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ABSTRACT :

Reported is a study designed to describe the nature
of teacher—pupll materials interactions occurring in classrooms using
Australian Science Education Project (ASEP) materials and to
investigate relationships between these interaction patterns, changes
in student achievement and attitudes toward science in classes taught
by teachers whose educational values, experience, and training
differed. A Teacher Opinion Scale and a Teaching Practices
Questionnaire were administered to a random sample of 68 teachers, 73
students undertaking the post-graduate diploma in education, and 16
ASEP members. Classroom interaction was analyzed using an instrument
developed by the investigators, a Scheme for Analysing Behaviour in
Individualised Classrooms (SABIC). Sixty-three videotaped lessons
were analyzed. Correlations were computed between interaction
measures and various outcome measures. Classrooms using ASEP
materials were found to be inquiry oriented, with active student
involvement. Among other findings was that of a strong negative
relationship between teacher-materials interaction and student
achievement, indicating that if the teacher is ill-prepared,
essential materials are not readily available, and the teacher is
unable to quickly pinpoint student difficulties and deal with them,
class achievement suffers. (Author/PEB)
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INTRODUCT ION

Whereas the past 15 years have been characterised by a great deal of interest
in.the teaching-learning process (c.f. Nuthall, 1968; Rosenshine & Furst, 1971;
1973), most of the research studies have concentrated on ''conventional" classrooms
where the teacher is the dominant actor. It is not surprising therefore that
teacher activities such as "use of structuring statements', ''use of pupils ideas",
"level of questioning,' and "use of a variety of procedures'" are frequently found
to be among the ones which are associated with pupil achievement (Rosenshine &
Furst, 1971). However, we do not know whether these activities are associated
with achievement in clesses where self-paced curricula are used. Furthermore,
there are many behaviors which occur in individualised lessomns, but rarely, if
at all, in conventional ones. Scme of these may turn out to be significantly
associated with pupil growth in individualised situationms.

When self-paced gurriculum materials are used what happens in science lessons
is shaped, to a great extent, by the curriculum, The pupils' source books and
record books guide the activities of individual students, small groups and,
occasionaliy, the class as a whole, But curriculum materials are not the sole

determinant of what happens in self-paced classrooms. . How the materials are used

® currently Visiting Professor, University of Illinois, Urbana,



O

ERIC

Aruitoxt provided by Eic:

2.
depends very much on the teacher, on his eduéational values, training and experi-
ence, Pupils, too, will use and interact with the materials in varying ways
depending on their ability, prior knowledge and attitudes towards science. In
other words, there will be variations in the interaction patterns and classroom
climate of classes using the same curriculum unit, and some of these variations
will be related to variations in the extent to which the cognition and affective
objecﬁives of the unit are achieved,.
In this study an attempt was made
(a) to describe the nature of teacher-pupil-materials interactions occurring
in classrooms using Australian Science Education Project (ASEP)
materials
(b) to study relationships between these interactionnpatterns, changes in
student achievement and éttitudes towards science in classes taught

by teachers whose educational values, experience and training differed.

Methodology

The study described here represents part of a larger research project being
carried out at the University-of Queensland. The Queensland project, which is
funded by the Australian Advisory Committee on Research and Development in
Education, is designed to study the effectiveness of teaching activities in
science classes using the Australian Science Educationxbroject (ASEP) materials.
These materiéls are designed to allow pupils to work in gfoups, to proceed at
their own pace and to inquire and to discover for themselves. In the Queensland

project twenty-one teachers and teacher trainees were asked to use a section

of an ASEP curriculum unit entitled "Light Forms Images'. The complete unit

comprises a core of material which all pupils are expected to master plus a

series of optiomal activities. Usually five teaching periods (of approximately

40 minutes each) are required to complete the core and 20 periods are allowed

for the optional activities.
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Initially a Teacher Opinions Scale (ASEP, 1973) and a Teaching Practices
Questionnaire (Adams, 1970) were administered to a random sample of 68 teachers,
73 students undertaking the post-graduate diploma in education and 16 ASEP
staff members. The data from these questionnaires were analyzed by using a
principal components procedure followed by a varimax rotation to establish value
dimensions, and the results were then used to establish clusters of individuals.
Each cluster contained teachers whose value orientation towards teacning and
science curricula were similar. The 21 teachers asked to use the core of the
ASEP unit were selected so that several representatives of each cluster were
included in the study. Thus the study included some teachers whose values were
congruent with those of ASEP and others with dissonant values.

