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Editors' Preface

The ideas and perspectiv es discussed and analysc -I in this book reflect thi,.
accumulated experiences of liv e researchers from two continents. The
opportunity for two American researchers to spend a sabbatical leave at a
university in Coastal Australia* provided the impetus for the reported
work. Initially, our V% ork was defined as a short, specific study of class-
room interaction patterns. As our team grew to h e five authors in this
book (together with a sixth person who was involved in some classroom
observation), other interests and perspectives came into play and these
necessitated a longer and broader project. After our work was completed,
we realized that we had gone far beyond the usual research papers;
indeed, we had a book-length manuscript. At that point, we had the
good fortune to meet wid- Malcolm Clarkson of Falmer Press, who was
both encouraging and patient with us. Although we all were together in
the classrooms of Dalton. we were separated when we returned to our
home institutions to reflect and to write.

The book you are about to read is the result of a year or two of
writing, criti9uing and synthesizing information. These activities occur-
red in four locations on tw o continents. Therefore, if anyone or anything
should be thanked or acknowledged by us. it is the marv el of electronic
communication!

A qualitative study records, interprets and analyzes actual occur-
rences. In addition, the researchers try to place their syntheses in a theo-
retical framework. Our work includes both aspects. individually, we
recorded and interpreted observations; and, collectively, we validated as-
sertions and interpretations in order to build a theoretical base. Separate
chapters, therefore, look through windows into science classrooms using
direrent colours of glass. That is, different aspects of the total classroom
are reported and interpreted in most chapters. Only Chapters 1, 2 and 8
involve a wholistic view of tne classroom or the teaching and learning
experience.

To preserve thc anony mit), oldie teadwrs and school involved. fictitious mums are
used for the teachers. the school. the city and the State

ix
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Editors' preface

Last, we must thank the two most important and most harassed
members of our team Sandra and Peter, the two teachers who invited
us into their classrooms. Without their patience, understanding and coop-
eration, we would not have had the very special and rare opportunity to
learn about bilmers to higher-level cognitive learning in science.

One of the authors, Kenneth Tobin, taught high school science in
Perth, Western Australia for ten years before commencing a sixteen-year
career in teacher education. Tobin completed undergraduate and graduate
degrees in physics at the Western Australian Institute of Technology
(now renamed Curtin University of Technology) and a doctorate in
science education at the University of Georgia. For his first tcn years as a
science educator, he pursued studies of teaching and learning science from
a process-product perspective. In the past five years, he has undertaken
programmatic research in science and mathematics classrooms using in-
terpretive methods His work has been recognized with fourteen awards
from several professional associations, including the Raymond B. Cattell
award from the American Educational Research Association. Tobin has
published more than 100 papers, monographs and books in refereed
sources. Tobin's current research interests arc focused on studies of
teacher enhancement and include investigations of the knowledge, beliefs
and metaphors which teachers use to make sense of teaching and learning.
Presently he is Head of Curriculum and Instruction at Florida State
University, a Board member of the National Association for Research in
Science Teaching and North American Editor of the International Journal
()f Science Education.

Jane Butler Kahle, an international scholar in the area of gender
issucs, began her career teaching high school biology in rural Indiana.
Purdue University's inservice summer institutes allowed her to complete
a Master's degree and a PhD in biology education. She is thc author or
editor of five books, as well as twelve chapters and numerous papers. In
thc past, Dr Kahle's work with preservice and inservice teachers has been
recognizei by the National Science Teachers Association (STAR award
recipient), and she has served as president of the National Association of
Biology Teachers. Currently, she is chair of the Board of Directors of the
Biological Sciences Curriculum Study and Section Q of the American
Association for thc Advancement of Sciencemd is president of the
National Association for Research in Science Teaching (NARST). She is a
member of the National Research Council's Connnittee on High School
Biology and of the Association of American Colleges Advisory Com-
mittee on the Undergraduate Curriculum. Kahle's research is focused on
factors affecting the entrance, retention and achievement of girls and
women in sci,nice courses and careers. She has won several national and
international awards for her research. Her role within the research team
was to analyze the teaching and learning patterns for possible gender
differences.



Editors' preface

Barry J. Fraser taught high school science in Melbourne and com-
pleted his PhD in education at Monash University, also in Melbourne.
His first two university posit:ons in education w ere at Monash University
and Macquarie University in Sydney. Currently he is at Curtin Uni'er-
sity of Technology in Perth, where he is Director of a centre offern,g
postgraduate education opportunities for science and mathematics
teachers. As well, he is Director of a federally funded centre which aims
to improve the teaching and learning of science and mathematics, espe-
cially for girls. He is author of hundreds of books, book chapters, jourul
articles and conference papers and has won various awards for Ins re-
search. One of his major research interests is classroom environment, and
this provided a focus during his involv ement in the research reported in
this book.

Floyd H. Nordland taught high school biology in both rural and
suburban Minnesota. A coach and an award-winning teacher, Dr Nord-
land also worked as one of the State coordinators for the Biological
Sciences Curriculum Study (BSCS). In 1962, he took advantage of the
National Science Foundation's inservice summer institutes to complete
his Master's degree at Purdue Univer.,ity, where he also finished a PhD
degree in plant physiology. Since 1969, he has taught methods of
teaching biology to prospective secondary teachers, and has developed
and taught an experimentally designed biology course for elementary
teachers. Both courses, taught at Purdue, emphasize the integration of
content and pectigogy. He has won an Ohaus award from the National
Science Teachers Association as well as the Alumni Teaching Award at
Purdue University for his teaching excellence. Dr Nordland has served as
a consaltant in science training projects in the Philippines and Nigeria.
His research interests are based on Piagetian theoryind his role in the
team was one of content expert.

Leome J. Rennie taught high school science in Perth and played an
advisory role to science teachers in rural Western Amtralia. She has been
a cowriter m several science curriculum projects. Prior to taking up her
present position in science education at Curtin University of Technology,
Dr Rennie taught and supervised prograins tor preservice teachers at the
University of Western Australia. Her prize-winning doctoral thesis at chis
University focused on the structure of attitudes in science education; and
much of her research continues to be in this area. In the research reported
in this volume, she was particularly concerned with the affective aspects
of the students' and teachers' behaviours in thor classrooms.

Kenneth Tobin
Florida State Univmity, Tallahassee, Florida, USA
Jane Butler Kahle
Mtami University, Oxford, Ohio, USA
Barry J. Fraser
Curtin University, Perth, Australia
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Participating Teacher's Foreword

'You won't mind a couple of people observing a class or two?' was the
casual request from a colleague. As a senior teacher in our science depart-
ment, it kid become commonplace for practising teachers or young
graduate teachers to visit oor school, spend time in a variety of our
classes, and examine the programs and materials developed by our hard-
working staff. We tenta 'Li to enjoy discussing our curricula and metho-
dology with these visitorsmd .e often picked up some new ideas in the
process.

Imagine my 'horror' and then apprehension, when the 'couple' ex-
pected was actually five or six, the people were not younger, developing
teachers, but older ise people' peers from tertiary institutions and
the 'class or two' was to be one class, every day, for almost three months!

In retrospect, the 'horror' was more hkc total amazement, but the
apprehension was real! How would I react to continuous observation of
the same class of students, without an opportunity to 'word them up'
with respect to behaviour, responsibilities, etc. More to the point, how
would the students in the class react? On the other hand, group of
'totally' objective people, not involved w ,th the day-to-day routine of a
secondary school might conic up with some interesting observations and
interpretations of the class which could be qi.nte different from mine. I
was aw aie of how iny olved one tended to become with school, teaching
and carrying out the administrative responsibilities of a senior teacher.
Very easily , there could be activities, interactions or curriculum possibih-
ties that I was missing out on, usually bicause of a lack of time.

I felt misgivings. All teachers like to receive praise, but how would I
react to the probable questioning of my classroom behaviours, my under-
standing of the class and my interpretation of the objectives, teaching and
assessment? Certainly, this experience v. ould be a challenge, perhaps even
to my perceptions of myself as a teacher. Yetat the same time, I was
intensely curious. What do I do that is 'rig' and, of course, what do I do
that is 'wrong'? (Perhaps I was a little less curious about the latter,
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Participating Teacher's Foreword

although it might be through that discussion that I learn to improve or
modify my own teaching behaviours.) Eventually, curiosity won out. I

was keen to become involved, although unsure of the probable outcome.
The manner of the five or six observers became most important once

the process had begun. All were determined to approach Peter and Mc
positively, ensuring th.it we were informed fully of when we all were
going We quickly learned that we were not going to be told of `rights' or
'wrongs' We participated in a discussion with at least three observers
each week, which was often tape recorded so that all observers could
discuss our replies at then- own wet kly meeting. In addition, Peter and I

received copious 'field notes' from each class contact; these were photo-
copied from each of the observer's notes. Sometimes I wondered if it,
would have been easier not to have seen these! To find out that a group of
girls had spent ten minutes discussing the school social of the previous
night, or the mathematics quiz during the last lesson, caused an awful
sinking feeling in the pit of my stomach. How did I miss those inter-
actions? On occasions, of course, some observations were reassuring: 'X
and Y argued over how the half life of a radioisotope affects degeneration
of tissues' or 'Sally re-explained the concept of half like to Natalie'. But,
somehow, those observations made less impact on me than those con-
cerning 'off-task' behaviours. Fortunately, when we discussed the pre-
vious week's observations of cbsses, our inquirers were gentle on us,
essentially searching for thc reasons why we behaved as we did, rather
than making judgements as to how effective the observed behaviours
might have been (which, of course, we already had assessed for our-
selves).

As time went by, 1-iter and I became more accustomed to the
research procedure, and our students become quite blasé about the con-
tinuous presence of the researchers. The students enjoyed my discomfort
when wearing a nucrophone, as well as the importance attached to the
additional attention that they were receiving. In sonk. cases, students took
the opportunity to question our observers while, :n a few instances,
individual students became very attached to members of the observation
team and began to elicit specific advice and information relevant to their
futures.

Meanwhile, I found the experience rewarding as well as frustrating. I
thoroughly enjoyed the challenge of our discussions centred on educa-
tional philosophy, curriculum directions and ideals. For many years, I

had resisted suggestions by colleapes to undertake further study, perhaps
in science education, believing that reducing the many hours of prepara-
tion and marking at home meant the I would become kss effective in my
teaching. My interviews with the observers, however, werc stimulating
and challenging and I found myself wanting to read more about current
educational theories and research.

At the same time, however, I was consistently defensive in relation

xiv
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Participating Teacher's Foreword

to my classroom management. In organizing the students into gar p-
based activities, I was using a teaching model which I very much wantec.
to `work', but with which I'd had little previous experience. In earlier
years, I had tried out this teaching technique, in short two-three week
burstsmd had found that the classes responded very positiely. In mos:
of our schools, however, science benches are bolted to the floor so that
any group experiences, out of necessity, are of short duration. This time,
at last, I had a room with movable benches! After five months with my
class, I realized that I also was fortunate to be teaching a group of
students who were generally interested in science and communicative.
This was an ideal situation for group work! The gradual move to group
participation occurred just prior to the arrival of the research team.

