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Introduction

A major trand in efussilonsl research during the past decade was
the study of teacher benavior, teacher effectiveness, and classioom
interaction. To some extent, this trend was also in evidence in
science education as some reacarchers studied teacher and student
behaviors and interaction in science classrooms. Thyeugh the services
of the Scienco Education Informa’ion Analysis Center, several reviews
of recent research in science sducaticn became available, DBlosser and
Howe (13) focused attention on resssxch related to the education of
secondary school scisnce teachers ead 2lso on research on elementary
science teacher education {1%4). Remsey ard Hewe (59, 62) reported on
research on instructional proecsdures in secondary school science. The
-contents of these receat rspoits confirm that attention has been given
in scienco education to instructional precedures and behaviors of
science *“ecachers.

The purpose in this peper is to is to provide a brief review and
assessment of the status of research in science classroom interaction
and teacher and student behaviors., A sacond purpose here is to provide
recomsspdations concerning sciencs classrcom interacticn research and
practics,

Ko attempt is made herein o provide a comprehensive reviow and
appraisal of all the rassarch un teacher hehaviors, teacher effective-
ness, and classroom irteraction. This would be a task well beyond
the sceps or intent of this symposium, and mumsrous excellent reviews
are glready availeble in the literature (10, 11, 16, 24, 26, 27, 46,
47, 48, 61, 63, 67, €8, 69).

The most widely used system fer the analysis of classroom inter-
action is the Flanders system for interaction analysis. I science
education, numerous studies hawve also utilized this system. A4 review
and asssssment of this aspect ¢f classroom interaction research in
science education has beoen prepared for this symposium by Evans and
is not directly addressed in this paper.

A survey of the research in science education reveals that
mamerous recent studies have continued to focus on comparisons of
teaching methodologies and their effectiveness. Some studies also
have continued the effcrt of research on relationships between teacher
characteristics, traits, or persoralities and effectiveness, Except
where such descriptions arise from an anslysis of behaviors, they are
not reviewed in this paper,

Finally, no attempt is made here to provide an in-depth analysis
of research designs and methodclogies, although such an effort appears



to be needed in science educal:ion. A review and appraisal concerning
the overall status a2nd findings of sciencoe classrocm jnteraction
studies is the primery tasic Thot has beea undsrizkezn.

The classifiecation of ths moviews in the Icllouing section ie for
convenience onily. Quite obvicusly, tho studiss 2culd aless Te groupsd
in numerous other ways.

Studies of Classroom Behavior in Seience

Studiss utilizing indirect mesrns
of data ccileotion

Kochendorfer (38, 39) siudisd the classroom practices and teaching
rationzle of high school biclegy teachers using various curriculum
materials., The detsrminatiosn of classroom practices used by the
teachers was accomplishad through completion of the Biology Classroom
Astivity Checkliet (BCAC) by the students in one of each of the teacher!'s
classes. The BUAC was designed by Kochendorfer for the purpese of
determiniag ithe extent to which a teacher'!s prasticss conformed to the
practices racormerdad in the BSCS literature and by a pan2l of pearsons
associatsd with BSCS cbjectives.

Teree groups of toachors wers invelved in the study. One group
consisted of experienced lsoclhers who ware using BSCS for the first
time, cns group consishted of experdenced teachers using high school
biology texts other than BSCS, «nd the cther group was compoze2d of
teachsrs using BSCS materials «il having a mean of five years of
experience in the use of BSCS mztsrials, Kochendorfer reporisd that
there wes a sigrificant relationship betwesen the mean scores of sach
teacher cn the diassroor znd laborzhory portion of the BCAC, and that
there wers sigmificant differences among the three groups of teachers
in terms of BCAC mezn scouves. He also reporited finding a significant
relationskip betwezn BCAC scorss and Attitude Inventory scores as well
as bztwesn, BLAC scorss and Madjusted cSlass mean geirs" on ths Processes
ef Sgiense Tesh, The Attiitnds Tnventory was an instrument designsd to
deterzine & tmscherts attituds toward BSCS rationele, The Progcesses of
Scienss Test was an inztrument designed to dstermine a student's
understanding of the nature of the scientific anterpriss.

Barnes (9) studied the nature and extent of laboratory instruction
in high schocl biolegy classes using various materials. An instrument
was developed which was used to identify the degrese to which the lab-

ratory aciivities of the groups mnder study conformed to the lakoratory

activities recormended by ithe BSCS. The groups under study consisted
of classss of teachers who had used BSCS for five years, those using
BSCS materials for the first time, and classes using non-3SCS materials.

The instiument, called the Biology Laboratorv Checklist (BLAd),
was validated by utilization cf items based on statements by individuals
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who participated in the development of the BSCS program and by having
each item verifiad by a panei of Judges who wers familiar with the BSCS
program, The BLAC was adminivtsrsd to the students in the classes

ander study.

Barnes found 2 significaut Jifferasnce anong the tnres experimental
groups in degree of cenformity of laberetery practices to those labora-
tory practices recommended by BSCS. Ho reported also a significant
relationship between the degree to which laboratory activities conform
to those recormendsd by ths BSCS and the laboratory facilities available.
A significant relationship betwesn the degree to which laboratory acti-
vities conform to laboratory activities recommsnded by the BSCS and the
degree to which there is teachsr accsptance of BSCS objectives was also
identified (45).

Studies of guestioning behavios»

Kleinman (35, 36) has dene a study pertaining to the ldnds of
questiorns asked bty teachers, Her main purposes in this study were to
ascertain the kinds of guestions asked by general science teachers, to
determine the relationship to students' understanding of science, and
to determine the relationship to pupil and teacher behavior.

The observation form contained seven question categories and alseo
a lisiiug of bipslsr adjective: used in describing teacher and pupil
behavicr. These four pupil buhaviors and eighteen teacher behaviors
were ratod on a five-interval svzle from low to 4igh. Pupil behaviors
given woere: (1) Apathetic-aler:, (2) Obstructive-responsive, (3) Uncer-
tain-confident, (4) Dependen.-initiating. Teasher behaviors listed
were: (1) Partial~fair, (2) Autocraticedemeccratic, (3) Aloof-responsive,
(4) Restricted-understanding, (5) Harsh-kindly, (6) Dull-stimlating,
{(7) Stereotyped-originzl, (80 Apathetic~elert, {9} Unimpressive-attrace
tive (10) Evading-rosponsible, (11) Erraticestsady, (12) Excitable-
poised, (13) Uncertain-confident, (14) Disorganizedesystematic,
(15) Inrflcxible=adaptable, (1€) Pessirmistic-optimistic, (17} Tmmature=
integrated, (18) Narrow-broad. The categoriss of "Lower type questions”
wore: (1) Neuiral, (2) Rheterizal, (3) Factusl. The WEigheritype ques-
tions" wers: (1) Clarifying, (2) Asscciative, (3) Critical Thinking,
{(4) Values.

Students? understanding of science was measured by use of the
Test op Understanding Science, Form Jy. Attention was given to the
reliability of observers and the consistency of behavior ¢f each of
the teachers obsasrved.

Most of the soventh 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 eritical thinldng questions
asked, were observed twice mors. '



Kleinman reported that the high teachers asked fewer questions
than the low tezchers and that they asked significantly fewer rhetorical
and factual questions. The high group scked almost four times as many
high~type questions as ths low group. It was aiso reported that
teachsrs why asked more aowitical thinkirg questicns dlso asked more
neutral, clarifying, and szsssciative questicus than the others, Only
one value question was asked ir the thirty.fivs observations, Kleiaman
felt her data revealed a relationship between the use of critical
thinking questions and the bekavior cf pupils, and reported also a
trond toward higher behavior ratings for the bigh teachers. It was
alsc concluded that seventh and sighth grade boys and girls of high
ability achieved a betier undsrsianding of science undesr teachers
who asked critial lhinlking questions then under those who did not.

Kondo (41) studied the questioning bshavior of teachers using
SCIS. Four first grade teachers were studied while teaching the same
sequence of four SCIS lesscms. Relaticnships among the questioning
behaviors of the teachers were studied as well as relationships amorg
behaviors in the diffsrent types of lesscns.

