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PREFACE

AETS Comments

The Board of Directors of the Association for the Education
of Teachers in Science enthusiastically endorsed the idea of a
Yearbook series at their annual meeting in March of 1973. During
the months that have followed, major efforts of a Feasibility and
Production Committee headed by David H. Ost of California State
College, Bakersfi=ld, the AETS Executive Comm’ttee, the staff of
ERIC/SMEAC, and the authors of this volume have resulted in this
first AETS Yearbook. AETS in cooperation with ERIC/SMEAC is pleased
that the first Yearbook is a reality with this volume and that plans
have advanced significantly for Yearbooks for 1974 and 1975 as well.

AETS recognizes three of its members, Patricla Blosser, Tom
Evans, and LeVon Balzer, who have been able to complete this signifi-
cant volume so promptly. It is fitting that this first effort con-
centrate upon a review of the past research efforts involving and
affecting teacher education in the sciences. Certainly a review of
the literature regarding instruments for assessing teacher behaviors
will be of value to all members and other professionals as well. A
review of the research in the area of teacher behaviors is a logical
starting point for all discussion and all future planning. And, as
is too often the case, relevant research regarding teacher behaviors
in general should not be overlooked. Something can be learned from
a look at significant research centering upon other content fields.

Future Yearbooks will focus upon topics that seem of particular
relevance during a particular year. Each President and his Executive
Committee will invite members to participate in writing papers re-
lated to the selected topics. Completed papers will be distributed
to an Editorial Review Board. These papers may be used as the basis
for presentations at the annual meeting. Interested members will
discuss a given paper with the author while the presiding officer
acts as a discussion leader. The authors will be central figures in
each discussion. They will be asked to submit a final paper to the
Yearbook Editorial Review Board.

Each fall an AETS - ERIC/SMEAC Yearbook is planned. Such a
Yearbook series should serve the professional community as a means
of identifying current issues in Science Teacher Education, as a
scholarly analysis of such issues, as suggestions and directions
for future research and practice.

Fred W. Fox of Oregon State University has accepted the assign-
ment as editor for the 1974 Yearbook. The Editorial Review Board
for 1974 will be headed by David H. Ost.



0: ce again, the AETS officers and the members congratulate
Patricia Blosser, Tom Evans, and LeVon Balzer for making the First
Yearbook a reality and a most significant contribution to the pro-
fession. Everyone looks forward to future Yearbooks and a new service
to members and all teacher educators.

Robert E. Yager, President
Association for the Education
of Teachers in Science

ERIC/SMEAC COMMENTS

The ERIC Information Analysis Center for Science, Mathematics,
and Environmental Education (ERIC/SMEAC) is pleased to cooperate
with the Association for the Education of Teachers in Science (AETS)
to produce this publication. This publication brings together con-
siderable data related to teacher behaviors that were not available
in one publication before.

ERIC/SMEAC and AETS are cooperating on a second publication at
this time. We invite your comments and suggestions regarding this

publication series. ‘

Robert W. Howe
Director, ERIC/SMEAC

Editor's Comments

This document is the result of many hours of work, not only
on the part of the three authors but also of ocher individuals
who helped in the typing of the rough drafts as well as the prep-
aration of the final product. Specilal recognition should be given
to Dr. Stanley L. Helgeson who assisted in the editing and proofing
of the final product. The document was typed in final form by Mrs.
Sue Helgeson whose assistance is also gratefully acknowledged.

Patricia E. Blosser
Editor

This publication was prepared pursuant to a contract with the
National Institute of Education, United States Department of Health,
Education, and Welfare. Contractors undertaking such projects under
Government sponsorship are encouraged to express freely their judg-
ment in professional and technical matters. Points of view or
opinions do not, therefore, necessarily represent National Institute
.of Education position or policy.
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SCIENCE INSTRUCTIONAL BEHAVIOR:

INSTRUMENT DEVELOPMENT AND BASIC DATA TRENDS

By

LeVon Balzer
Assoclate Professor
Department of Biology
Western Washington State College
Bellingham, Washington 98225

INTRODUCTION

The material for section I is based on abstracts, papers, published
articles, dissertations, books, and nonpublished reports. These docu-
ments were assembled with the aid of an ERIC computer search and through
a review of the journals in science education, documents on teacher be-
havior and interaction analysis, and NARST program abstracts and papers
from 1969, 1970, and-1971. Major sources used in addition to the docu-
ments ldentified by computer search were Dissertation Abstracts volumes
1 through 31 (1935 through June 1, 1971); Mirrors for Behavior, volumes
1 through 14, A, B, A Supplement, and B Supplement; Classroom Interaction
Newsletter, volumes 1 through 7, issue 1 (1965 - 1979; Journal of Research
in Science Teaching, volumes 1 through 8 (1963-1971); Science Education,
volumes 44 through 55 (1960-1971). Other sources utilized in the search
were The Science Teacher, School Science and Mathematics, The Journal of
Educational Research, Science and Children, Review of Educational Research,
Journal of Experimental Education, The American Biology Teacher, and BSCS
Newsletter. A summary of the numbers, types, and emphases of documents
used is given on page 3 of this section.

Section I provides a brief review of instruments developed, the pro-
cedures for instrument development, and procedures for encoding used in
sclence classroom behavior and interaction studies. Also presented is a
summary of descriptive information, provided by these studles, about sci-
ence classroom behaviors at the elementary, secondary, and college levels.
Specifically, an attempt has been made to provide the following areas of
information (insofar as this information was provided in the docuwents
reviewed): (1) Theoretical framework, rationale, or goals underlying in-
strument development, (2) Method of instrument development, (3) Descrip-
tion of instrument, (4) Encoding procedures, (5) Instrument reliability,
(6) Instrument validity, (7) Data from classroom use of instrument.

Due to the number of instruments and studies, it was not possible to
reproduce and report entire instruments in original form. Instead, in-
struments have been summarized in outline form for brevity, preserving
original sign, category, and subcategory titles and organizatlon. The
reader interested in a detailed study of a given instrument should con-
sult the refarence cited.



Trends in the data generated by the research are identified, with
implications for future research, for future practice in education of sci-
ence teachers, and for future teacher classroom practice. Specific recom-
mendations summarize these implications. Studies in non-science areas and
related specialized fields, such as nurses training and engineering, have
not been included in this section.

No attempt is made here to provide a comprehensive review and appraisal
of all the research on teacher behaviors and classroom interaction. Even
at this level of detail, this would be a task well beyond the scope or
intent of this document, and a number of reviews and research status ap-
pralsals are already available in the literature (4, 6, 27, 31, 52, 88, 98,
99, 123, 139, 140, 161, 182, and others).

Teacher effectiveness studies also are not reviewed in this section.
These studies are reviewed in the section by Evans. Studies which focus
on the effectiveness of techniques for changing pupil behavior or measur-
ing levels or changes in pupil abilities are not included here either.
Emphasis here is restricted to instrument development and generation of
descriptive data concerning science teacher and pupil behavior and inter-
action.

A survey of the research in science education reveals that numerous
recent studies have continued to focus on comparisons of teaching method-
ologies and their effectiveness. Some studies also have continued research
on relationships between teacher characteristics, traits, or personalities
and effectiveness. Except where such descriptions arise from an analysis
of behaviors, they are not reviewed in this section. Emphasis is placed
on methodologies of instrument development and thelr design.

REVIEW OF CLASSROOM BEHAVIOR STUDIES IN SCIENCE EDUCATION

In the pages that follow approximately ninety studies of classroom
behavior and interaction in science are reviewed. For many of these studies,
several documents were reviewed and are cited in the bibliography of this
monograph. The usual procedure for reviewing a study was to utilize the
following sequence of coverage: (1) Theoretical framework, rationale or
goals, (2) Method of instrument development, (3) Description, (4) Encodi.g,
(5) Leliability, (6) Validity, (7) Usage data. TFor some studies, the re-
viewer was unable to obtain one or more of the above items of information,
and they were therefore omitted.

" Types of Documents

Documents studied in the course of reviewing the literature for this
portion of the monograph could be grouped into six major types: abstracts
of doctoral dissertations, papers presented at national and regional meet-
ings, articles published in professional journals, doctoral dissertations,
books, and various nonpublished reports. Hore sources than one were usu-
ally utilized by this reviewer in reviewing a given research study. Such
documents often complemented each other while obviously referring to the



same basic research study. Many other research documents were also obtained
but not cited, often because of duplication with other reports by the same
author {already cited). Such documents are listed in a separate section

in the bibliography.

Research Emphasis of Documents

TAELE 1

RESEARCH EMPHASIS OF DOCUMENTS CITED®

Research Emphasis No. Documents
Instrument Development (Sci. Ed.) 98
Descriptive Data (Sci. Ed.) 74
Teacher Effectiveness (Sci. Ed.) 17
Behavior Chanze (Sci. Ed.) 49
Correlational (Sci. Ed.) 24
Research Review and Perspectives 21
a A single document may have more than one research emphasis.

Table I presents the number of documents, according to the major re-
search emphasis. Very few documents included only a single research em-
phasis. In this section, only the first, second, and last areas of empha-
sis of Table I (Instrument Development, Descriptive Data, and Research
Review and Perspectives) are reviewed in detail. The other areas are re-
viewed in detail by Evans in Section II of this document.

The studies have been grouped according to the following instrument
descriptions and research emphasis: Rating Scales, Indirect Source of Data,
Student Behavior, Questioning, Inquiry and Nature of Science, Communica-
tions, Cognitive or Structural, Affective, Multidimensional. These group-
ings are for convenience only, and certainly are not mutually exclusive.
For example, the reader may get a good sample of studies with an affective
emphasis by reading the "Affective' grouping in this review, but studies
in other groupings also include attention to affective behaviors. Simi-
larly, not all of the multidimensional instruments are in that group. Some
studies with a major emphasis in one of the other areas have been placed
in those areas. There are also a few rating scales grouped with other in-
struments according to major emphasis.,



Rating Scales

Rating Scales differ considerably from most of the other groupings of
instruments in that the observer is required to make a judgement regarding
how much or how well certain behaviors or types of behaviors are portrayed.
Because of this characteristic, no attempt has been made to include all
rating scales in this review. Those included have a fairly strong behav-
ioral orientation. The '"Indirect'" studies utilized a more indirect source
of data in that data were obtained by asking pupils or (occasionally)
teachers for a description of classroom behaviors. All the other group-
ings of instruments utilized the observer as the direct source of data, and
observations were encoded into the instrument directly or from audio or
videotapes. The important procedural distinction here is that in the
"Indirect" group, teachers or pupils report their perceptions or recollec-
tions of classroom behaviors whereas in the direct procedure, the data ‘e
encoded as observed at the time they are happening or from a record.

Some observational instruments are organized in such a manner that
two or more different dimensions of behavior are encoded. In some of these
instruments, the dimensions may be set up in such a way that behavior of
different dimensions are encoded into different categorles or groups of
categories, while in other cases behaviors may be coded into two or more
dimensions (such as cognitive behavior and communication method) simul-
taneously. Instruments with this characteristic have been grouped here
as "Multidimensional."

R. D. Anderson and others (13) developed a verbal and nonverbal ob-
servation instrument called the Teaching Strategies Observation Differen-
tial (TSOD). The authors specified the "educational objectives and approaches
to learning generally encouraged through the modern curriculum projects" as
the frame of reference for the development of the instrument (13:2).

The TSOD was developed to provide a rating of the teacher's style
along a continuum with the extremes of expository-direct and inductive-
indirect. At the expository extreme the teacher is the interpreter, ex-
plainer, and describer. At the inductive extreme, the teacher places the
student in direct contact with the environment without the teacher's inter-
pretation. The TSOD was developed in three versions. 'In all three versions
a rating of teaching style 1s given for each one minute time interval.

The "alpha'" version of the TSOD provides for the encoding of a sequence
of events in three major groupings and a rating of teaching style on a 9
point scale, inferred from the events encoded. The groups of events are
(I) Instructional, (II) Managerial, (III) Other. The Instructional ltems
are (1) Manipulates Environment, (2) Asks questions, (3) Listens to Student,
(4) Responds to Student Questions, (5) Makes Statements of Fact, (6) States
Opinion. Managerial items are (A) Rapport Maintenance (positive, negative,
or neutral) and (B) Procedural Actions (verbal or nonverbal). Other items
are (1) Uninterpretable, (2) Missing Data, (3) Silence. Hoyt inter-judge
rating reliability was r = .79 for independently rated video tapes.

The 'beta' version omits the provision for encoding a sequence of
events. Instead a set of 1llustrative descriptor behaviors are. given.



These are illustrative and serve only as a guide to the rating scale. The
behaviors presented do not necessarily describe actual behaviors occurring
at each point on the rating scale. Illustrative behaviors are given in

the following areas: (I) Direct verbal (1-3 on the scale), (II) lirect Non-
verbal (4 on the scale), (III) Indirect Verbal (5, & on the scale), (IV)
Indirect Nonverbal (7, 8 on the scale), (V) Not specifically Pelated to
Science Instruction (9 on the scale). The Hoyt inter-rater average reli-
ability for seven pairs of raters was .94,

The "gamma" version is an adaptation to other subject areas and also
allows the focus of observation be shifted from the teacher to selected
students. The categories are (I) Non-educational Activities, (II) Direct
Verbal, (III) Direct MNonverbal, (IV) Indirect Verbal, (V) Indirect Nonverbal.
Here, the categories ar. defined and the examples are given in terms of the
behaviors of both teachers and students. Hoyt inter-rater reliability was
reported as .88.

Studies by Struthers (173), Anderson and Horn (12) and James (73) have
utilized the TSOD and are reviewed by Evans in a later section of this re-
port.

Ashley (l4) studied the impact of an inservice education program on
teacher behavior. The inservice program was designed to enhance teacher
behavior in the use of Science - A Process Approach. Ashley hoped to:

(1) Identify strategies of teaching which were an integral part of a cur-
riculum sequence emphasizing cognitive behavioral outcomes, (2) Design a
Classroom Observation Rating Form (CORF) to sample these strategies, (3)
Evaluate the impact of an inservice program on use of these strategies,
(4) Analyze teacher attitudes and their relationship to teacher behaviors,
(5) Analyze the relationship between yzars of experience and grade level
assignment and teacher behavior.

The CORF is comprised of four categories of strategies as follows:
(1) Teacher-Student Interaction and Student Behkavior (student orientation
vs. teacher directed), (2) Teacher Responses and Actions (degree of teacher
pattern of sensitivity to student experiences, abilities, interests, and
thorough planning), (3) Specific and Personal Teacher Traits (pertaining
to whether teacher is positive in approach to discipline, self-control,
enthusiasm, and knowledge), (4) Physical Aspects of the Classroom Environ-
ment (attractiveness and student-centeredness of learning environment).

The strategies of categories 1 and 2 were gathered from teachers who
had experience in teaching Science - A Process Approach. These strategies
were considered by the teachers to be effective and in keeping with the
program's rationale. The strategies of category 3 pertain to teacher
characteristics and classroom environment and were derived from the work
of Ryans. Category 4 was included to provide information on nonverbal
aspects of the classroom. Further theoretical framework for instrument
development was not provided in the document reviewed (14).

Strategies are stated in a bipolar manner, with Behavior A being the
more consonant with the rationale of the Curriculum (Science - A Process
Approach) and Behavior B constituting the negative counterpart. Scoring




is accomplished by comparing algebraically the total number of strategies
observed in each behavior group. The CORF scores which result are measures
of the use of the various behavior types..

Three trained observers conducted the observations of the 23 teachers.
Reliability of the information was determined by computing intraclass
correlations for the four category scores and one total score on each CORF
completed by two observers. The averaged intercorrelation reliabilities
were reported to be .95 for Categdry 1, .96 for Category 2, .95 for Cate-
gory 3, .90 for Category 4, -and .97 for the Total Score. Pooled rating
reliabilities were reported to be .97, .98, .97, .95, and .99 respectively.

The use of the CORF in the inservice program and the associated data
regarding behavior changes are reported by Evans elsewhere in this document.

Esler (47) described preliminary findings of a study in progress which
is designed to ascertain differences between cid and new curricula. Four
teachers were involved, of which two were CHEM Study teachers and two were
described as participating in "intermediate'" and comparatively ''traditional”
programs. To categorize classroom activity, Esler devised a classification
scale based upon the, extremes of the discovery approach and the didactic
approach. These approaches were operationally defined in terms of types of
behaviors of the learner and the' teacher. Topics of classroom activity (of
which twenty to twenty-five were founé in a forty-two minute class) were
assigned a total of five points to be disiribut=d in some way between the
two approaches. For each topic, activities were apparently described in be-
havioral terms along with the distribution of points. The points were then
converted to percentages for individual teachers and groups of teachers.

Esler reported that the average percentage of discovery of all the
CHEM Study classes observed was about 54 percent and about 8 percent for
the non~-CHEM Study classes. Reliability and validity data and procedures
were not discussed in the report.

Steinbach (170) reported the development of the Teacher Performance
Competency Scale (TPCS). He indicated that the need for such an instru-
ment resides in the fact that interaction analysis instruments such as that
of Flanders measure only the quantity of various kinds of interaction, but
not the quality.

The TPCS is a 6l-point scale with bipolar representations which provide
a measure of teacher performance competence. The major items of the TPCS
and the polar positions on the scale of each item are as follows: (1)
Maintaining Teacher-Pupil Interaction (pupil or teacher dominated --- mutual
participation), (2) Developing Teacher-Pupil Rapport (pupil or teacher bored
or antagonistic --- teacher and pupil enthusiastic), (3) Pacing the Lesson
(emphasis on lesson --- lesson geared to pupll need), {4) Presenting the
Lesson with Clarity (general confusion =--- clear presentation), (5) Using
" Plans (disorganized presentation --- presentation appeared logical), (6)
Using Behavioral Objectives (no obvious objectives --- achieved objectives
of lesson).