Having spoken to most of my Audents in casual out-of-class situa-
tions, I was awart. of some of their out-of-class problems and telt quite
possessive of them Perhaps this awareness became my gre,test dilemma
because, when, )gnized that a few were 'off-task' in their classroom
behaviour, I fowid it almost impossible to sanction them in a public
manner in front of 'strangers'. All too often, it was a quiet word in their
ears while other students were undertaking group work. For a few
individuals, this was ineffective as a long-term answer. In looking back, I
was fortunate that this problem applied to only a few students in the
group and that, to an extent, the classroom peer group applied their own
pressure in my support.

I found that, towards the end of our ten weeks together, I was
regretting the end of the study. While the consistent tension of accommo-
dating the non-teaching observational team in the classroom would be
removed, I certainly would miss the friendship, honesty and stimulation
that the researchers had provided through our weekly interviews. Also, I
had re-evaluated some of my teaching practices and had become more
selisitive to the achievement of girls in science classrooms. These aspects
always had been pet concerns of mine, but now I had read and discussed
research work providing a foundation for my 'feelings'.

The next step was clear. I now am enrolled in further part-time,
postgraduate study. I am thoroughly enjoying the process of keeping
abreast of recent iJudies in the field of science education both in
classroom beha sour ard in curriculum development and administration.
While I can maintain and extend the friendships made in those weeks, I
feel that I am now more aware and well informed as a teacher with
philosophies better founded on evidence gleaned from a wide variety of
experiences. For this new-found understanding, interest and realization,
the rese2rch team has earned my profound gratitude.

Sandra
Southside High, Dalton, Coastal Australia



Chapter 1: Learning Science with
Understanding: In Search of the Holy Grail?

Kenneth Tobin, Jane Butler Kahle and Barry J. Fraser

Research Perspectives:
Windows with Differene Coloured Glass

When members of our research group got together in Coastal Australia,
each of us had specific reasons for dedicating ten weeks to observing and
thinking about secondary science teaching. Each of us had experience in
teaching secondary science, albrit a decade ago for most of us, and each
of us had active research agendas. As we talked, however, we all voiced
concerns about science teaching and learning today. We recounted inci-
dents of lessons tau6ht and learned by rote memorization. We discussed a
study which indicated that sjencc teaching was fading to help minority
youngsters develop cognitively. We analyzed the message behind the
reports that teachers freqPently clic-Let higher-order questions only to a
few selected students in the classroom. We argued about whether boys
and girls receive equal challenges in most science classrooms. Eventually,
we realized that, althuugh individually we would investigate different
aspects of teaching and learning in our study, collectively we would try
to identify barriers to higher-level learning in secondary school science.

Our task, once clarified and identified, clearly was one of interna-
tional focus and concern. Recent reports and research findings Iwo-
identified serious shortcomings in e:e.. _ntary and secondary educatiu.i
and have proposed major reforn_s in education (IEA, 1988; Office of
Technology Assessment, 1988a, 1988b; Raizen and Jones, 1985; Weiss,
1987). In an age of technological application and advancement, where
business and industry have difficulty recruiting employees with the neces-
sary knowledge of science, the evidence suggests thu there is something
of a crisis in science education. For example, Weiss (1987), Tobin and
Gallagher (1987b), Gallagher (1989) and Humrich (1988) report that most
science curricula emphasize learning of basic facts and definitions from
science textbooks and relatively little emphasis is placed on applications of
knowledge in daily life or on the dev:lopment of higher-order thinking

ii
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Kenneth Tobin, Jane Butler Kahle and Barry J. Fraser

skills. Even though many programs purport to be inquiry-based, most
show little evidence of inquiry on the part of students and teachers
(National Research Council, 1989). Acroiding to the National Science
Board, 'the age of technology is failing to provide its own children with
the intellectual tools for the 21st century' (National Science Board. 1983,
p. v).

Tobin and Gallagher (1987b) and the National Research Council
(1989) report that the activity types which are most prevalent in high
school science classes involve the teacher working with the class as a
whole group. Seatwork activities also are common. Such activities allow
students to work from the textbook and to undertake tasks from work-
sheets, the chalkboard and the textbook. Small-group activities frequently
do not occur and usually are confined to the data collecting components
of laboratory activities. Despite bold rhetoric in school brochures and
textbook forewords, science programs typically are not inquiry oriented,
do not have a laboratory emphasis and do not excite the majority of
students. Students learn science from textbooks and lectures and the
curriculum is focused by tests which emphasize rote learning of facts and
procedures.

Tezchers use textbooks as a source of student activities (see, for
example, Tobin and Gallagher, 1987b). In some instances, the activities
emphasize higher-level cognitive learning, but in most cases the activities
stress learning facts and algorithms. Teachers often ask students to make
summaries from the textbook and to answer end-of-chapter questions.
However, the cognitive demand of such activities is low and Lacy usually
involve students in 3 brief search through the text for relevant informa-
tion and transcription of the information into their notebooks.

A considerable amount of research in education has focused on
gender differences and school learning. There is concern in science edu-
cation that, compared to boys, girls have lower levels of interest and
achievement and enrol less often in science (Erickson and Erickson, 1984;
Kahle, 1985; Kelly, 1978; Welch, 1985). The differences are most pro-
nounced in physical sciences but also are evident in biological sciences.
Because learning in classrooms involves internal cognitive processing for
learners, it is possible that gender differences in sLience achievement could
originate partly from differential opportunities to engage in academic
tasks. For example, Kahle's (1985) study of high school biology teachers,
which successfully encouraged girls to enrol in elective chemistry and
physics courses, identifies specific teaching behaviours and instructional
practices which ameliorate gender differences in attitudes, achievement
levels and enrolment patterns. Those teachers, compared to a national
American sample, use more laboratory activities, discussions and quizzes.
In addition, approximately two-thirds of their students (both girls and
boys) note that the teachers encourage creativity, stress basic skills
(mathematics, graphing, laboratory techniques) and discuss future courses

2
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In Search of the Holy Grail

and careers. Her study suggests specific strategies which might improve
the learning 'mvironment for all students.

On the other hand, Kelly (1985) describes the social-cultural effect of
schools on girls' interest in science. Kelly discusses school science as a
masculine endeavour in which males ask and answer more questions and
work with laboratory equipment to a greater extent than females do.
Many studies have documented that teachers interact differently with
girls and boys in science classes (Kahle, 1988; Whyte, 1986). For example,
when teachers interact with students in question-answer sessions, they do
so with an expectation that certain students will provide appropriate
answers (Tobin and Gallagher, 1987a). Sadker and Sadker (1985) report
substantial differences in the engagement patterns of males and females
in science classes. Compared to females, males receive more praise, more
criticism, more remediation and more acceptance responses from
teachers. In adaition, boys are almost eight times as likely as girls to call
out in class. When girls do call out, they are more likely than boys who
call out to be told to raise their hands before responding.

Tobin (1988) reported gender differences in whole-class interactive
activities. Teachers tend to involve maks and females to an equal extent
in lower-level cognitive interactions, but to involve males to a greater
extent than females in higher-level cognitive interactions. Males also
participate in a more overt manner than females by volunteering to
respond to teacher questions by raising their hands when teachers ask
questions in a whole-class setting. The major consequence of this engage-
ment pattern is that 'target' males are involved in responding to questions
intended to stimulate thinking or to elicit responses that provide a bridge
to a new area of content. Although some females also are involved in this
manner, most females are not. Because teachers use whole-class interac-
tive setting:- to introduce new content and to pose key questiol ), students
who are not target students can engage predominautly only in a covert
manner on important parts of the curriculum. This pattern of male
students being mote involved than females in whole-class interactions is
apparent in classes taught by male and female teachers.

There is little evidence that the majority of science teachers are
concerned with the extent to which students understand what they are to
learn or with implementing the curriculum to emphasize student under-
standing of science. Rather, the findings of research suggest that most
teachers feel constrained to prepare saidents for tests and examinations
and cover science content from textbwks. This practice deprives many
students of opportunities to learn with understanding. Purthermore, gen-
der differences in the way in which students engage in learning tasks are
widespread.

Fortunately, not all teachers implement the curriculum in this man-
ner. Tobin and Fraser (1987) report that science teachers, identified by
their colleagues as exemplary, focus on students' learning with under-

3
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Kenneth Tobin, Jane Butler Kahle and Barry J. Fraser

standing, use strategies to encourage students to engagi in higher-level
cognitive tasks and maintain a classroom environment conducive to
learning. Tobin and Fras,'r's studies of exemplary practicl, illustrate that
intensive investigations of teaching and learning environments can pro-
duce knowledge co guide practice, policy formulation and research. How-
ever, it is not sufficient to know that higher-level learning is possible
in classes taught by exemplary teachers. In order to influence the quality
of science learning in all classes, it is desirable to develop a theory of
teaching and learning science that addresses questions concerning what
teachers and students do, why they do what they do, whether they would
like to change what they do and, if so, how best they would facilitate
changes in science classrooms. The development of sucb a theory is a goal
of the research described in this book.

One distinctive methodological feature of our research was the way
that quantitative information obtained by structured observation and by
administering classroom environment questionnaires was combined with
qualitative information from the use of interpretive methods. This com-
bination of qualitative and quantitative methods is consistent with recom-
mendations made for educational research in general (Firestone, 1987;
Fry, Chantavanich and Chantavanich, 1981; Howe, 1988), although the
use of qualitative and quantiritive methods together in learning environ-
ment studies is still the exception rather than the rule (Fraser and Tobin,
1989). The present research builds upon the success of combining these
methods in other recent science education research involving target stu-
dents (Tobin and Gallagher, 1987a) and exemplary teaching (Tobin and
Fraser, 1987). Not only did the use of classroom environment question-
naires provide an important source of students' views of their classrooms,
but a triangulation of qualitative and quantitative data enabled greater
confidence to be placed in the findings and richer insights to be gained
into classroom life.

Past research on classroom environment has produced a rich yield in
just twenty years (Fraser, 1986, 1989). Consistent and strong associations
have been established between the nature of the classroom environment
and student cognitive and attitudinal outcomes (Fraser and Fisher, 1982,
Haertel, Walberg and Haertel, 1981), and those findings have practical
implications about how to improve student learning by creating class-
room environments which emphasize dimensions found to be empirical-
ly linked with learning. Classroom environment instruments have proved
to be a useful source of process criteria in the evaluation of educational
innovations and curricula (Fraser, 1981a). Student achievement and satis-
faction have been found to be greater in classrooms in which there is a
close match between the actual classroom environment and the one
preferred by students (Fraser and Fisher, 1983a, 1983b). Comparisons of
students' and teachers' perceptions of actual and preferred environments
suggest that teachers commonly hold more favourable views than do
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students of the same classrooms, and that the actual environment of most
class,:s falls short of the one preferred by students and teachers (Fraser,
1982, Fisher and Fraser, 1983). In addition to these and othcr research
applications, it is important to note that teachers have successfully used
student perceptions of actual and preferred classroom environments as a
practical basis for improving their classrooms (Fraser, 1981b; Fraser and
Fisher, 1986).