The experiencad teachers remained with their usual Grade 9 class. The
classes of the diploma students comprised ten to twelve randomly selected Grade 9
pupils. Three of the five lessons required for the core material were video-
recorded, and the videotapes were analyzed using a classroom behavior coding
scheme (SABIC) designed especially for this study. Achievement and attitude
pre-tests were administered before teaching on the unit began and pést-tests,
including the Class Activities Questionnaire (Steele, House & Kerins, 1971),

 were administered during the sixth lesson, Data were obtained from 303 pupils,
of which 150 were in the classes of the Dip. Eds._ In designing the study, the
authors were céncerned the results be of both theoretical énd practical signifi-
cance. Disncussions with ASEP staff and trial teachers revealed that they were
very much concerned with determining the éxtent to yhich the ASEP environment

- should be structured. The classes of the 15 diploma students were allocated to
three different treatments in an attempt to provide information relevant to

whR B S
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their concerns. The treatments were as follows: -

Treatment 1 : Additional Structuring.

‘ The five classes in this treatment used the ASEP pupils' guide, record
book and ancilliary equipment. At the beginning anc end of each lesson the
teachers led a class discussion on the salient points which had been covered
previously and indicated those points which would arise in the ensuing lesson:
that is, they involved the whole class in review and overview at the beginning
and end of each lesson,

Treatment 2 : ASEP Materials

The classes in this treatment used the ASEP pupils' guide, record book and
ancilliary equipment, Their activities were guided by the instructions in the
curriculum materials and the teacher acted as a resource person.

Treatment 3 : Unstructured.

In this treatment the classes were supplied with all the equipment and aids
necessary to study the concepts in the ASEP unit "Light Forms Images" but they
were not provided with the pupils' guide or record book. The pupils were
encouraged to explore on their own with the teacher acting as a resource person
‘and, where appropriate, guide.

All diploma students were trained to use ASEP materials and to follow tﬁe
treatment to which they were assigned. Those assigned to treatment 3 were
familiar with the unit “Light Forms Images" and sought the same objectiﬁes.

Experienced teachers were allocated to one of two treatments, "trained" or
"untrained." Trained teachers undertook an inservice program at the Univérsity
of Queensland in which the objectives, rationale and possible strategies fo;

the unit chosen were discussed.
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A SCHEME FOR ANALYSING BEHAVIOR IN INQUIRY CLASSROOMS (SABIC)

A great many systems have been developed for classifying the behaviour of
teachers and pupils in teacher-centered classrooms. In general, these systems
appear to have limitations when one attempts to uge them to describe the many
and varied interactions between teacher, pupils and materials in inquiry-oriented,
self-paced programs, such as the Australian Science Education Project. Indeed,
the authors did attempt to use several of the existing schemes but found that
none of these could be used in analysing interaction in A.S.E.P. classrooms with-
out considerable modification. SABIC, a Scheme for Analysing Behaviour in
Individualised Classrooms, grew out of these attempts..

Sampling Behaviour in Individualised Classrooms.

Anyone who has observed both‘teachef-centered and self-paced classrooms
cannot help but notice the much greater complexity of the latter, In the teacher-
centered classroom, most of the time, the teacher is int..racting with a target
pupil or pupils while the rest of the class observed: in self-paced programs,
twenty or more interactions among teacher, pupils and materials may occur simul-
taneously. The observer if faced with the '‘cocktail-party problem', on who
and what should one focus in a room buzzing with activity.