The position of the mark on the scale is measured from the left so that
larger values indicate greater competence in each skill. A cumulative score
is not determined.



. Reliability of the TPCS was determined by having two experienced
teachers analyze a series of videotaped lessons, rating them individually.
These were later viewed together by the observers, discussed, and subjected
to a composite rating without reference to the previous rating. Separate
ratings were then analyzed in relation to the composite ratings. Steinbach
reported that a Pearson product moment correlation for each item was listed,
but these data were not reported in the document reviewed (170).

Indirect Instruments

Gary J. Anderson (7) reported the development of the Learning Environ-
ment Inventory (LEI). This instrument is reported as an expansion and
improvement of The Classroom Climate Questionnaire devised by Herbert Walberg
who has also been extensively involved in research involving the LEI.

The LEI is designed to provide a measure of the social climate of a
class as perceived by the pupils in it. Anderson reports that the 15
climate dimensions included were selected on the basis of concepts pre-
viously identified as good predictors of learning, concepts of relevance
to social psychological theory and research, concepts similar to useful
theory and research in education, or concepts intuitively considered rele-
vant to the social psychology of the classroom.

' The fifteen climate dimensions of the instrument are as follows:
(1) Cohesiveness, (2) Diversity, (3) Formality, (4) Speed, (5) :Environ-
ment, (b6) Friction, (7) Goal Direction, (8) Favoritism, (9) Cliqueness,
(10) sSatisfaction, (11) Disorganization, (12) Difficulty, (13) Apathy,
(14) Democratic, (15) Competitiveness. Justifications for the inclusion
of each scale are irncluded in the report.

Each of the 15 LEI scales includes seven items, since six or seven
items were found to be necessary for internally consistent ratings. ITtems
were prepared and refined through the use of judges. The LEI contains 105
statements. Students express agreement or disagreement on a four-=point
scale. A measure (alpha reliability) is given for each scale of the ex-
tent to which an individual respondent responds similarly for each item
on the scale. A measure of intraclass correlation is also given for each
scale and indicates the extent to which pupils in the same class respond
similarly and the extent to which the scale discriminates among classes.
Scale means and standard deviations based on more than 1000 individual
subjects are included in the report. C e

1{ue LEI has been used in numerous research studies by Walberg, Anderson,
and others in relation to Harvard Project Physics using classroom climate
as the dependent variable and investigating relationships with various. in-
dependent variables. These studies are reviewed by Evans in Part II.

Anderson (7) also reported development by Walberg and Anderson of
several instruments for use with elementary children. The My Class Inven-
tory 1s designed for use with 8-12 year olds and includes items in the
scales: (1) Satisfaction, (2) Friction, (3) Competitiveness, (4) Diffi-
culty, (5) Cohesiveness. This instrument and another for use with six to
eight year olds were still in developmental stages when the report was
written.




Barnes (23) developed a student checklist (called the Biology Labora-
tory Activity Checklist or BLAC) to determine the nature and extent of
laboratory practices in high school biology. The rationale and objectives
of the BSCS (Biological Sciences Curriculum Study) materials were used as
a basis of the instrument. The list of laboratory activities was con-
structed in such a way that some items were included which were recommended
by BSCS and judged to contribute positively to BSCS objectives as well as
other items that were discouraged by BSCS or judged as practices contrary
to BSCS objectives.

Sixty items were prepared (30 BSCS positive and 30 BSCS negative)
and grouped into four categories as follows: (1) Pre-laboratory Activities,
(2) Laboratory Activities, (3) Post-laboratory Activities, (4) General
Reaction to the Laboratory. These items were submitted to a panel of judges
familiar with BSCS laboratory activities and rationale. The judges rated
each item as contributing positively, negatively, or as having no value,
and the BLAC was revised accordingly. The validity of the instrument was
based on the fact that each item had been based on statements by individ-
uals who participated in BSCS development and that each item was verified
by a panel of judges familiar with BSCS.

Reliability of the BLAC was established through a pilot study of 10
biology classes. A t-test comparing BLAC data was computed for two classes
of each of five teachers. The t-test was not significant at the .05 level
of confidence in any of the five instances.

Barnes also used the BLAC to study the nature and extent of laboratory
instruction in high school biology classes using different curriculum
materials (24). Three groups of classes were studied with regard to the
conformity of laboratory activities to those recommended by BSCS. The
groups consisted of classes of teachers who had used BSCS for five years,
those using BSCS naterials for the first time, and classes using non-BSCS
materials, The major objective of this aspect of the study was to detect
types of laboratory practices in a variety of classes and to determine
their correspondence to practices recommended by BSCS.

Barnes found a significant difference among the three experimental
groups in degree of conformity of laboratory practices to those laboratory
practices recommended by BSCS. The experienced BSCS group had a mean BLAC
score of 39.25, the inexperienced group had a mean of 33.46, and the non-
BSCS group, 28.87. A score of 60 would indicate highest conformity with
BSCS.

He reported also (25) a significant relationship between the degree
to which laboratory activities conform to those recommended by BSCS and
the laboratory facilities available. A significant relationship between
the degree to which laboratory activities conform to laboratory activ-
ities recommended by BSCS and the degree to which there is teacher accept-
ance of BSCS objectives was also identified.

Kochandorfer (85) developed a student checklist (called the Biology
Classroom Activity Checklist or BCAC) to determine classroom teaching
practices in high school biology. The BCAC was designed for the purpose




of determining the extent to which classroom practices conformed to the
practices recommended in BSCS literature, and as practices contributing
toward attainment of BSCS objectives. The items of the checklist were
constructad in such a way that some items were included which were recom-
mended by BSCS and judged to contribute positively to BSCS objectives
while other items were discouraged by BSCS or judged as practices con-
trary to BSCS objectives.

Fifty-three items based on statements of BSCS rationale (26 BSCS posi-
tive and 27 BSCS negative) were formulated in terms of student viewpoint
and grouped into the following seven sections: (A) Role of the Teacher in
the Classroom, (B) Student Classroom Participation, (C) Use of Textbook and
Reference Materials, (D) Design and Use of Tests, (E) Laboratory Prepara-
tion, (F) Type of Laboratory Activities, (G) Laboratory Follow-up Activities.
These items were submitted to five judges who were selected for their know-
ledge of BSCS philosophy. Ratings and comments of the judges were consid-
ered in rewriting the BCAC. The reliability of judgmental ratings was com-
puted using Guilford's method. Intraclass correlation among judges was
.84 and correlations between individual judges and the authors of the in-
strument ranged from .88 to .95.

Students respond to BCAC statements as either "true" or false".
Scores are computed as percentages of correct responsa@s. Scores thus have
a potential range of 0O to 100, with higher scores indicating greater agree-
ment with BSCS.

The reliability measure of the BCAC was based on the assumption that
all variance in the intraclass scores represented error variance and that
interclass variance expressed true variance. The reliability coefficilent
using the Horst formula was .96. )

Kochendorfer defended the validity of the BCAC by referring to the .84
correlatinn among judgmental ratings of instrument items and the .84 cor-
relation coefficient between class mean scores of the laboratory portion
and the classroom portion of the BCAC.

Kochendorfer also used the BCAC to study the classroom practices of
high school biology teachers (86). The mean BCAC scores (based on a
maximum of 100) of classes of three groups of teachers were as follows:
teachers with a mean of five years experience teaching BSCS, 65.70; teachers
using BSCS for the first time, 57.34; teachers using curriculum materials
other than BSCS, 50.04.

Kochendorfer pointed out that the groups were deliberately selected
to provide populations expected to provide a variety of teaching approaches
and methods. Statistically significant differences were reported in the
classroom practices of the three groups of teachers, and a significant
relationship was reported between the nature of classroom practices and
gains on the Processes of Science Test by pupils. A significant correlation
was also reported between the teacher's attitude concerning BSCS philosophy
and rationale and the degree to which his classroom practices agreed with
those advocated by BECS.




Kochendorfer plotted the BCAC scores for each of the three groups of
teachers against the seven sections of the BCAC (87). The greatest spread
of scores among the three groups occurred in Sections B, C, and D (Student
Participation in the Classroom, Use of Textbook and Reference Materials and
Design and Use of Tests, respectively).

Bartos (26) used the BCAC as part of a model for evaluating stated
goals of biological science as presented in BSCS and non-BSCS approaches.
Twelve BSCS classes and 10 non-BSCS classes were studied. The student raw
mean scores were as follows: BSCS, 31.1; non-BSCS, 24.6. The difference
was significani at the acceptable level of confidence.

Bartos also reported collecting classroom and inquiry analysis data.
Not including management (and perhaps some other categories), he found
teacher output to be 76.76 percent and student output at 23.24 percent:
Although the six teachers resembled the "typical" teacher in this regard,
Bartos reported that BSCS teacher questions were more in the form of prob-
lems and the non-BSCS teacher questions were short, factual, and direct.

Jackson (72) prepared a modification of the Kochendorfer BCAC for
use In an assessment of an inservice program in earth science designed to
produce changes in teacher behavior’and pupil achievement. In this study
the modified BCAC is referred to by three titles (PK, TK;, TKy) depending
on the usage of the instrument. The instrument was completed by the stu-
dents (PK), by the teacher indicating how he thought he was teaching (TKl),
and by the teacher indicating how he thought he could have been teaching
if he could have controlled such features as class size and purchased
materials to make class situations more favorable to his style of teach-
ing (TKj;). @ e o

The earth science adaptation of the BCAC gave a mean coefficient for
the reliability of the test averaging .62 by the Kuder-Richardson Formula
20. The instrument is composed of the same seven main sections as the
Kochendorfer BCAC. The BCAC has a total of 53 items; the PK - TK; - TKp
instrument, 64. Most items of the two instruments are similar though the
latter instrument contains 11 additional items.

The eleven additional items present in the PK - TK; - TK; instrument
and their numbers are as follows: (9) My teacher gives the answers to all
our science questions, (10) My teacher takes some time in class to ask
questions that are not answered by the textbook, (19) The teacher always
tells us what should have happened when a demonstration doesn't work,
(26) We have reading assignments 3n the textbook about every day, (27)
The teacher provides us with information about our local surroundings
that isn't in the textbook, (35) Many of the activities in lab help me get
correct answers on tests, (36) If I learn everything in the textbook and
teacher handout materials I can answer all the science test questionms,
(45) My teacher encourages me to do laboratory work that helps me find
answers to my own questions, (62) We are given time to evaluate our own
laboratory work, (63) We are encouraged by the teacher to find ways to do
experiments that we think would work best, (64) The teacher often stops
our lab work and tells us the answers before we are finished because we
run out of time.
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As mentioned, the major study in which this instrument was used by
Jackson was a behavior change study, hence it is reviewed by Evans else-
where in this document.

Sagness (145) reported a study of outcomes of a science preservice
teacher education project. The study included use of an instrument to
determine the nature of classroom activities which teachers feel should
be used in secondary science classrooms, and also an instrument to deter-
mine the activities which teachers do use. The BCAC by Kochendorfer (85)
was modified for this purpose and renamed the Science Classroom Activities
Checklist: Student Perceptions (SCACL:SP). Revision of the BCAC included
a rewriting of statements to make them applicable regardless of the science
discipline. The seven sections of the instr. ‘ent developed by Kochendorfer
were used, but some statements were added as needed to improve validity
and reliability. The resulting instrument has 60 items, compared to 53 in
the BCAC of Kochendorfer.

The added items of the SCACL:SP and their numbers are as follows:
(13) My teacher often asks us te explain the meaning of statements, diagrams, -
graphs, etc., (17) The teacher tries to be certain that we understand the
general objectives (purposes) of a lesson before we begin work on the lesson,
(23) We often read in sources of science information (books, magazines, etc.)
other than our textbook, (25) Our teacher does not like us to question in-
formation contained in our textbook, (32) We are often tested on our ability
to perform skills; such as make observations, the interpretation of data,
etc. which we have learned in our laboratory activities, (33) Our tests
generally do not contain problems which require the use of mathematics in
their solution, (34) Sometimes we are given problems for which we must think
up and state ways of looking for solutions, (35) Occasionally we are given
information on completed research and asked to evaluate the procedures used
by the researcher for looking for solutions to the problem, (36) We seldom
have the opportunity to discuss in class the questions that are asked on
our tests, (53) Our laboratory often consists of thoroughly learning the
names of specific structures and specific sequences of events, (60) We stu-
dents spend time in the interpretation of graphs and tables of the data that
we collect. Four items of the Kochendorfer instrument were deleted in the
SCACL:SP.

Since Sagness also desired to determine the nature of classroom ac-
tivitles which teachers felt should be used, two additional dimensions for
the instrument were developed. One of these assesses the nature of activ--
ities teachers feel should be used, and the other assesses the actilvitles
the teachers feel they do use. These dimensions constitute another check-
list, called the Science Classroom Activity Checklist: Teacher's Perceptions
(SCACL:TP). The form of the SCACL:TP used in the study pertained only to
activities the teachers felt should take place. It was composed of 60 items
very similar to the items of the SCACL:SP.

Validity of the instrument was established in that the four science
education faculty members who were asked to respond to it and the developer
reached 100 percent agreement concerning practices which contributed posi-
tively to contemporary science education objectives. Item analysis infor-
mation was gained in a quasi-pilot study that involved assessing changes in
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teacher views and behaviors in an in-service program. A test-retest pro-
cedure and teacher feedback were also used for assessing reliability and
validity. Test-retest Pearson product moment reliabilities for revised
SCACL forms ranged from .743 to .841. Kuder-Richardson 20 and 21 reli-
abilities on the same forms ranged from .704 to .841.

The study in which these instruments were used was a correlational
study of behavior change. These aspects are reviewed by Evans.

Brown (32) used the SCACL:SP and SCACL:TP in a study of selected out-
comes of two preservice teacher education programs in secondary school
science education. An additional instrument, called the Checklist for Assess-
ment of Science Teachers (CAST) was developed in two forms and used. The
CAST was dewigned to assess characteristics of science teachers as follows:
(1) student-<iteacher relations, (2) classroom activities, (3) teacher's per-
sonal adjustment. The form completed by pupils (CAST:PP) assessed only the
first tweo arzas; the form completed by supervisors (CAST:SP) assessed all
three. The CAST is more accurately described as a supervisory rating form
and attitude inventory than a behavioral instrument and will not be reviewed
in detail herxe. Reliability, validity, and readability procedures and re-
sults were given by Brown. The major portion of this study concerns a
comparison of outcomes of two teacher education programs, and is reviewed
elsewhere in this document.

Korth, Czelen, and Moser (90) reported a study of the relationship
between measures of teacher-pupil verbal interaction and student assess-
ment of classroom practices. Measures of teacher-pupil verbal interaction
were obtained through use of a modified form of Parakh's System of Inter-
action Analysis. The degree of modification of this instrument and reli-
ability procedures and data were not presented in the document reviewed.
The predominant activity was coded every four seconds for approximately
twenty tc thirty minutes of each taped classroom session.

Measures of student assessment of classroom practices were obtained
through use of a modified form of the Kochendorfer Biology Classroom
Activity Checklist, called the Science Classroom Activities Checklist (SCAC)
as modified. This instrument contains 55 true-false questions organized
into seven sections as in the Kochendorfer instrument.

Ten junior high school teachers were drawn at random from a population
of 42 teachers. Classroom periods were also selected utilizing.a random
numbers table. A single class session was tape-recorded for each teacher
(for subsequent analysis using the Parakh Modified Interaction Analysis
System) and the Science Classroom Activities Checklist was administered the
following day.

Numerous data are given in the report, of which only a portion can be
‘mentioned here. Interaction analysis data indicated that a mean of 80.3
percent of all verbal communication was teacher talk. This was composed
of 61.2 percent teacher statements and 19.1 percent teacher questions. Ry
contrast, pupil responses to teacher questioms took 15.9 percent of the
time and pupil-initiated communication (self-initiated statements and
questions) 3.7 percent. The amount of teacher talk varied from 64.6 percent

12



to 97.3 percent. The average score on the SCAC was 27.6 out of a possible
55 points.

The Pearson-product moment correlation was used to establish relation-
ships between sections of the Science Classroom Activity Checklist, based
on the student data, and between each section and the mean of all sections.
The correlations between sections A-G and the mean ranged from .64 to .90,
except for Section D (Design and Use of Tests) with a mean of .27.

The Spearman Rank Correlation Coefficient was used to determine rela-
tionships between scores obtained by the two instruments. The correla-
tion between percent of teacher talk and average total score on the SCAC
was -.79. The correlatiorn between average total score on the SCAC and var-
ious diagrams of the interaction analysis system by percentage were as
follows: -.89 with Teacher Statement, .90 with Teacher Questions, .62 with
Pupil Volunteered Response to Teacher Question, .34 with Pupil Self-Initiated
Statement, .89 with Pupil Required Response to Teacher Question, .37 with
Pupil Question. Thus there was a positive correlation of SCAC scores with
percent of time on teacher statements, and no significant relationship with
pupill self-initiated statements and pupil question, though these last events
made up less than 4 percent of the total verbal score.

The verbal interaction data were also expressed in terms of The Six
Set System of Moser and Feldgoise. Based on this system, the mean per-
centages of time spent in the three output modes were: Lecture 64.9 percent,
Lecture~-Discussion 33.7 percent, Inquiry 1.2 percent.

Pempek (125) has designed several instruments to be used in a study of
the effectiveness of a teacher training project. One of the classroom be-
havior instruments used in the study was an indirect one, relying on the
responses of students for a description of teacher behavior. The checklist
(called the Student Activity Check List or SACL) is comprised of 30 state-
ments which describe things occurring in the science classes. Students are
asked to respond by marking: (A) Always, (B) Almost Always, (C) Sometimes,
(D) Rarely, (E) Never. In the study, the instrument was administered to
fourth, fifth, and sixth grade students.