Behsviors were tape-reccraded and analyzed in terms of: (1) Come
plexity {based on question-response-commert units), (2) Question Type
(Routine, Cogritive-Memery, Convergent, Evaluative, or Divergent),

(3) Toacher Reaction (o responses or to her questions), (4) Transition

Prebahijizi-ss,

Kordo fornd that there wes e fairly consistent pattern of questicn-
ing by the teachers across th: four lescons, but that differences in
complexity of questioning peticrus wers ralatiwely striking between
individual teachers, Percentuges of rcutine and cognitive-memory
questions were found to be influenced by the lesson being taught (but
not by whecther it was an Invention Lesson or Discovery Lesson) and
by how it was approached, Tho approach was found to have the greatest
inflvencs on the typss of quesiions asked. About one<half of all the
questicns asked were convergent znd the percentage was fairly
uniform cercss £il the lessens. Tho rolative freguency of svaluative
questions was Jow in 2311 lescons, as was the percentege of divergent
questicns, aithough the latler wers highest in invention lessons.
Teacher reaciions were found to differ vastly between individual
teachers,

Sspdes (B6) siudied verkel, questivn aslting as 2 wethod of dnouiry.
One hundred and fifty gifted seventh and eighth grade studeats and
their five science teachers were studied. Subject matter content,
training of teachers in the use of the content materials, and ability
and grade Isvel of the pupils were controlled.

Oral questions were tape recorded in class and transecribed.
Written questions were obtained by bhaving students write questions on
3 x 5 caxds at the end of each class day during the data-collection
periOdSQ



Based on the proportions of the kinds of questions asked, com-
parisons wers made of the teachers, classes of students, teachers as
a group and students as a greup, and individual teachers ard their
specific classes.

It was found that teachiors exhitited similerities a2s wall as
differences in questioning behaviors and that there were considerable
changes in teacher bshavior from one unit to the next. Howewver,
individual teacher btehavior changes showsd po consistent pattern from
urst to unit, nor did individual class behavior changes. Tsachers were
found to be similaz in ths relative usage of different categories of
questicns. Differences in questioning btetween different ciasses of
studenis were less great then differences between teachers. Snyder
found no consistent similerities in teacher behaviors end class
questioning behaviors.

A fourth study concerning classroom questioning behavior reviewed
in this report is the study by Wilson (74). However, since it is also
a study comparing bshavicrs of teachers trained in SCIS with those of
more texibhock criented, tradiilional teachers, this review has been
placed with the other studies on U"Teacher training and behavior.”

Studics with cognitive op
structural emphasis

GaZlzgher (28) studied teacher variation in concept presentation
utilizinz orly biology teacher: who taught classes of high ability
students using the BSCS Biue Vi:sion, Molecules to Man. AIl tsszchers
wore workinz in stburban sltuations and 211 had some training contact
with the BSCS prsgrams Furthermore, the study was focused on the cone
cept of photosynthesis, thus attempting to control possible differences
in teacher and student behavior that might be the result of the partie
cular concepus being taught.

Gzllisazgherts study waz of a cognitive orientaticn with emphasis
with respsct to teacher behavior cn such aspects as gozls, level of
conceptualization, and styie of presentation. Goals were considered as
either contart or siills end the levels of ccneceptualization defined
and stedisd were: (1) Data, (2) Comecept, (3) Generalization. The
style was considered to be (1) Dascription, (2) Expansion, (3) Explana-
tion, (&) Evaluation~justification, (5) Evaluation-matching. In
addition, Gallagher studied the nmumber of topics covered by each of

the teachers in the are- cf photosyanthesis and nature of the attention
paid to the textbeook. .

Fron an opexational standpoint, the data suggested that there was
no such thing as a BSCS curricuium presentation in the schools, but
rather individual teacher interpretations of BSCS. Gallzagher found
substantial differences among theachers with respect *o "goals" and
percentage of "skill toplcs' treated. He found a highly significant
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difforence among teachexs with regard to the level of sbstraction. In
the dimension cf style, a fairly common pattern was revealed with a
great emphasis on tupics in the aveas of "Desceiptios” and Wixpianation,.”
Few topics dealiing wiih evaluation cr decision-maling cf any sort were
found.

A wide diversity of topies was considered by the teachers in thls
study, thcugh the content under consideration was chapter nine of
¥olecules to Man in all cases, Gallagher concluded that each teacher
wiil plan the strategy of presentation and the emphasis on the basis
of his own knowlasdge, interests, and percepiions of student reed
regardless of how the materials arc orgarized and presented in a
formel sense.

Gallagher studied also percentage of teacher and pupil talk, stu-
dent performance, and student expressiveness. He reported that teachers
talked about three to fcur times as mach as students. He found a sig-
nificant difference among toachsrs in amount of teacher tallc per class,
but conclizdad that teachers gensrally kept the same proportion of
¢eacher~-siudent talk rogzardless of the type of topic discussed,

The staff of the Mid-cortinent Regional Educational Laboratory
(McRel) have been inztlved in an effort to define inquiry and to prepare
an insirument for classrecm anslysis of inguiry bskaviors (49). The
instinment, Cognitize Opevsiicnz Mogitorsd In the {lassroom (COMIC),
was poaed to provide an iuGic2iion of the cogniiive nature of
inquiry zctivitibs, and hes L+on used in coajunction with Flanders
system of interaction aralysis.

Rogarding dovelopment of the COMIC, McRel staff identified such
askpects as assumptions, purpose, restrictions imposed on categories,
rationale for the catogories, and bases for classifying verbal
behaviors of inquiry. The basss for classifying were logical content,
temporal refarrant, and context.

L “hrse~-second time intsxrval was used, and the COMIC and Flanders
interacticn anslysis were used simultansously. The categories were as
folicws: (~) Unclessified Irquiry Statementss The "Elank" Catsgory,
(1) Statements of Facts arnd Information, (2) Statements of Relationships,
(3) Verbsl Prodicticms or Planz, (4) Statements about the Function of a
Method of Logic or a Thought Pioduct, (5) Verbalized Decision or
Colisctive Judgement cf a Greup cr Teacher, (6) Verbally Exprossed
Procadurael Steps and Methods, (7) Statements of Sensory Observations,
(8) Statements Unrelated to the Problem. Numercus ground rules to be
used while coding teacher-papil verbal behavicrs with COMIC were
provided,

Recent conversations with Dr. Richard Bingman of the McRel staff
and additional materials provided by him indicate that revision of the
coding system is currently tsking place, The coding system now involves



three major columns, The first is very similar to the categories of
the Flanders system of interaction analysis. Column Two has student
counterparts to the teacher behavicr categories of Column One pluss

(8) Dacision by Class Grovps or Tescher, ($) Non-inquiry Talk by Class
Members (Pupil or Teacherj. Tho bshavicrs of Colum Two are regarded
as sociai-affectivs events. Column Thres, deaiing with cognitive events,
1s now made up of the followixdg categories: (i) Factuel Iafcrmation or
Single Idea, (2) Comparisons and Generalizatiore, (3) Predicting and
Planning, (%) Inquiry into Inguiry Operations, (5) Inquiry into
Inquiry Attitudes, (6) Present Procedures to Obtain Knowledge,

(7) Sensory Obssrvations, (8) Formulating Question or Discrepant ivent,
(9) Assessing Content, Goal, or Procedure. The categories of Column
Three constitute a revisicn of the categories of the initial instrument
listed proviously. There are thres gpeciel categories as follows:

(1) Pupil Exchange, (2) Sileace or Confused State, (3} Disruption.
Revision of the ins%rument is contlinuing.

Moore (50) studied isacher and pupil verbal behavior and teacher
procedurasl and evaluvative bshavier in reistion to objectives unique
to the PSSC and the non-PSSC surricula. Two sets of objectives were
selected: one sel consisted of those cbjectives unique to the PSSC
curriculunm, and the cther set was composed of those unique to the non-
PSSC curriculum. A model of teacher behaviors consistent with a given
set of objectives was then deveioped for each set of objectives. Instru.
ments for the recording of teacher and pupil verbzl bekaviors and teacher
schedviing and testirg techniques were then prepared on the basis of
these w:i.delse The instrumentis wsie then usad for the recording of
teacher and pupil behaviors in classrcems in which one or the other of
the two types of curricula was h:aing used. Some dats were obtained
live, and some were cbtained by use of audio tapes,

Encoding was accomplishsd by use of a mutiple sequence category
systex which censisted of four columns of categories relating to the
following: (1) Class Orientation, (2) Speaker and Type of Ccmmunica-
tion, (3) Content or Gesl of ths Commmnication, (4) Orientation to
the Two Sets cf Curriculum Objectives. Five-second intervals of
time were used, and singie-digii numbers were used to denote each column
of the instrument. Moore statel that separate instruments were de-
veloped for teacher ponverval scheduling and testing techniques, The
scheduling behavior instrument was completed from teacher interviews.

