1955) was used to
** calculate both inter- and iritra- coder consistency. Intercoder consistency 0.81
and .intra-coder consistency was 0.83 and 0.91, respectively._ The consist¢ncy of
teacher behavior front one Jesson to another was obviously not determinell since
_only one lesson per teacher was analyzed, but a review by Rosenshine (1973)
" indi¢ates’ that an assumption of consistency regarding the teachers’ affective be-
) ha'ggors examined in this study is not badly in error‘:w}he same review concludes

that “one or two observatioris (per teacher) are sufficient to obtain a trustworthy

- mean‘score for the group,” even for the more variable cognitive teacher behaviors.
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POPULATION - o - ‘

- Samples were drawn from three” different populations: secondary science pre-
service teachers who did their student teaching in tite Spring of 1974 (n = 18),

\ secondary science pre-service teachets who did their student teaching in the F{ll
of 1974 (n = 12), and ninth grade physical sciénce teachers whose classes hayl-
been audiotaped during a period froin 1971 fo 1973 in conjunction with a previ
unrelated study (n = 15). 4 : o

. DEFINRRIQXS T

Use of Names: The number of timées 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 jin~duration during which
the coder could not understand commupication. Confygion was typically caused b)"
several students talking-simultaneously or making other noises. If listening to the
tape made obvious the fact that the tegcher was writing ¢n the board, passing oyt 7
papers, talking to an individual, etc., thés fact was noted during the codin
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stam'ng;, and the accompanying periods of confusion were deliberately omitted .
. from the final frequency tally for purposes of ‘data analysis. . -, oL
Extended Confusion. Penogs of confusion as defined above except'longer in duration
than three seconds. . L . . .
~ * : . r”
HYPOTHESES

_1. There will be no significant correlation between the number of times teachers
in the tgtal sample use pupils’ names and the numbet of times confusjon
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. o .

3, oThere will be no significant correlation between the number of times pre-
service teachers use pupils’ names and the number of times confusion

_ Or extended confusion occurs. .2

hl

4. There will be no significant difference between in-service-and pre-service

teachers in the number of times pupils’ names are called. o

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 times extendéd confusion occurs. .

7. There will be, no significant difference ‘between the ten pre-service teachers

who use names most frequently and-the ten pre-service teachers who '

use names least frequently ing the number of times confusion or extended _ .

confusion occur. o o ‘ . .

|
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ANALYSIS OF THE DATA I

1. . The frequency of occurrenee of names, confusion, and extended confusion in
_each ten-minute sample of teaching were used to calculate Pears’og-
) product-mon}ent correlation coefficients for pre-sefvice and .ih-service
- teacher subgroups and for the entire group of teachers. These cqrrela-
: ,  tion coeficients were used to test hypotheses one through three.

2. To test hypotheseé ‘four th}.ough seven, the t-statistic was used to determine
significant differences l\etween the means of the appropriate groups and

the appropriate variables. . ce , .
. The 0.05 level of significance for a one-tailed test was predeterminedt
as-the level for rejection of the null hypdtheses. - ‘ .
RESULTS % * - )
The e{ppropﬁate statistics are listed in Tables 1-3. - ‘ . ..

Hypothéses une through three afe rejected. There is a Significant negative correla-
tion between the use of pupils’ names and both confusion and extended confusion
for both pre- and in-service teachers and for the combined group of teachers.

T
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< TABLE 1
- Correlation Cbeﬁicients-— ‘ .
Use of Names and Confusion or Extended Confiision- .
v -
. GROUP * df. VARIABLE L. p.
pre-service teachers 29 confusion - —0.55 <0.01
' . © extended a
. g confusion © ~0568 <001
‘ ‘' in-service teachers - 14 confusion -0.54 <0.05
. - . h . ' extended ’
: : confusion . —0.60. <0.05
all teachers . 44 ~~ confusion -052  <0.01
» . . . - extended
' . ’ . . confusion * =054 <001
’ , . » - N '
.. - - TABLE 2
o Comparison of Pre- and In-Service Teachers on Use of .
- . Names; Confusion, and Extended Confusion : -’
GROUP - n VARJABLE MEAN VARIANCE df. *t ~ p.
pre-service teachers 30 use of names  10.08 3847 43 041 nsd ,
in-service teachers 15 1073 2.60 1 . .
- pre-service teachers 30  confusion 1060 " .219.83 43 1.97 0.05
in-service teachers | 15 4T 286 1698 .
pre-sérvice teachers 30 extended ., . .
v ’ . confiision 2.93, !L 15.51 43 2.00 0.05
Co in-service teachersn 15 ¥ 080 208 ‘ < ’
) ' ok :
¢ Hypothesls 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 inservice teachers in the occurrence of both confusion and
extended confusion, with in-service teachers experiencing much less confusion.
Hypothesis -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. '
. . N R t ‘,7 , .
DISCUSSION
. Inspectlon of the data shows that the a.ssumpt:on of homogeneity of variance