Pempek compiled a list of desired teaching objectives of the AAAS -
SAPA (Science - A Process Approach), ESS (Elementary Science Study), and
SCIS (Science Curriculum Improvement Study) and then constructed the check-
list accordingly. The checklist was administered to a fifth grade class
and revised on the basis of suggestions made by the teacher. It was then
administered to 300 students in nine classes and items which reliably rated
the teachers and discriminated among teachers were selected as the tenta-
tive form of the instrument. This form of the SACL was sent to a jury of
elementary science professionals to ascertain validity based on jury re-
sponses as to whether or not the instrument could be used to ascertain
classroom behavior of teachers. Further detalls of the procedures for
determination of validity, discrimination, and reliability were not pro-
vided in the instrument design section of the study reviewed.
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The other teacher behavior instrument designed as part of this study
is the Teacher Observation Schedule. This is a direct observation instru-
ment and is reviewed in the "Inquiry" section of this paper.

Schmedemann (148) developed the Teaching Strategy Inventory for Teachers
(TSI) as part of a study of the influences of curriculum differences and
selected teaching strategies on the cognitive preferences of elementary school
science students. The TSI is a forced-choice inventory of 20 items to be
completed by teachers and through which teachers reveal their use of cer-
tain teaching procedures.

Three groups of teachers and their sixth grade students were utilized
in the study. The experimental group used ESS materials in their class-
rooms and had participated in summer workshops concerning use of the ma-
terials and understanding of the underlying philosophy.

No meaningful differences among groups of students were found, based
on student completion of the Cognitive Preference Mecasure developed by the
investigator. i

Items of the TSI to be used in the analysis of data were determined

by a Guttmann Scalogram Analysis, which was conducted after the teachers
involved in the study had completed the inventories. 8Six of the items were
found to be scalable, and the reproducibility of the six item scale was 0.86.
The scale of six items was administered to the classroom teachers and to
.nine graduate students in science education. The responses of the graduate
students were compared with those of the three groups of teachers involved
in the study and tested for significant differences by the chi-square
method. No statistically significant differences were found. Schmedemann
indicated that the reproducibility of the TSI may not be high enough for
use in relation to measurement of cognitive preference.

Student Behavior Instruments

Abruscato (3) developed an observational system to assess the class-
room behavior of junior high school science students. The instrument,
called the Student Communication Analysis (or SCAN) system, was developed
inductively from videotapes taken in various junior high school science
classrooms. A Master List of Student Behaviors was developed from these
videotapes and was utilized as a framework within which the students' role
in classroom communication was studied. No restrictions were placed on
the nature of classroom activities. Two major sections of behaviors were
thus developed as follows: (1) Communicative (Symbolic), (2) Non-communi-
cative (Non-Symbolic). Communicative behaviors were found to be either
Initiating or Responding, and Non-communicative behavior were Active or
Passive. Both Initiating and Responding were categorized as instruction
relatad or not instruction related. The above groupings were referred to
as Major Sections and Major Subsections of the SCAN. Within the Communi-
cative section, categories were developed on the basis of whether be-
haviors were verbal or non-verbal, and these categories had numerous sub-
categories. Numerous categories of Non-communicative Active behaviors
were also developed as follows: play behavior, non-class related reading,
non-class related writing, doodling, wandering gaze, glance, look, adjusting
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apparel, grooming, and other. Non-communicative Passive categories developed
were:head on desk, eyes closed, fixed vacant stare, and other.

Data were gathered by a point time sampling technique, since it was
desired that student behaviors of this study and teacher behaviors (of a
companion study) be observed at the same point in time. The behavior of
each of six students was sampled every five seconds. Encoding of behaviors
from the videotapes was then repeated for each student to be studied.

Inter-observer agreement was determined through use of the Scott for-
mula for inter-coder agreement. The Investigator trained an individual
(11 = .88) and also a group of four (11 = .79 - .82) in the use of the SCAN.
Observer stability (again using the Scott formula) figures were as follows:
the investigator, .96; the individual trainee, .91; the group trainee #2,
. 89.

Two exploratory studies were carried out using the SCAN. The first
subproblem was an investigation of the existence of possible relationships
between student behaviors and teacher behaviors. The second subproblem
involved a percentage description of student behaviors.

The study of the first subproblem utilized the Spearman Rank Order
Correlation Test. Abruscato found that student behavior variables and
teacher behavior variables were generally related. For example, only three
of the thirty-nine student behavior variables were found not to show a
significant positive or negative correlation with teacher behavior vari-
ables. (at the .10 level of confidence).

The descriptive study (secord subproblem) was based on eight lecture-
discussion class sessions. Data in major sections and subsectlons were
as foilows:

Instruction Related Initiating, 1%;
Non-Instruction Related Initiating, 2.7%;
Total for Initiating Behavior, 3.7%;
Instruction Related Responding, 75.27%;
Non~Instruction Related Responding, 2.6%;
Total for Responding Behavior, 77.8%;
Total Communication Behavior, 81.47;
Total Active Non~Communicative, 12.8%;
Total Passive Non-Communicative, 3.9%;
Total Non-Communicative Behavior, 16.6%;
Behaviors not coded (approx.), 2%.

Three laboratory sessions were also studied. Abruscato found 96
percent of all observed behavior to be involved in the communication process.
Sixty percent of all observations were classified as "doing a task," and
only .2 percent were non-communicative behaviors.

Aylesworth (15) reported using the "Inventory of Problem Solving
Practices" by Obourn (115) in a comparison- of expressed attitudes toward
problem solving of science teachers with their classroom methodology. From
this inventory, Aylesworth developed a checklist, converting teacher-
oriented phraseology to questions about student activities within the
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problem solving procedure. Theoretical framework and method of instru-
ment development were not detailed by Avlesworth in the document reviewed.

The questions of the checklist are grouped according to the follow-
ing headings: A. Sensing and Defining Problems, B. Correcting Evidence on
Problems, C. Organizing Evidence on Problems, D. Interpreting Evidence on
Problems, E. Selecting and Testing Hypotheses, F. Formulating Conclusions.
Reliability and validity were not discussed in the document reviewed.

Twenty observations were scheduled, including twelve biology classes,
four chemistry classes, and four physics classes. A tape recorder was
used for word-for-word transcriptions along with appropriate notations of
nonverbal behavior. Aylesworth also pointed out that the checklist was
taken into the classrooms by the observer, and a tally was made when be-
haviors on the list were observed. Some items on the list were unobserv-
able, and teachers were asked to estimate occurrence of these behaviors.

Aylesworth reported that observational evidence indicated that the
most frequent problem solving procedure directly taught was the area of
sensing and defining problems, which was seen on 63 percent of the class-
room visits. The percentage of visits in which other areas were observed
is as follows: Correcting Evidence on Problems, 40 percent; Organizing
Evidence on Problems, 38 percent; Interpreting Evidence on Problems, 48
percent; Sclecting and Testing Hypotheses, 34 percent; Formulating Con-
clusions, 31 percent.

Dyasi (41) investigated student affective behaviors associated with
the learning of science. Twenty gifted students were observed in class-
room and laboratory situations. Affective behaviors were studied in the
following major aspects of science learning: (1) students designing experi-
ments, (2) collection of experimental data, (3) analysis of collected
data. The situations and associated behaviors under each of- the above
aspects which were recorded were as follows: stress, absence of reward,
review of content, change or topic.

Data were collected by direct observation, interview, and written
instrument. Observational data were obtained on four students at a time
and summarized in anecdotal form.

Dyasi reported that student behaviors indicated involvement in terms
of expenditure of energy, expression of excitement, persistence in carry-
ing out activities, and good working habits. He found also that students
who showed involvement in experimental design generally also did so in
laboratory investigations and discussions of implications of data. He
noted that the level of activity of the majority of students was not in-
fluenced by the teacher's words of praise. Under situations of stress,
students exerted themselves and rarely sought the help of the teacher.
Dyasi reported that an attempt to arrange the observed behaviors in a
hierarchical scheme was not successful. A conceptualizing scheme based
on a time-behavior pattern was suggested.
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Eggan (45) developed an instrument for the description of student non-
verbal (kinesic) behavior. The initial phase of instrument development in-
volved obtaining videotapes of students (8th, 9th, 10th grade) in normal
lecture~discussion science classroom situations. The videotapes were stud-
ied and the nonverbal behaviors of students were noted in handwritten de-
scriptions. These descriptions taken together with reported results from
the professional literature were organized into a catalog of behavioral cues.
The instrument was thus a result of a combination of inductive and deduc-
tive methodology having the features of comprehensiveness and a strong con-
ceptual framework. The inductive technique was considered to be particular-
ly important in avoiding prior decision-making regarding what the relevant
study factors were.

There are thirteen categories of behavior in the observation instru-
ment. They are as follows: 1) Forward Lean, 2) Sideways Lean, 3) Body Ori-
entation, 4) Head Orientation (a) (Horizontal Head Swivel), 5) Head Ori-
entation (b) (Vertical Head Orientation), 6) Head Orientation (c)(ﬂead
Tilt), 7) Gaze Direction, 8) Head Movement, 9) Facial Expression, 10) Ges-
tures, 11) Manipulation, 12) Arm Symmetry, 13) Interactions. Cues, Cri-
teria, and explanations for coding are included in the instrument, '

Since behaviors measured by this instrument are actually signs in
most cases, definitions are quite precise, and observer inference is mini-
mized, thus contributing to the validity of the instrument. Additional
evidence was given supporting validity in that behaviors were recorded in
an environment familiar to the subjects and inferences of motives or ef-
fects of behaviors were not required. Reliability was estimated by obtain-
ing measures of interobserver agreement between the researcher and another
researcher with similar research experience using the Scott's formula. Co-
efficients of interobserver agreement ranged from .61 for Category 3 (Body
Orientation) to .99 for Category 2 (Sideways Lean). Coefficients for all
categories except number 3 were .78 or higher. Eggan polnted out that most
disagreements were due to errors of timing rather than disagreements of
classification as such.

Encoding was based on the five second interval. The videotape was
played once for encoding into a particular category with symbols being
encoded which represented a particular cue. Each tape was thus played
once for each category of the observation system. The data were recorded
and tallied on data sheets and kept as a master record of all the behavior.
Data were tallied both as duration and frequency measures.

The second part of the study was an investigation of the relationship
between measured nonverbal behaviors exhibited by students and their at-
titudes toward their teachers. This aspect of this study is thus reviewed
elsewhere in this document.

Felen (49) investigated problem-solving processes of students in
grades one through twelve. An information theoretic model was developed
and used in the investigation in which students were expected to physically
manipulate an electric circuit problem. Thelr connections were recorded in
sequence on 8 x 8 matrices (based on various components of the problem)
which were grouped according to "successful" and "unsuccessful" for each
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grade level. The matrices were treated as Markovian chains, and infor-
mation theoretic concepts and statistical tests were applied.

The chi square test was used to determine significant differences in
relative uncertainties of the first and second wire clip connections for
successful and unsuccessful students at each grade level. There was a
significant difference between the groups at grades 1, 2, 5, 7, 8, 9, 10,
and 12, There were also significant differences when the values of rela-
tive uncertainties of the two groups of students in grades one through twelve
were examined. Successful students were found to display lower relative un-
certainties for the second wire clip connection, lower equivocation mea-
sures, higher amounts of transinformation, and lower numbers of various pole
connection patterns than unsuccessful students. Felen further reported that
it was possible to focus on certain transition periods indicative of a for-
mal operations level characteristic, these appearing in grades four and ten
through twelve.

Ferrence (50) developed the Laboratory Interaction Analysis Instrument
for quantifying and qualifying student verbal interaction in the laboratory.
Attention was focused on students working in small groups in biology labera-
tories. The initial form of the instrument was designed with 18 categories.
The instrument was redesigned and refiuned through the use of 24 trial tapes.
A final category system of 12 categories resulted from these revisioms.

The categories of the instrument are as follows: (1) Questions-Terminol-
ogy, (2) Questions-Procedure, (3) Questions-Observation, {(4) Discussion-
Terminology, (5) Discussion-Procedure, (6) Discussion-Observation, (7) Read-
ing, (8) Assignment of Tasks, (9) Negative Answers, (10) Irrelevant Discus-
sion, (11) Teacher Talk, (12) Silence. Three-second time intervals were used
in the encoding process.

Reliability measurements for the instrument were accomplished by train-
ing (in nine 40-minute sessions) 12 teams of observers and having each team
analyze a 30 minute segment of hiology student discourse. Each of the 12
tapes was also analyzed by the researcher. The criterion for success in
in the reliability portion of the study was a Scott coefficient (as modified
by Flanders) of 0.75. Scott coefficients were calculated for ali possible
palrs of analyses that had been made of each tape, and the investigator
also did a second analysis of each tape one month after his first analysis.
Three student-observers were dropped from the study.

Scott coefficients were calculated to measure inter-observer agree-
ment between student-observers and the investigator. Of the 44 pairs of
student observers, six pairs attalned inter-observer agreement with the in-
vestigator of 0.75 or above. The other 38 pairs achieved a Scott's co-
efficient of 0.74 or below. Scott's coefficients were also calculated for
determining inter-observer agreement between the analysis of the student-
observers who analyzed each tape. In this case, 25 student-observer pairs
of a total of 62 student-observer pairs achieved Scott's coefficients of
0.75 or better. Reliability coefficients between the two analyses of the
tapes by the investigator were all above 0.75, with 5 of the 12 analyses
yielding results above 0.90 and 11 of the 12 above 0.80.
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The validity of the instrument was established on the basis of rela-
tionships between student verbal behavior as determined by the instrument,
and task orientation as determined by total scores assigned by a panel of
judges to student laboratory group reports. Agreement among the judges was
determined by use of the Kendall's coefficilent of concordance.

- Verbal discourse of 75 small groups was recorded on magnetic tape,
which in turn was analyzed, by use of the instrument, by the investigator.
Written group reports were evaluated by five experienced biology teachers,
the total scores being considered a measure of task orientation for that
particular student group. A Spearman rho was used to determine correlations
between task orientation and percentages of inieraction classified under
each category of the instrument, and also tetween task orientation on day
one and day two.

Ferrence reported reliable use of the instrument by trained observers
and reliable evaluation of group reports by the teachers. He found signifi-
cant positive correlations between task orientation and Teacher Talk,
Questions~Procedure, and Discussion-Procedure. Other significant positive
correlations were between Discussion-Observation, Reading, Assignment of
Tasks, Irrelevant Discussion, Teacher Talk, and Silence on day one and the
same categories on day two. A significant negatilve correlation was found
between task orientation and Irrelevant Discussion. No significant correla-
tion was found between task orientation on day one and task orientation on
day two.

Spangenberg (166) used the Laboratory Interaction Analysis Instrument
developed by Ferrence (50) in a study of verbal interaction of college stu-
dents at work in a zoology laboratory. The categories of this instrument
are given in the review of the work of Ferrence (above). Reliability esti-
mates were based on inter-observer agreement, which was calculated using
Scott's reliability coefficient. Observer stability using the Scott's
coefficient was also calculated. Spangenberg stated that inter-observer
agreement figures and stability figures above .70 were considered positive
signs of investigator analysis reliability. Twelve of the 14 inter-observer
agreement efforts (analysis of two identical segments of two tapes) pro-
vided results of .70 or above and all 7 of the observer stability efforts
(analysis of two identical tapes at one week intervals) resulted in co-
efficients of .80 or higher.

Student interactions were audiotaped as they worked at their labora-
tory benches. Each laboratory team was taped five times. Two tapes of
one hour duration were recorded during the three hour lab; one was initi-
ated 15 minutes after the lab commenced and the other after 1 hour and 45
minutes had elapsed. From each two hour tape four ten-minute segments
were selected (on the basis of certain criteria) for analysis.

Spangenberg presented the mean percentage of student time spent in .
the categories as follows: Questioning, 6.52 percent; Lesson Centered
Discussions, 30.12 percent; Teacher, 9.07 percent; Silence, 43.22 percent;
Irrelevant Discussion, 8.53 percent; Reading, 2.19 percent.
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Relationships between attitude toward the course, academic achieve-
ment, and the kind and amount of verbal interaction in the laboratory were
also studied. This aspect of the study is reviewed elsewhere in this docu-
ment.

Horn (69) reported modification and use of a checklist concerning
student affective behaviors originally described by Elss and Harbeck (46).
Horn described the instrument as having three major categories: (1) Argues,
(2) Asks, (3) Explains. Two additional categories are: (4) Unrelated dis-
course, (5) Uninterpretable discourse. Subcategories for more detailed
descriptions of behavior are listed in each of the major categories. The
checklist as modified 1s called the Risk-Taking Verbal Observation Scale.

The instrument was used as a measure of student risk-taking. Horn
defended this usage in that the risk in such situations was the greater
opportunity to express an inaccurate and/or unacceptable statement. A
greater number of such responses made was thus taken as an indication of
greater risk-taking behavior.

Reliability determination was made by having three observers classify
50 student responses selected at random from audiotapes. All three ob-
servers agreed on 84 percent of the items, and two-thirds of the observers
agreed on 16 percent of the items. There was no total disagreement on any
items. '

The major portion of the study utilized the instrument as a measure
of the dependent variable of risk-taking. Various independent variables
were investigated 1in relation tc risk-taking. This aspect of the study is
reviewed elsewhere in this document.

Kendall (79) developed an instrument for classification of scientific
behaviors. The literature of science and science education since 1900
was surveyed for statements suggesting behaviors pertaining to an under-
standing of science and an attitude toward scilence. The initial list was
modified on the basis of actual classroom trial usage. It was then used
in a study of two groups of classes that exhibited either a majority of
the behaviors or few of the behaviors, to examine the effectiveness of
these behaviors in promoting an understanding of science and a positive
attitude toward science. This major aspect of the study is reviewed else-
where in this document.