Ten physics teachers, five of whom were using PSSC materials
and five using non-PSSC materials, were observed five class periods
each, Seven laboratery sessicns were included in the total.

Moore reported that in ncn-PSSC classes, 22% of all class time was
devoted to iteacher and pupil verbal behaviors consistent with non-PSSC
objectives, while behaviors consistent with PSSC objectives accounted
for 3% of the class time. In PSSC classes, 27% of the time was given
to behavicrs consistent with PSSC objectives and 8% to behaviors cone
sistent with non~PSSC cbjectives. In non-PSSC classes, silence or con-
fusion accounted for i6% of the class time; in PSSC classes, it was 13%,




Teacher or pupil verbal teha7iors presumably consistent with both

sets of objectives ascounted for nearly 59% of the clase time in non-
PSSC classes znd pearly 52% of the class time in PSSC classes. Teacher
talk acccunted for 70% of ithe time in non-PSST classsz ond €9% in PSSC
classes. Pupil tzlk accounted fix 1457 of the tiue in nonPSSC classes
and 18% in PSSC clesses. Ir buta greups of clssses, teacher stating,
asking for, or answering with a fact accounted for over 50% of the vlass
time, MNoore reported that a1l the non-PSSC lab ssssions were used

for ver fication, and that ithree ¢f the four PSSC labs were used for
inguiry, 51% of the non-lab time in non-PSSC classes was devoted to
lecture, demonstration. and factual recitation, while in PSSC classes,
the figure was 463, Moore reported that in PSSC classes, the demcnstra-
tions wors aimed at discovery to a greater degree than in non-PSSC courses.

Commininati~ns and
interpersor.al nseds

Friodsl (25) dewsioped an observaticnal procadure for describing
teacher &4 pupil verbal and nenverbal class»ocm behavior. The be-
havioral. roccrd was obtainsd thrsugh the use of video tape equipmeat
and dirset cbservation of thivteen clacsroom science teachers. The
instrument was developed from narrztive records of behaviors and a
thooretical frameworls based on a model cf commmnications and a theory
of inturporsonal needs. Encoding of behaviors was accomplished by
recori:.y symbols every five se.~.ads to indicate: (1) Sender,
(2) Erust or Indirect Message Luhavior, (3) Channel, (4) Receiver.

Sander cateogories descritisd whether messages were sent by teacher,
pupil, pupils, or sudicvisual. device, Twenty-nine-categories described
direct insssage bshavior and five categoeries described indirect message
behaviors., Chsnnel calegorios expressed whether bshaviors were verbal,
nonverbal, or werbsl and nonverbal. Receiver categories indicated
whethar the recsiver of the massage was teacher, pupil, or pupils. For
each direct message behavior, isur symbols were recnrded--the sender,
the direct message, the channel, end the receiver. Indirect mossages
required tires symbolse--the sender, the indirect message, and the
channel. Five-second time intorvals wore used.

scovery and
. problsm soiving

Esler (19) described preliminary findings of & study in progress
- desgigned to zscertain differences between old and new curricula., Four
teachers were involved, of which two were CHEM Study teachers and two
were described as pariticipating in "intermediate" and comparatively
"traditicnalY programs. To categorige classroom activity, Esler devised
a classification scsle based upon the extrames of the discovery approach
and the didactic apprcach. These approaches were oporationally defined
in terms of types of behaviors of the learner and the teacher. Topics
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_of classroom activity (of which twenty to twenty-five were found in a
forty-two minute class) were assigned a total of five points to be dis-
tributed in some way between the two approaches. For each topic, active
jties were apparenily described in behavioral terms &long with the
distribution of points.

Esler reported that the average percentage of discovery of all -
the CHEM Study classes observed was about 54% while it was about 8% for
the non-CHEM Study classes. Observer agreement and reliability data
and procedures were not discussed in the report.

Smith (65) developed an observational system based on a model of
experimental problem solving behavior which in turn was based on
Piagett!s description of such behavior. The system included nonverbal
behavioral categories. It was used in a study of the relative effec-
tiveness of external reinforcement and conflict in developing the
ability to separate variables in fifth and sixth grade chiidren.

Smith reported that the data revealed ckhanges in teacher behavior
patterns unnoticed by the teachers. Ability to separate variables was
measure: vy testing, but the data indicated when the learning took place,
what aciivities preceded such learning, and how consistently the new
behaviors were maintained.

Studi~z of student

Ferrence {21) developad 2 “schnique for quantifying and quaiifying
student verbal interaction in ti:e laboratory. Attention was focused on
students working in small groups in biology laboratories.

The categories of the instrument (Laboratory Interaction Analysis
Instroment) were as follows: (1) Questions-Terminology, (2) Questions-
Procedurs, (3) Questicns-Observation, (&) Discussion—Terminology,

(5) M seussion-Procedure, {6) Rseding, (7) Assignment of Tasks, (8) Neg-
ative Answsrsy (9) Ixrelevant Discussion, (10) Teacher Talk, (11) Silence.

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 evaiuated by five experienced biology
teachers, the total scores being considered a measure of task orlienta-
tion for that particular student group. A Speerman rho was used to
determine correlations betwesen task orientation and percentages of
interaction classified under each category of the instrument, and also
between task orientation on day one and day two.

Forrence reported relisble use of the instrument by tralined obser-
vers and reliable evaluation of group reports by the teachers. He
found significant positive correlations between task orientation and
Teacher Tallk, Questions~Procedure, and Discussion-Procedure. Other

“¥o
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significant positive correlations were between Discussion=Observation,
Reading, Assigumsat of Tasks, Irrelevant Discussion, Teacher Talk, and
Silence on dzy one and the same categories on day two. A significant
negztive correlation was found betwesn task vrieatstion and Irrelevant
Discussion., No significant correlation was found betwesn task orienta=
tion on day one and tasik ozisntziion on dzy two.

Mol tlids sion studies

Bzlzer (5, 8) and Evans (8, 20) inductively developed an instrument

for describing secondary school biology teacher behavwior. The intent
was to develop a reliszble category system based on actual descriptions
of teacher behavices and 2 mebhed of encoding for systematic cbservation
of biclegy teacher behawviors. The instrument developsd in this manner
was then used to obtain an cbjective description of the classroom
behaviors of a sample of biolugy teazhers.

Ths instrument (Biclosy Teashor Bshawior Iaventory) and the method
of encoding were devoicped frcw video tape recordings of eleven biology
teacher:s éuring their reguizr classrcom and laboratory presentations,

The tapus were recorded over a two-month interval. Each behavior

which irnfiuenced ths tezching-lezrning situation was recorded on an
individsal index card. The cards were then grouped according to descrip-
tive sisdilaority ard behavioral iantent and, after numerous revisions, were
used %: ideniify and dsfins the c¢ategories, subcategories, and sub-
Aivis: =3 of teacher classrocom nshavior. The development of the category
system iius developed inductiwsiy from a narrative list of behsviors to
subdivisions, subcatogories, =i categeries, and then to the refinement
and cempietion of the Eiology iracher Behavior tory (BTEL).

Symbols representing the appropriate categories, subcategories,
and subdivisicns were enccded on a Dezta Record according one of four
expressional forms: veirbal, nonverbal, congruent, and contradictory.
Pime intervsls of ten seconds were used to condense the massive dzata
reosulting frem a continmacus account of teacher behaviors. Ianter-
observer agreement was determined by use of the Scoti Index cof Inter-
coder Agvecmaent and was found to be 0,92, based on fifteen five-minute
segments drazwn at random from the videe tapes. Inter-obsexrver agreement
was checked agsin at the midpoirt and at the end of data collection
and was foend to be 0.95 and 9.93, respectively.

The categories of the instrument were a&s follows: (1) Manage-
ment, £{Z) Control, (3) Release, (&) Gosl Setting, (5) Centent
Davelopment, (6) Affectivity, (7) Undecided. Subcategories of man-
agement wers: {ia) Réutime Mamagasment, (1b) Laboratory Management,

(ic) Study Management. Control, Release, and Gozal Setting had no
subcategories. Subcategories of content development were: (5a)
Teacher Centered, (5b) Student Centered. Affectiviiy behaviors were
classitied either as (62) Positive Affectivity or (6b) Negative Affec-
svity. Both teacher centered content development and student centered
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content devslopment cculd be classified as: (5-1) Procedures, (5-2) Know-
ledge, (5=3) Scientific Procsss, (5-4) Tantativeoness of Knowledge,

(5--5) Gonoralizations, (5-€) Articulaticn of Contant., {5«7) Facilitates
Comrmindicsiion. Bach subdivisicn could be communicated in the following
ways: (a) states, (b) asiks, (2} shows, (d) ackrowisdgss, (o) clarifies.