In collecting a video recérd of A.5.E.P, classrooms, two videocameras,
three microphones and a coﬁtrol console inqorporating audio and video mixers
were used. Of the three microphones, one, a radic microphone, was placed per-
manently on‘the teacher, and the other two on each of two groups of pupils. At
the beginning of a recording, cameras followed the teacher around and his micro-

. .
phone was turned up for the first three minutes. For the next three minutes,

the focus was on one group, and for the next three, the focus was on another.

Then back to the teacher for another three minutes during which time, the
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remaining microphones were switched to another two groups. Subsequently, the
behaviour of these groups was recorded, and so on,

Unit of Analysis

The basic unit cf analysis in SABIC is the dominant behaviour observed
observed during each ten second interval. A time rather than a functional unit
was selected, because sampling the teacher and groups for three-minute intervals
precluded the possibility of a continuous behaviourai record,

Coding System,

Interaction between persons is essentially a process of communication. One
can identify the gource of a message or act, the person transmitting, and the
target of the message, the person(s) to whom the message or act is directed. A
message or act can be of several types - questions may be asked and information
given during verbal interaction; students may write, experiment, observe, etc.,
in‘working through curriculum activities. acts may fulfill one or more fgnctions,
and may be designed tc contribute to the intellectual processes of the classroom
instruction, non-instructional or affective processes. A listing of the classi-

ficatory categories with their respective codes appears in Table 1 below.

- Table 1 about here

RESULTS (1) THE NATURE OF INTERACTION PATTERNS IN ASEP CLASSROOMS
A total of 63 videotaped lessons were analysed using the preceding_schemé
and the frequency of occurrence of each category determined. These frequencies
are shown in Table 2, 1In interpreting the results, the procedure used in
sampling teacher and student behavior needs to be kept in mind. Two-thirds of
ﬁhe time was directed to observation of stgaent interactions with otl.er stu-
-dentg, mgterials; énd, where relevant, the teacher, 'The remainder of the ;ime

was spent in observing the interactive behaviour of the teacher.l In fact, most
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of the time both sets of interactions occurred simultaneously. The proportion
of time during which the teacher interacted with the class as a unit, giving

directions, engaging in recitation and the like is given by the percentage of

T-C interactions,

Table 2 about here

Table 2 also contains mean percentages of the various treatment groups.
The observational Adata provides a check on the success of the treatments as well
as valuable data in its own right., We find, for example, that the proportion of
teacher~class interaction was sfgnificantly high for the additional structuring
classes than the ASEP materiéls or unstructured groups. There was also a higher
llevel of cognitive activity, less task irrelevant aétivity and more discussion
of progress towafds the unit 6bjectives. On the other Hand, in the unstructured
classes students wrote less -and experiﬁented more, It would seem that the
tra;ning procedures used were effective in producing the desired variatiops in
behavior.‘

Ian training the experienéed teachers, we did not intend to dictate to them
how the unit "Light Forms Images' should be used. Our glaim that we do not
know which behaviours would prove effective in ASEP classroomé was pérfectly
honest one., We did, however, explain Qery carefully the rationale and objectives
of ASEP; work through sections of_thé unit; vieQ videotapes of teachers using
other units; and engage in lengthy discussious ébOut po#sible alternative.
strategies. There is some evidence to suggest that the training procedure was
Eeneficial. In the trained teachers' clagses, there was more group activity and
experimenting; and there wéé léss difficulty, less task irrelevant activity and