Participating Schools and Teachers

The selection of participants in interpretive research is an important
decision that needs to take account of what is known at the time and what
should be done next. Participating schools and teachers can be wisely
selected so that the potential exists for identifying promising problems
and seeking solutions from which grounded theory can emerge or be
enhanceu. In this study of higher-level cognitive learning, we weie an-
xious to avoid schools of the type involved in earlier studies (for example,
Tobin and Gallagher, 1987b). What we needed was a school with a
tradition of focusing on student learning, a school that had tried different
organizational arrangements to enhance learning, and a school in which
teachers worked together to build and maintain an environment con-
ducive to,learning with understanding. Southside High was such a school.
Sct in a fashionable suburb of Dalton in Coastal Australia, thc school had
a reputation for using innovative practices to provide a curriculum that
catered for the needs of individuals. A study of teaching and learning at
Southsidc High provided a rare opportunity to investigate what happens
in a science program in which students do laboratory activities and learn
in an independent manner at thcir own pace. In contrast to other govern-
ment high schools in Coastal Australia, where teachers arc appointed
according to the needs of the statewide school system, teachers at South-
sidc High in its early days had been appointed on the basis of the
compatibility of their philosophies of education with the policies and
goals of thc school. Furthermore, the school's open arca design facilitated
team teaching and self-paced learning.

In thc first five years of thc school's existence, recognition of the
diverse nature of student abilities and interests led to the implementation
of a curriculum which enabled students to learn in a self-paced manner
and to study science topics in which they were interested. Workbooks
wcrc prepared and used to provide students with independence, and
teachers focused on enhancing students' m:lf esteem and motivation levels
so that they might learn content in a meaningful and integrated manner.
Students were given considerable autonomy in selecting when and for
how long to study particular topics. Some of the practices at Southside
High were somewhat unique in Coastal Australia. For example, students

c
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were on first name terms with teachers, homework was not mandatory,
public address messages did not interrupt teaching and learning, and bells
d;d not signal the end of class periods.

Ten years after its foundation year the legend of Southside High
lived on Even though the practice of hand-selecting teachers was discon-
tinued after five years, many practices associated with open education
continued. Tales about Southside High provided a stark contrast to
gloomy portraits of science teaching sketched by Stake and Easley (1978)
in the USA and replicated by Tobin and Gallagher (1987b) in Australia.

A research team of six people was assembled to undertake data
collection for this investigation of higher-level cognitive learning ofscien-
ce at Southside High. However, only five of the six people in the team
contributed chapters to this book. From the outset, we knew that the
study would consist of intensive observations of teaching and learning,
interviews with teachers and students, and extensive interpretation of data
by the research team. Multiple perspectives were required for the formu-,
lation of problems and for the collectioninalysis and interpretation of
data. We began with an assumption that an interpretive study was most
appropriate because of the enduring nature of the problems associated
with teaching and learning science. A phenomenological approach, based
on extensive experience in science classrooms, a variety of data sources
and varied perspectives on what was happening and why it was happen-
ing, was likely to reveal new problems or at least frame familiar problems
in different ways that would enable fresh interpretations to be obtained.
Because of the power of using qualitative and quantitative data in the
same study for the purpose of providing convincing evidence for asser-
tions, an early decision was nude to incorporate a range of qualitative and
quantitative data sources into the design of the study.

For each member of the research team, the study represented part of
his or her ongoing research into some aspect of teaching and learning
science. Yet for each of us, prior experiences were unique. When viewed
as a collection of scholars, the research team had diverse experiences in
terms of the questions investigated in earlier studies and the methods
utilized Despite these differences in background, there were philosophi-
cal consistencies iu terms of beliefs about what constitutes science, how
students learn science and what teachers' roles would be in an ideal
science classroom

Theoretical Framework: Constructivism

The research team shared a constructiist epistemology and interpreted
data from that perspective. Within the constructivist view, learning is
defined as the acquisition of knowledge by individuals through a process
of construction that occurs as sensory data are given meaning in terms of

6



In Search of the Holy Grail

prior knowledge. Learning is always an interpretive process and always
involves individuals' constructions (Novak, 1988; von Glasersfeld, 1988).
Construcdvism is not an option to be invoked by teachers and students
on specific occasions or during selected activities. Whether the teacher
and students believe that they learn by constructivist processes influences
what happens in classrooms and how Pctivities are planned and im-
plemented, but docs not influence the mechanisms involved in learning.
Von Glasersfeld (1988) predicts a dramatic change of teachers' roles in
classrooms when a constructivist epistemolcgy is adopted:

The teacher's role will no longer be to dispense 'truth' but rather
to help and guide the student in the conceptual organization of
certain areas of experience.

From a constructivist perspective, the major curriculum challenge for
teachers is to focus on student learning with understanding rather than to
stress content coverage only. Such an approach is at odds with common
practice. The traditiona! role of teacher as curriculum designer has been to
adapt materials from textbooks or teachers' guides for specific classes of
students. In most instances, this role involves partitioning the content and
activities into manageable 'chunk.: so that students could cover all or
most of the work in the time available.

Tobin and Gallagher (1987b) and Gallagher (1989) suggest that be-
liefs about the nature of science and student learning are at the heart of
traditional approaches to socuce cuniculum design and implementation.
For example, science teachers who perceive science as a representation of
the truth about the physical and natural universe are likely to have that
type of emphasis in their science curriculum. Similarly, if knowledge is
regarded as a fluid entity to be siphoned from the teacher to students,
activities might be framed to facilitate transfer and distribution of science
knowledge. Salient beliefs about the nature of science indude whether
science is perceived as. `truth seeking or the construction of explanatory
models that encompass increasingly wider ranges of phenomena' (Novak,
1988, p. 77); a process of generating knowledge or a set of knowledge
products which explain the natural and physical universe; and tentative
and changing or true and unchanging. These thre,.: pairs of perceptions
can be thought of as forming continua on which teachers' beliefs can be
mapped, v ith the planned science curriculum being dependent in part on
teachers' beliefs pertaining to each of the continua. What type of science is
appropriate for students in high, middle and elementary schools? How do
teachers make conscious acts to represent science knowledge as construc-
tions which change with time? To learn science from a constructivist
philosophy implies direct experience with science as a process of knowl-
edge generation in which prior knowledge is elaborated and changed on
the basis of fresh meanings negotiated with peers and the teacher.

If the main goal of a science course is to educate students so that their
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knowledge resembles that of scientifically literate adults, teachers have a
responsibility to provide an environment which focuses experiences and
discussions. If students are to learn content from a specific domain,
teachers will structure the learning environment to ensuie that each
studcnt has appropriate direct experiences with specifk phenoinepa ahd is
engaged in discussions that facilitate learning.

A learning model based on constructivism has been developed and
tried 'ith success in mathematics by Wheatley and his associates (for
example, Yackel, Cobb, Wood, Wheatley & Merkel, 1988). The model
incorporates cooperative learning and social collaboration. Initially stu-
dents are arranged in small groups of two or three to solve problems.
Their role is to cooperate and negotiate a satisfactory solution to the
problem. Each child has the responsib:lity to understand what others in
the group are doing and the answers which they obtain. If a student has
an alternative answer, he or she is expected to disagree, to seek clarifica-
tions and justifications from others, and to provide explanations of his/
her own procedures and solutions. The teacher's role is to monitor
student engagement .nd manage the learning enironment without pro-
viding hints and cues that will lead students to learn procedures and
solutions by rote. Following small-group work, students share what they
have done and learned with the rest of the class. Once ,again, the focus is
on communicating findings and e:splaining why the findings are plausi-
ble. Students are given the task of understanding why certain solutions
are identified as appropriate by their class mates. The model assumes that
speakers have reasons for what they say and that listeners should seek to
understand Cue rationale underlying what is proposed. The communica-
tion process should result in agreement about what has been learned and
what are accepted as plausible solutions to problems. This negotiated
consensus represents a viable knowledge domain which is understood and
accepted by the participants. The process involves all participants in a
cognitively active manner and highlights the necessity for teacher and
students to have clearly defined roles in class activities. The curriculum
must be such that students can engage in meaningful problem solving
activities tha_ epable them to learn with understanding rather than by
rote, students must understand what they are to do in small-group and
whole-class activities, and the ts:acher must adopt a facilitative role in
maintaining an environment conducive ,o learning.

Research in science classrooms has not described activities or student
engagement of the type that occurs in the elementary mathematics classes
involved in Wheatley's studies. What are the obstacles that teachers face
that deter them from organizing science activities in such a way that
students learn with understanding? If students are to benLfit from a
science program, it is essential that !earning tasks are potentially interest-
ing and challenging. For many years, science educators have been con-
cerned about whether the science curriculum is inappropriate because the
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concepts are too abstract and formal for learners, must of wbom are at
the concrete stage of cognitive development. Howevei, that was not the
scenario in the high school science classes described by Gallaghef (1989),
Tobin and Gallagher (1987b) and Stake and Easley (1978). Learning tasks
were at a low cognitive level and appeared to promote rote, rather than
meaningful, learning. Are the activities in which students engage in high
school science classes lacking in challenge and interest? Does that lack
contnbute to the problems faccd in science education?

Doyle (1983) argues that the reward structure operatmg within
classes is an important force that needs attention before the effects of
other instructional variables can be fully understood. Teachers constantly
mo.ivate students by referring to tests and examinations This teaching style
focuses student attention on the content to be tested. If the teacher
emphasizes specific knowledge or tasks as having relevance for the test,
students tend to concentrate to a greater extent. Classroom processes
reflect test questions which emphasize recall of facts and application of
algorithms to solve 'formula-type' questions. In the study described in
this book, we wanted to examine the types of assessment used in classes
in which higher-level cognitive learning NN as valued. In such circum-
stances, we wonderM whether learning activitws would reflect teachers'
goals for students to learn with understanding at th:Ar own pace. Also,
would assessment tasks encompass what students know and to what
extent thcy understand science phenomena?

In addition, we wanted to assess the cpportunities which children
had to engage in higher-level cognitive activities. We were interested in
how teacher-student interaction patterns affccted cognitive outcomes. We
hoped to elucidate why boys dominate interactions in science classes.
Why are target students more likely to be male than female? Why dc
boys get involved in laboratory activities to a greater extent than girls?
Why do more boys than girls enrol in the physical sciences? Thei.c are just
a few of the persistent questions that we hoped to address in this ii.Lensne
investigation of interactions in science classes. We knew that the aoswers
would not be obvi3us because the problems had been present for some
time. Perhaps we would find that the teachers involved in the study used
teaching behaviours and instructional strategies which nnninuzed gender
differences. In addition, by selecting teachers regarded as better than
average, we might find patterns of behaviour and beliefs that allow
teachers to transform, rather than to reproduce, the' masculine image of
science.

Why do teachers do what they do? In the first place, teaching
involves change on an incremental and daily basis. If something does not
work out well, the teacher often can put things right by making slight
adjustnwnts to the manner in which die curriculum is implemented.
Those adjustments are both possible and sucees!,ful if a teacher has a high
degree of pedagogical content knowledge (Shulman, 1987). We had
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reason to believe that the experimced teachers in our study possessed
such knowledge and such skills.

Reconstructing the Classroom: The Remainder of the Book

Our study began. We had agreed upon a philosophy of teaching and
learning science (constructivism), had identified equitable teaching as
important and had decided to focus on higher-level cognitive learning.
Furthermore, experienced teachers in d unique school had volunteered to
cooperate with us. We anticipated a hectic, but productive, ten weeks.