Five video tape racoirdings wero mads cf eaczh of four BSCS teachers
and four ncn=BSCS teachars over a psriod of three months. The forty
tapes were amaiyzed using the BIBI and the previously described en-
coding process., Data were cornverted to percentages and analyzed in
various ways by non-parametiric statistical tests,

Datz analysss rovealed that over 444 of ail behavicrs encoded
were management bekaviors, and that almost 50% of all behaviors were
content development behaviors. Perhaps the most surprising finding
was that the nonverbzl form o¢f expression was involved and influencing
the teaching-learaning situaticr in ovesr 65% of =11 the behaviors en=
coded. Goal Setting constituted less than 1% of all behaviors encoded,
while teacher centered content dsvelopment and student centered content
developnsnt constituted 47.08% and £.78% cf the behaviors respectively.
Knowledzs hehaviors constituted zbout 33% of the content development
behavicers while sbout 12% of the content development bshaviors wers
in the scientific proesss subdivision {about 6% of all behaviors
encoded)., It was found that these teachers spent an average of about
five sceonnds per class period on student centered sotentific process
behavicrs (7). Behavicrs cddvessad directiy to ths nature of science
were llisied o those dealing uich the temtatiwveness of knowledsge,
which constituted less than 1% of the content development behaviors.

Fischler and Zimmex (23) dzvoloped an obserwvational instrument for
science teoacher behavior. They indicated that the identification of
behaviors should bs related to the purpose of the cbservations, which
in this ez2s9, was the teacking of science to children of different
ability lovels. Thoy specifiad that the nature of the way in which
chiidrern of diffsrent ability levels learn helped identify behaviors
included ir the instrumeni.

The instrument ntilizsd observation by an eye witness, and it
made use of the tims unit samplirg technique. The instrument was a
two dimensional checlr-off sheet, and observed bshaviors (defined in
terms of ovari aclior) weis recorded in S5-minvte time intervals., The
aunthors irdicated that the iniiizl instrument was refined on the basis
of tixi2l usage,

The instruamant, cslled the Science Teaching Observationsgl Instru-

ment, was constitutad of thrze major parts as follows: (1) Teaching
Techniques, (2) Teacher’is Questions, (3) Characteristies of Teaching.
Teaching--Techniquss had five major subdivisions as follows: (1) Teacher
Talk, (2) Teachsr and Student Talk, {3) Teacher does something as well
as talk, (4) Students do something besides discuss with the teacher

and answer questions, (5) Purpose of the lesson. Teachers Questions
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were classified into 5 types: (1) Recall facts, {2) See Relationships,
(3) Make Observations, (4) Hypothesize, (5) Test Hypothesis. Character-
istics of Teaching were classified into three groups: (1) Concrete-
Abstract { 2 continuum referring to the method of communication used by
the teacher to impart knowledge or understanding), (2) Practical-
Theoreticzl (a continuum having to do with the subject matter taught),
(3) Directed-Nondirected (applying only to student activities).

In addition to the above classifications, considerably greater
detail was available in each of the areas of Teaching Techniguses.
Teacher Talk could be classified as: (1) Gives Directions, (2) Intro-
duction, (3) Lecture, (%) Summarizes, (5) Explains. Teacher and Student
Talk could be classified as: (1) Recitation, (2) Requests Questions, '
(3) Discussion. Instances where the teacher did something as well as
talk were classified as follows: (1) Uses A-V Aids, (2) Demonstration,
{3) Helps Individual Students. Instances where the students did scme-
thing other than answer questions and discuss with the teacher were
classified as: (1) One Student or Small Group to Class, (2) Individual
or Group Work, {3) Laboratory Work. Purpose of the lesson could be
classified as either (1) Review, or (2) Evaluation.

With respect to ""Teaching Techniques," the authors specified that
the observer should try to determine which is the dominant technique
for & given time interval, and that more than one technique should not
be recorded for a given time interval. The exception =llowed was when
teachers divided the class into groups doing different activities.
Numerous specific ground rules fur using the instrument were provided.
It was found that aboult two weci:s of observing was necessary for proper
training of an observer. No datz arising from use of the instrument
were given in the report.

Parakh (52, 55) carried out an investigation of teacher-pupil inter-
action in high school biolegy classes. The principal objectives of the
study were to develop 2 reliable category system for first-hand system-
atic observation of teacher-pupil interaction in high school biology
classes and to describe and analyze the characteristics and patterns of
teacher-pupil interaction in those classes.

Data were obtained by means of tape recorder and notes (pertaining
especially to the nonverbal behavior) taken by the observer. The cate-
gory system was then developed from notes, tapes, typescripts, and
tapescripts. Parakh stated that the theoretical framework underlying
his category system was taken from comminication theory and social inter-
action theory. The classroom communication process was seen as giving
and seeldng information by teachers and pupils.

The classroom behavior of the teachers was conceptualized along
three inter-related dimensions: (1) Evaluative, (2) Cognitive,
(3) Procedural. Other dimensions were: (1) Pupil Talk Dimension,
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(2) Silence, (3) Not Categorizable. In all, there were forty-five
categories and subcategories in the dimensions above. Paralkh stated
that expressive nonverbal behzviors such as smiles, frowns, grimaces,
and gestures were nct included except to the extent that they were
considered helpful in placing beshavior into the categories of the

system.

The procedure for categorization was to record the number of the
categery most nearly represented every five seconds. By recording the
nubers in rows, some information about sequence was retained. Categore
ization Was accomplished on the basis of pedagogical function or opera-
tion rather than on the basis of inferences about the intentions or

motivation of the speaker or actor.

Paraich reported that the end product of the first phase of his
study was a highly reliable category system for first-hand systematic
observation of teacher-pupil interaction in high school biology classes.

In 2 second study based upon the study just described and utilizing
the instrament developed, Parakh did a deseription and analysis of
teacher -ppil interaction (56). Aspects studied were: (1) Teacher
Talk, {(2) Teacher's Nonverbal Behavior, (3) Pupil Talk, (4) Teacher's
Behavior in the Cognitive Dimension, (5) Teacher!s Evaluative Behavior,
(6) Teacherts Procedural Behavier, (7) Silent Pauses, {(8) Patterns of
Interectinn, (9) Wide Differences in Teacher-Pupil Interaction. Parakh
report-i that the "average or cuwposite" teacher talked about 75% of
the total class time. With rezpect to teacher's nonverbal behavior,
the principal result reported w:s that the average teacher!s pedagog-
ically reélevant non-verbal behavior accounted for about 8% of total
time in lectures and 37% in labs. Pupil talk addressed to the teacher
accounted for 15% of the totsl time in lectures and 13% in labs. Pupil
responses and information giving constituted 12.4% of the time in
lectures and 6.7% in labs. Teacher's evaluative behavior such as praising,
encouraging, and accepting student performance and ideas constituted
about 7% of the time in lectures and 3% in labs. Parakh stated that
pupil questions were seldom if ever praised or encouraged. It was found
that sbout 18% of the time in lectures and 40% in labds was devoted to
teacher procedural behavior. Teacher's benavior in the cognitive
dimension constituted an average of 54% of the total class time in lecw
tures and 42% in lab. Information giving constituted 43% and 29% as
compared with 11% and 13% devotsd to information-seeking. Operations
within the cognitive dimension that received attention were demonstra-
tions, fact stating, explaining, defining, evaluation, asking for facts,
asking for explanations, and aslidng for defimitions. He reported that
teachers Seldom asked pupils to give opinions, hunches, or evaluations
(less than 0.1%) and that explicit references to the nature of science
were virtually absent. Parakh noted also that problem-solving behaviors
occurred infrequently, comprising only about 0.6% of the time in labs
and less than 0.1% in lectures.

i4
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Paralkh reported that silent pauses made up about 3% of the class
time in lectures. Teachers® questions accounted for about 114 of the
time in lectures while pauses after the guestions accounted for 1.2% of

the total time.