‘- }fas been severely strained if not shattered. In addition, the tapes of the group of
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TABLE 3
Compaﬂson of Pre-Service Teachers Who Do and Who Do Not
., ~ Use Names Frequently -

GROUP p VARIABLE  MEAN VARIANCE df. . D.
frequent use of names 10 use of names.. '17.30. ~ ‘16.01 .
infrequent use ° 10 * . 3.30 3.12
. frequent 10 confusion 200 466 18 278 001
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 S x"ing of 1974 were
among those which impelled the 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 pomts in
ing the results and conclusions of the experiment.

* After consldermg the results of the analyses the authors, dftempted again to
uncover any research reports or essays‘related to teachers™use of pupils’ names.
The search was probably far from eghaustive 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. Theonty —

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 review ed
no research and did not list a bibliography of any sort.

The research reported above supports Reis’ opunons concemmg the 1mportance
of using pupils’ names. Although other factors afe likely involved, using pupils’
names seems to be important in maintaining classroom control. Teachers who
consistently use their pupils’ names seem to expenence 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 tharr the correlatxons 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 vanabx]xty was not due to Fall vs. Spring student teaching. Upon
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exaﬂnilmg the f;equency tables hstmg use of names confu$10n, and extended
“confusion’ for these two groups, we noticed three, teachers in the infrequent
group for, whom confusion occurred much less frequently than for fhe other
seven {ip fact, two of these teachers expenenced no confusion at all) This was ",
puzzling so we Iook,ed at the interaction matrices for'this. group ta see if there
were aty deerences in the teaching patterns. Six of the seven teachers who were,
expenencmg confusion were conducting or at:tem.ptmg to 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 led us
to examine the matrices, for all the teachers tp dlscover other interesting observ-
ations.” *~ ” .

The vanabzilty of occurrence of confusion was also quite high for the mlddle \
group of student teachers who were not in the groups analyzed for those who
used pupils’ names most or least frequently. Three of these teachers expenenced
confusion quite frequently and the other seven did not experience confusion as .
frequently. Examination b the matrices revealed two fairly distinct teaching pat-
terns. For the seven student teachers who' experienced confusion-infrequently,
the confusion would arise after the teacher askéd a_question and then failed to

~ designate a respondent, resulting in’ several sfudents dffering different answers
simultaneously. The teacher would then.name arespondent or, takmg advantage
of non-verbil cues unavailable to audiotape coders, would repeat one of the

" answers or use some-other tactié¢ Such as probing or redirecting ta continue the’
_lesson. When names were used, they were used most frequently to demgnate a
" desired respondent to one of the teacher’s questions and less often to praise a

-, pupil or to yse a pupil’s name with a contribution made to the discussion by that

pupil. Twd of the three teachers in this group who experienceck confusion were
lecturing, but unlike, the lecturers in the infrequent name group, their puplls
were obviously, not attentive.. Short spurts of confusion became. periods of, ex-
tended confusion until, finally, each of the two teachers began issuing | orders to
offending pupils by name and began criticizing individual puplls 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 ordérs and cr,mmsm 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 cnt1c1sm
were much mofe 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 as-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 m-semce teachers,
generally used names .abaut a5 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 hetween student teachers eyen though the frequency of name usage per .
T ~ten~murute period was abouit the same. AR

The results and observations discussed above are easily exp]amed. Ta very

 zeal sense, teaching is the selling of ideas and, as successful salesmen already . .

LN

" kngw, using the names of their clients is crucially important. Children are no less
self-centered, than adults and their responding ip predictable ways to the usg, or A

Jack of use, of their individual names should come as no surprise.