leés negative affect,
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There were quite a number of similarities between the behaviour patterns
in the experienced teachers'classes and in those of the science education stu-
dents, For example, fact stating, explaining and questioning were low in both
groups of classes, Experimentation, information-giving and direction-giving
were common activities, Most iaformation-giving served‘a descriptive function
while the directions given generally related to procedures to be used in working
through experiments and allied tasks. 1In all classes, praise, encouragement,
sarcasm or extremes of criticism were rarely noted. Nevertheless, in the classes
of science education students praise and encOuragement were used more often and
more consistently, Overall, the pattern of interactions in ASEP classrooms in
Queensland stands in marked contrast to that observed in other Queensland class-
rooms .(Tisher, Power & Endean,l19735. Whereas in conventional classroom, the
teacher occupies a centre-front position 80-907% of the time and students experi-
ment or interact with one another 10-20% of the time, the percentages are reversed

in ASEP classrooms!

Table 3 about here

’(2) RELATIONSHIPS BETWEEN SABIC MEASURES AND OUTCOMES

Using the class as the unit of analysis (N=21), correlations were computed
between interaction measures and various outcome measures. The results are shown .
i; Table 3, The pre and post achievement and attitude-scales reiate directly to
the cognitive and affective objectives of the unit "Ligh; Forms Images."

'Among other things, we find that the more often en individual pupil (rather
than a group of pupils, materials or Fhe téacher) was the target of an interaction,
the lower and more variable was student acbievement. The frequency of teacher-

materials interactions was negatively related to student achievement. Whereas
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teacher-class interactions reduced variability in achievement, teacher-pupil
interactivns led to greater variability. The incidence of questioning and explain-
ing was positively related to student attitudes, while observing, interpreting
and che absence of activity were negativelylassociated with student attitudes
towards the unit.

A usua} assumption in research on teaching is that the associations between
variablesg will be linear ones. But this may not necessarily be the case. Both
Nuthall (1973) and Soar (1972) have recently reported the existence of curvilinear
relationships between teacher behaviour and pupil growth. It was decided to begin
a search forv curviiinear relatignships and for interactions between student
characteristics and SABIC measures using the data oStained in this study. For
the experimental classes, when their adjusted mean achievement and attitude scores
wvere plotted againsi SABIC measures for the 21 experimenﬁal classes, a somewhat
confusing set of graphs (72 in all)yemerged . So far the résults have not been
particularly promising - the plotted means are scattered and generally any real
or imagined curve is little better than a straight line. Even when tests for
linearity of regression indicated thét a non-linear relationship did gxist and
‘NE values were significant, we had doubts as to the meanings of the relationship.
Also, we wish to add the information from our 1973 replication study to that of
the present one. WiFh more data clearer associations may emerge.,

In one experimental phase of this study, the affects of structuring were
examined., That training was, in fact, effective and has already been illustrated
with the SABIC data. The behaviour patterns occurring in thé classes with
"additional structuring,” classes using the fASEP materials,” and the '"umstructured”
classes were different,. Botﬁ teachers and students were assigned at random to

treatments. The self-paced nature of ASEP materials meens that, by and large,
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students are able to respond independently to treatments. Under these circum-
stances, it was argued that students could be used aé tﬁe uﬁit of analyéis:

A variety of two way analyses of covariance (e.g., treatment-by-teacher values)
were carried out with the relevant pre test score as the covariate and several,
significant main and interaction effects detected. The concern in this paper

is with the effects of interaction patterns and teaching strategies per se.

As a detailed discussion of interactions of these variables with other variables
of interest in the major study would convert this paper into an epic, only the
main effects of the treatments are reported here. For a more detailed discussion

see Tisher and Power, 1973.

Tables 4 and 5 about here

Significant differences between treatments were found for adjusted achieve-
ment scores but not for attitude scores. As the structuriné of learning experi-
ences by the teacher and curriculum materials is predominantly a cognitive enter-
prise, the :éSulc is not surﬁrising.' Contrasts among the treatments for adjusted
treatments were made‘using the Scheff&AMethod. Contrasts revealed that treatment 1-

(Additional structuring) was superior (p ¢ .05) to treatment 3 (Unstructured)

- and that, on the average, treatments 1 and 2 were superior to 3 .