Each chapter describes those ten weeks from a different perspective.
For example, Chapter 2 contains a descriptio- of the methods used in the
study and presents background information about Southside High. In the
thrd chapter, Tobin examines characteristics of the two participating
tea:hers (whom we refer to as Sandra and Peter throughout this b )ok)
and of the implemented curriculum. Specifically, teachers' beliefs associ-
ated with specific roles, their conceptualization of certain teaching roles
ant' their understanding of the content taught are described. Those
characteristics, then, are related to what happens in each classroom.
Chapter 3 also identifies teaching metaphors which are used to under-
stand teaching roles as a means of changing teacher beliefs and actions in
the classroom.

Chapter 4 discusses the two classrooms from the perspective of
gender differences. Kahle explores the manner in which each teacher
interacts with male and female students. hi addition, she discusses the
effect of different teaching techniques and the unconscious acts of teachers
which reinforce society's sex role stereotypes.

In Chapter 5, Nordland discusses the cognitive demands of the tasks,
materials and tests in relation to the cognitive aptitudes of students. His
analyses involve the cognitive level of the learning tasks as well as the
cognitive level of the science content in the textbooks and references used
by Sandra and Peter. Nordland describes the cognitive demands of the
activities implemented in both classes, the cognitive requirements of tests
used to examine student learning, and the aptitudes of students in each
class, as measured by a standard Piagetian task and in terms of a tas;.
developed from an activity implemented in Peter's class.

In Chapter 6, Rennie utilizes qualitative and quantitative data to
investigate both classrooms and compare tl,e manner in which different
students engaged in the learning process. The chapter focuses on the
attitudes of students and the way in which they interacted with one
another . the teacher and other resources during learning tasks. Rennie
examines student motivation to learn nd the extent to which different
activities facilitated overt stud= engagement in learning tasks in each
class.
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Fraser provides a vim of classrooms through the students' eyes by
reporting student perceptions of the classroom environment in Chapter 7.
He relates quantitative data about student perceptions with qualitative
data about teachers' beliefs and metaphors and the views of individual
students. The final chapter contains a synthsis of the findings and pre-
sents implication; for further research, for teaching and learning in class-
rooms and for teacher preparation and enhancement.

In summary, our book describes ten weeks in Sandra's and Peter's
classrooms from five different perspectives. As we analyzed interaction
patterns, texts and materials and as we collected teacher interviews,
classroom anecdotes and student comments, we looked for patterns
across our field notes. Each of us focused on a specific aspect (for ex-
ample, teaching metaphors, gender differences, engagement patterns,
classroom environment or cogmtive demands), yet our analyses went
beyond individual reseatch questions. For example, our observations and
data were tested against a constructivist philosophy as well as analyzed
for evidences of pedagogical content knowledge: Last, wc synthesized
our findings and hypothesized implications for future research. For ten
weeks, we were part of two high school science classrooms; as time wore
on, both teachers and students were .1:jic to ignore (or casually accept) our
presence The daily and accumulative record of thc teaching, learning and
socializing that went on in these classrooms provided windows into
science classrooms.
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Chapter 2: Methods and Background

Ketitieth Tobin

Methods Us in the Study

The Classes Involved

Two science teachers, Sandra and Peter, from an urban high school in the
city of Dalton, Coastal Australia participated in the study. The school
was selected because of its tradition of emphasizing student-centred,
self-paced learning. The head of department for physical science, Dennis,
was asked to nominate two teachers, an 'above average' male and female
teacher. When approached by one of the research team, both of the
nominated teachers agreed to participate in the study.

Peter's class contained eleven boys and twenty girls. According to
Peter, his class consisted of approximately tcn top students, with the
remainder being intermediate in ability. He explained that students elect
to be in this class by choosing to study more chemistry in grade 10. Peter
nominated eight students whom he regarded as thc most abk. la the class
and also named the bottom five students. Each group contained approx-
imately equal numbers of males and females.

Sandra'., grade 10 class consisted of fourteen boys and eighteen girls.
In spite of the fact that all of thc class members had been placed in this
'advanced' class, it was clear that they varied considerably in ability and
attitude. Sandra explained that most of the students in her class were
above average. She described the class as a 'great bunch of kids', of
whom about six were very able and thc rcst were less able and less
motwated. When Sandra was asked to nominate the most able students in
her class, she readily nominated four females and two males. She w cut on
to select two females and two males as being among the low achievers in
her class. While some students wcrc contemplating kaving school at the
end of the school year, others were planning which subjects they would
study in grade 11. Many adents also had responsibilities outside school.
For example, one lemak student regularly was called upon to be absent
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from school to care for her younger brothers and sisters while her parents
travelled. (She %Aids absent for sevents.en of approximately forty-four days
during the study.) Other students had part-time en-ployment including
working in a fast food restaurant, assisting in a pet shop and pumping
petrol at a service station. These part-time jobs sometimes meant that
students kept late hours and came to school tired. Factors such as these
probably were present in Peter's class as well. During interviews, Peter
did not mention them as being particularly significant. The fact that
Sandra mentioned factors associated with the personal lives of students
and Peter did not is a significant difference between the two teachers
which is highlighted in later chapters.

Design of rlw Stu !y

The observation component of the study took place over a ten-week
period from August to November of 1986. During the first five-week
period, both teachers taught the topic of Vertebrates and, during the
second five-week session, th :. topic of Nuclear Energy was taught. An
interval of two weeks, during which students were on vacation, separated
the two topics.

A team of six researchers visited the classes at various times through-
out the study (although only five of the researchers contributed chapters
to this book). The scheduie for the first topic was arranged so that each
researcher observed each teacher for a minimum of six lessons in the
five-week period. Eighteen lessons were observed by at least one of the
research team and two observers were in each classroom. One lesson for
each teacher was not obserwd.

During the second topic, the data collecting schedule was modified
to allow the various members of the research team to gather data which
were appropriate for their specific foci. All lessons were observed by at
least one member of the research team. Jane Butler Kahle pui sued the
question of gender-related differences, both at Southside High and in the
broader educational community in the city of Dalton. Floyd Nordland
concentrated on the cognitive developmental level of the students in both
classes, explored the extent to which students understood the content of
several of the activities in which they engaged in class, and gathered
interview data concerning gender differences in science classrooms. Barry
Fraser examined student perceptions of the learning environment during
both topics and obtained a measure of the environment that students
preferred during the Vertebrates topic. Leonie Rennie and Kenneth Tobin
focused on both classes and observed Sandra and Peter for a minimum of
eight lesslns each. Rennie quantified students' attitudes to science during
each topic and the extent to which students engaged in learning tasks. She
then related the quantitative data to intensive qualitative observations
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which focused on student interactions in each class. In contrast, Tobin
focused on the teacher and the manner in which the program was itn-
plemen ted.

The research team continued to interact with the teachers for a year
after the classroom observations. Each teacher was provided with written
reports of the study and the findings were discussed vt ith them in depth.
Feedback from the teachers about the written reports of :he study was
used as another data source.

Data Sources and Data Collection

Participant observer data collecting strategies were employed. These in-
volved observing classrooms, interviewing teachers and students on a
daily basis, working with students durirg class time, obtaining written
responses to specific questions, examining student notebooks and test
pape, and analyzing teacher assessmehts of student performance.

presence of members o: the research team in the classroom for
such a 1. ig time undoubtedly influenced teacher and student behaviour.
However, we tried to minimize disruptions due to our presence. Field
notes were given to Peter and Sandra on a regular basis so that they
would not be concerned by our note-taking and interviewing of students.
Although we interviewed students on an informal basis during class time,
we did not disrupt individuals for prolonged periods of time (that is, for
more than three minutes). in any event, the familiar pattern of engage-
ment in both classes was for students to be involved in learning tasks and
attend to their social agendas throughout the lesson. Thus, our brief
interviews with students fitted with a pattern of intermittent engagement
which appeared to be well established in both classes.

When the field notes were mitten, we gave them to the teachers so
that they would not feel anxious about what we were writing and so that
they could give us feedback on their accuracy. The following notes from
an interview of August 19 provide an indication of the manner in which
the field notes were initially received:

I handed Peter the field notes and he eagerly read through them.
He was impressed with the detail. Did I do all of that?' he
exclaimed. As he read the field notes he explained that Brim likcs
to call out answers and that he was on the look out for that....
After he had read the field notes he explained that he was pleased
to have the opportunity to discuss them with students. This
would probably happen when he had a few more. He would then
photocopy them and have a class discussion on what happens in
class.... Peter also commented that he did not think my pre-
sence in the classroom had made any difference to the way that
the class behaved after the first few minutes.
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Sandra's reactions to the presence of tlle research team and to receiv-
ing the field notes were described clearly in an interview at the conclusion
of the Vertebrates topic. She was pleased to receive the field notes and the
feedback on her teaching. However, s!le felt self-critical and guilty that
she had not observed all of the things described in the field notes. In her
years as a teacher, she had only had observers in her classroom on two
occasions, when she was training to be a teacher and when she applied for
a permanent teaching position. She did not think that the presence of the
research team changed her approach a great deal. However, she worried
about our presence during the Vertebrates topic and was reluctant to
discipline students while we were there.

As the study progressed, the research team made decisions about the
aspects of teaching and learning on which they would focus, the data to
be collected and procedures to be adopted in collecting and validating
data. For example, at team meetings, decisions were made about the
content of interviews, who would conduct interviews, who was to be
interviewed, which learning environment scales were likely to be most
salient in the two classes, and which items to incorporate in the student
attitude inventory. In addition, decisions were taken to assess the cogni-
tive developmental level of all students, determine the extent to which
students were able to understand difficult problems and concepts encoun-
tered in the course, and assess th- reading difficulty of the texts. Care was
taken to ensure that data were obtained from a variety of sources and that
multiple perspectives were represented in the data obtained from re-
searchers, teachers and students.

Interviews usually were non-structured. Before each interview, the
team decided what information it would like to have but, during the
interview, the goal was to allow Peter and Sandra to speak without
interruption and to avoid leading questions and, comments. When ques-
tions were pre-plaimed, it was not unusual for most of them to be
replaced by other questions because of the direction in which die inter-
view ultimately headed For example, in one of the early interviews with
Sandra, only half of the following pl....med questions were asked:

What science studies have you done in the past?
What is your typical preparation for a lesson on Vertebrates?
How did you acquire the knowledge you have to teach Vertebrates?
Why do you teach the way you do?
Describe the circumstances in which students best learn in youi class?
What would you like the students to achieve from the Vertebrates
topic?

What are you looking for when you move about the classroom?
Describe what typically happens when you arrive at a group?
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How has your teaching style evolved over the years?
Why is Steve sitting at group one?
Why does Hay ley move about the room so much?
What irritates you most about teaching this class?
How is the final grade arrived at?
Who sets the final wst on Vertebtates?
What would you change in the content if restructuring were pos-
sible?

The following extract of Sandra's earlier interview, in which specific
key questions were not pre-planned, is provided as an example of the
kinds of questions raised and the manner in which they were posed:

From your own learning experiences, do you think that this de-
scribes what you actually did?
Did you actLally dissect a heart during your university courses?
When students are working on a dissection, suppose a student at
Table 1 asks a question which you answer Presumably the question
will come up again?
Then one might ask, why not call the class to attention and go over
this point with all of them?
What I'm really trying to get at, of course, is why you handle things
as you do.
Is there something about chemistry that is different from when you
were doing the Vertebrates unit?
Another thing that we talked about is the way that these students are
good on a one-to-one basis, b.it they have a tendency to socialize.
Some people watchin,, your class might think there is an excessive
amount of off-task time. Would you just like to talk about that in
general?