Mitchell (102) developed an observational technique to study relation-
ships between student behavior, student interest in science and social sci-
ence, and achievement. According to Mitchell the instrument 1is a behavior
scale with ten categories which are also dichotomized into larger modules
of attentive and non-attentive behaviors for exploration of larger behavior
patterns. Mitchell reported that the behavior scale was valid and has
establishad reliability. Procedures for establishment of validity and re-
liability were not provided in the document reviewed.
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The sample population was made up of the top and bottom ten percents
of two fifth grade classes, based on interest scores on a standardized
interest inventory. Classrooms were videotaped and data were processed in
matrix form. Mitchell found a relationship between inventoried interests
and the larger modules of classroom behaviors as well as between classroom
behavior and achievement as indicated by awarded teachers' marks.

Micias (104) developed an instrument for the study of patterns of
problem-solving behavior among prospective science teachers. His purpose
was to empirically investigate how a fairly homogeneous sample of such in-
dividuals solve problems under a minimum of experimental conditions. In-
terest in this problem stemmed from an apparent conflict between Dewey's
point of view and that of emplirical psychologists regarding problem-solving
processes. Hence, Mitias was interested in whether there are several pat-
terns of problem-solving behavior and whether such behavior is related to
the major science field of the participant and the type of problem to be
solved.

According to Mitias, the observational system was developed before
collecting experimental data. The following are reported by Mitias as the
categories of the system: (1) Goal Clarification, (2) Situation Analysis,
(3} Procedure Planning, (4) Procedure Execution, (5) Random Manipulation,
(6) Irrelevant Behavior. Data were recorded on a time unit basis (15
seconds) and analyzed in terms of sequence, frequency of each category, and
number of categories per minute. Subjects worked together in pairs to
solve the "cylinder problem" and the "disc transfer problem.”

Mitias found four patterns of problem-solving regarding the sequence
dimension, and also variations in the frequency and number dimensions.
Pairs of individuals also presented different patterns of problem-solving
when changing from one problem to the other. The differences among the
three subsamples of individuals (majoring in the biological sciences,
comprehensive sciences, and physical sciences) was not found to be signifi-
cant at the .05 level.

Parakh reported a study (119) in which relationships among teacher

behavior, pupil behavior, and pupil characteristics are described. In
this study 2 system of 36 categories was developed using four medes of
pupil participation: (Q) Questions, (S) Self-Initiated Statements, (V)
Volunteering Information, (R) Replying to Teacher's Request. These four
modes are combined with the following nine kinds of utterances to comprise
the 36 categories: (D) Defining, (F) Fact-stating, (X) Explaining, (E)
Evaluating, (N) Explicitly referring to the Nature of Science, (L) Indi-
cating Lack of Knowledge, (P) Suggesting Problem-Solving Procedures, (R)
Dealing with Classroom Routines, (U) Unclassifiable.

The modes of pupil talk were determined on the basis of careful obser-—
vation of pupil talk in biology classes. The nine kinds of utterances had
been identified in a previous study by Parakh, reviewed elsewhere in this
document.

Designation of a category is by a combination of two letters---the
first for one of the modes and the second for one of the nine utterances.
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Sequence is also preserved by use of numerical subscripts. Verbal behaviors
are coded on seating charts, transferred to punch cards, and processed to
yield: (a) the number and percentage of utterances in each of the categories
and various groups of categories, (b) the number and percentage of pupils

who participate in the various categories. Each instance when a pupil speaks
and uses one mode and one kind of utterance is tallied as a1 single behavioral
event. Shifts in category due to change in mode or utterance are also tallied.

Reliability of the system was estimated on the basis of inter-observer
agreement. A percentage of agreement was calculated on the basis of the
formula developed by Osgood, Saporta, and Nunnally (116). Results ranged
from 50 percent to 100 percent with a median of 77 percent in a class of 23
students and 88 percent in a class with 14 students.

Two classes each of eight biology teachers (6 of which were using BSCS
materials) were observed for four days. Each pupil utterance was categorized
into one of the 36 categories and coded on the seating chart. Teacher-
pupil interaction was also tape-recorded and subsequently analyzed using
Parakh's 45-category system (reviewed elsewhere in this document). Data on
various pupil characteristics were also obtained for a study of relation-
ship between and among pupil characteristics, pupil behaviors, and pupil
achievement.

Numerous findings are reported by Parakh, only a few of which are
mentioned here. He reported that in the average class, the teacher talked
78 percent of the time, pupils talked about 17 percent of the time, and about
eight pupils accounted for about three-fourths of the pupil-talk. Class-
room discourse was found to be highly structured by the teacher, consist-
ing largely of factual, explanatory, anddefinitional exchanges. Participa-
tion by pupils in the four modes was as follows: Volunteering 50 percent,
Replying to Teacher's Request 29 percent, Questioning 15 percent, Self
Initiated Statements 5 percent. Frequencies of the five most frequently
used kinds of utterances were: Explanations 40 percent, Facts 27 percent,
Definitions 13 percent, Other (mostly class routine) 15 percent, Evalua-
tions 4 percent. Other major findings were that teachers' lecturing was
negatively related to pupils' responses, and that teachers' questioning
was negatively related to pupil questions, but positively related to pupil
responses. High ability and male sex were positively related to pupil par-
ticipation, and pupil participation was positively related to pupil achieve-
ment.

Raftor (132) reported plans to use a checklist of problem solving
abilities in a study designed to determine the relative effectiveness of
two methods of teaching a course 1n physical science to college students.
Although this was to be primarily a methods and effectiveness study, it is
mentioned bere because the checklist was used to provide evidence of dif-
ferences between the two methods of instruction (lecture-demonstration and
problem solving). . -

The checklist includes 64 specific abilities of students in problem
solving. These are grouped into the following major areas of the checklist:
(A) Perceiving a Problem, (B) Relating to Previous Experience, (C) For-
mulating Hypotheses, (D) Testing the Hypotheses, (E) Deriving a Conclusion,
(F) Application, (G) Other Related Abilities. Theoretical framework,




instrument reliability and validity, and descriptive data were not given
in the document reviewed.

Steiner (171) reported development and use of the Observational Record
of Affective Behavior (ORAB) and the Biology Student Behavior Inventory
(BSBI) for evaluating student performance as specific in 18 affective domain
behavioral objectives for teaching inquiry processes in biology.

The ORAB provides for the identification and measurement of frequency
of six student inquiry behaviors as they occur in the classroom. The BSBI
consists of four subscales which provide measures of four categories of af-
fective behavioral objectives studied: (1) Curiosity, (2) Openness, (3)
Satisfaction, (4) Responsibility.

Further details about the instruments, validity, and reliability were
not reported in the document reviewed. The instruments were used in a
study of relationships between teacher practices and student performance
of selected inquiry process behaviors in the affective domain, which is
reviewed elsewhere in this document.

Trexler (177) used an observational schedule in a study of the rela-
tionship between sixth-grade children's testimony regarding their conser-
vation behavior and their conservation behavior as observed. Trexler pro-
vided a rationale for the content of the observational schedule by stating
that justifiable urban conservation activities should involve the everyday
natural and processed resources that the children encounter daily.

Selection of behavioral items for the instrument was based on conser-
vation and conservation education literature and existence of the experi-
ences in urban classroom environments. The class was observed for two weeks
for selection of classroom experiences which the author felt would lend them~
selves to observational teqpniques. The schedule and recording forms were
then formulated, used on a trial basis, and revised. The resulting obser-
vation schedule lists eighteen statements of conservation behavicr. For
each statement, procedures for data collection and examples of negative
student behavior are given. The eighteen statements are as follows: (1)

I waste paper, (2) I take care of my color crayons, (3) I clean my water
color brush after using it, (4) I waste time during arithmetic study-periods,
(8) I waste time during free-period study-periods, (9) I make marks in my
arithmetic book, (10) I bend the pages of my arithmetic book, (11) I tear
the pages of my arithmetic book, (12) I clean out my water-color box after
using it, (13) I turn off the water faucet, in the classroom, when no one
is using it, (14) I walk on the dirt area when going to the playground,
(15) I put a newspaper or protective covering on the counter when I stand
en it, (16) I put a newspaper or protective covering on a chair when I
stand on it, (17) I turn off the lights when the class leaves the room,

18) I close the door when golng from the inside to the outside or from the
outside to the inside.

Reliability of judging behavior was determined with regard to the
wasting of time by finding the numerical value of the product moment co-
efficient based on data obtained by two observers. The coefficlient on this
item was found to be 0.92. The other items were not checked since it was
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thought that they were specific enough that the judgement involved would
not be important.

Attention was given also to consistency of behavior of individuals
observed and sampling requirements. Trexler stated that the former was
handled by attempting to insure that situations being observed were made
up of only a particular situation. The meaning of his statements on this
is not entirely clear, but the suggestion seems to be that consistency was
controlled in the design, rather than measured. The matter of sampling was
handled by having all behaviors of the child toward a specific situation
observed, and 50 percent of the child's behavior regarding wasting time.

Waltz (183) developed an instrument concerning high school chemistry
laboratory behaviors judged to influence scientific understanding and at-
titude development. The Instrument consists of eighteen behavioral prac-
tices drawn from the scientific literature of 1900 to the present. The
number of students in each laboratory class observed who engaged in each be-
havior was recorded and expressed as a percentage of the total number of
students in the classroom. Further detalils of instrument development, com-
position, procedure for use, and descriptive data resulting from its use
were not given in the document reviewed.

Washton (184) proposed a classification of pupil questions as a basis
for eventual development of a taxonomy of pupil guestions for creativity.
He suggested five major groupings as follows: (1) Factual questions, (2)
Questions related to scientific principles or laws, (3) Questions related
to the ability to transfer or make applications, (4) Spontaneous questions
of curiosity, (5) Questions that are genuine problems that need to be solved.
Since this was a proposal for further development of a taxonomy, detailed
instrument development procedures and usage data were not provided in the
document reviewed.

Questioning Instruments

Blosser (30) developed the Question Category System (QCS) to be used
in a study of the development of effective questioning skill by prospective
secondary school science teachers. The criteria to be satisfied by the in-
strument are listed by Blosser as: (1) that the system be teachable, (2)
that it cover the variety of questions asked in science classes, (3) that
it could be used by preservice teachers to analyze their own questioning
behavior and that of other teachers.

The tentative QCS was developed, tested with experienced teachers and
student teachers, modified, and then used to analyze videotaped lessons.
It was submitted for criticism to graduate students, eight student teachers
not involved in the study, the researcher's major advisor, and a specialist
in instruction. It was then revised for use in the remainder of the study.

The Question Category System has four major categories: (I) Closed
Questions, (II) Open Questions, (III) Managerial, (IV) Rhetorical. Closed
Questions may be further categorized as either (A) Cognitive-Memory, or
(B) Convergent Thinking. Cognitive-Memory may in turn be further identi-
fied as (1) Recall, (2) Identify or Name or Observe. Convergent Thinking
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questions may be further identified as: (1) Associate and/or Discriminate;
Classify, (2) Reformulate, (3) Apply, (4) Synthesize, (5) Closed Prediction,
(6) Make "Critical" Judgement.

Open questions may be further categerized as either (C) Divergent
Thinking, or (D) Evaluative Thinking. Divergent Thinking questions may be
further identified as (1) Give Opinion, (2) Open Prediction, (3) Infer or
Imply. Evaluative Thinking may be (1) Justify, (2) Design, (3) Judge A
(matters of value, linked with affective behaviors), (4) Judge B (linked
with cognitive behaviors). ’

Three science educators were trained in the use of the 0CS. These
judges were supplied with the video tapes and necessary equipment for analy-
sis as well as typescripts. Final classification of questions was based
on the agreement of the judges. Audio taped lessons were classified by
the investigator. Rater reliability was calculated for the judges and also
for the investigator, using the Guilford method. The averages for the judges
ranged from .70 to .73 and those of the investigator were .90 to .92 for
the three levels of categories.

The major study in which the instrument was used by Blosser was a
behavior change study and is reviewed elsewhere in this document.

Bruce (33) utilized the Teacher Question Inventory designed by Harris
and McIntyre in an investigation of relationships between SCIS teachers'
attitude toward teacher-student relationship and question types. 1In this
instrument, as used in this study, there are two levels of questions. The
"Lower level" questions are: (a) Recognition, (b) Recall of fact. The
"Higher Level" questions are: (a) Demonstration of skill, (b) Comprehension,
(c) Analysis, (d) Synthesis.

Bruce stated that reliability coefficients were calculated by the use
of Scott'’s coefficient and that the average coefficient was .87. It was
not clear in the document reviewed whether this coefflcient pertained to
observer stability, inter-observer agreement, or a reliability coefficient
as defined by Medley and Mitzel (99).

The study by Bruce in which the instrument was used pertained to be-
havior change and correlation between behavior and other variables and will
be reviewed by Evans.

Porterfield (131) used an adapted form of the Teacher Question Inven-
tory by Harris and McIntyre in a study of questioning behavior of reading
teachers while teaching reading. Porterfield gave the nine levels into
which questions are classified when using the instrument as the following:
(1) Recognition, (2) Recall, (3) Demonstration of Skill, (4) Translation,

(5) Interpretation, (6) Analysis, (7) Synthesis, (8) Opinion, (9) Attitudes
or Values. Validity and reliability procedures concerning use of the instru-
ment in this study were not discussed in the documents reviewed.

Eight second and eight fourth grade reading teachers who had partici-
pated in a SCIS training program and sixteen second and fourth grade read-
ing teachers not trained in this fashion were selected for the study. Data
were collected by tape recorder from two complete reading lessons for each
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reading group in each of the 32 classrooms. Composite tabulations were
determined for each question category and differences in observed propor-
tions were analyzed using the normal standardized score.

Numerous significant differences (at the .05 level) in the data between
the two groups of teachers are reported by Porterfield. The SCIS teachers
asked a significantly lower proportion of recognition and recall aquestions,
but a significantly higher proportion of translation, interpretation, analy-
sis, synthesis, opinion, and attitude questions. There was no significant
difference in demonstration of skill questioms.

Over 70 percent of the questions of the non-SCIS teachers were recog-
nition or recall, while about 50 percent of the SCIS teachers' questions
were recognition or recall. None of the other categories of questions (ex-
cept opinion questions, at 11.06 percent) reached 10 percent for the non-
SCIS teachers, with synthesis questions lowest at .07 percent and attitude
questions at .59 percent. In the SCIS teachers, translation questions were
10.35 percent, opinion questions were 15.40 percent, and analysis questions
11.19 percent. The lowest portion of questions was also synthesis at 1.87
percent and attitude at 2.05 percent. Porterfield stated in his conclu-
sions that he assumed the teachers transferred the theoretical and practical
use of questions and questioning from the SCIS inquiry-discovery instruc-
tion to the area of reading instruction.

In a study of SCIS and non-SCIS teachers, Wilson (187, 188) focused on
questions being asked by teachers. Wilson emphasized the importance of the
kinds of questions being asked and suggested that the art of questioning is
the essence of discovery teaching. The instrument used for classification
of teacher questions was the Teacher Question Inventory by McIntyre and
Harris. The instrument enables classification of questions on a hierarchial
order derived from the Taxonomy of Educational Objectives (29). Questions
were clagsified as: (1) Recognition, (2) Recall, (3) Demonstration of Skill,
(4) Comprehension, (5) Analysis, (6) Synthesis. Wilson stated that all the
questions of a cognitive nature asked by the teachers during the science
lessons were applicable to one of these six categories. Reliability or ob-
server agreement procedures and results were not reported in the document
reviewed.

Thirty teachers were studied, one-half of them having been trained in
the use of the SCIS approach. The matching group had not received train-
ing in any of the "new" science projects, were strongly textbook oriented,
and did not espouse the inquiry-discovery approach. Further details on the
nature and extent of the training of SCIS teachers were not provided in the
document reviewed.

Wilson found that the lower level questions (recognition, recall, and
comprehension) were recorded a significantly larger proportion of times for
the traditional science teachers group than for the "new'" science teachers
group. Higher level questions (analysis and synthesis) and demonstration
of skill questions were recorded a significantly larger proportion of times
for the "new'" science teachers group. In addition, Wilson reported that
the "new" science teachers asked 49 percent more questions in general than
the other group. Comparisons between the two groups were made usiag the 2
score, with the confidence level set at 0.05.
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Butler (34) used a question analysis system, in conjunction with the
Flanders Interaction Analysis Category system, in a study of IPS teachers.
The review of this study 1is included in .this document with other studies
using the Flanders system since the data reported from use of the two instru-
ments are rather intricately interrelated.

Johnson (75, 76) reported development of the Questioning Dissector Grid.
The instrument was developed for use in a study of a model for improving in-
service elementary science teacher questioning behavior. Johnson reported
that the categoiries of the instrument are as follows: (1) Routine-Management
Questions, (2) Memorygluestions, (3) Observation Questions, (4) Information
Processing Questions, (5) Evaluative Questions. The instrument is a two-
dimensional grid enabling a plotting of questions asked in sequence and ac-
cording to the five categories. Reliability and validity procedures were
not described in the documents reviewed.

Kleinman (80, 81, 82) conducted a study pertaining to the kinds of
questions asked by teachers. Her main purposes in this study were to as-
certain the kinds of questions asked by general science teachers, to deter-
mine the relationship to students' understanding of science, and to deter-
mine the relationship to pupil and teacher behavior.

The observation form contains seven question categories and also a
listing of bipolar adjectives used in describing teacher and pupil behavior.
These four pupil behaviors and eighteen teacher behaviors are rated on a
five-interval scale from low to high. Pupil behaviors given are: (1) Apa-
thetic-alert, (2) Obstructive-responsive, (3) Uncertain-confident, (4) De-
pendent-initiating. Teacher behaviors listed are: (1) Partial-fair, (2)
Autocratic-democratic, (3) Alcof-responsive, (4) Restricted-understanding,
(5) Harsh-kindly, (6) Dull-stimulating, (7) Stereotyped-original, (8)
Apathetic-alert, (9) Unimpressive-attractive, (10) Evading-responsible,
(11) Erratic-steady, (12) Excitable-poised, (13) Uncertain-confident, (14)
Disorganized-systematic, (15) Inflexible-adaptable, (16) Pessimistic-
optimistic, (17) Immature-integrated, (18) Narrow-broad. The categories of
"Lower type questions" are: (1) Neutral, (2) Rhetorical, (3) Factual. The
"Higher type questions'" are: (1) Clarifying, (2) Associative, (3) Critical
Thinking, (4) Values. .