DISCUSSION

The evidence obtained in the descriptive phase of this study does suggest
that the patterns of interaction in classes using the ASEP unit "Light Forms
Images" 1s quite unlike that found in science classrooms using more conventionai
programs. A similar interéctién pattern seems to characterise classrooms using
other ASEP units and using other '"individualised'' programs like ISCS (Power &

Tisher, preliminary data; Vickery, 1972). Both our observations and analysis
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of data obtained from measures of student perception of the classroom environ-
ment indicate that such classrooms are inquiry oriented: students spend much
more time experimenting, independently exploring and participating directly
in classroom activities and far less as passive audience members. Also we find
that there is far less emphasis on cramming, on grades and memorization. What
happens in the average ASEP classroom tends to be congruent with the values of
ASEP staff, the extent of congruence increasing when the values of the teacher
are in harmony with those of ASEP and for when teachers are trained to use the
materials (Tisher & Power, 1973). Overall, it seems that in ASEP classrooms,
the teacher is no longer the remote provider and the students the dyspeptic
receivers, New roles and new skills are demanded of the teacher.

While few associations were found between SABIC measureés and student residual
scores, the relationships obtained are intriguing. It will be interesting to
see if they show up again in the replication study currently in progress in which
we are studying the far more socially sensitive issues raised in a population
ecology unit, "How Many People?" The results suggest that there was far greater
variability in achievement in those classes where

(a) there was frequent teacher-pupil interaction and infrequent teacher-

class interaction, and where
(b) correspondingly, pupils, and not the class, groups of pupils or materials
. were the target of interaction.

In othér words, the more "individualised' and 'personalised'" an individualised
classroom becomes, the more variable will be student achievement, and changes

in student achievement, Also the more oftem interactions are directed at a single

pupil (largely pupil-pupil, teacher-pupil interactions), the lower the overall
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achievement of the class., Bearing in mind that the achievement measure used was
basically a criterion-referenced one, the results provide a fertile ground for
debate,

The results also indicate a strong negative relationship between teacher-
materials interaction and achievement, It would seem that class achievement
suffers if teachers spend much of their time looking for equipment, reading
through the ASEP materialg in an effort to Aetermin what studenﬁs should do next or
as a preliminary to answering a student question, It would appear that in classes
where teacher-materials interactions are common, the teacher is ill-prepared:
essential materials are not readily available, and the teécher is unable to d
quickly pinpoint student difficulties and deal with them, Expressioﬁs of teacher
and student non-involvement and disinterest (no activity, observation) are
associated with negative attitudes while active task-oriented acktivity (question-
ing, explaining) is positively asséciated with attitudes The experimental phase
of the study indicates that a certain amount of teacher structuring is needed to
facilitate.achievement.

Iﬁ ASEP classrooms, the ;eacher is called upon not to teach but to create
a viable learning environment, Rather than playing the‘role of a broadcasting
station, the teacher must devote more time and thought to ways of stimulating
interest; to initiating and managing the activities of groups and individuals;
to guiding students aﬁd giving them help, directions and feedback if, and when,
required; to ways of integrating the divefse expefienceé of ;ndividuals so that
clear, stable and usable concepts and generalizétions will emerge, ZKS con-
ductor of the learning orchesﬁra, the teacher must be responsible fof the subtle

blending of the notes from many instruments which produces a work of art rather
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than cha§§7, In this role, our results indicate that the teacher may need the

same detailed‘knowledge of ins;ruments (materials) and to the way in which the
members of his orchestra (students) use them, as the conductor, Also, he must
have a score: a grand plan which is sufficiently clear to give structure,

meaning and purpose to activity, yet sufficiently flexible to allow for the talent
and artistry of his students =-- and he must explain the score to his students

from time to time. Finally, the results suggest that learning orchestras do not

play by themselves ... they do need a conductor who conducts.