Patterns of interaction in lecture-recitation classes were found
to be constituted mostly of four categories which accounted for 55%
of the total interaction. Descriptively, this pattern was as follows:
The teacher gave information, the teacher asked a question, the pupil
responded briefly, and the teacher accepted the response or indicated
that it was correct. Several variations of the above pattern were also
reported by Parakh. In laboratory classes, a larger variety of inter-
action patterns was found, with teacher behavior seen as largely respon-
sive to pupil requests for information and materials. In addition,
Parakh reported wide differences in interaction scores among the ten
t'BaCherS. R

Perkes {58) reported a study of junior high school science teacher
preparation, teaching behavior, and student achievement. The subjects
of the study were 32 teachers and 3062 students enrolled in general science.
Background information about the teachers was obtained from the school
records. Their behaviors were recorded by trained observers using the
Science Teaching Obscrvation Instrument (STOI). Student achlievement
wWas measured by administration of two tests near the end of the schocl
year, the Seguential Test of Educational Progress: Science Test lLevel
Three {STEP), and the Junior Fizh School Science Achievement Test (JHSSA).
Correiations between the varizbies were considered significant at the

+05 level.

Perkes reported that the number of academic credits in science did
not correlate significantly with science teaching behavior. BHowevar,
higher GPA in science, more recent enrollment in a college level science
course, and a greater number of units in science education were found
to be directly related to: (1) more freguent teacher-student discussions,
(2) more fregquent student participation in laboratory activities,

(3) more frequent use of equipment, (%) a greater use of questions of
a hypothetical nature, (5) lessons stressing principles of science, draw-
ing upon social and technological applications for clarification purposes.

Numerous relationships between teaching behaviors and student
acheivement were also found. A direct relaticnship between lecturing,
teacher demonstrations, and questions of a factual recall nature and
student recall of factual information was reported. There was a
negative relationship between the above items and application scores,
however. Student involvement in laboratory activities and discussions,
frequent use of egquipment, lessons stressing principles of science,
and questions requiring students to speculate appeared to be highly
related to student achievement in applications, and negatively associated

with recall scorese.
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Teacher training
and_behavior

Askley (3) studied the impact of an inservice education program on
teacher behavior. The inservice program was designed to enhance
teacher behavior in the use of Sgience - A Process Approach. Ashley
hoped to: (1) Identify strategies of teaching which were an integral
part of a curriculum 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, (%) Analyze teacher attitudes and their relationship
to teacher behaviors, (5) Analyze the relationship between years of
experience and grade level assignment and teacher behavior.

Twenty-three teachers, representing grade ievels one through
six constituted the sample. All were enrolled in the inservice program
andused Science — A Process Approach materials exclusively as their
science program during the 1966-1967 school year. Ashley stated that
attention in the inservice program was given to the preparation of
individrsl lessons, to the building of science backgrounds in the
procesces comprising the sequence, and to highlighting strategies con-
sistent with the rationale of the curriculum sequence. The program
began in October, 1966, and ended in April, 1967.

The Semantic Differential was used to ascertain attitudes toward
the cvrvriculum, the inservice program, and 10 other concepts and
protocci words. The CORF was wused to sample the classroon behavior of
teachers. The strategies comprising the CORF were obtained from teachers
experienced in teaching Scienc: - A Process Approach on the basis of
effectiveness and consistency with the program!s rationale. Strategies
were stated in a bipolar manner, with Behavior A being the more
consonant with the ratiocnale of the curriculum and Behavior B consti-
tuting the negative counterpari. The categories of the instrument were
as follows: (1) Teacher-student Interaction and Student Behavior
(student orientation vs. teacher directed), (2) Teacher Responses and
Actions {degree of teacher pattern of sensitivity to student experience,
abilities, interests, and thorough planning), (3) Specific and Personal
Teacher Traits (per“aining to whether teacher is positive in approach
to discipline, self-control, enthusiasm, and knowledge), (4) Physical
Aspects of the Classroom Environment (attractiveness and student-centersd-
ness of learnming environment).

Trained observers conducted four observaticns of each of the 23
teachers, three of these observations pertaining to science lessonse.
The Semantic Differentiszl was administered to the sample of teachers
prior to and at the conclusion of the inservice program.

Ashley reported that between the first observation (non-science)
and the first science observation, there were significant changes toward
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greater use of Behavior A strategies. Betwesn the first gejence obser-
vation and the last science observation, however, there wss a decrease

in the employment of Behavior A strategies. Overall, Detyeen the first
observation and the last, there was an increase in employment of

Behavior A strategies. He suggested that the teacher &roup had reached

a plateau of strategy use at the time of the first science observation.

It was also reported that overall, the CORF change SCOYes gprrelated .
negatively with semantic differential scores. In other words, while their
attitudes tended to become more positive (as defined), their use of the
strategies considered to be positive decreased. The Primary teachers
achieved more in the use of CORF positive strategies than could be pre-
dicted based on total group performance, and the intermedjate teachers
achieved less than could be predicted. Anaiysis of years of teaching
experience and usz of spucific teaching strategies failled o provide
evidence of a relatiuvnsaip. In conclusion, Ashley questioned the value

of using a teacher?!s attitude as an indicator of actual c}ggsroom behavior.
He suggested that the inservice program seemed to relate to positive
modificaticn of teachar attitude.

Hall (20) studied the teaching bshaviors of thre® groups of second
grade teachers, cwne2ially the relationship betwesn the eyrpiculum
vehicle and the teasching behaviors. The currictluz Veiicle utilized in
the study was Science -~ A Process Approach. According to Hall, the
questions examined in this study were as followss (1) If 5 school
system installs a recently developed curriculum, does this curriculum
in and of itself influence teashing behaviors? (2) What effect does the
method of teacher training and s:pervision have on the teaching behaviors
ef teachers teaching a new curriculum?

Groups SuS and InS were teaching Science = A Process appioach for
the first time. SuS teachers had a five-day summer WOrKshgp and a bi-
weekly visiting science consultant throughout the school yezr. Group
InS had inservice sessions during the year before installatjon of the
curriculum, and also received supervisory help from thelr gchool system
science coordinators. NoS teachers were not trained in teaching a new
curriculum and were teaching science programs similar to throse taught
by SuS teachers in previous years.

The observation instrument used was the Instrument for the Analysis
Setence Teac (IAST), developed by Hall. Part I of the instrument
was a 206~-category system of interaction analysis, and Part 1T was a
i5-item sign system to be completed by the observer 2t the completion
of each observation period.

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 questions per number of open questions. He reported
that the InS teachers differed significantly from the NoS tgachers
in théir use of more teacher and diresction statements, Stugent overt
activity, and direct motivation and control teacher behawigprs. Both
the SuS and InS groups differed significantly from NoS teachers in
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their uge of % student open statements, extended student talk per
amount of traflisition student +31i, and extended student talk per total
amount of stident taik. SuS tgachers also differed from the NoS group
in their us® °Ff s3 icantly rewer teacher open questions than NoS
teachers, IS teachers diffeped significantly in their use of fewsr

student clo5® Statements than Nos teachers,

The two Principal ©onclusions drawn by Hall were: (1) Teachers
teaching Sci®fiSe . p Process approach have some different teaching
behavior fro® teachsrs NOt tesching 2 recently developed science
curriculum. (2) The five~day gummer Workshop and biweelly visiting
science cons®ltan: yere Hore erfective thag in-service training
during the 50_{1001 sear 20d supervisory halp from the K-12 school system

science coeorélnai ;.

Hunter (3_2) studied the yerbal behavior of first grade teachers as
they tanght SSlence, Eleven of the teachers had participated in a train-
ing program >3 Gns of 51X new glemenltary school science programs; the
other elewan “&aci.ig ( contro) group) were szlected so that the classes
matched the 2*Perimental 8roup in ability levels. Each teacher was
observed on ™0 s¢parate occassons.

The instTument uysed to ohgerve verbal behavior was the Revised
Verbal Inter2Stion CateZOry Syctom (Revised VICS - Science). The
categories 0f the jpstrument y..o as follows: (1) Lecture,

(2) Directio®S> (3) questions, ¢4) Praise, (5) Acceptance, {5} Rejec-
ticn, (7) ReSPOnse to teacher, (8) Response to Pupil, (9) Initiztion to
teacher, (10) Initjation to Pupsl, (11) Pupil Talk while using Materials,
(12) Silencer (13) sijence While using Materials, (z) Confusicn.
Questions wer® Clggsified as: (a) Cognitive Memory, (b) Convergent

(¢) Divergentr (Q) gvaluative, praise behaviors and rejection be-
haviors were S3tegorized as: (,) No Reasons, (b) Personal Reasons,

(e¢) Rational Reasgns. "Responge to teacher” behaviors were either

(1) Predictatl¥, op (2) Unbreqjctably.