Kleinman stated that the average rank intercorrelation for three judges
in this study ranged from .85 to .90. Stability measures were based on con-
sistency or stability of teachers' behaviors. The average of six correla-
tions for six teachers who were observed three times each by one observer
was .57.

Most of the seventh and eighth grade general science teachers from
five school systems were observed (twenty-three teachers in all). These
were observed once, then the three high teachers and the three low teachers
(in terms of the frequency of critical thinking questions asked) were ob-
served twice more.

A Nomograph for the Test of Significance of Differences of Proportions

was used to test for significant differences between the two groups of
teachers on the question categories. A t-test for significance of differences
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between means of independent samples was used to compare pupils of both
groups of teachers by grades, ability levels, and sex. Pupils' under-
standing of science was measured by use of the Test on Understanding Science,
Form Jy.

Kleinman reported that the high teachers asked fewer questions than the
low teachers and that they asked significantly fewer rhetorical and factual
questions. The high group asked almost four times as many high-type questions
as the low group. She also reported that teachers who asked more critical
thinking questions also asked more neutral, clarifying, and associative
questions than the others. Only one value question was asked in the thirty-
five observations. Kleinman felt her data revealed a relationship between
the use of critical thinking questions and the behavior of pupils, and also
reported a trend toward higher behavior ratings for the high teachers. She
also concluded that seventh and eighth grade boys and girls of high ability
achieved a better understanding of science under teachers who asked critical
thinking questions than under those who did not.

Kondo (89) studied the questioning behavior of teachers using SCIS.
Four first grade teachers were studied while teaching the same sequence of
four SCIS lessons. Relationships among the questioning behaviors of the
teachers were studied as well as relationships among behaviors in the dif-
ferent types of lessons.

Behaviors were tape-recorded and analyzed in terms of: (1) Complexity
(based on question-response-comment units), (2) Question Type (Routine,
Cognitive-Memory, Convergent, Evaluative, or Divergent), (3) Teacher Reaction
(to responses or to her questions), (4) Transition Probabilities.

Kondo found that there was a fairly consistent pattern of questioning
by the teachers across the four lessons, but that differences in complexity
of questioning patterns were relatively striking between individual teachers.
Percentages of routine and cognitive-memory questions were found to be in-
fluenced by the lesson being taught (but not by whether it was an Invention
Lesson or ,Discovery Lesson) and by how it was approached. The approach was
found to have the greatest influence on the types of questions asked. About
one-half of all the questions asked were convergent and the percentage was
fairly uniform across all the lessons. The relative frequency of evalua-
tive questions was low in all lessons, as was the percentage of divergent
questions, although the.latter were highest in invention lessons. Teacher
reactions were found to differ vastly between individual teachers.

Moriber (110) studied types of questions asked by college science in-
structors. He supported the importance of types of questions asked to the
learning process by reference to the work of Gagné and of Bloom. The Sanders
system based on the "Bloom Taxonomy' was chosen as the instrument for the
study. Moriber gave the following as the categories of the Sanders instru-
ment: (1) Memory, (2) Translation, (3) Interpretation, (4) Application, '
(5) Analysis, (6) Synthesis, (7) Evaluation.

Validity and reliability considerations concerning the use of the in-

strument in this study were not reported in the document reviewed, except
for the comment that portions of tapes were often replayed several times to
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ensure that questions were properly categorized. t was also mentioned
that the categories tend to merge into each other, with the result that
different teachers may not agree on question placement but that categories
used are usually adjacent ones, thus minimizing difficulty.

Four college instructors of an integrated physical science course for
non-science students were observed for five consecutive weeks. Thelr lessons
were taped and subsequently analyzed using the Sanders system. These 'gradu-
ate instructors'" student ratings were studied before the research and the
instructors were fully advised of the purpose of«the study. Each of the in-
structors taught a weekly two-hour lab class, of which the first half was
a structured lesson providing background material and the second hour in-
volved students performing the experiment. The lessons taped were thus about
50 minutes in length. Conferences were held with each teacher after the
lesson. The use of higher level questioning was discussed and encouraged.

The data showed that the vast majority of questions asked were at the
memory level. There were very few (7 of 600) at the synthesis and evalua-
tion levels. In the course of the study, none of the teachers increased
their higher level questioning, and two of the four decreased it. The second
highest portion of the questions was at the "Interpretation"” level.

Rowe (142) reported some findings on wait-time and rewards as instruc-
tional variables. Based on classroom visits in cities, suburbs, and rural
areas, she reported that teachers allowed children an average of one second
to start to answer a question. She reported observing that in classrooms
vhere speculation, conversations, and arguments over meaning of evidence oc-
curred, wait times seemed to be three seconds or longer. In addition, she
reported finding that, if teachers were asked to identify their five best
and five poorest students and then were examined as to wait times, the five
best students got two seconds but the bottom five got only 0.9 seconds. The
bottom five received more praise, though incorrect responses received a re-
sponse of "good" about as often as correct responses.

Snyder (161) studied verbal question-asking as a method of inquiry.
One hundred and fifty gifted seventh and eighth grade students and thelr five
science teachers were studied. Subject matter content, training of teachers
in the use of the content materials, and ability and grade level of the
pupils were controlled.

Oral questions were tape recorded in class and transcribed. Written
questions were obtained by having students write questions on 3 x 5 cards
at the end of each class day during the data-collection periods. Based on
the proportions of the kinds of questions asked, comparisons were made of
the teachers, classes of students, teachers as a group and students as a
group, and individual teachers and their specific classes.

Teachers exhibited similarities as well as differences in questioning-
behaviors and there were considerable changes in teacher behavior from ome
unit to the next. However, individual teacher behavior changes showed no
consistent pattern from unit to unit, nor did individual class behavior
changes. Teachers were found to be similar in the relative usage of dif-
ferent categories of questions. Differences in questioning between
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different classes of students were less great than differences between
teachers. Snyder found no consistent similarities in teacher behaviors
and class questioning behaviors.

Staley (168) developed the Audio-Tape Analysis Instrument for use in
a study of comparative effectiveness of microteaching and other paradigms
on preservice teacher performance. The major portion of this study con-
cerns behavior change and teaching effectiveness and is reviewed elsewhere
in this document, but a few words are appropriate here concerning the pro-
visions of the instrument.

Part I of the instrument provides for teacher talk/student talk data
and ratio recording, and teacher wait-times after questions and before
responses to the child's comment. Part II provides for recording of lower
order questions, higher order questions, neutral response, no opportunity
for response, and other types responses. Part III provides the means to
measure achievement of the objectives of the lesson.

Different sets of raters were used for each part of the instrument.
Rater reliability for Part I was calculated using an analysis of variance
procedure for incomplete sets of ratings, with a resultant value of .84.
Part II was similarly calculated with a result of .90 and .98 for two
sample lessons. No reliability estimates were made for Part III.

Inquiry Instruments

Horine (68) developed the Complete Inquiry Index and used it in a
comparison of inquiry activities in elementary sclence classes based on
audio tape recordings. The index was developed from a review of behavioral
objectives strongly advocated for science education. Horine supported the
levels of the various categories of inquiry with statements from profes-
sional literature and compared several of them with categories of the
Flanders system. Three inquiry indexes, called the Complete Inquiry Index,
the Verbal Inquiry Index, and the Revised Inquiry Index were developed.
They are expressed as numerical index values to be used to compare pupil
inquiry levels. Tallies by number are made at three-second intervals. The
weighted tallies are summed and the total divided by the number of tallies
to obtain the index.

The following are given as the categories and corresponding levels of
the Complete Inquiry Index by Horine: Level O: Criticism, Silence, and
Confusion; Level 1: Directions; Level 2: Lecture; Level 3: Teacher Warmth;
Level 4: Teacher Question; Level 5: Pupil Response; Level 6: Pupil Comment;
Level 7: Pupil Question; Level 8: Pupil Experiment. Horine suggested else-
where in the study that Level 4 (Teacher Question) be divided into two cate-
gories as foliows: Closed Teacher Question, Open Teacher Question.

The Verbal Inquiry Index is computed in the same manner as the Complete
Inquiry Index, except that Pupil Experiment (Level 8) is omitted. The
Revised Inquiry Index is like the Verbal Inquiry Index except for the omis-
sion of reading and/or extended viewing activities (otherwise included in
Level 5, Pupil Response).
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Reliability measures were obtained on the basis of four persons serv-
ing as analysts. The reliability coefficient on the verbal portion of the
instrument was reported as .9 + .1, while on the nonverbal portion it was
.8 + .2. Procedures for calculating :reliszbility were not presented in the
reliability discussion of the report reviewed.

In regard to internal validity, Horine stated that it was possible to
ascertain time spent in experiments of silent viewing activity from audio
tape records based on audio signals before, during, and after such activity.

The instrument was used in a study comparing inquiry in ten classrooms
using Science - A Process Approach with 12 classrooms in which Concepts in

Science was being used. Classrooms of grades two, three, and four were

studied. Indices were calculated, percentages of pupil experiment time and
reading and/or extended viewing time were ascertained, and a two-way analysis
of variance was used to test for numerous significant differences among
grade levels and betwezen curriculum programs.

Horine found that the mean Complete Inquiry Index was 5.059 and that
there was a significant interaction between effects assocliated with grade
level and effects associated with curriculum program in producing deviations
from the mean. No such differences were found in the Verbal Inquiry Index
(which omits "Pupil Experiment"), however. The Revised Inquiry Index, which
also omits reading and/or extended viewing, showed significant differences
between grade levels. The mean percentage of time spent in pupil experiment
was 29.81 with a significant difference in favor of the process group over
the concepts group (15.02 percent vs. 48.47 percent). The mean percentage
of class time spent in reading and/or extended viewing was 11.90 percent
with 20.50 percent for the concepts group and 1.60 percent for the process
group.

Miller (100) developed the Science Classroom Interaction Instrument
(SCII) as part of a study to investigate the cognitive and affective be-
havior of selected groups of ninth grade physical science teachers and to
study longiltudinal effects of a training program on teacher verbal behavior.
Miller pointed out that instruments that were available gave little atten-
tion to the tentative nature of science concepts, relation of science to
other areas of the curriculum, integration with technology, and development
of higher level thinking processes. These needs led to and guided the de-
velopment of the SCII. The instrument thus incorporates some character-
istics commonly associated with 'new curricula," affective and cognitive
behaviors, and is restricted to verbal behavior of teachers (primarily) and
students. The categories are considered mutually exclusive, but comprising
an inclusive system. '

The 25 categories of the SCII are as follows:

(1) Accepting feelings, giving pralse or encouragement
(2) Acceptance or use of student response

(3) Irrelevant teacher verbalization

(4) Supplemental question

(5) Question about the nature of science or scientists
(6) Question about the relation of science to other areas
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(7) Questions which integrate science and technology
(8) Questions pertaining to a science concept at higher cognitive levels
(9) Question pertaining to a science concept at lower cognitive levels
(10) Informing on an absolute factual level about sclence concepts
(11) Informing on a conditional factual level about science concepts
(12) Informing on the nature of science or scientists
(13) Informing on the relationship of science to other areas
(14) Informing on the relationship of science to technology
(15) Giving directions, procedural orientations, goal setting
(16) Qualifying or correcting a student response
(17) Criticism or verbalization which seeks to show teacher authority
in controlling classroom behavior
(18) Student response initiated by the teacher
(19) Student initiated response
(20) Student reading aloud
(21) Division of student interaction
(22) Silence for contemplation
(23) Directed activity
(24) Uncategorizable verbal behavior
(25) Confusion or chaotic verbal behavior

The three-—second time interval is used when encoding, but ali transi-
tional behavior is encoded as well. Numerous ground rules for use of the
instrument are given.

Validity considerations are based on the ability of tne SCII to dif-
ferentiate certain specified behaviors. Reliability measures were based on
inter-observer agreement between the researcher and an experienced high school
science teacher, utilizing the Scott method. Reliability was thus estimated
prior to study of the teacher groups, after five weeks of encoding, and after
eight weeks of encoding, with results of .702, .773, and .729 respectively,
and an average of .735.

The remainder of the study in which the SCII was used focused on be-
havior change through a training program and is reviewed elsewhere in this
document. Percentage data were provided for both a treatment group and non-
treatment group, and several points of interest should be mentioned here.
Questions and information about nature of science and scientists (Categories
5 and 12) were very low for both groups with the two categories jointly con-
stituting well under 0.5 percent of the behaviors throughout the study, as
measured. Similarly, relation of science to other areas (Categories 6 and
13) ranged from a total of about 1.1 percent early in the study (for the
treatment group) to less than 0.2 percent for each group at the end of the
study.

The Teacher Observation Schedule was designed by Pempek (125) to obtain
data on subtle techniques of the teacher, often nonverbal, that were con-
sidered desirable, presumably from the standpoint of the teaching objectives
of AAAS-SAPA, ESS, and SCIS. The instrument was one of several used in a
study of the effectiveness of a teacher tralning project. After some usage,
the original form of the TOS was revised to incorporate additional techniques
of the teacher. Additional procedures of instrument development were not
described in the document reviewed.
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The categories of the TOS are as follows: (Q) Teacher asks a question,
(X) Teacher explains, elaborates, summarizes, (D) Teacher gives directionms,
(M) Teacher demonstration, (B) Teacher answers pupil question, (R) Teacher
responds to student question, but does not answer it, (A) Teacher attending
or watching student actions, (F) Teacher positive reaction to student action,
statement, or process, (P) Teacher negative feedback to student, (N) Teacher
managerial tasks, (0) Teacher nonverbal, non-teaching activity.

The coding interval is five seconds. The totals of categories Q, R,
and A are totailed for a measure of the intervals in which the teacher was
engaged in behaviors considered desirable by the new curricula.

The major study in which this instrument was used concerned behavior
change and 1s reviewed elsewhere in this document.

Smith (154, 155, 156, 157) developed a classroom observation instrument
relevant to the Earth Science Curriculum Project. The instrument was de-
veloped specifically on the basis of ESCP philosophy, observation of ESCP
teachers, and suggestions of curriculum writers for teaching ESCP. Sources
used as a basils for writing behavior items were journal articles, ESCP News~
letters, ESCP Teachers Guide-Investigating the Earth, Parts I and II, the

text Investigating the Earth, and audiotapes of ESCP classes.

Behavior items were written in a manner consistent with ESCP philosophy,
neutral, or inconsistent with ESCP philosophy and then distributed to seven
judges (ESCP writers and trial teachers) as a means of determining content
validity of the items. Items with an interquartile range greater than that
of 51 percent of the items with the same median or with an interquartile
range equal to or greater than could be obtained by chance were not retained.
Ninety-one items were retained and placed in subcategories and major cate-
gories.

The major categories of the instrument are: (1) Developing Text Ma-
terial, (2) Pre-laboratory, (3) Laboratory, (4) Post-laboratory Discussion.
The subcategories of Developing Text Material are: (A) Teacher demonctrates .
behaviors relative to the nature of earth science, (B) Teacher questiuns
relative to student processes, (C) Teacher response to student questions,
(D) Student process statements. ''Prelaboratory' has the following sub-
categories: (E) Teacher: Identification of problem for investigation, (F)
Teacher: Directions on conduct of the investigation, (G) Student: Identifi-
cation of the problem for investigation, (H) Student: Directions on conduct
of investigation. The Laboratory category has the following subcategories:
(I) Teacher: Identification of critical aspects of the investigation, (J)
Teacher: Response to student questions about investigation procedure, (K)
Teacher: Evaluation, (L) Student: Identification of critical aspects of
the investigation. The subcategories of Post-laboratory Discussion are:
(M) Teacher: Data Reduction, (N) Teacher: Interpretation of results of
investigation, (0) Student: Data Reduction, (P) Student: Interpretation of
res' ) s of investigation. The more specific items occur wichin these cate-
gor.+s, and all but 3 of the 91 items are cognitive in nature.

Reliability was estimated by training six observers and rotating them
among three observer teams observing three ninth grade ESCP teachers.,
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Interobserver agreement was expressed as percentage agreement, and when all
observations for all teachers were pooled, interobserver agreement was found
to be 74 percent. Observations were taken for one 50-minute period per day
for ten consecutive days.

Wilson and Renner (188) reported the study of SCIS teachers and non-
SCIS teachers in terms of their provision of '"essential science experiences"
and the number of analytical thinking questions asked. The questioning
aspect of this study has been reviewed on the basis of another report and
is found in the section on questioning in this document.

The instrument used for a measure of essential science experiences is
called the Teacher Observation Inventorv and has the following five compo-
nents: (1) Observation, (2) Measurement, (3) Experimentation, (4) Inter-
pretation of Data, (5) Prediction. A description of each of the components
is given by the investigators. Valiidity and reliability procedures concern-
ing use of the instrument were not reported in the document reviewed.

Fifteen SCIS teachers and 15 non-SCIS teachers ranging from grades omne
to six were studied. The SCIS teachers had been trained to use SIS methods
and materials for science instruction. The non-SCIS teachers were taking
the science curriculum from the science textbook, according to the inves-
tigators. Other special training or instructions given to either group of
teachers, if any, were not reported in the document reviewed. Each class
was observed twice for thirty-five minutes, using a tape recorder. The in-
terval of time between the two observations was one week.

The z-score was used to test for significant differences between the
correlated proportions with the level of significance set at .05. Signifi-
cantly higher proportions of essential science experiences were found in
measurement and in prediction for the SCIS teachers. The frequences of
essential science experiences were higher in all five of the categories for
SCIS teachers than non-SCIS teachers, according to the investigators, and
the total number of these experiences was 2.15 times as high for the SCIS
teachers as for the non-SCIS teachers.