Teachers who consistently addréss their pupils as individuals, with mdmdually
different nanies, probably make their pupils each believe that the teacher feels
he or’she is an important pérson. When a teacher uses a pupil's name in asking®
question, giving praise, or using a coptribution, 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 dther hand, if the teacher responds to a pupil as an
individual only when giving orders or criticizing, the pupil probably believes
that the teacher doesn't have much respect for him or her as a person. Pupils,
who feel disrespected by, the teacher are likely to retum the perceived dlsrespect

and to cooperate less fully in-the classroom. » )
© -8 .

IMPLICATIONS FOR PRE~SERVICE TEACHER EDUCATION ) B "

Even' if the proposed explanat:on is mcomplete oF even mcorre(:t, analysm of
the data and the other less formal observations indicate, that there is & fairly °
strong negative relationship between how and how oftén a teacher uses pupils’.’

. names and how often those pupils cause confuswn to occur during a lesson,

- .

taught by that teacher. Therefore, to heIp pre-service teachers avoid classroom
confusipn during their student teaching, teacher educators should arrange for T

pre-nervice teachers to encounter the opinion that using puplls names {s 1mpor
tart and should gwe their pre-service teachers training in how to. use pupxls
names. This training could take the f'orm suggested by Reis ( 1972/1973) or might
take another form’ entirely. ‘8

Activities to aid pre-servxce teachers .in leammg their pupils’ narhes at the
beginning of the student teachmg experience should also be used. The student
teacher might check sgjl seix eral times for the teacher before taking over the class.
The pupils might be asked to sit in assigned seats for the_ first few days so that
the student teacher could bégin to associate names on a seating chart with faces
at a certain location in the classroom. If a camera is avadable the studént teacher
might take a photograph of the class, identify the pupils with the help of thé co-
operating teacher, and then use this photograph as an aid in memonzmg the
pupils’ names:

Learning the names wﬂl of course, hardly be sufficient. The student teachers
discussed abbve 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 af all possible, audlotape their
teaching several times near the beginning of their student tedching experience.
Then they and/or their supervisors can listen to their teaching to determine how
often and jn what ways they use pupils, names. They might discover, for example,

N < -
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.. that'the pupils who cause trouble seldom are asked questions or praised by name.

. * Whatever pre-service teachers do and however they do it, the research repérted

in this §tudy indicates that those pre-service teachers who, quite early in their

student teaching experience, develop thé habit of consistently using their pupils’

hames 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-service teachers more about teaching during

- the student teaching experience’if those pre-service teachers learn early to con-
sistently use their pupils’ names. :

) -

. SUGGESTIONS FQR FUTURE RESEARCH"

The first 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 éxpected themn t6 be and this may be partially due to experimenter 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 merely.artifacts of the individual teachers recorded for this

. study. - L - 5 ’

We hypothesized that a teacher’s use of a pupil’s name in part determines that ., .
pupil’s perception of his or her felationship with the teacher. A pupil's self
concept might be affected in a similar manner. Using techniques similar ta those.
above and one or more acceptable instruments for determining gelf concept
and perception of pupil-teacler relationships, one could fest this hypothesis. A
similar study to test the relationship between teacher’s use of a pupil’s name and

 ‘pupil achievement would also be intevesting. - .

A facet of the name problem not investigated in this study is the question of 4
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 Biddle (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 pupfl-
‘teacher relationships, and pupil achievement should-be investigated.

Several suggestions were made with regards to teaching pre:service 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 this area.

. ’ ’ ( )
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SUMMARY - E :
The purpose of the study was to determine the relationship between the ten-

dency of teachers to use their pupils’ names and the tendehcy of teachers to have

problems in maintaining control of their classes.

Randomly selected ten-minuté segments of aud’otaped lessons t;ugl;t by thirty ’

Pre-service and fifteen in-service teachers were analyzed using a modification of
the Flanders Interaction Analysis System to determine the frequency of.the use of
pupils’ names and the frequency and duration of periods of confusion.
A’significant negative, correlation between teachers” use of pupils’ names and
the occurrence of both short and extended periods of confusion Wwas 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 fanght by in-service teachers even though both pre- and in-service teach-

ers tended to use pupils’ names with approximately the same frequency.
’ ~7
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