How would you describe the support system at Southside High? If
you wanted to do experimentally based laboratory instruction in
biology, you might require glassware, solutions, cultures ...

Data Analysis and Interpretation

As soon as possible after each lesson, all data w ere compiled into written
ficld notes which were circulated among members of the research wain.
Team meetings were schtduled three times a week and occurred prior to
visits to the school. Team meetings were used mainly to discuss the data
and its interpretations. On the basis of the results, data collecting
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strategies were formulated with the intention of gathering additional
information to support or refute assertions. Throughout the study, asser-
tions were formulated, modified or rejected The findings were organized
as a set of assertions together with supporting evidence, exceptions and
illustrative vignettes.

Assertions about gender difforences in Peter's class are provided Is an
example of the changes which occurred in assertions as the study progres-
sed. When we began the study, we felt that gender differences might
occur in the manner described by Tobin and Gallagher (1987), who found
differential involvement of males and females in whole-class settings and
in laboratory activities. However, after the first observation, the follow-
ing assertion was postulated on the basis of the evidence. 'There are no
gender differences in Peter's class in interactions or work patterns'. By
the end of the second week, however,: evidence from observations and
interviews led to the following assertions about gender-related differences
in participation in Peter's class:

During individualized activities the teacher interacts with sonic
students more than others.
There are no gender differences in public interactions.

is participate in individualized activities to a greater extent than
boys do.

After three weeksi pattern of gender-related differences in interactions
with the teacher had been established to support a hypothesis of ,he
following form: 'There are gender differences in Peter's class in whole-
class interactions and in seatwork interactions with the teacher'. Thus, in
a period of three weeks, an assertion of no discernible gender-related
differences in engagement patterns was reversed and differentiated in the
form of three assertions which were supported throughout the remainder
of the study.

A similar evolution occurred in assertions formulated about gender
differences in Sandra's class. In the first week, there was no evidence of
gender differences of the type observed in other studies. Hence the
following assertion appeared in the interpretive notes: 'There is no evi-
dence of gender differences in Sandra's class'. In the second week of the
study, two assertions indicated that gender-related differences were appar-
ent during the Vertebrates topic:

Females are more involved in social discourse.
More females move around the room and visit other tables.

Filially, by the end of the Vertebrates topici third assertion became
evident to the research team:

Sandra's management style enabled three to five female stud_nts
to monopolize her time when it suited them.
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Background Information About Peter

Peter was an enthusiastic teacher w ho was keen to establish himself when
he arrived at Southside High. As a result of his experiences at two other
schools in Coastal Australia and one in Canada, Peter had honed a
teaching style with which he was satisfied and he had the confident
manner of a professional who knew his job. Yet, his move to Southside
High imposed some constraints on the manner in which Peter was able to
teach. Southside High had a tradition of being an open school which re-
spected the role of the student in learning. Students were given a degree
of independence in many aspects of the program and most treated staff as
coworkers rather than as authority figures (for example, students usually
used a teacher's first name during interactions). Although the science
curriculum was based on the lower secondary science syllabus prescribed
by the Education Department, the school adopted a self-paced style of
presentation based on student use of workbooks. The workbooks, which
were designed by staff over a number of years, allowed students to
progress at their own pace and to utilize a range of resources to answer
questions about specific science topics. Students learned science by
answering the questions and discussing them with their peers and the
teacher. However, the orkbooks constrained the curriculum in a nun-
ner which frustrated many of the current staff at Southside High, includ-
ing Peter. In Peter's case, existing teaching strategies had to be modified
so as to utilize the workbooks and provide students with a program that
was in some degree self-paced.

Peter also felt constrained by the policy of assigning teachers to teach
in a number of rooms at Southside High. Because of that policy, he was
reluctant to change the arrangement of desks in the room in which we
observed him teach. He noted that:

One of the things that really gets me here is that I'm seldom in
the same classroom. This year I'm in seven classrooms I love to
work in the one classroom where I can set up aquariums and all
sorts of things. Here that's impossible.

Like most science teachers m Coastal Australia, Peter regarded the
more specialist courses offered to students in grades 11 and 12 as more
interesting, demanding and important. During 1986, Peter was teaching
biology and human biology to grade 11 soldents. These teaching assign-
ments were demanding in terms of the time required to prepare for five
different classes and assess students in courses based on a philosophy of
continuous assessment. Peter noted that he worked back at school until 5
p.m. on moss afternoons. However, Peter could not complete the essen-
tial work in school hours and found it necessary to work at home on
most nights of the week. Thus, his role as teacher conflicted with his
other roles, particularly as a family man. Pcter stated that:
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I go home at night and the demands of the family are un-
believable.... About one hour of marking at home per night.
I don't get a lot of time for other things. Even on the weekends
I'm locked away in a room marking and I resent that sometimes.
Marking is horrendous; every night we are constantly assessing.

The demands of teaching five classes necessitated compromises in
terms of Peter's ideal for the teaching and Laming of science. Because the
workbooks were expected to be used and because they defined the con-
tent of science topics in grade 10 general science, Peter was able to get
students started each day by referring them to their workbooks. In
addition, because the workbooks were written so as ro utilize a wide
range of resources, the teacher could implement the curriculum without
takmg an active role in presenting and sequencing science content. In
other words, if time demands were such that comprnmises had to be
made, the grade 10 science program was packaged to such an extent that
teachers could minimize planning and rely instead on the workbooks and
their experience in having taught grade 10 science previously. Any plan-
ning that was necessary could be done during class time as students
worked through the workbook activities in a self-paced manner.

Peter was an outdoors type of person who had commenced his
teacher education in physical education. Even though he had changed his
career goal to science teaching, his interests m the outdoors and physical
education were ever present. Peter was an enthusiastic teacher who
emphasized field trips and encouraged his students to be involved in a
variety of excursions. When talking with Peter about science, his strong
interest in field work was evident. Obviously he valued learning in a field
environment and he. took steps to ensure that students had every oppor-
tunity to learn in that way. Peter adopted an energetic role in other
components of the school program as well. For example, he often volun-
teered to drive the school bus and he organized a lunchtime science
competition in conjunction with Science in Schools Week. These addi-
tional activities were a further burden on the time available to plan and
implement the science programs in his five classes.

Peter's efforts as a science teacher had not gone unnoticed. He had a
reputation as an above average teacher among his science teaching col-
leagues and the school administration rewarded his interest and compe-
wnce in administration by making him responsible for grade 10 students
in 1987. In addition, he was elected by his colleagues to the School
Board.

Peter was not a particularly popular member oithe staff at Southside
High. One of his colleagues noted that Peter 'has a few problems and
hang-ups. His fitting in with the staff is a very difficult question. He has
had problems with other staff in every school at which hc taught.' Peter
regarded himself as different from other teachers and questioned Ins own
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capacity to relate well with other staff at Southside High. However, he
noted that he and otlwr staff generally felt that he had good rapport w 1,11
students. In describing his differences with other staff, he noted.

... I am different. I tend to wear a collar and tie a riir bit and
stuff like that and that's definitely a no-no in this place and in
most schools. Actually very few teachers wear the old collar and
tie And I tend to be conservative and probably authont nan in
some ways I'm a very different sort of individual I suppose.
My interests are very different from the average teachei. I enioy
the opera and stuff like that. I'm committed to classical music and
stuff like that. Next weekend I'm taking 30 kids away on a
weekend camp.

Background Information About Sandra

Sandra had a background of employment V. luch included periods of
orking as a scientist and teaching in three sutes of Australia. Despite the

fact that her father and mother were successful teachers, Sandra did not
consider teaching s an initial career. She completed a science degree ith
nujors in chemistry and biochemistry and subjects in mathematics, ,cien-
cc, physics, chemistry and biology. Sandra felt that her success in soence
had to do with a high interest in soence subjects when she V. as at school.
After completing her degree. she IN orked for a year as a bactenologist
when she participated in a research program. At the nme, Sandra was one
of few women involved in research of this type.

After a move to another city, Sandra commenced a teacher education
progra.n when it became apparent that she could not pursue a career in
science. She noted that one of the strong points about her program was
that she spent about two days a wesek for the entire year m schools.
During this period of induction into teaching, she was assigned to a
senior science teacher ho allowed her to 'do her own thing During this
program, Sandra observed a range of teaching styles and concluded that
there is not just one optimal style of teaching, but tlut there are nuny
styles that might be suiuble in a given set of arcumst..nces. When she did
her training, discovery teaching was in vogue, but Sandra found that it
did not work well for her. However, she was not really in favour of a
teacher-directed approach either. Sandra noted that, if students could
move through the actwities efficiently and achieve the objectives and be
accurate in their work, then she could arrange time to have small group
discussions and to go over the work to make sure that the students
understood it.

When asked if she felt that part of her role as a science teacher was
to encourage young women who were capable and Intel ested in taking
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science, Sandra az,rreecl that it was. She remarked that, in a recent exercise
ir which students had to indicate the careers in which they were in-
terested, she founCi that two of her most capable girls were intending to
pursue a career in preschool education. Sandra gave sonic non-verbal
signals that she disapproved of their choice and indicated that sonic boys,
who were less capable, had opted for career paths in science. Although
Sandra had given encouragement where she could, she was cautious
because she felt that it was important to be enthusiastic and supportive of
student choices.

Sandra indicated that the parent community at Southside High was
strongly oriented towards the sciences. Southside High had a good reten-
tion rate in science classes from the lower school (grades 8 to 10) to the
upper school (grades 11 and 12). Sandra noted that one of the arguments
in favour of using student workbooks was that students in the lower
school enjoyed their science so much that they gained the necessary
confidence to continue in upper school. Students and parents seemed
secure with the workbooks. They could see what students had to do and,
as they worked through the activities, they could keep track of their
progress.

Sandra taught in two separate school systems before coming to teach
in Coastal Australia. As a consequence, she had diverse experience with
different curricula. In one State, she had little freedom to deviate from the
syllabus but, in the other, she had considerable autonomy and was free to
cater for student needs to the extent that she wanted. In other States, she
saw the folly of allowing teachers to follow their own paths because, in
many instances, students did not have a chance to obtain the prerequisites
for further study in science. Before moving to Southside High as a head
of department, Sandra taught at another metropolitan high school in
Dalton for six years. Although she was qualified to teach chemistry and
biology, she taught biology and human biology because there was a
shortage of teachers in those subjects. At the time of the study, Sandra
had been teaching high school science for ten years. She was a head of
department with responsibility for lower secondary science (grades 8 to
10) and biological sciences, and taught biology to grade 12 students,
human biology to students in grades 11 and 12, and general science to
students in grade 10. During the study, Sandra also taught an electronics
elective to grade 10 students.

An aspect of Sandra's background which appeared to influence her
science teaching was her experience as a scientist. Sandra viewed science
as a process and was less concerned than were many other teachers with
helping students to learn facts in order to succeed in end-of-topic tests.
She valued student participation i optional parts of the courses and in
laboratory investigations. On numerous occasions, she expressed the
belief that students learned best when they did the work for themselves.
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This belief, which was reflected in the way in which Sandra organized
learning activities in her classes, is dealt with in detail in the next chapter.