Communications Instruments

Friedel (53) developed an observational procedure for describing
teacher and pupil verbal and nonverbal classroom behavior. The behavioral
record was obtained through the use of videotape equipment and direct ob-
servation of 13 classroom science teachers. The instrument was developed
from narrative records of behaviors in 13 science classes and a theoretical
framework based on a model of communications and a theory of interpersonal
needs. Encoding of behaviors was accomplished by recording symbols every
five seconds to indicate: (1) Sender, (2) Direct or Indirect Message Be-
havior, (3) Channel, (4) Receéiver.

Sender categories described whether messages were sent by teacher,
pupil., pupils, or audiovisual device. Twenty-nine categories described
direct message behavior and five categories described indirect message
behaviors. Channel categories expressed whether behaviors were verbal,
nonverbal, or verbal and nonverbal. Receiver categories indicated whether
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the receiver of the message was teacher, pupil, or pupils. For each direct
message behavior, four symbols were recorded: the sender, the direct mes-
sage, the channel, and the recelver. Indirect messages required three sym-
bols: the sender, the indirect message, and the channel.

Inter-observer agreement data were based on fifteen five-minute ran-
domly selected segments from twelve one-~hour video tapes. The data repre-
sent agreement between the researcher and a tralned observer. The overall
coefficlent for all of the above segments was .92.

Friedel reported that direct message behavior accounted for 64 percent
of teacher behavior and indirect message behavior accounted for 83 percent
of pupil behavior. The nonverbal channel was associated with the indirect
message categories 100 percent of the time. Of the teacher direct message
behaviors, 56 percent were impersonal and 44 percent were personal. Direct
messages associated with experimental information constituted 5 percent as
compared with 31 percent authoritative information and 14 percent drill.

Knoll (83) carried out a study of preservice teacher strategies in
teaching the vocabulary ci elementary school science. The language level
was identified as one of eight, and the function of interaction was defined
from the linguistic aspect according to six types of language exchanges.

The function of interaction was 2lso defined from the vocabulary standpoint
in terms of twenty strategy categories. Hence, each interaction was classi-
fied on a continuum based on language levels and teaching techniques. Inter-
actions were identified in terms of acts of participation. The elementary
puplls observed were of grades one through six. Further details concerning
the instrument used or details of its development were not provided in the
document reviewed.

Though this study involved preservice teachers and thus might not be
representative of the usual classroom, several findings may be of interest.
The concepts represented by the words were taught at the inferred level in
80 percent of the situations. Words involved in 64 percent of the vocabulary
teaching situations were presented by the teacher, and in 82 percent of
these situations the teacher focused the class's attention on a particular
word. The primary teaching techniques used most often were naming (18 per-
cent), interpreting (15 percent), and short answer (59 percent). Of the
pupil experiences with words, 27 percent involved saying the word, 17 per-
cent reading, and 5 percent writing.

Streitberger (172) used a new observation system developed by H. D.
Schalock (146) in a study of teacher influence behaviors and teacher-
student interaction patterns in selected CHEM Study and traditional chemistry
classes. With this system, teacher and student behavior is described in
terms of a basic encoding unit called the interact. This 1s a message
directed (a) from the teacher to a student or group of students or (b) from
a student or students to the teacher. Interacts are coded in the order in
which they occur, with series or chains forming an interactive exchange.
The system is only concerned with those student interacts in which the
teacher is involved, and the major portion of the system concerns descrip-
tions of the teacher interact. An interactive exchange is a series of in-
teracts based on the interact that opened the exchange. Interactive
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exchanges may be initiated by the teacher, one student, a group of students,
or a whole class in any one of four ways called flow patterns. Each of the
flow patterns is described in the document reviewed.

Extensive details are provided concerning intercoder agreement. The
basic procedure involved coding of segments of tape recordings by three in-
dependent coders. The results, upon showing high agreement, were averaged
to form a Standardized code for use in subsequent observer reliability de-
terminations. Criteria for serving as a standard code ranged from 80 per-
cent to 90 percent, depending on category frequencies. Based on trial re-
liability efforts, revisions of the system were initlated. Agreement among
coders was then checked again as a validation procedure with satisfactory
results. The investigator then proceeded to code all audio-recerded class—
room interaction, again checking his coder reliability three times during
the three-week coding period with satisfactory results. Streitberger pointed
out that the instrument as used in this study thus did not constitute full
use of the Schalock system. There are six large or first order categories
of teacher behavior as follows: (1) Exposure to Information, (2) Precipi-
tation of Performance, (3) Evaluation of Performance, (4) Socializes, (5)
Interference, (6) Flow Pattern 2. Each of the first 3 large categories also
contains other major categories as follows: 1. Exposure to Information:

(a) Structures, (b) Guides, (c) Provides Solutions; 2. Precipitation of Per-
formance: (a) Questions, (b) Directs; 3. Evaluation of Performance: (a) Posi-
tive Reinforcement, (b) Negative Reinforcement. Various teacher interact
modifiers are also available in the system. ‘

Student behavior is describe¢ in terms of initiating (Flow Pattern 3)
and response behavior with the following five major categories: (1) Flow
Pattern 3, (2) Class Response, (3) Group Response, (4) Unasked, One Student
Response, (5) Asked, One Student Response. Further information is available
in the student initiating and response categories through use of following
subdivisions of '"stating," "questioning,'" "silence," "nonverbal," and "af-
fective" behavior.

Audio-recording equipment was arranged so that one microphone was con-
nected to the recording equipment in the classroom and another microphone
was used by the observer at the back of the room to record verbally the
codes of nonverbal behavior being observed.

The duration of all coded interacts was timed in the study. This was
accomplished by a kymograph whose steadily revolving drum was used to pull
adding machine tape across a coding area at a constant rate. The average
length of time required to complete a teacher or student interact was found
to be about six seconds.

Data were tabulated by weighting interacts of six seconds or longer
and processes in a 32 x 32 interaction matrix. An I/D teacher ratio, pat-
terned after Flanders, was also determined.

Seven CHEM Study teachers and nine traditional chemistry teachers
participated in the study. Each teacher was observed for five class perilods.
No significant differences were found between the two groups of teachers.
Streitberger reported that the variability within each group was greater
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than between the two groups. The teacher-to-student verbal and nonverbal
interaction ratio was found to be 3.7 to 1, quite close to that reported
for secondary teachers in other reports.

About 3 percent of all interacts were student questioning behavior,

and about 18 percent of all behaviors were response behaviors (total stu-

~ dent behavior was about 22 percent). The teacher behavior was constituted
of "Exposure to Information" (56 percent), '"Precipitation of Performance"
(17 percent), and "Evaluation of Performance" (4 percent). Most of this
last item was positive reinforcement, at 3.4 percent. Streitberger also
concluded that I/D ratios can be used to differentiate between teachers with
respect to teacher-student behaviors and interaction patterns observed in
chemistry classes.

Cognitive and Structural Instruments

0. R. Anderson (10) has developed procedures for the analysis of struc-
ture in teaching. He has also provided the basis in theory of these pro-
cedures (9) and has reported on structure in teacher-communicated science
content (11). The major component of the theory undergirding the work of
Anderson (9) seems to be the premise that periodicity in environmental
stimuli is a major factor in the complex behavior of advanced organisms.

He thus sees great significance to learning of periodic or repetitive stimu-
11 such as those that occur in the language of man and the calls of animals,
and suggests that in learning the repetitive arousal of responses in a se-
quence or close temporal occurrance brings about assoclations among the
responses. From this, he suggests that youug children should be provided

with peviodic stimull to maximize their later acquisition of symbolic material.

Anderson's concept of structure in teaching is thus based on the assump-
tion that learning will be facilitated when contiguous teacher statements
contain some verbal material in common (11). The amount of structure in
coimmunication is defined to be proportional to the amount of linking between
contiguous statements.,

Space will not permit a complete listing of all terminology coilned in
the work of Anderson or of all concepts and relationships of structure con-
sidered by Anderscn, but a few overall statements of procedure and instru-
mentation may be helpful.

In the study of teacher communicated science content (11), teacher
communications were recorded on audiotape and then transcribed. The
teacher communication was then broken up into discourse units (verbal state-
ments equivalent to a clause) which were numbered. The verbal elements
{technical terms) were then recorded as a sequence of code numbers in such
a manner that each could be associated with the appropriate discourse unit.
The result is a series of discourse unit numbers accompanied by the code
numbers of verbal elements contained in each discourse unit. The con-
secutive pairs of discourse units are then analyzed and coefficients of
structure are computed. Several coefficients of structure are defined in
the report (11) and methods of computation are given. Weighted coefficients
of structure are calculated for all pairs of discourse units, and these
figures are used to plot a graph called a Kinetogram. A drop in the graph
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shows that a break in the structure has occurred. Theme activity (presence
of a dominant verbal element) and the rate at which new information is be-
ing presented can also be calculated and methods of computation are given.

Data from the analysis of three high school science lessons (animal
classification, physical chemistry, and cell biology)} are reported (11).
‘These are presented as Kinetograms and tables of coefficients for Kineto-
grams. Interpretations of the data as they appear in the form of Kineto-
grams and coefficients are provided.

James J. Gallagher (54, 57, 58) reported the development of the Topic
Classification System (TCS). This system was designed to focus on the
cognitive realm and is constituted of three major dimensions judged to be
of importaace. The dimensions are the level of conceptualization, the
style of thinking, and the instructional intent. The TCS was developed
out of a seven~year period of research and supplements an earlier system
by Aschner and Gallagher. The system 1s based on the theoretical work
of Guilford pertaining to the structure of the intellect.

The dimension of instructional intent pertains to two major teaching
goals: (1) Content, (2) Skills. The levels of conceptualization are:
(1) Data, (2) Concept, (3) Generalization. The styles of thinking are:
(1) Activity, (2) Description, (3) Explanation, (4) Evaluation-Justifica-
tion, (5) Evaluation-Matching, (6) Expansion.

The encoding unit used in the "topic'" and each "topic" is classified
into all three dimensions of the TCS. The "topic'" is the unit in which the
focus of classroom discussion centers on a given action, concept, or prin-
ciple. Gallagher pointed out that classroom discussions do not necessarily
follow orderly sequences, so he chose to determine the status of a "topic"
by a time minimum of 15 typewritten lines of script rather than its place
in orderly or logical sequence. Classroom discussion is put into the form
of typewritten script and then topic divisions are made as time divisions
in terms of subject under discussion. Gallagher provided a detailed de-
scription of procedures for topic division (58).

The reliability data reported for the instrument were based on a com-
parison of total results of two teams of judges analyzing the same set of
scripts. Numbers of topics and percentages of the whole within each sub-
division of each dimension were presented as evidence that teams of well-
trained judges were able to achieve satisfactory agreement on the major
dimensions of the instrument.

James J. Gallagher (56, 59) used the Topic Classification System in
a study of teacher variation in concept presentation utilizing only biology
teachers who taught classes of high ability students using the BSCS Blue
Version, Molecules to Man. All teachers were working in suburban situa-
tions and all had some training contact with the BSCS program. Furthermore,
the study was focused on the concept of photosynthesis, thus attempting to
control possible differences 1n teacher and studemt behavior that might be
the result of the particular concepts being taught.




~From an operational standpoint, the data suggested that there was no
such thing as a BSCS curriculum presentation in the schools, but rather
individual teacher interpretations of BSCS. Gallagher found substantial
differences among teachers with respect to "goals" and percentage of ''skill
topics" treated. He found a highly significant difference among teachers
with regard to the level of abstraction. In the dimension of style, a fairly
common pattern was revealed with a great emphasis on topics in the areas of
"Description" and "Explanation." Few topics dealing with evaluation or
decision-making of any sort were found.

A wide diversity of topics was considered by the teachers in this study,
though the content under consideration in all cases was chapter nine of
Molecules to Man. Gallagher concluded that each teacher will plan the stra-
tegy of presentation and the emphasis on the basis of his own knowledge,
interests, and perceptions of student need, regardless of how the materials
are organized and presented in a formal sense.

Gallagher studied also percentage of teacher and pupil talk, student
performance, and student expressiveness. He reported that teachers talked
about three to four times as much as students. He found a significant dif-
ference among teachers in amount of teacher talk per class but concluded
that teachers generally kept the same proportion of teacher-student talk
regardless of the type of topic discussed.

James J. Gallagher (59) also used the TCS in a comparison of topic
classification across content areas. This study involved videotaping
demonstration classes of academically superior children brought together
in a training workshop for teachers of gifted students. The data reported
below must thus be Interpreted within this context. The sessions were
videotaped, but due to difficulty in classifying scripts directly from the
videotapes, transcriptions were made and used for subsequent analysis.

Science, soclal studies, language arts, and elementary instruction
were the content areas involved in the study. Percentages of topics in
the various subdivisions of the three dimensions are given for es.h of
these groups.

In instructional intent, the groups were quite similar with the excep-
tion of the science group, which was much higher in 'Skills'" in relation to
"Content" than the others. There were only four science classes, however,
and these differences did not result in an analysis of variance reaching
the .05 level of significance, though it approached that level.

Levels of conceptualization were quite similar with the "Concept" level,
having the highest of topics in all groups. The greatest difference was at
the "Data" level with the elementary group considerably higher than the
others. None of the groups had many topics at the "Generalization" level.
Social studies was highest at 10 percent and science next at 8 percent.

There was no significant difference among the groups in this dimensiom.

There were also no significant differences among the groups in regard

to "Cognitive Style." About 80 percent of the topics in the science group
were at the "Description" or "Explanation" levels.
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James J. Gallagher also tabulated initiation and termination of topics.
In science, 17 percent of the topics were initiated by student questions or
statements and 73 percent by teacher questions or statements. No topics
in science were terminated by student summary, 17 percent by teacher summary,
and 83 percent by no summary. '

As a result of the above studies and an additional non-science study not
reviewed here, Gallagher reported the strong impression, from the data, of
complete teacher dominance or control over class discussions. Other major
observations are that topic style was mostly 'Description' and "Explanation"
(with sclence classes more so than the others) and that few topics were
treated at the ''Generalization" level of conceptualization. He suggested
that the discussion technique places boundaries on the student, and that it
may not provide adequately for development and presentation of generalizatidns
and systems. He indicated that teachers need explicit instructions on how
to develop skills in the classroom and that they generally did not, in these
studies, know how to deal with the "Evaluation" level of style.

Kaiser (77,78) reported the development of a teacher observation in-
strument consistent with the Chemical Education Material Study, especially
the CHEM Study view of chemical knowledge. Instrument development was ac-
complished by a qualitative content analysis written by the CHEM Study
authors, formulation of a preliminary instrument, and subsedquent use in a
feasibility study. The feasibility study was constituted from observation
of two teachers who had been extensively involved with CHEM Study. Ten
hours of audiotape recordings were made. A theoretical model was developed
from the literature analysis and the feasibility study depicting the CHEM
Study view of chemical knowledge. The instrument was constructed as an
intermediary between the model and the specific items of teacher behavior.

Kaiser indicated that the following are the rour categories (and their
subcategories) of the system resulting from the a“ove procedures: (1) Source
of Information; (a) phenomena students have worked with---laboratory,

(b) phenomena with available data—--demonstration, (c) only data---in text,
or other written material, (d) simple assertion, (2) Teacher Pedagogic
Technique (Teacher Role); (e) teacher as "keeper and giver of knowledge''---
statements, (f) teacher provides process---modeling, statements, directing
questions, (g) teacher asks questions requiring substantive answers,

(h) teacher provides exhortation of justification, (3) Reference of Teacher
Statement or Question; (i) observation---data, facts, (j) organization
observations---regularities, (k) generalization---rule, law, principle,
theory, (1) application of generalization---problem solving, explaining,
(4) Teacher Statements or Questions---Time Reference; (m) past---recall,
(a) present---current; (o) future---predict, (5) Teacher Statements or
Questiong--~certainty; (p) assertions made or questions asked without
reference to bounds (unqualified), (q) assertions made or questions asked
about the bounds of an observation, regularity, or generalization (qualified)
---uncertainty, limitations, (6) Miscellaneous Cross Category.

Items of teacher behavior were written to represent one or more of
the five major categories of the instrument. These items were verified
as manifesting the curriculum author's intent by six judges. They were
then abbreviated and arranged for use in the classroom. Each item was
placed in a specific subcategory of one or more of the major categories.
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Five graduate students in science education were trained to use the
instrument and, working in pairs, observed each of two teachers one hour
a day for ten consecutive days. The data were analyzed for observer agree-
ment within pairs and were found to be within the investigator's acceptable
levels of agreement on more than 80 percent of the occasions for all but
two of the seventeen subcategories. Determination of acceptable agreement
was based on a variable scale which allowed considerable disagreement at
very low frequency levels but was more severe at high frequency levels.

J. Matthews (97) developed The Physics Teacher Content Analysis inscru-
ment as part of a study designed to describe physics teacher content in=-
struction by PSSC teachers and non-PSSC teachers. Matthews indicated that
his major interest in the study was description of content instruction and
that a partially~developed instrument by James K. Duncan, The Ohio State
University, for describing the behavior of teachers as they teach content
was available. Eighteen videotapes of seven teachers in physics classrooms
were used to modify and refine this instrument into The Physics Teachers Con-
tent Analysis instrument. The instrument was thus developed by a combination
of deductive and inductive processes.

There are eight major categories of the instrument, as follows: (B)
Background, (N) Naming, (D) Defiring, (E) Examples, (4) Amplification,
(R) Response (all actions of students as a result of content instruction by
the teacher), (M) Miscellaneous, (I) Indeterminate. Matthews stated that
two notations (Personal and Vividness) are used to further describe the
quality of teacher instruction in each of the above eight categories. Sub-
categories in several of the categories are also provided.

- A Data Recording Sheet including verbal, non-verbal and a combination
of verbal and non-verbal behaviors was used. A three~second time interval
was the unit used in encoding. This time interval was selected after trial
usage of 3, 5, 10, and 15-second intervals.