TABLE 1: A List of the SABIC Categorics

Souxce 1 Materials Target 1 Materials
2 Teacher 2 Teacher
3 Class 3 | Class
4 Group | 4 Group
5 Pupil . 5 Pupil
Act 1 Question Act 5 Writing
2 Follow-up question 6 Experimenﬁing
3 Information-giving 7 Observing
4 Directions 8 Reading
9 Multiple act.
Function

(a) Intellectual processes

1 Fact-stating ' 2 Describing
3 . Interpreting 4 Explaining
5 Other cognitive

(b) Imnstructional processes
1 ~ Purposes . 2 Procedures
3 Difficulties 4 ' Progress

(c) Non-instructional processes

1 Ignores
2 _ Does nothing
3 . Task irrelevant

(d) Affective processes

1 + Emotional - praise, encouragement
2 - Emotional - sarcasm, discipline, criticism

(ej Other




TABLE 2

CORRELATION OF SABIC CATEGORIES WITH CRITERION MEASURES

*
Criterion Measures

r » 0.50, significant at

SABIC Category
Achievement Attitude
Mean S.Devn. Mean s,Devn.
Pupil as Target >-4o 41
Class as Target -39
- Teacher-Materials
Interaction -€f1

Teacher-Class Inter-

action ~41
Teacher-Pupil Inter-

action 43

No Activity -43
Questioning 40l 37
Observing -48
Fact Stating 56
In;erpreting 46
Explaining 63
Procedures 51
}
* o > 0.37, significant at .05 level
* .01 level




TABLE 3: CATEGORY FREQUENCIES AS % TOTAL

Sc. Ed. Studeants Teachers
SABIC
Category
STR ASEP UNSTR TRAIN UNTR. TOTAL
P Source 10 16 14 5 18 11
G. 42 42 46 57 44 50
T 48 42 44 33 36 35
P Target 14 17 18 9 17 13
G 22 |- 31 25 16 15 15
C 13 3 1 13 15 14
T 6 5 7 5 9 7
M 44 42 47 55 42 48
P-M 41 © 40 43 53 39 | 46
P-T : 6. 8 7 5. 9 7
P-P | 4 11 5 2 11 6
T-y 2 2 4 1 2 2
13 | 3 1 13 14 13
T-P | 32 36 38 23 21 22
0 Activity 4 5 4 5 6 6
Quest, 10 8 % 11 . 5 9 _ 7
Inform. 16 12 17 8 15 11
Direct. 12 11 8 14 12 13
Write 5 - 4 1 4 6 5
Expt. 30 25 38 41 127 34
Obs., 8 19 10 14 11 13
Read 7 12 5 7 7 7
Q-4 7 4 5 -2 10 6




TABLE 3

(Continued)

Sc. Ed. Students Teachers
SABIC
Category
STR ASEP UNSTR. TRAIN UNTR. . TOTAL
FAC 5 3 7 5 6 6
DES 13 6 13 4 14 9
INT | 6 2 2 2 2 2
XPL 2 3 3 1 1 1
PRO 20 16 22 21 22 21
DIF 2 2 | 2 1 2 1
PRG 3 1 1 1 4 3
NTH 3 5 5 3 5 4
"+ AFFECT 2 1 3 0 0 0
- AFFECT 1 1 1 0 2 1




TABLE 4: ANALYSIS OF COVARIANCE: ATTITUDE

Source S8 Df MS F
Treatment 6466 ) 2 3233 2.3
Error 2198 146 1402

Total 8664 148
Adjusted cell means: Tl = -016; T2 = =130; T3 = 377

' TABLE 5: ANALYSIS OF COVARIANCE: ACHIEVEMENT

Source SS Df ’ MS F
%*
Treatment 62 2 31.0 4.5
Error. 1013 146 | 6.9
Total - 1075 148

* sig at €¥ - 0,025 level

Adjusted xell means: T1 = 10.3; T2 = 9,52, T3 = 8.68
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