Hunter TePorteq that pupjjs of teachers in the experimental group
used materiaiS to a greater extent than pupils of teachers in the control
group. She F2POrtga iSO that {nere Was peariy three times as much
discussion wbile uging materiagys in the experimental classes 2s in the
control las5®S. It was Suggested that this was prcbably due to a greater
availability °F materials. It was a1S0 reported that teachers in the
experimental 8TOup spolt® Signjficantly less than teachers in the control
group, and tB3t pupils in the gxperimental group spoke significantly more
than those ir the control groyp, 1In &ll other respects studied, including
the verbal pstterng of teacherg and pupils, the two groups did not differ
significantly"

Hunter rePOrtegq that pupii s worked silently with the materials
only about 17 of the timee Although teachers spent about 40% of
their talik tiM® asking questiops, about 95¢ of all gquestions asked were

- 18 -
18



FILMED FROM BEST AVAILABLE COPY

of the cognitive memory type, compared with 0.4% evaluative and 0.4%
divergent. Praise was used about 4% of the tdtal class time, and
almost 98% of the praise statements were given without reasons. Most
rejections (about 5% of the class time) wer: also given without reasons.
Teacher acceptance statements constituted about 8% of the class time.
Pupil-initiated talk to other pupils (except while using materials)
constituted 0.02% of the class time.

Hunter concluded that since training verbal interacticn skills has
been known to change the verbal behaviors of teachers, it should be in-
cluded in curricuium materials training sessions if authors and pub-
lishers of programs desire that certaln kinds of thinldng take place.

In a study of S{IS 2nd non-SCIS teachers, Wilson (?74) focused on
questions being asked by teachers. Wilson emphasized the importance of
the kinds of questions being asked and suggested that the art of ques-
tioning is the essence of discovery teaching.

Thirty teachers were studied, one-half of them having been trained
in the use of thes 3CIS approach. The matching group had not received
training in any of the 'new" science projects, were strongly textbook
oriented, and did not espouse the inquiry-discovery approach.

The instrument used for classification of teacher gquestions was the
Teacher Question Inventory by kHcintyre and Harris (31). The instrument
enables classification of quesiions on a hierarchial order derived from
the Taxonomy of Educaticnal Objectives.(12). Questions wero .ciassified as:
(1) Recognition, (2) Recall, (3) Demonstration of Skill, (4) Comprehen-
sion, (5) Analysis, (6) Synthesis. Wilson stated that all the questions
of a cognitive nature asiked by the teachers during the science lessons
were applicable to one of these six categories.

Wilson found that the lower 1.vel gquestions {recognition, recall,
and comprehension) were recorded a significantly larger proportion of
times for the traditional science teachers group than for the new seience
teackers 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% more questions
in general than the other group.

Discussion

-

The studies reviewed in thfs report are listed in Table I. Each
study has been associated with a descriptive phrase and a school setting.
In cases where certain curriculum materials were associated in some
way with the study, this has also been specified.
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TARLE I

A LISTING OF CLASSROOM BEHAVICR AND INTERACTION
STUDIES IN SCIENCE2

Cr—— -

Research Description

Researchers

School Setting

Studies utilizing
indirect source of data

Studies of questioning
behavior '

Studies with cogritive
or structural emphasis

Discovery and
problem solving

Communications and
interpersonal needs

Student verbal
behavior

Mul tidimensional
studies

Teacher training
and behavior

Barnas
Kochandoxfer

Kleinman
Kondo
Snyder

Gallagher
McRel
Moore

Esler
Smith

Friedel

Ferrence

Balzer and Evans
Fischler

and Zimmer
Paralch
Perkes

Ashley
Hall

Hanter
Wilson

high school biclogy (BSCS)
high school biology (BSCS)

7th-8th grade gen. sci.
1st grade {SCIS)
7th-8th grade science

high school biology (BSCS)
high school biology (BSGCS)
high school physics (PSSC)

high school chexdstry (CHEMS)

5th-6th grade science
hizh school science
high school bioclogy

high school biology (BSCS)

Jjr. high school science
high school biology (BSCS)
Jr. high school science

elementary science (S-APA)
2nd grade (S-APA)

1lst grade (various curr.)
elementary science (SCIS)

“Excluding studies based on the Flanders system of Interaction Analysis.
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The discussion which follows is intended as an appraisal of the -
overall status and findings of the preceding reviews. It is aot intended
as a specific, ci:ditical analysis of individual research designs and
methodologies. Various more specific theoretical and methodological
considerations are being discussed in this symposium by Parakh.

The number of studies and
the classroom setting

Perhaps the most obvious observation is that science teacher behavior
and classroom interaction studies still are not rumerous. Six studies
pertained to sciense in the elementary schcoul, four pertained to science
in the junior high schocl, and ten studies focused primarily on the senior
high school, thcugh some cf these also involved ninth grade science.

Of these ten high school studies, seven concentrated on btiology classrooms
and teachers. One of the studies used physics classrooms. and one in-
vblved chenistry cLassrooms and teachers. It is thus apparent that
science clzssroon tzhavior at the various levels of public instruction
has been very lig!itily researched, though high schocl biology, espsecially
BSCS biology, has r=ceived more attnetion than the other areas. Though
various of the research techniques and products very likely are applicable
to science teaching at any level, the above observations are pertinent

in that descriptive information concerning science classroom interaction
for particular ages and developmentsl levels of children is limited.

We need more studles deseribirg classroom interaction under wvarious
conditions, especially in elementary schools, middle schools, and high
school physical and earth science courses.

This early developmental stage also has research methodology
implications. Medley (48) suggested the need for extensive status and
survey studies as a basis for theory building concerning teaching.

Our experience in sclence supports the suggestion that extensive
descriptive information is needed for intelligent hypothesis generation.

Theoretical framework

A survey of the research literature revealed also that studies
often have not proceeded from a broadly based theoretical frameworic.
Five studies clearly specified a theoretical framework, but the rest
did not. The call for theory and models in science education is not
new, but it is still appropriate. Pella (57) suggested in 1966 that
science education was at a stage when its concepts were indefinite and
that descriptions and operational definitions relating concepts to
sensed data were badiy needed. The difficulty of developing theoretical
structure (even though tentative) in science education is thus guite
understandable. The need, however, continues to be evident. The obser-
vation of Tyler (72) that conceptions of maps of the terrain that are
employed in science education ressarch are often not explicitly stated,
though it is possible to tease them out, also appears to apply here.
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Some of the writers imply such conceptions but do not make them explicit.

Several considerations should guide the researcher interested in
instrument development for the analysis of classroom behavior and inter-
action. First, we must continue to draw upon various disciplines as
sources of models. Second, there must be a clear distinction between
adopting the theoretical formulations of other researchers for convenience
and the selective utilization of only those with convineing contributions
in science education. Third, the researcher must ask whether or not
there are additional components within the domain of science education
which are of unusual implication to the science classroom. Only a few
of the studies reviewed show evidence of tcing based even partially on
theoretical forrnilaticns of special, if not unique, concern in science

educatione.