Sandra indicated that the knowledge acquired during her formal
degree work was sufficient for her to teach biology and chemistry. When
asked how she learned the content to teach Vertebrates, she laughed and
said that it was leamed through her high school biology course and by
teaching the topic in other schools. Each time that she taught the topic,
she retained a little more in her head, although she tended to rely on
books to look things up. She noted that she was not sure that she wanted
to memorize all of the material anyway as Infornmtion ttanges with
time' and she learned new things as the years went by. She felt that the
Web of Life biology course also had influenced her teaching of Vertebiates
particularly and of science generally.

Southside High School

Background information about Southside High was obtained by examin-
ing a collection of historical documents such as memoranda, school
bulletins and personal diary entries which had been retained by John, the
first head of the science department at Southside Highmd by interview-
ing former and present school staff. The three staff who provided the
information used in this chapter are: John; Gerryt staff member who
taught at the school for its first ten years; and Dennis, the head of
physical sciences.

Philosophy and Curriculum Organization

Southside High commenced in 1977 as a school with numerous differ-
ences from traditional high schools in Coastal Australia. The foundation
staff of the school were selected on the basis of their philosophy of
education and willingness to teach at the school. In contrast, staff at most
other government high schools in Coastal Australia were appointed to
schools according to the needs of the statewide school system. The
foundation staff also were given considerable autonomy with regard to
the school curriculum, which was formulated in accordance with a phi-
losophy written by the school principal in collaboration with senior
teachers. The philosophy, which was to 'unite all components of the
school's programs in the accomplishment of its goals and objectives',
consisted of ten statements which are summarized below:

Children are active participants in their own learning.
Each student has different interests, propensities and abilities;
each will respond differently and will express differcnt needs. It
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is the function of the school to determine for each student how
he/she learns best.
It is the function of the school to exploit the natural curiosity of
children, to encourage them to seek, explore and discover
through their learning programs.
Learning is something that students do: it is the role of the
teacher to observe and diagnose individual needs, to be a con-
sultant, a guide and a facilitator.
The relationship between student and teacher should be based
on mutual respect, sympathy and understanding.
The school should foster affective as well as cognitive growth.
Teachers should be involved in decision making in all matters of
policy and curriculum relating to tho functioning of the school.
The school should be seen to be a part of and indeed to function
as a part of the wider community. The conununity, rather than
the school, is the learning environment and community in-
volvement should be accepted as an automatic condition to die
functioning of the school.
The curriculum should be the tangible expression of the total
school philosophy.
Knowledge is seen as a composite of inter-related components,
formally referred to as subjects. The school accepts the holistic
concept of knowledge and organizes courses and programs
using integrated approaches, relating the separate disciplines to
broad themes or ideas.

The teachers at Southside High were encouraged to be innovative
and were prepared to try new approaches and evaluate their iffects on
student learning. John, the first head of the science department, noted
that:

We did some incredible things. For example, because we had
student centred work; therefore the teacher shouldn't really do
any teaching from the blackboard. So, Gerry and I went to see
how long we could go without using a blackboard. I think that
we went eight months without writing one word on a black-
board.... It probably isn't good. We never said it was the best
thing to do, but the interesting thing was to try it.... We also
tried background music because it was supposed to be student
centred ... It didn't work but it was interesting to try ...

The staff of the school translated the school philosophy into organi-
zational and operational procedures. Initially it was decided to follow the
development of themes across subject areas. As a consequence, new
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Table 2 1 Themes and related science topics for Grade 8 in the initial five years at
Southside High

Theme Sciance Topic

Who am I? Tuning in with the senses
Mice and men

Exploring the near environment

Exploraticn

Science of music
The chemistry of food
Skin and lothes
Electnc circuits

Plants
Minerals and crystals
Places and people

curricula were developed and existing curricula ere adapted to teach the
themes selected fOr particular grade levels. Examples of the themes and
related science topics for grade 8 are shown in Table 2.1.

A particular consequence of the school philosophy was that the
cle.velopment of student independence and individual decision making
was valued highly. One of the general aims of the school was.

Southside High ... will ultimately distinguish itself by the stress it
places on the concepts of staff professionalism and the recognition of
the individuality of students with the consequent need to adapt
learning programs accordingly. The open or flexible spaces are a
convenient device or aid to the implementation of programs which
allow for the individual potential of students to be realized.

Students at Southside High had respons:bility for their own pro-
gress. John noted that students ha-e to be educated to accept this respon-
s;bility. He said that '... ,this can only be done by gradually placing
students in positions of self discipline and providing supportive guidance.
We must accept some failure as part of the learning process. The result of
this is that the Lt majority of grade 10 stt Jents show a degree of self
discipline in this area that far exceeds that which I havc seen in an, other
school'. In addition, recognition of the diverse nature of student abilities
and interests led to a system which enabled students to learn at their own
rates and study science topics in which they were interested. Thus,
students were given considerable auto..omy in selecting NN, hen to study
particular topics, for how long to study specific topics and which to,:ics
to study. In order to provide students with this degree of independence,
workbooks were prepared to enable them to work independently of one
another and the teacher and to facilitate self-paced learning, The science
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course was student-centred, with teacher-centred aspects occupying no
more than five per cent of the allocated time.

Students in grades 8, 9 and 10 were not streamed into ability groups.
Individual differences were catered for within the printed materials by
allowing students to progress at their own rates and permitting them to
select topics suite their abilir. According to John, the advantages of
not streaming I seen in high motivation of students and positive
social attitudes. more able students could progress further than in con-
ventional schools because of the self-paced nature of the program and the
availability of additional topics to study. Students were tunetabled for
science in 100-minute blocks, which enabled a variety of iictivities to be
undertaken in a flexible manner. Students wcre responsible for their own
time keepmg and there were no sirens or bells to signal the end of t 'ass
time.

Another consequence of adhering to the school philosophy of educa-
tion was that there was tio compulsory homework. John explained the
policy in the following manner:

If we are going to stick with these aims, then we will set them the
work to be done and they will decide when to do it. If they
decide to do some work at home, they will get better results, but
that is their decision. We insisted on markirg everything which
they did so that they would feel that it was important and that yie
v,ere pleased with what they had done. If students wanted to do
extra work to get ahead, well and good. But, if they did every-
thing in class, that was all right as well. They saw homework in a
very positive light. They didn't do it because the teacher wanted
them to do it, but they saw that doing homework was a way of
achieving something for themselves not for the teacher.

The stair set out to establish a relationsnip in which teachers and
students were partners in learning and the image of teachers being 'aloof
professionals' was avoided. A feature of the rdationship was the first
name basis on which staff and students addressed one another.

An innovative open-area design was incorporated into the school
buildings Classrooms were separated by a novable wall which could be
opened to provide a large flexible space to accommodate more than sixty
students. In the first five years of the schoOl's operation, a block of
approximately sixty students was t; netabkd for science with two or
three teachers. This enabled innovatii e approaches to teaching to be
utilized. In the first few years, team teaching was used extensively.
However, after five years, John noted that:

Team teaching in science has virtually been abandoned. It was
an exciting technique with many advantages but was abandoned
partly because of the difficulties that some staff had in adapting,
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but mainly because of the difficulties which some students had in
coping with the open area

The discipline policy of the school was based on the philosophy that
relationships between students and the teacher should be based on mutual
respect, sympathy and understanding. Students were recognized as pos-
sessing dignity, integrity and rights, as wdl as obligations. As a conse-
quence, there were no rules. Rather, a code of conduct evolved to guide
student behaviour. Teachers adopted the policy of being positive about
students' work and behaviour. If students transgressed, they were never
disciplined in front of the class, and public sanctions of zll types were
avoided. Instead, teachers adopted a positive approach to problem stu-
dents by providing encouragement and counselling. Based on the same
philosophical point, teachers avoided making public comparisons of stu-
dent performance and achievement.

School-based curriculum development worked On a model in which
objectives were prescribed and a 'best activity' was written to enable
students to accomplish each objective. The activities were incorporated
into student workbooks. John said that the approach underlying the
workbooks was not related to discovery learning which, in his view, is an
inefficient k ming process when science content is to be learned. He
described tilt, approach as individualized and expository, beouse either
the content to be learned usually wa., in thc xorkbooks or students vv..re
told where to locate relevant information. Students were provided with
workbooks and sets of textbooks were dvailable as resources to be used in
class. John described the philosophy of the workbooks in the following
terms:

The ultimate philosophy in some of these books is that, if you've
got something boring to do, the students like doing it better ,c
they do it themselves thzn if you tell diem to do it. So, in a lot of
these, there will be sections which ask students to read a para-
graph and then copy it into their notes. The students, in general,
like that. If you ask a class to copy this paragraph down off the
board, ... they hate it. They'll be bored. So they've made this
decision themselves and the teacher hasn't told them; they've
LI,,oded to copy this paragraph down, and there's no real pressure
as to whether they do it in one minute or two minutes; they can
make that decision and they respond very positively.

The thematic approach was tried out for approximately two years
until it became evident that it was not working. Content areas were
compromised in order to meet the needs of themes, which were some-
what arbitrary As a consquence, the themes were modified in such a
manner that integration occurred between subjects, but on a smaller scale.
However, the topics which evolved in grades 8 and 9 were the remnants
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of the thematic approach. For example, the chemistry of food and the
science of sound were continued for several years even though the thema-
tic approach was dropped. When the thematic approach was discon-
tinued, the new units which were written were closely aligned with
traditional science. Vertebrates and Nuclear Energy were included in the
curriculum on this basis. However, the way in which science was to be
taught was already in place, and the workbooks and teaching methods
were well and truly established and were utilized throughout the school.

In that first year, the original staff worked closely together to formu-
late a curriculum that was consistent with the school philosophy. Not
surprisingly, the teachers identified strongly with the approach that was
adopted in the school. They understood the rationale for what was being
attempted and they worked hard to ensure that the curriculum was
implemented as intended. HON ever, the influence of new staff became a
problem immediately after the first year of operat,on. In many cases, new
staff, who had not been involved in the initial decisions, wanted to teach
differently. This lack of cohesion was seen by John to be a problem. In a
written report in 1979, John noted that:

The school philosophy should nct be a static set of rules; rather it
should evolve where necessary. However, new staff members
must be fully inducted into the system as it stands and they must
initially accept the views of the majority. It is too easy for an
individual teacher to reject what has been established over many
years by many people involved in i:ours of discussions.

The Setotui Five Years

Dennis was asked to describe the factors associatvd with the last tn years
at Southside High which influenced the science program at the school.
Dennis czplamed that, following the departure of John, there was a
two-year period when strong academic leadership was not evident in
science. This lack of leadership influenced the quality of the workbooks
and resulted in a run-down of laboratories and equipment. Dennis com-
mented that the quality of the workbooks had declined to the extent that
he rarely used them. Even so, at the time of the study, there still was an
emphasis on the production of materials based on a self-paced philo-
sophy.