Reliability was estimated by means of observer stability. Encoding
for this purpose was done at one-week intervals and during final data col-~
lecting, using given randomly selected 10-minute segments of videotapes.
Overall observer stability reliability was 84 percent.

Four PSSC teachers and four non-PSSC teachers were videotaped five
total class periods each. Data were encoded on Data Recording Sheets and
transferred to computer cards for matrix design. Matrix analyzing, the
Spearman rank correlation coefficient, and the Darwin chi-square were used
for analysis and interpretation of the data.

Matthews reported that 78 percent of the verbal content instruction
by non-PSSC teachers was in the steady-state cells of the matrices. BHe
found very little shifting from category to category while maintaining
verbal behavior. At least 40 percent of the non-PSSC teacher time was
spent presenting content instruction verbally. Many other verbal activ-
ities were performed also.
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PSSC teachers were found to present content verbally about 47 percent
of the total time. They spent little time shifting categories., Large in-
crements of time were spent in verbal activities other than content in-
struction. A small percentage (about one-eighth) of the total content in-
struction by PSSC teachers was non-verbal. Again, there was little time
srent 1in making category transitions within nonverbal behavior.

Over one-half of the non-verbal behavior of the non-PSSC teachers in-
cluded content instruction involving students. Little time was spent in
making category transitions while presenting content nonverbally. About
29 percent of the content instruction by non-PSSC teachers was non-verbal.

The teachers of the two groups were similar (based on rank correlation)
in percentage of time spent in the categories of the system and percentage
of time in steady-state cells (71 percent for PSSC and 83 percent for non-
PSSC). However, there was a low correlation between the highest 50 percent
transition cells of the two groups. There were also some major differences
in high frequency steady-state cells. PSSC teachers spent about four times
as much class time defining as did non-PSSC teachers, and about one-half as
much time in Examples-Abstract. PSSC and non-PSSC teachers both spent about
85 percent of their time in some form of verbal (or verbal-nonverbal com-
bination) behavior. PSSC teachers used nonverbal behavior in presenting
content about 51 percent of the total time compared with 72 percent for non-
PSSC teachers. Content instruction cycles for the two groups of teachers
were also described and found to be similar when teachers spent considerable
time in a specific category. However, when teachers shifted categories,
differences in instruction cycles were found.

Reynolds, Abraham, and Nelson (137) reported the development of the
Classroom Observational Record (COR). Their intent was to develop a verbal
interaction category system to deal primarily with cognitive behavior with
the ease of application and the reliability as Flanders-type systems.

A central hypothesis of the development of the COR was that certain
planned strategies must be employed if teachers are to be successful in
contributing to the strengthening of problem-solving skills in pupils. The
developers reported that the categories had been adapted primarily from the
Bellack and Flanders system and recording procedures, primarily from the
Flanders system. The encoding unit utilized was the "Move,'" defined as
"any discrete verbal utterance having a single cognitive focus."

The COR has 20 categories of Moves and 2 categories of Non-moves.
These categories occur in five major subdivisions as follows: (I) Struc-
turing Moves, (II) Soliciting Moves, (II11) Reacting Moves, (IV) Responding
Moves, (V) Non-moves. Structuring Moves are divided into the categories,
(0) Reviewing, (1) Informing, (2) Directing. Soliciting Moves may be
(3) Recalling, (4) Collecting Data, (5) Processing Data, (6) Evaluating or
Verifying Principles and/or Conclusions. Reacting Moves are as follows:
(7) Accepting, (8) Rejecting, (8') Rejecting Personal Behavior, (9) Call-
ing for Clarification, (10) Calling for Evidence or Explanation, (11) Call-
ing for the Opinion of Another Person, (N) Answering a Raised Fand, (R)
Repeat. Responding Moves are (3') Recalling, (4') Presenting Data, (5')
Processing Data, (6') Evaluating or Verifying Data, (K) I Don't Know.
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Non-Moves are (12) Silence, (Z) Confusion. »

Data are encoded on a tally sheet of two columns (teacher moves and
student moves) every three seconds. Tallying procedures for a continued
move and a changed move are provided. The tally sheet thus provides a se-
quential record of Moves. Observer agreement, using the Medley and Mitzel
method, is reported to be from .64 to .99 for the 22 categories. Coef-
ficients of discrimination ranged from .68 to .99.

Nelson, Reynolds, and Abraham (112) have reported paradigms depicting
various kinds of classroom verbal interactions. They point out that the
COR is able to detect various sequences of verbal interaction comprising
such paradigms. Essentially, patterns of interaction can be sketched from
the sequence evidence on the tally sheet, and these patterns can be com-
pared to desired strategies derived from the paradigms.

Studies utilizing the COR (Abraham, Nelson, and Reynolds (2), and
Abraham and Nelson, (1), and Nelson (111)),are reviewed by Evans in Section
II.

Solomon (164, 165) developed a taxonomy for the classification and
measurement of image-provoking cognitive behaviors of science teachers.
The instrument, called the Taxonomy of Image Provocation Profile (TIP),
is to be utilized in twelve 2-minute observation periods during each visit
to the classroom.

The major levels of the TIP are as follows: (0O) Provokes no imagery,
(1) Uses concrete to provoke imagery, (2) Uses representation to provoke
imagery, (3) Uses abstraction to provoke imagery. Level (0) may be:
(.0) Uses concrete without imagery, (.00) Uses abstract without imagery.
The other three levels have five subdivisions each as follows: (.10)
Provokes visual image, (.20) Provokes auditory image, (.30) Provokes organic,
kinesthetic, or tactual image, (.40) Provokes clfactory image, (. 50) Pro-
vokes gustatory image.

Solomon stated that the initial instrument was developed on the basis
of classification of developmental levels from the standpoint of imagery and
subsequent field-testing of the instrument. A pilot reliability study was
undertaken. Solomon reported that reliability, validity, and the ability
of the Instrument to discriminate between teachers were supported. Specific
procedures and data concerning these findings were not reported in the docu-
ments reviewed.

Talley and Solomon (174) reported use of the TIP and the Florida
Taxonomy of Cognitive Behavior (FTCB) in a study of cognitive teaching be-
havior of a college science teaching faculty. Analysis of the data from
the TIP and FTCB indicated that teaching style could be discerned along
the dimensions of concrete-abstract and knowledge-evaluation. A majority
of the behaviors were found to occur at the knowledge and abstract levels.
Differences in cognitive level between laboratory and non-laboratory as
well as science and non-science instruction were reported.
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Tisher (176) reported a study of verbal interaction in science classes
and compared verbal interaction in sclence classes of Australia and the
United States. Classification of verbal behaviors was based on the tech-
niques of Smith and Meux (152) and Nuthall and Lawrence (114). The Smith
and Meux categories were used, but instead of the episode as the encoding
unit (as in Smith and Meux), the incident was used (as in Nuthall and
Lawrence). The episode is any question or demand by the teacher and all
the subsequent verbal moves up to and including the final response.

The categories of the system used by Tisher are as follows: (1) De-
scribing, (2) Designating, (3) Stating, (4) Reporting, (5) Defining, (6)
Substituting, (7) Evaluating, (8) Opining, (9) Classifying, (10) Comparing
and Contrasting, (11) Conditional Inferring, (12) Explaining, (13) Class-
room Management, (14) Unclassified.

Tisher stated that coder reliability in his study was measured in terwrs
of inter-observer agreement, with a coefficient of .91. The data of the
study were obtained in nine eighth grade science classes in two high schools.
Six lessons per class were tape-recorded and transcribed. The greatest
percentages of initiating questions were Describing (29.7 percent) and
Designating (32.5 percent). The next highest percentages were Stating (10.7
percent) and Explaining (8.6 percent). This compares with Smith and Meux
- episodes on science transcripts in the United States as follows: Describing,
31.4 percent; Designating, 17.0 percent; Stating, 3.2 percent; Explaining,
12.1 percent. Here, Defining was higher (6.1 percent) as was Comparing and
Contrasting (4.6 percent).

Tisher found also that 95 percent of the time devoted to talking in
lessons was taken up by teacher-talk, and that someone was talking for
about nine-tenths of each lesson. He suggests that the Flanders law of
two—-thirds becomes a law of nine~tenths for verbal behavior in Australian
classrooms. Teachers were found to demamimore than recall from their pupils
in 23 percent of the incidents.

Affective .Instruments

Baker (16) used the Flanders System of Interaction Analysis (FSIA)
in a study of the effects of Elementary School Science (ESS) materials on
classroom instructional behaviors in sixth grade classes. He stated that
the teachers were randomly selected and that behavioral data consisted of
two thirty-minute audiotapes from each of 25 ESS teachers and textbook
teachers. Statistical tools used were the Mann Whitney U Test and chi square.
Details concerning specific instruction or training, if any, given to either
group of teachers, were not reported in the document reviewed. Rationale
for use of this instrument and observer agreement procedures, were not pro-
vided in the document reviewed.

Baker reported that the ESS teachers had significantly higher indirect
teaching influence and student talk-initiated than had the textbook teachers,
and significantly lower direct teaching influence, lecture, and student
talk-response.
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Butler (34) studied teacher verbal behavior in Introductory Physical
Science (IPS) classes. Two instrumenis were used for collection of des-
criptive data concerning TIPS teacher behavior. One was the FSIA and the
other was a modified version of a question analysls system based on the work
of Aschner and Gallagher. Questions were thus classified as: (1) Cognitive
Memory, (2) Convergent, (3) Divergent, (4) Evaluative, (5) Procedural.
Butler indicated that these instruments were selected in order to measure
behaviors suggested by IPS philosophy. . Based on IPS statements of philosophy,
Butler suggested that IPS teachers shouid use indirect teacher influence,
indirect and broad questioning, and should encourage considerable student
freedom in intellectual and laboratory exploration.

Data collection was accomplished by audiotape recording the baslc IPS
instructional procedures of pre-lab briefings, labs, post-lab discussions,
and "homework, desk, and lab" (H.D.& L.)assignments and problems. The in-
vestigator and an assistant analyzed the questions on the tapes and reached
a mutual decision on the classification of each question, using the question -
classification system. The tapes were then analyzed by trained Flanders
consultants unfamiliar with the goals of this study. Butler reported the
interobserver reliability of the consultants as .85 - .90, using the Scott
coefficient.

Question types were totaled and expressed as percentages. They were
then expressed in terms of each of the four major aspects of the IPS in-
structional procedure (pre-lab, lab, post-lab, H.D. & L.). A Flanders matrix
was also prepared for each of these instructional procedures for each teacher.
Thirty minutes of data were obtained for each of ten teachers in each of
these four instructional procedures, resulting in a composite of two hours
for each teacher.

The IPS teachers talked 68.6 percent of the time in all activities.
Student talk was 26.6 percent. The I/D ratio was .408 and the revised I/D
.653. (The revised I/D is arrived at by omission of categories 4 and 5,
questioning and lecturing, to minimize the effect of subject matter).
Category 4 (Asks Questions) constituted 19.7 percent of the total, while
Category 5 (Lecture) was 36.2 percent of the total. Other category per-~
centages were as follows: (1) Accepts Feeling, .l percent; (2) Praises or
encourages, /.8 percent; (3) Accepts or uses ideas cf students, .4 percent;
(6) Gives directions, 2.9 percent; (7) Criticizes or justifies authority,
1.5 percent; (8) Student talk~response, 1Z:3 percent; (9) Student talk-
initiation, 14.1 percent; (10) Silence or confusion, 4.7 percent. It
should be noted, with respect to the data from the Flanders system, that
Butler indicated that during long periods of silence in lab work, encoding
was suspended to avoid erroneous use of Category 10 (Silence or Confusion).
This fact must be taken into account when interpreting the above figures.

The percentage of each type of question classified, based on a total
of 1857 questions, was reported as follows: Cognitive Memory, 18.8 per-
cent; Convergent, 45.5 percent; Divergent, 6.7 percent; Evaluative, 7.5
percent} Procedural, 21.4 percent. Convergent questions constituted the
highest percentage of the questions within each of the instructional pro-
cedures of IPS except "lab” where procedural questions were the highest.
In "pre-lab" and "H.D. & L.," cognitive memory questions were second from
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the top and in "post-lab," procedural questions were second from the top.
According to Butler's analysis, over three-fourths of all teacher questions
were direct (cognitive memory, convergent or procedural). Butler concluded
that teacher verbal behavior patterns in both the affective and cognitive
domains were inappropriate for the type of course IPS was designed to be.

Campbell (37) used the FSIA to study cognitive and affective process
development of junior high school low achievers and its relation to a
teacher's interaction ratio. His was an effectiveness study and is reviewed
by Evans. '

Campbell found that the indirect method was superior in terms of af-
fectiveness on both affective and cogniltive levels for low achievers. 1In
studying the interaction matrices for specific differences between the two
groups of teachers (ldentified as significantly different at the .01 level,
using the modified Darwin chi square), Campbell found they did not differ
substantially in indirect behaviors but in direct behaviors. The indirect
teachers had 3.20 "Directing'" behaviors compared with 6.4 for direct teachers.
"Criticizing" behaviors were .40 for the indirect, compared with 2.0 for
direct tcachers (expressed as percentage of column totals). Direct teachers
spent 4.39 percent of their time in extended direct Area B, compared with
1.41 percent for indirect teachers. The 7-92 and 9-7 cells produced .42 per-
cent for the direct group and .03 percent for the indirect group.

Collea (38) used the FSIA and a Verbal Behavior Q-Sort (VBQOS) developed
by Molchen (105) in a study of 25 first year sixth through twelfth grade
science teachers. He studied relationships between changes, during the
school year, in self-perceptions of teachers as measured by the VBQS and
changes in classroom verbal behavior as measured by the Flanders system.

The major study reported by Collea was thus a correlation study and is
reviewed elsewhere in this document. However, several general findings are
of interest here. The sclence teachers (grades 6-12) increased their de-
sire during the year to motivate students but decreased their desire for
student participation in classroom activities. They increased their in-
tentions to justify their authority while also increasing their desire to
use more indirect behaviors. The teachers perceived themselves as more
direct, and the classroom observation data alsc indicated that they were
more direct. They also pecsceived themselves as motivating students less
and having less student participation than at the beginning of the school
year.

LaShier (93) reported use of the FSIA in a study of a Science -
A Process Approach Cooperative College - School Sclence Project. Data on
teacher-pupil interaction were gathered in 18 classrooms, prior to the
summer institute, while the teachers taught an independently planned sci-
ence lesson. The results indicated that 52 percent of the total class time
involved teacher talk, 29.4 percent involved student talk, and 17.9 per-
cent involved silent activities or confusion. Post-institute data were
as follows: Silence or Confusion, 29.80 percent; Student Talk, 15.54 per-
cent; and a slight reduction in teacher talk. Other aspects of this be-
havior change study are reviewed elsewhere in this document.
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C. Matthews (95) used the FSIA in a study concerned mainly with
behavior change and, in particular, with the relation of the behaviors of
the cooperating teacher to changes in classroom verbal behaviors of sec-
ondary school science student teachers. As primarily a behavior-change
study, 1t is reviewed elsewhere in this document. Some attention was given
to descriptive data and is briefly reviewed here.

Eighteen student teachers and eighteen cooperating teachers were used
in data collection for six 30-to-60 minute observations each. Two obser-
vations were made in the first two weeks, two in the middle, and two during
the last two weeks of student teaching. Coding was done froem tape record-
ings. Time intervals during which the teacher worked with individuals or
small groups of students were omitted from the investigation.

Observer stability was calculated based on ten 20-minute samples coded
within one week of the observation and recoded after an elapsed period of
six months. Matrices were compared by means of the Darwin chi square test,
Since the paired matrices were not significantly different in any instance,
Matthews concluded that coding stability was great enough to match the sensi-
tivity of the Flanders categories.

Matthews presented the following data as descriptive of both the stu-
dent teachers and their cooperating teachers. Teacher talk was 80-85 per-
cent of the matrix total, and teacher lecture was 50-60 percent of the
matrix total. Teacher questions constituted 10-12 percent of the matrix
total and were usually less than four seconds in duration. Subject matter
content constituted about 65-70 percent of the matrix total. "Steady-state"
interaction was almost entirely teacher lecture (total steady-state was
55-65 percent of matrix total and teacher lecture steady-state was 40-55
percent of matrix total).

Teacher acceptance and use of student ideas was 3-5 percent of the
matrix total. Teacher criticism of students was less than 1 percent, as
was also teacher praise of students. Teacher indication of understanding
the feelings of students was essentially zero. Teacher statements were
generally more direct than indirect, but omitting lecture and questions.
Teachers were slightly more indirect than direct and reacted predominantly
indirectly to student response talk.

Stident response to teacher questions was 7-10 percent of the matrix
total. Student talk initiation was 5-7 percent of the student talk, with
24-30 percent found to precede teacher lecture and 19-30 percent found to
precede teacher acceptance of student ideas (though only 3-5 percent of
the matrix total was teacher acceptance of student ideas).

Montague (106) used the FSIA to compare verbal bebaviors of pre-
service teachers when teaching students and when teaching peers. Inter-
observer agreement among three coders, based on the Scott coefficient,
was .879. The t-test was then used in conjunction with a correlation co-
efficlent to detect patterns as well as the significance of any differ-
ences between the two situations. The study was also replicated the fol-
lowing semester.
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In both trials, Montague reported finding no significant differences
in percentage of time in: 1) praising, using student ideas, lecturing,
giving directions; 2) total teacher talk; 3) student talk, both solicited
and unsolicited; 4) I/D and 1/d ratios; 5) extended lecture. Total teacher
talk in the groups ranged from 50.1 percent to 58.7 percent; I/D ratios
ranged from .45 to .51; and i/d ratios ranged from .74 to .88.

Newport arnd McNeill (113) used the FSIA in a comparison of verbal be-
havior evoked by Science - A Process Approach and by textbooks. The study
largely pertained to behavior change and is reviewed by Evans.