Some of the areas in which models for classroom interaction might
be developed are: (1) The nature of science, (2) Processes and slkills
of science, (3) Scientific attitudes, (4) Scientific literacy or scientific
enlightenmant, (5} Inquiry, (6) Concept development, (7) Environmental
Education, (8) Sceisl responsibility in a technological age, (9) Social
implications of scientific knowledge, (10) The new science course
improvement projects. Most of these topics have received considerable
attention in the recent literature of science education, but models
for teacher behavior and classroom interaction research and practice
have very rarely been forthcoming. Except for the work of McRel
in inquiry (49) the only topic of those listed to receive exiensive
attention in the research reviewed was the new science courss improve-
ment projects. Even here, the research efforts appear to have been more
compsxative than basic, though the work of Moore (50) seems to have been
based on rather fundamental thscretical and methodological considerationse.
"Questions such as the following continue to face us in these and other
areas upon which we place emphasis in science education: (1) What,
i1f anything, are teachers and pupils deoing in this respect in the science
classroom? (2) What does our best thinking suggest that they could B
(or should?) be doing? :

The above discussion suggests the continmued need for well-defined
deductive studies. That is, we appear to need studies in which the re=-
searcher specifies a well-defined theoretical framework and views the
classroom interaction in terms of these prior considerations. In the
past, some deductive reszarchers have modified observation instruments
on the basis of trial uwsage in classrooms, thus adapting the instrument
to actual classroom situations. The obvious danger of the deductive ap-
proach is that it may result in the failure to observe various (perhaps
significant) classroom behaviors which are not implied by the theoretical
framework. A partial answer to this problem may be provided by the in-
ductive approach proposed and utilized by Balzer and BEvans {8). This
approach used a general model of scientific research, placing emphasis
on empirical data. The effort was to record and encode all classroom
behaviors as they ocsurred without prior decisions concerming a
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particular persnmective or the exclusion of certain groups of behaviors.
A difficuity in this approach is that no observer is able to be strictly
empirical in the classification of bshaviors; previous experience and ;
biases will enter into the generation of categories from observed and
desceribed behaviors. In this sense, then, even this approach is not
without an element of deductiwveness. Nevertheless, the emphasis here

is on obtaining data that is as free as possible from the application

of pre-determined criteria.

Teacher effectiveness

Only four of the s*udies reviewed in ithkis paper reported attempts
to assess the effzotivonzss of teachers in relation to behaviors.
Kochendorfexr (38, 39) repurted a significant relationship between BCAC
scores and Attitude Inventory scores and also the adjusted class means
on the Prccesses of Science Test. Kleinman (36) found more critical
thinking quastions essociated with kigh understanding of science as
measured bty the Tz:t on Understanding Sciense. Ferrence (21) found
positive corrsiations between task orientation (as determined by
teacher evaluatiocnz of pupil written reports) and teacher talk, gquestion=-
procedure, and discussion-procedure. A negative correlation was found
between irrelevant discussion and task orientation. Perkes (58) found
a direct relationship between lecturing, teacher demonstrations, and _
questions of a factual recall rnzture and student recall of factual
information. There was a negza2’ive relationship between thas above items
and application scores. Student achievement in applications was highly
related to laboratory discussions and activities, frequent use of equip-
ment, lessons stressing principles of sclience, and questions regquiring

speculation.

A generalization based on these results is difficult and perhaps
inappropriate. At best , the evidence suggests that higher level cog-
nitive achievement by students may be related to higher level activities
and behaviors in the classroom and th:’ lower level achievement and
activities may be related. Those especizally interested in effectiveness
research should also study the paper (in this symposium) by Evans,
addressed especially to studies utilizing the Flanders system of inter-
action analysis. Cbviously, more research must be done before we say
mach with confidence concerning teacher effectiveness in the science
classroom. Hopefully, some principles of teacher effectiveness, as
they arise from educational research, will also be applicable in the
science classroom. However, there are areas (such as effectiveness of
instruction in processes of science or scientific attitudes) in which
the primary source of information may have to be science classroom
research. In any case, it is clear that teacher effectiveness must be
considered in relation to quite specific goals and objectives of the
teacher. The task of acquiring ample information for science teacher

effectiveness thus becomes a asamplex and many-faceted taslk, reguiring
quite precise definition of the goals and objectives in questione.
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The task is further complicated by the recent evidence (61, 68) that
traits which alsc may show up as categories of behavior in an instrument,
are sometimss mmch too broad, actually containing behavioral components
that mask each other. £ 1s another example of cur nesd to obtain infor-
mation that may not be encompassed by current theory¥. Soar (68) has
suggested the contributiocns of maltivariate statistical apalysis in

this regard and Balzer and Bvans (8) have encouraged ths continued use
of comparatively inductive studies.

Vexrbal and nonverbal
bstaviors

Friedel (25) found that all indirect messages Wers nonverbal,
and that 87% of the direct messages cf the classroom were strictly verbal.
Parakh (56) reported finding that teachers talked about 75% of the
time and that in lecture about 8% of the behaviors were nonverbal, while
in lab 37% of the behaviors were nonverbal. Balzer (5) and Evans (20)
found that more than 656% of 21l behaviors included nonverbal components
judged to influence the tesaching-learning situation.

Numerous early researchers assumed that verbal behaviors constituted
an adegnate sample of teacher bshavior. The above findings cast doubt
on the validity of this assumption in science classrooms, While it ap-
pears that science teachers talk most of the time and tallk much more than
the pusils, it also appears thai they do very much besides just use
oral lznguage. The extent ard significance. of nonverbal commuiaication
in ths classroom appears to resd muchk more research.

Similarities and differences i
behavicrs and interaction

Several researchexrs reported significant differences among teachers
based on behaviors. Kondo (41) reported that differences in complexity
of questicning patiterns were relatively striking between individual
teachers. Snyder (66) found that teachers differed more in guestioning
behavior than their classes differed in this regard. Gallagher (28)
reporied substantial differences among BSCS teachers in goals, siAll
topics, levels of abstraction, teacher talk per class, and conteni,
topics on a given subject. He suggested that there was no such thing
as a BSCS curriculum in the schools, but rather individual interpreta-
tions ¢f BSCS. Balzer (8) found significant differences among individual
teachert!s behaviors in mumercus subcategories and subdivisions of behavier,
But not between BSCS teachers and non-BSCS teachers.

Some researchers also reported similarities in teacher behaviors.
Snyder (66) reported that teachers were similar in the relative usage
of categories of questions. Balzer (6) found z high correlation among
teachers in the relative usage of behaviors cf various categories, sub-
categories, and subdivisions of the BTIBIL. (Lt appears that teachers whose
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behaviors are strikingly similar in some respects may be significantly
different in other respects, or when behaviors are analyzed in another
way. Additional descriptive studies are needed to further identify
those respects in which teacher behavicrs are similar and significantly
different. An adequate answer to the question: "In what respscts do we
want teacher behavicrs to be similar and differenti" appears to b2 much
farther away.

Affective and higher level cozritive behaviors

Kleinman {36) reported finding only one "value!" question in her
study. Gallagher (28) found that description and explanation were the
common styles, but found few topics dealing with evaluation and decision-
malking. Friedel (25) found 31% authoratztive information behaviors by
teachers ccmpared with 5% experimsntal information. 1% of the teacher
behaviors were positive reinforcement and 1% were negative reinforcement.
Esler (19) reporied 8% discovery behaviors for non-CHEM Study teachers
compared with 54% discovery for CHEM Study teachers. Balzer (5) and Evans
(20} found that knowledge behavicrs constituted about 33% of all content
development behaviors, cr about 16. 84 of 21l behaviors. By contrast, about
12.5% of the content development behaviors (or, about €% of the total)
were classified as scisntific process behaviors. They found that positive
and negsotive affectivity zcecounted for 0.53% and 0.84%, respectively, of
all the behaviors encocded. Parzkh (56) reported that evaluative behavior
constituted 7%of the jectures and 3% of the labs. He found problem-solving
behavicrs to constitute 0.&% of ihs laboratory behaviors, and 0-1% of the
lecturs chaviors. Eunter (32) Fsund that about 95% of all qusstions asked
were of ihe cognitive memory tvse and that only 0.4% were evaluative and
0.4% were divergent. She found +that the teachers used praise zbout 4%
of the toizl class time, and thii 97.7% of the praise statements wsre given
without reascns. Rejection was used about 5% of the class time, and 7.2%
of the rejection bechaviors were accompanied by rational reasons. Moore
{50) reported that the teacher statements of asking for, and answering
with facts accounted for over 50% of the time in both PSSC and non~-PSSC

classes.

The interpretaticn of the sbove is quite clear. ZExcept for the two
CHEM Stuly teachers involved in the Esler study, the major emphasis in
classes reported on was informational rather than affective or higher level
cognitive. Furthermore, it must be pointed out that many of the affective
behaviors reported were negative, and that affective behaviers in the class-
room may or may not imply affective learnings. If we desire appreciable
affective and higher level cognitiva behaviors in the classroom, we will
have to find and use effective ways of educating or training teachers in
their initiation.

The nature of secience

Paralh (56) reported that behaviors psrtaining to the nature of
science were virtually absent. Baizer(5) and Bvans{20) found behaviors
concerning the nature of science to be.limited to references to the
tentaiiveness of knowledge, which constituted less than 1% of the be-
hrviors. From these data, it would appear that very little instruction
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specifically pertaining to the nature of science may be taking place in
classrooms. The need for 2d3itijonal €lassroom interaction Studies focusing

on this major science education eoncern is apparent.