After three or four years, the school ceased to become experimental
and the procedure of 'hand-selecting' staff was discontinued. This change
in procedure was a cataly st for further change. New staff tended Lo be
more diverse and had ideas of how the curriculum should be im-
plemented. Gerry noted that:
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... very few people weie actually committed to a self-paced,
student-centred, student-choice, student-responsibility type of
learning. Very few people had that type of philosophy.

The incoming teachers had different backgrounds and philosophies and,
in the case of senior staff, they had the powcr to influence policy. Even
though the actual policy statements did not appear to change much over a
ten-year period, what actually was taught and the way in which it was
taught tended to be left to individual teachers to decide. Gerry noted that
there was a decreasing amount of teamwork in the second five-year
period. The department size of fifteen was large and there was a lack of
leadership in the direction of student-centrT:1 learning. The approach to
teaching became a matter for the professional judrment of the teacher
and the team approach, which had characterized So ithside High in the
past, diminished rapidly.

Some aspects of the student-centred approach to teaching and learn-
ug wen: retained. 1 he most notable of,these was use of the workbooks,

which in the past had facilitated a self-paced, independent approach to
learning According to Gerry, virtually all of the staff were involved in
revising the workbooks. The 'old hands' prepared new materials and less
experienced teachers 'modified workbooks superficially'. Very few topics
ran for more than one or two years without revision. However, the
relatively large number of teachers involved in revisions, together with
the wide range of perspectives on what students should learn and how
science should be taught and learned, resulted in differences in the extent
to which various topics were student-centred and materials-centred.
Ge y noted that several topics ended up 'being quite mediocre'. As a
consequence, the workbooks evolv,:d from being very materials-centred
towards being text-centred. Gerry explained that Vertebrates was intro-
duced as a topic because, in the thematic approach to teaching, some
teachers felt that biology as a discipline had a low profile. Because of this
perception. topics of a traditional nature (for example, Flowering Plants,
Vertebrates, Invertebrates) were prepared and :ntroduced into the curri-
culum. In a parallel manner, physical science topics, such as Nuclear
Energy, were produced. Gerry described Nuclear Energy as a real 'hotch
potch'. Several teachers had attempted revisions, but the topic was never
written to the satisfaction of most science teachers. Dennis also com-
mented on a 'marked decline' in the quality of workbook materials over
the years:

You could tell the early ones because they were very imich more
student-oriented. The kids were doing activities pretty much all
of the time when using the old workbooks. But in the last three
or four years of writing workbooks, what has happened is that
staff came with neither the expertise nor the desire to write
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workbooks. So, you get some workbooks that are absolutely
diabolical.

The Tenth Year

Policy statements regarding the science program indicated that the
student-centred approach to learning was retained at the time of the
study, at least at the policy level. In fact, the 1986 policy statements
communicated to parents in the school bulletin resembled those of ten
years ,nrlier. The inquiry orientation of the policy is well illustrated in the
following extract from the school bulletin:

Science at Southside High is a student-oriented, laboratory-
centred conrse aimed at helping the students understand their bio-
logical and physical environment. The materials used in science
are drawn from many curriculum materials produced by the
school. The approach to each topic relies heavily on student
enquiry and student experimentation. A multi-media approach is
adopted where possible with use being made of tape recordings,
slides, work cards and reference books. Students are encouraged
to carry out independent research in the many ai-eas and to work
at rates commensurate with their abilities. A component of the
course is also directed towards preparing students for grades 11
and 12 where this is appropriate. (p. 38)

The science program also allows for greater flexibility than the usual
curriculum in its attempts to accommodate students at both ends of the
academic spectrum. In describing the provisions made in the curriculum
for students of varying aptitudes, the bulletin noted:

In Science, the school based curriculum materials are constructed
to appeal to students of all abilities. Because the materials are
designed to allow students to proceed at their own rates, the
teacher is released to assist individuals, particularly low-ability
students. (p. 15)

An integral part of the science progr.,m was the worktiooks which
were developed for every topic of study in lower school science (that is,
grades 8 to 10). The workbooks facilitated the kind of individualized
learning valued and practised in the school in its formative years. How-
ever, as the initial group of foundation teachers left the school and were
replaced by others, the approaches to teaching varied from the policy
which was adopted uniformly in the initial years of Soutliside High. In
the case of both grade 10 classes involved in this study, three workbooks
had been used for science topics earlier in the year and workbooks were
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used for both Vertebrates and Nuclear Energy. Dennis asserted that staff
-hould not have felt an obligation to use the workbooks in their teaching.
He indicated that: 'At the beginning of the year, it was emphasized that
the workbooks were a resource for staff to use in the way in which they
wanted'.

Although science at Southside High had changed substantially over a
period of ten years, several features continued. Perhaps the most obvious
feature was the school buildings. The flexible area design remained,
despite the fact that the philosophy of student-centred learning (which
was shared by the twelve original staff at Southside High) was advocated
by fe N current staff during the year of the study. Thus, the concertina
walls which separated Sandra's and Peter's science rooms were shut.
Whereas _John and Gerry earEcr had taught as a team with their sixty
students, Sandra and Peter taught their separate classes independently.
The separate rooms were bounded by their own four walls. Yet, they
shared a wall through which sound easily penetrated. The sounds of
students at work in the separate classrooms often was a source of dis-
traction.

Because of the initial focus on student-centred :earning, self-paced
learning and student choice, the science rooms were designed for these
purposes. A small chalkboard at the side of each room was available for
teachers to use, but it was not easy to use it with the whole class.
Similarly, use of an overhead projector with a whole class was difficult
because the accompanying screens were too small. The rooms were
designed primarily for individualized and small-group activities. Teachers
who did not teach in that way were bound to encounter some jifficulties,
frustrations and constraints when they used the rooms.

Other factors which persisted at Southside High were the use of
science workbooks, a policy of not setting too much homework for
students in grades 8-10, the option for students to refer to teachers by
first name and concern for maintaining a caring environment in which
students could learn. These factors probably were evident because the
first school principal and deputy principal were still at the school, and
because Gerry, an influential science teacher, was also one of the founda-
tion staff.

Reference
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Chapter 3: Teacher Mind Frames and
Science Learning

Kenneth Tobin

Although the acquisition of higher-level cognitive outcomes has been all
intended outcome of high school science programs for many years, the
goal appears to have been elusive. Tobin and Gallagher (1987b) reported
that Australian high school teachers emphasized activities which focused
on rote learning of sci,mce facts and algorithms to solve quantitative
problems. Teachers were concerned mainly with covering the course
content in the til that was allocated. Students also were concerned with
getting the work done, obtaining correct answers and receiving satisfac-
tory grades. Little concern was shown for teaching or learning with
understanding and the principal driving forces exerted on the imple-
mented curriculum were external exanlinations and teacher tests, both
of which emphasized recall of science facts and the solving otquantitative
probkms. These tests and exanlinations were predictable and teachers and
students worked hard to be successful on them.

Tobin and Gallagher reported that the activity types which were
most prevalent in high school science classes involved the teacher work-
ing with the class as a whole group. Whole-class non-interacdve and
whole-class interactive activities were used as a means of maintaining
effective management and covering content. Seatwork activities also were
common. These allowed students to work from the textbook and to
solve problems from mimeographed sheets, the chalkboard and the text-
book. Small-group activities occurred infrequently and usually were con-
fined to the data-collecting components of laboratory activities.

The types of activities prescribed by the teacher constrained the
opportunities that students had tc learn during class time. Students were
placed most often in a situation in which they listened to the teacher or a
peer, copied down notes or worked from the textbook. Opportunities to
clarify and test understandings were limited, as were opportunities to
elaborate, evaluate, synthesize, resolve conflict and reflect on what was
being learned. Similarly, laboratory activities usually were not intended
to generate new knowledge. Rather, they were designed to confirm
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knowledge and, in most cases, students followed a recipe to collect data
which confirmed content covered earlier in the course.

Tobin and Gallagher (1987b) suggested that most science teachers
have a cultural transmission view (Pope and Keen, 1981) of teaching in
which the teacher is mainly a transmitter of information, rules or values.
According to this view, the learner acquires 'absolute truth' by a process
of iterative accumulation or absorption. Pope and Gilbert (1983) noted
that the epistemological underpinning of this approach is realism.
Metaphorically, knowledge is regarded as a fluid entity which can be
transferred from the teacher to students.

In contrast, in a progressivist view (or constructivist view) of teaching,
the acquisition of knowledge is an act of change in the pattern of thinking
brought about by experiential problem-solving situations. Pope and Gil-
bert noted that: 'Reality is the interaction of human beings with their
environment by engaging in the reconstruction and interpretation of
experiences' (p. 250). This view assumes that meaningful learning occurs
as a result of personal actions on data derived from active engagement in
activities in which students discuss ideas and problems with their peers,
manipulate equipment, work independently, listen to the teacher in
whole-class settings and respond to teacher questions. Because knowl-
edge is personalized, active teaching is required to monitor student
understandings and to facilitate learning through the use of cues, prompts
and clarifications.

The constructivist classroom has the potential to pro- ide an environ-
ment in which higher-level cognitive learning is enhanced in science.
Although classrooms based on a cultural transmission (or an absorption)
model of learning probably would be suitable for learning facts aw..
algorithms which could be used to obtain correct solutions to problems,
there would be little scope for students to relate knowledge to prior
learning, to clarify understandings and to learn in a meaningful way.

Although students have responsibility for what is learned, teachers
have a direct influence on the context in which classroom learning occurs.
Consequently, factors likely to influence teacher plans for implementing
the curriculum include the beliefs of teachers, metaphors used to concep-
tualize teaching roles, knowledge of the science content to be taught and
knowledge of how to teach specific science content. These cognitive
factors that have a direct influence on the manner in which the teacher
structures the learning environment are referred to as teacher mind frames.
Thus, the main purpose of this chaptcr is to consider teacher mind framPs
and interpret them from the perspective of, first, what was observed to
happen in the two science classrooms involved in this study and, second,
what opportunities were provided to facilitate student learning.

According to Schon (1983), teachers have knowledge which enables
them to undertake complex tasks in the day-to-day events of their profes-
sional lives. Much of this know), ige drives routines whiLh are put into
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action in an almost unthinking way. In many cases, this knowledge is
used in a subconscious way and teachers are unable to explain what they
have done during a lesson or why they have done it. Teachers obviously
have a great amount of tacit or intuitive knowledge which influences
what they and their student; do in classrooms.