Thirty-one members of a summer science workshop were the subjects of
the study. Each planned and taped a lesson, sixteen of which were taken
from the SAPA program and fifteen from elementary school science textbooks.
These lesesons were all taped before the teachers received any special train-
ing related to the study.

When these data were analyzed (using a t-test), only 2 of 23 response
measures were found to differ significantly. Teachers using textbocks were
significantly more indirect (.05 level), and pupils of teachers in the text-
book group spent a significantly greater (.05 level) percent of time in
sustalned talk than SAPA pupils.

In both groups, teachers talked about 64 percent of the time, textbook
pupils talked 26 percent of the time, and SAPA pupils talked 21 percent of
the time. Thus, someone was talking about nine-tenths of the time in these
initial lessons before training. Silence or confusion constituted some-
what less than 12 percent of the total class time in both groups. Newport
and McNeill indicated that this measure provided a rough idea of the per-
cent of class time devoted to individual and group "investigations."

Rogers (138) used a modified form of the FSIA in a study of classroom
verbal behavior as related to teachers' perceptions of pupils in fifth-
grade science classes. Rogers reported that the instrument was selected
because the direct - indirect dimension of teacher behavior formed the
main focus of the study, and because of the desire not to use videotape
in the classroom, the successful trial use of the FSIA, and the potential
for comparing findings with other studies using the FSIA. Rogers had also
initiated trial usage of the Revised Verbal Interaction Category System
(RVICS) but decided against use of it because of difficulties encountered
with simultaneous pupil-pupil interaction and teacher-pupil interaction.
Since the latter was the main focus of the study, a pilot FSIA study was
initiated and this instrument was eventually used in the study.

The FSIA modification by Rogers is constituted of the addition of five
levels of questions as subcategories of Category 4 (Asks Questions) as
follows: (a) cognitive memory, (b) convergent, (c) divergent, (d) evaluative,
(e) routine. In addition, notes were made on activity control, materials
use, and size of functioning unit. Flanders coding and matrix procedures
were utilized, but with a 14 x 14 matrix.

Inter-observer agreement was calculated using Scott's coefficient,
with a result of .86. Coder stability was .91. Four lessons in four
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different classrooms audiotape-recorded during the pilot study provided the
basis for these estimates. The coefficient here was based on category ratios,
not interaction events. : '

The major part of the study by Rogers concerned verbal behavior as re-
lated to teacher perception of pupils. This aspect of the study is reviewed
elsewhere in this document.

Snider (158, 159) used the FSIA in a study of physics teaching based
on a sample of 17 high school physics teachers of the New York State Re-
gents Physics Course. Over 1206 periods of physics teaching provided the
data, and a grand composite Flanders matrix was produced and analyzed.
Teaching was also segmented into four major activities as follows: (1)
Planned Demonstration, (2) Lecture, (3) Laboratory, (4) Recitation-Discussion.
A composite matrix for each major activity was produced and znalyzed.

Distribution of tallies in the matrix was found to be practically con~
stant for observaticns taken in a particular type of activity, but the styles
were found to vary from one major activity to another. The teachers were
found to provide 82 percent of the verbal communication in the classroom,
of which 73 percent was associated with direct influence. Lecturing ac-
counted for 92 percent of the teacher directness. About 16 percent of the
teacher talk involved questioning and about 8 percent acceptance and clari-
fication of student ideas. The 1/I+D was 27 percent and the revised I/I+D
(removal of content component) was 65 percent. "Accepts feeling" was 0.3
percent and "Praises and Encourages' was 1.5 percent of teacher statements.
Snider noted that the data indicate relatively little learning through dis-
covery, and little or no teaching to cultivate student inquiry. Of teacher
statements in laboratory, 19 percent were directions and commands. There
was less prailse and encouragement as well as acceptance and use of student
ideas than any of the other major activities. There was also more teacher
criticism in the laboratory than in any other major activity. and more di-
rectness on extended influence. Also, there was more acceptance of narrow
questions than of student-initiated responses.

About 49 percent of all the tallies of the Grand Interaction Matrix are
in column 5 (Lectures), 12 percent in column 4 (Asks Questions), and 6 per-
cent in column 3 (Accepts or Uses Idea). About 12 percent are in columm 9
(Student Talk-Initiation), 4.3 percent in column 8 (Student Talk-Response),
and 11 percent in column 10 (Silence or Confusion).

Snider (160) also reported a second study, using the FSIA in an in-
vestigation of verbal interacticmn in Harvard Project Physics (HPP) classes.
Eighteen HPP teachers were observed by means of audiotape recording of class-
room discourse. A grand matrix for "Total Teaching" and a grand matrix
for "Laboratory" were produced. Figures in the matrix were presented as
percentages of total tallies and the matrices were compared with those
generated in the earlier study cof the New York State Regents Physics Course
(designated TP). .

For the HPP, "Laboratory'" was found to be about 21 percent of "Total
Teaching'" compared with 13 percent for TP. In the laboratory, HPP criti-

cism was 0.5 percent, but TP criticism was 2.3 percent. In 'Total Teaching,"
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the figures given are 0.5 percent and 1.6 percent respectively. Among the
other differences in "Total Teaching" between the two groups, the following
are the more prominent: Accepts or Uses Student Ideas - HPP, 2.6 percent,

TP, 6.2 purcent; Lectures - HPP, 41.7 percent, TP, 49.1 percent; Student
Talk Initiation - HPP, 17.6 percent, TP, 12.1 percent; Silence or Confusion -
HPP, 17.9 percent, TP 11.1 percent. Snider stated that hls data suggest

that a relatively drastic change in high school physics curriculum and ma-
terials does not imply a drastic change in the teacher's pattern of inter-
action.

Considerable additional data are provided in the report, of which only
a few can be mentioned here. Again based on "Total Teaching," HPP Teacher
Talk was 59.8 percent, compared with 72.6 percent for TP; ratio of Teacher
Talk to Student Talk was 2.78 for HPP, 4.43 for TP; the percentage of 8-8
and 9-9 was 7.8 for HPP, 4.4 for TP; the percentage of content was 66.0 for
HPP, 74.1 for TP. The percentage of Teacher Talk in the 3-3 cell (Accepts
or Uses Student Ideas) was 0.8 for HPP, and 2.9 for TP and the percentage
of Teacher Talk in the 6-6 cell (Directions) was 3.5 for HPP and 1.9 for
TP. In many of the other characteristics of behavior studied the groups
were very similar. For example, "Lecturing" accounted for 92 percent of TP
teacher directness and 91 percent of HPP teacher directness.

Snider concluded that there appeared to be less praise and acceptance
in HPP than TP teaching, but more continual student-initiated talk in HPP
than TP. The TP teachers used much more criticism than the HPP teachers.
The HPP teachers overall exhibited a more direct influence in the "Labora-
tory" than TP teachers. Snider concluded that the pattern of teacher-
student verbal interaction on the dimensions of directness of teacher in-
fluence is quite similar for HPP teachers and TP teachers.

Urbach (179) reported development of the Interaction Sequence Graph.
It is a method, based on use of the FSIA, for presenting behavioral events
in graphic form in order to preserve duration of the behavioral event and
its relationships to precading and subsequent behaioral events. The hori-
zontal axis of the graph is a time line and the vertical axis of the graphs
shown in the following sequence of Flanders categories: 5 (Teacher Lectures),
4 (Teacher asks question), 3(Teacher accepts or uses student's ideas), 8
(Predictable student response to teacher question), 9 (Student-initiated
response). According to Urbach, the other Flanders categories of teacher
talk "are interspersed in the spaces within the upper and lower limits of
the graph." (179:15)

Data obtained from classroom teaching were analyzed also in relation
to certain sequences of behavior (such as the sequence of Flanders cate-
gories 5-4-8) and the duration of those sequences. The sequences, their
frequency, and duration were presented as summaries of graphs.

Three sophomore high school biology teachers were observed eight times
‘for two consecutive periods. Urbach found that the lecture-question-answer
(5-4-8) and question-answer (4-8) sequences were the only sequences ‘'common"
to the three teachers in every observational record. The teachers were
found to differ considerably in the lecture portion of the 5-4-8 sequence.
One teacher typically lectured for less than one minute at a time, another
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usually lectured for one to two minutes at a time, and the other often
lectured for two or more minutes at a time. The teachers also differed
considerably in the time they devoted to the 5-4-8 and 4-8 sequerces. For
one teacher, these constituted about one-third to one-half of al! the se-
quences, while another teacher used very little besides these twv sequences.
Urbach concluded that he had found more variability than similarity in pat-
terns of verbal instructional techniques among the three teachers, but that
each teacher exhibited a repeating pattern. :

Wallace (182) used the FSIA to study sex education verbal interaction
in high school human biology classes. Data were obtained by analysis of
six tape transcriptions. Three groups of pupils were studied: Group 1
(girls and boys), Group 2 (girls), Group 3 (boys). Wallace found that the
mixed group had more verbal interaction during the sex education unit than
the segregated groups (boys or girls), and that the all-boy class did not
have more verbal interaction than the all-girl class.

Caldwell (36) developed an instrument which provides a ratio of the
time a teacher spends with indirect activities to the time spent with direct
activities. There are six indirect activity categories as follows: (1) Open-
ended Laboratory, (2) Structured Laboratory, (3) Group Projects, (4) Stu-
dent Demonstrations, {(3) Student Reports, (6) Student Talking. The cate-
gories of direct activities are: (7) Workbook Work, (8) Teacher Demonstra-
tion, (9) Lecture. Two categories are not considered as either direct or
indirect: (10) Teacher Questioning, (11) General Havoc.

Encoding is accomplished by recording a numeral every five seconds.
The indirect to direct time ratio thus obtained is the "activity ratio."
A "laboratory ratio' which is the percentage of time spent in laboratory
experiences and a "questioning ratio" which is the percent of time a teacher
spends asking questions can also be calculated.

Procedures of instrument development, reliability measures, and va-
lidity measures were not provided in the document reviewed. The instrument
was used in an evaluation of an inservice science methods course, so that
aspect of the study is reviewed elsewhere in this document.

Egelston and Egelston (42, 43, 44) developed a category system for use
in a study of two methods of managing high school bilology laboratory ex-
neriments. Thelr desire was to compare inductive or discovery teaching with
traditional methods. The authors made the interpretation that the induc-
tive teacher should be mostly indirect (that is, exhibit behaviors of FSIA;
categories 1-4).

Egelston and Egelston indicated that they judged the FSIA the most
appropriate of those perused "for describing those behaviors which would
typically differentiate teachers in high school biology laboratory sessions”
(43:21). They reported finding that the Parakh system had too many cate-
gories for reliable use. They found it necessary, however, to modify the
FSIA extensively since nonverbal teacher and pupil behavior during lab exer-
cises were to be incorporated.
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The completed Egelston system contains 17 categories as follows:
Teacher-Indirect: (1) Praises, jokes, accepts feelings, (2) Uses or corrects
students' substantive responses, work, (3) Asks questions, (4) Oversees or
passively supervises students at work; Teacher-Direct: (5) Reprimands, shouts,
uses sarcasm, (6) Demonstrates technique, process, (7) Lectures, (8) Gives
directions, (9) Actively looks at students' work; Pupil-~Independent: (10)
Looks up information, (11) Manipulates equipment, writes, (12) Initiates,
volunteers, questions, (13) Gives information or assistance to other stu-
dents; Pupil-Dependent: (14) Responds to teacher's question, (15) Seeks
assistance, (16) Receives assistance. The other category is (17) Miscel-
laneous.

Observers were trained for ten hours, using The Amidon Training Tape,
Interaction Analysis Training Kit -- Level 1, and were reported to have
"attained nearly one hundred percent accuracy" (43:22). Teachers partici-
pating in the study had been differentially instructed as to the use of
"inductive'" or "traditional" approach, but observers were not aware of the
differential instructionms.

The major study in which the Egelston system was used was a comparison
of teaching method between the two groups of teachers who received dif-
ferentiated instructions on whether to use the "inductive'" method or the
"traditional” method, resultant pupil behavior, learning climate, and pupil
achievement. The data thus pertain to behavior change and teaching effec-
tiveness, so this aspect of rhe study 1s reviewed elsewhere in this docu-
ment. A few additional features of instrument usage and data collection
should be mentioned, however. Teacher-pupil interaction data were collected
mainly during the first few minutes of the lab or at the end of the activity
in post-lab discussion of results and conclusions. At these times the ob-
server encoded pupil behavior for the entire class. During the activity
portion of the lab, a single student's behavior was coded every three sec-
onds and teacher behavior was collected once every minute.

Five x five matrices were developed for data analysis by lumping be-
haviors of certain combinations of categories. The authors suggested that
the face validity of the system was strengthened by the results of measur-
able differences in classroom behavior between the two methods. They noted
also that the more direct the behavior of the teacher, the more dependent
the behavior of their students.

Hall (61, 62, 63, 64) reported the development and use of the Instrument
for the Analysis of Science Teaching (IAST). The initial form of the IAST
reported ( 61 ) was constiiuted of two parts: a 26 category system of in-
teraction analysis, and a 15 item sign system completed by the observer at
the end of each observation period. Hall reported observer reliability esti-
mates made during the data collection period with a mean value of .772, using
the Scott coefficient "Pi."

In a subsequent report, Hall described the IAST (63). He reported
that it is an expanded form of interaction analysis and is based on the
work of Flanders, Hough, and others. Matrices as well as I/D and i/d ratios
similar to those of Flanders may be calculated. The teacher behavior cate-
gories of the IAST are as follows: (0) Student recognition, (1) Accepts
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feelings, (2) Does clarifying of student ideas, (3) Causes student to clari-
fy, (4) Initiates background or review information, (5) Initiates new infor-
mation and directions, (5R) Teacher reading aloud, (6) Gives management in-
formation and directions, (7) Asks closed questions, (8) Asks open questions,
(9) Criticizes or rejects student ideas, (10) Gives confirmation, yes, no,
okay, (11) Gives praise, (12) Teacher-controlled silence. The student be-
havior categories are: (13) Student response closed (cognitive and skill),
(13R) Student reading aloud, (14) Student response open (cognitive and skill),
(15) Student affective response, (16) Asks substantive question (closed),

(17) Asks substantive question (open), (18) Asks procedural question (closed),
(19) Asks question (open), (20) Overt silent activity, (21) Covert silent ac-
tivity, (22) Division of student to student interaction. The other category
is (23) Nonfunctional behavior. This reviewer was not able to find a de-
scription of the 15-item sign system portion of the IAST in the documents re-
viewed.

Hall used the IAST in a study of the teaching behaviors of three groups
of second grade teachers and of the relationship between the curriculum ve-
hicle and the teaching behaviors. The curriculum vehicle utilized in the
study was Science - A Process Approach. According to Hall, the questions
examined in this study were as follows: (1) If a school system installs a
recently developed curriculum, does this curriculum in and of itself influ-
ence teaching behaviors? (2) What effect does the method of teacher train-
ing and supervision have on the teaching behaviors of teachers teaching a
new curriculum?

Groups SuS and InS were teaching Science - A Process Approach for the
first time. SuS teachers had a five-day summer workshop and a biweekly
visiting science consultant throughout the school year. Group InS had in-
service sessions during the year before installation of the curriculum and
also received supervisory help from theilr school system science coordina-
tors. NoS teachers were not trained in teaching a new curriculum and were
teaching science programs similar to those taught by SuS teachers in previous
years.

Hall reported that the SuS teachers differed significantly from the NoS
teachers in their use of more teacher and direction statements, student overt
activity, teacher talk per amount of student talk, and teacher closed ques-
tions per number of open questions. He reported that the InS teachers dif-
fered significantly from the NoS teachers in their use of more teacher and
direction statements, student overt activity, and direct motivation and con-
trol teacher behaviors. Both the SuS and InS groups differed significantly
from NoS teachers in their use of fewer student closed statements than NoS
teachers.

The two principal conclusions drawn by Hall were: (1) Teachers teach-
ing Science - A Process Approach have some different teaching behaviors
from teachers not teaching a recently developed science curriculum. (2) The
five-day summer workshop and biweekly visiting science consultant were more
effective than in~service training during the school year and supervisory"
help from the K-12 school system science coordinator. He suggested also
that in the classrooms studied, the time spent in student overt activity was
gained by a reduction in the amount of student-talk time and that the role
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of the teacher in the Science - A Process Approach classrooms appeared to
have shifted from teller of substantive information to teller of directions
and procedures.

Hall also reported versions of the IAST for use in the modification of
teacher behavior (64). These versions of the IAST are called the "IAST base"
and the "IAST v.2." The IAST base is a 14 category system which the teacher
is trained in using, and the IAST v.2 1s a 32 category system for use by the
supervisor. Both of these forms of the IAST have the following major divi-
sions: (1) Accepts feelings, (2) Praise, (3) Acceptance of student's state-
ments, (4) Question, (5) Direction, (6) Initiate substantive information,

(7) Justification of authority, (8) Teacher tontrolled silence, (9) Student
statements, (10) Student questions, (11) Affective response, (12) Student
activity, (13) Division of student-to-student interaction, (14) Nonfunctional
behavior. The IAST v.2 differs from the IAST base in that the former pro-
vides for encoding of more specific categories within several of the 14 major
categories listed above.

Hoffman and Druger (67) reported development of The Tape Analysis Instru-
ment as part of a study of the relative effectiveness of two methods of audio-
tutorial instruction in biology. The . function of the instrument in this study
was to determine whether the two strategies which were designed to be dif-
ferent (as expressed on audiotapes and guidesheets) were indeed different.

The researchers polnted out that the instrument is similar to the
Flanders instrument and stated that it was necessary to develop this tool
because no interaction analysis system was available by which audiotaped
lessons could be evaluated. The instrument was designed to determine the
directness or indirectness of a lesson as obtained from teacher input through
tape manuscripts and guidesheets for each group.

Hoffman and Druger presented the following as the categories of the
instrume