The training. and education . O ssience
teachers and Posoavicr chslZe

The four studies revieW2d pertaifing to this bopic were all
attempts to identify behavioral gjffereRCes or changes in relation to
science curricilum training€ Programs, SUWTher workshops, or inservice
sessions. Some wWere repor’blng these Gifferences also in conjunction
with differences in curriculum ma+eridls being used in the classroom.

Ashley (3) attempted to idepntify Changes in behavior during the
course of a Science - A Protess appro3Ch ingervice Programe He found
a major inerease in the deSired girate&¥ use from the rirst to the
second observation and an oVerall decrease thereafter, He &lso found
a negative correlation between ati3tudeS ang the use of strategies con~
sidered to be positive. THi® fingings ©F Halj (30) concerning training
in Scierce ~ A Process ApprR2Sh and the use of the materials Were de-
seriptive i nature and quite difrs cult to jpterpret. To this wpster,
the findings appeared to Pe iR owerall confljct with Science = A
Process ipproach philosophY. Hunter (32) studied behaviors in classrooms
where teachers had been trai.ned in one of six new elementary SCience
prograns {and were teaching thess prograns) gnd compared these with
a contesl group. Hunter Found i3yile dflference beticen the twu groups
except ithzt the experimentad grcup had more pupil talk, less tenrcher
tallk, ond greatsr use of maleri.n by PUPils than the control grcup.
Wilson (74) studied the quesSticr .. cking behavior of Sors and non.sSCIS
teachars. The SCLS tsacherS had neen traineg in the use of the scrs
approach, The control grouP had npot been so trained, were strongly text-
book orientsd, and did not ©Spouse the iNquiry-discovery approach. Wilson
found lower level questions 2skeg sig I:Lcantly aore by the control
group and higher level questicns asked significantly more by the SCIS

EX0QDe

Hence, the evidence 2PPears to be intopclusive concerning the
efoCtS cf training programs il'l the new Seience programs onl claSsroom
behaviors. A clear reolationship goes not appear to exist either when
differences in materials being ussd coRStitytes 2 Variable Or wWhen it
does not., Obvicusly, more Studiegs pertaining to the rglationship be=
tween training programs and Classroom Pehawviors are needed-

Probabily we will continue to need broag, descriptive studies
attempting to describe beshaViors under Varigus conditions, including
teacher training and the use® Of yarioulS CUrrjculum materialsSe Such
studies are needed to enable Us to understang what is actuzlly occurring

under given circumstances iR ClasgroomSe

It may be, however, that the gross mix of wvariables in Such studies
prohibits our learning very much agboult Wainjng programs. Behavior
analysis in conjunction with an ggucatdonal process or training program,
0™ it is to provide informaiion concerflNg that process or Program, should

ERIC
. z6



* FILMED FROM BEST AVAILABLE COPY

proceed with maximum control of other variables. Long-range studies of
individual teacher behavior change would appear to be a promising approache.

Since there is considerable evidence (72) that behavior change can
result from direct tezchar tra2iring in behavior skills, it seems
that researchers and curriculum developers should be encouraged to
incorporate such procedures in their studies and plans. This would enable
us to learn more about the potential of this direct attack on behaviors
in science education.

A word of caution is in order at this point. The above discussion
implies the need for statements of desired or of preferred behaviors.
As is evident throughout this paper, it does not appear to this writer
that we have ample rescarch evidente to enable us to make strong
statements about which behaviors are best, or most effective, at
this time. We should be willing, however, to attempt to conceptualize,
describe, and measure behaviors consistent with philosophy, raticnale,
and objectives.

Finally, this writer continues to maintain the hope that effective
means for facilitating the personal involvement and commitment of the
individual teacher can be developed. Perhaps we would find that the be-
havior traiming needs of t- achers committed to a given philosophy would
be very different from a teacher not so committed. The evidence in
the Ashley (3) study would seem to indicate that attitudes and behaviors
do not nscessarily correspond, but the evidence of the Wilson (74)
study can be interpreted as preiiminary indication that behavioral
differences are more likely tc¢ arise in conjunction with training and
curriculum differences when th:rs are also commitment differences.
Certainly, the behavioral differences between the trained and untrained
teachers were the most pronounced among the studies of this type
reviewed, in the Wilson study, which incorporated a commitment difference.
In short, it is hoped that in our concern for teacher behavior training,
we will not forget the role that teacher education may play. Teacher
education and behavior training sheuld be able to complement each other.

Recommendations

i. More research studies should be undertaken in science classroom
interaction at various grade and ability levels. One of the most basic
needs continues to be for more extensive descriptive data. We still
do not know enough about what happens in science classrcoms. and only
extensive, objective, descriptive data will resolve this problem.

2. A variety of instruments, creatively developed, are nceded. A wide
range of models, wisely chosen from various disciplines, should be
employed in thier development, and models should be developed in science
education for science teacher classroom behavior and classroom interac-
tion. There does rnot appear to be an instrument that is adequate for
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all our research needs at the present time.

3. Inductive and deductive methods of instrument development should
ke employed, and careful and critical thought should be given to the
contributions of each method. One of the strengths of the inductive
method appears to be in the provicion of an extensive empirical base of
data. The deductive method would appear to be more effective in the
provision of data concerning specified areas of behavior or in describ-
ing behaviors viewed from a specified perspective or bias. For
example, the deductive researcher studying inquiry might "find" a
behavior in hypothesis formulation which an inductive researcher might
have seen simply as scientific process.

4, Through instrumenis developed as described above, we should descrive
more fully science classroom behaviors and interaction in such areas

as the nature of science, processes and skills of science, scientific
attitudes,; scientific literacy, inquiry, concept development, environ-
mental education, social responsibility, and social implications of
scientific knowledge.

5. Nonverbal behaviors of teachers should be carefully studied in the
future rather than ignored or assumed as unimportant. Several

recent researchers have found nonverbal behaviors to be prevalent, but
additional descriptive information is needed.

6. Sixslarities and differences in behaviors of individual teachers
should Lz more carefully studi=d and eventudlly these data should

be related to models a2ad findinzs concerning effectiveness. Problem
areas includs whether or not significant individual differences among
teachers should be maximized or minimized, and in which respects.

7. ¥Ws should contimue our pursuit of knowledge concerning teacher effec-~
tiveness. However, effectiveness i3 many-faceted and it has become
apparent that science educators must come forth with precise statements
of desired objectives. There will (and probably should) be a wide

range of opinions concerning priorities, but the possibilities must

be expressed and related to science classroom interaction.

8. In any given study, effectiveness mst be precisely defined.
Goals and objectives of the teacher should be clearly incorporated

in such definitions.

9. Decisions must be made regarding the frameworks in which facets of
effectiveness should be expressed. Examples might include goals and
objectives proposed in various curriculum materials, the nature of science,
the processes of science, human abilities as classified according the
Bloom's taxonomy, and inquiry. It may not be reasonable to expect an
adequate volume and quality of effectiveness research on all facéts of
effectiveness as conceptualized according to all such relevant frameworks.

. - 2018
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10, Much mcre research which describes student behaviors in the class-
room should be initiated. Studies by Ferrence (21) and Parakh (53) should
be consulted by iiose interestsd. An aspect that should be attended to

is teacher interaction with individual students.

11. On the basis of the research reviewed in this report, it appears
that long-range classroom behavior and interaction research programs
still do not exist, with the possitile exception of the current works
by McRel. Such major, long-term efforts generating classroom data
should be undertaken.

12. Additional research studies should be carried out pertaining to
teacher training programs. Long-range studies addressed to behavior
change in time are neaded, especially in relation to behavior and inter-

action training.

Summary

Twenty recent science classroom behavior and interaction studies
were rsviewed. Flanders-based studies were reviewed by Evans for this
symposium and have not been included here. A discussion and appraisal
of the status and findings of science classroom interaction focused
on the following aspects: (1) The number of studies and the class-
room s=tting, (2) Theoretical. framework, (3) Teacher effectiveness,
(4) Verbal and nonverbal behavicrs, (5) Similarities and differences
in behaviors and interaction. (6) Affective and higher Ilevel cognitive
behaviors, (7) The nature of science, (8) The training and ecducation
of science teachers and behavior change. Twelve recommendations
concerning these aspects were made.

R
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