Studies by Tobin and his colleagues (for example, Tobin and
Espinet, 1989) suggest that teachers' beliefs about teaching and learning
influence the implemented curriculum in science. The highest level of
cognition is represented in a cognitive belief structure which exerts a
strong influence on various perceptual and memory operations by proces-
sing and retrieving information in ways that are consistent with an
individual's existing worid view and self-concept. As a consequence,
individuals almost alw ays perceive new information in a manner that
conforms to their present world view. One explanation of why indi-
viduals are so steadfast in maintaining present orientations, conceptions
and perspectives in the face of contrary el, idence is provided by consider-
ing cognitive beliefs. Goodenough (1971) noted that belief systems take
on appealing, compelling and emotionally-laden dimensions, and that
individuals are reluctant to give them up because of the cognitie disorder
that would seem to follow from disbelief. An example of this is Tisher
and Power's (1973, 1975) finding that teachers implement the curriculum
in a manner which is congruent with their beliefs about teaching. For
example, classes taught by teachers who value an inquiry approach to
science exhibited both teachei and student behaviours which reflected the
process of inquiry. Power (1977) also emphasized the relationship be-
tween teachers' beliefs and the implemented curriculum:

Teacher's beliefs about what constitute the most effective class-
room procedures are one of the most potent factors which in-
fluence their behaviour and which can influence the degree to
which a new curriculum is implemented. (p. 11)

An assumption underlying this study was that many of the teachers'
beliefs and knowledge about teaching and learning are metaphorical. The
assumption is consistent with the theoretical perspectives of Black (1979),
Schon (1979) and Lakoff and Johnson (1980). It is proposed that, as
teachers reflect on teaching and consider the various roles that they might
adopt, they make sense of their roles by the use of metaphors (Black,
1979; Lakoff and Johnson, 1980). Thus, metaphors underlie the under-
sta idings ascribed to important concepts about teaching and learning.
Whm a teadier considers w hether or not a particular role is appropriate
for use in science teaching, one of the considerations which is brought to
bear on the decision is the teacher's personal epistemology (that is, beliefs
about the nature of knowledge and how it develops). If the role is
consistent with the teacher's personal perspective (Pope and Keen, 1981),
the decision might be to adopt the role. However, if the role and the

s
'',.! . 5 0

35



Kenneth Tobin

perspective are incompatible, role might bc tonsidered inappropriate.
Thus, bAiefs about how students learn can have a direct influence on the
roles utilized by teachers.

This chapter ,is devoted to the manner in which Sandra and Peter
endeavoured to facilitate me.iningful learning of higher-level cognitive
goals in a high school sdence program. The chapter consists of seven
sections which describe: the beliefs about teaching and learning held by
the two teachers involved in the study, the metaphors which appeaied to
underlie the way in which the teachers conceptualized reaching; the im-
ages which the teachers projected during instruction, the constraints
under which the two teachers operated; planning of the two science
topics; the implemented curriculum in each classroom from the perspec-
tive of facilitating learning; and conclusions.

Beliefs About Teaching and Learning

Philosophers (for example, Fenstermacher, 1986) and anthropologists (for
example, Stet-fire, 1965) define a belief as a proposition, or statement of
relation among things, accepted as true. To accept a proposition as true is
to value it in some way, for logical, empirical, social or emotional
reasons. Thus, a belief is a way to describe a relationship between a task,.
an action, an event or another person, and an attitude of a persor towards
it (Eisenhart, Shrum, Harding and Cuthbert, in press). For example, the
belief that students learn science by listtning to the teacher and reang
books could link positive attitudes (such as rewarding and gratifying
feelings) to activities such as lecturing to students or directing students to
read a textbook.

Two procedures were used to infer teacher beliefs and values during
this study. First, specific aspects of the classroom observations were
discussed with teachers during regular interviews throughout the study.
As the teacher explained and justified his/her behaviour in specific situa-
tions, beliefs and values were inferred. Second, the repertory grid techni-
que (Munby, 1984) was used to obtain an alternative view of the structure
of each teacher's beliefs. The possible meanings and impact of these
beliefs on instruction were discussed with each teacher after the repertory
grid results were available.

The Repertory Grid Technique

Peter and Sandra were asked to list the events which would occur in a
series of general science lessons taught under favourable circumstances to
a grade 10 class at Southsde High. An event was defined as an activity in
which students or the teacher were involved, such as writing, listening
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and working w ith equipment. As each teacher described the events which
would occur, the researcher recorded each one separately on a card. Care
was taken to use the teacher's words in describing each task.

When Peter completed list. ,g the events, he was given the set of
cards and asked to arrange the activities using any grouping criteria. In
this instance, twenty-one events were sorted into nine groups. Peter then
was instructed to explain why the events in each group were classified
together. The reasons for classifying the events into the nine groups were
noted carefully in the teacher's own words. As one group was being
described, Peter thought of another event that would occur m his lessons.
This event was added to the list of events and was categorized in the
appropriate group. The twenty-two events described by Peter are pre-
sented in Table 3.1 and the nine grouping criteria are listed in Table 3.2.

The twenty-two events were listed as the rows of a matrix and the
nine grouping criteria comprised the columns. Peter then was asked to
enter data into the matrix by indicating the relevance of each grouping
criterion to each event using a scale of: 3 = strongly related, 2 = some-
what related; and 1 = not at all related.

Peter's 22 x 9 matrix was factor analyzed using a principal factor
analysis with PROMAX rotation to obtain two-, three-, four- and five-
factor solutions (see Table 3.3 for the four-factor solution). These solu-
tions were used as a basis for further discussion with Peter. During the
discussion of the factor analysis results, Peter was asked to explain which
solution was most pleasing to him and why the grouping criteria had
clustered in the manner shown by the analyses.

Similar procedures were adopted when Sandra completed the reper-
tory grid activity. She listed twenty-four events which would occur in an
ideal sequence of lessons with her grade 10 general science class (see Table
3.4). Twenty-two of the events were listed initially, and two were added
during the grouping process when it became apparent to Sandra that she
inadvertently had missed them.

When Sandra grouped the twcnty-four events, she used four criteria
wk Li she described as what students come in witk,. resources which are
needed, management of the program, and student involmtent (Table
3.5). As Sandra spoke about the events and the criteria for grouping
them, it was evident that she was very concerned that students should
learn as a result of their own active engagement in a student-centred
environment. Because of the relatively small number of grouping criteria,
and because student involvement was rated as highly relevant to each
event, Sandra's ratings were not factor analyzed. Visual in..pection of the
ratings assigned to the three grouping cr;teria which vaned (that is, what
students come in with, resources which are needid and management of
the program) indicated that what students come in with and management
of the progrim ire similar to one another and to student involvement
(which had a constant rating of 3).
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Table 3 1 Events which Peter identified using repertory grid technique

Event No. Event

1

2
3
4
5
6
7
8
9

10
11

12
13
14
15
16
17
18
19
20
21

22

Rapport with students
Questions from students
Teacher-student interactions
Students on-task and involved
Teach in same classroom
Go off on tangents
Lessons are sequenced
Rounding off lessons
Interact with groups
Interact with individuals
Challenge students
Use different techniques
Challenge students to think
Get students out of classroom
Student-student interactions
Write with pens
Pages ruled up
Work done on time
Challenge more-able students
Expository approach
Hands-on activities
Students produce a paper

Table 3.2 Criteria used to group the twenty-two events identified by Peter

Group
Identification Criterion for Grouping Event Numbers

A Interactions 2, 3, 9, 10, 15
B Standards 16, 17, 18
C Motivation 4, 11
D Creating a stimulating learning 6, 12, 13, 19

environment
E Teaching techniques 20, 21, 22
F Classroom management 7, 8
G Convenience for teacher 5
H Total change of learning environment 14
I Relating to sZudents 1
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Table 3 3 Rotated factor pattern coefficients for a four-factor forced solution for
Peter's data

Grouping
Criterion

Fa ctor Pattern Coefficients

Factor 1 Factor 2 Factor 3 Factor 4

A
B

(Interactions)
(Standards)

0 83
-0.06

0 01
-0 06

0.24
0.67

-0.24
0.07

C (Motivation) 0.77 0.24 -0 10 -0 10
D (Stimulating environment) -0 05 0 88 -0 10 -0 10
E (Teaching technique) 0 20 0 75 -0.00 0.01
F (Classroom management) 0.37 0 45 0 16 0.31
G (Convenience) -0 05 -0.01 0 06 0 39
H (Total change; 0 96 -0 11 -0 21 0.13
I (Relating to students) 0 89 0 10 0.02 0 01

Table 3 4 Events listed by Sandra during the repertory grid technique

Event No. Event

1 Students seated in groups
2 Discussing how to solve a problem as a group
3 From a given problem generate a hypothesis for testing
4 Each student would have some input
5 Set up a controlled experiment to test hypothesis
6 Have equipment available
7 Use equipment to solve a problem
8 Collect and record results in a reasonable form
9 Generate further quest-As to investigate

10 Use additional resources to investigate the problem further
11 Students report to the rest of the class
12 Students question to require ;ustification of result
13 Teacher centred activity to set up the initial problem
14 Write up a report on the investigation
15 Prepare summary version of report to share with others

Synthesis activity in which teacher helps students to pull
strings together

17 Assess what students have done
18 Different groups take different objectives
19 Investigations in one area lead to invPstigations in anothr.;
20 Students are motivated and keen
21 Problems are interesting
22 Students achieve all objectives through this process
23 Students have prerequisite knowledge
24 Teacher monitors student progress

39



Kenneth Tobi::

Table 3.5 Criteria used to group events identified by Sandra

Group
Identification Criterion for Grouping Event Numbers

A What students come in with 1, 4, 20, 2C
B Resources which are needed 6, 7, 10
C Management of the program 12, 16, 17, 18, 21, 24
D Student involvement 2, ' 5, 8, 9, 11, 12, 14, 15

1C, a

Per. r's Beliefs

The results of the factor analyses for Peter's data (s-ee Table 3.3) indicated
that a four-factor solution was interpretable. In actual fact, the two-,
three- and five-factor solutions differed only slightly from the preferred
four-factor solution in terms of loadings on factors and the way that the
criteria clustered. On the basis of the grouping criteria which loaded most
heavily, the I tors were named learning, teach*, standards and convenience

for the teacher. Ile factor pattern loadings contained in Table 3.3 indicate
that interactions, motivation, total change of learning environment and
relating to students were the criteria most strongly associated with the
learning factcr (that is, factor I). The cecovd factor (teaching) was most
strongly associated with changing the ' ,hvironment to be stimu-
lating, with teaching techniques and wii;. .isoom management. Stan-
dards was the only criterion associated with the third factor. The fourth
factor was defirlcd by convenien:e foi the teacher and classroom manage-
ment. Classroom management did not load strongly on any of the
factors. This probably occurred because the sense in which Peter used the
term classroom management related to the way in which the curriculum
was implemented. In this sense, the criterion was pervasive and it is little
wonder that it loaded on three of the four factors, as management of the
implemented curriculn_a is clearly related to learning, teaching and the
convc.iience of the teacher.

The factor structure is used below as a basis for discussing Peter's
beliefs as inferred from the repertory grid .iialyses, interviews and
observations of teaching.

Learning

Peter emphasized the importance of striking up immediate rapport with
svidents. He noted that this usually happened in the first sixty seconds of
a lesson anl might involve something totally unrelated to ',-he lesson (for
example, a joke). Usually the basis foi establishing rapport was common
ground between the teacher and students, and this might have taken the
form of a comment directed to a number of ;:tudents.
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Emphasis also was given to the need to interact with students and to
encourage them to interact with one another. In this sense, Peter said that
he badgered students to interact and to ask questions. He stated that he
'did not like students w ho are passive and just want to write. I don't sec
writing as a very productive exercise'. Later, Peter mentioned that he
liked to interact with students in small groups or on a one-to-one basis.
He specifically referred to an out-of-school situation in vk Inch he had been
coaching several students to improve their science:

If there are just three of you sitting in a room, there are no
barriers and you can really get through to them and find out
where the problems are and where they need help and really
work with them. But you can't in a classroom situation because
of the peer group pressure and what have you.

Peter noted that he liked to see students on-task and involved in an
intense way. He stated that 'I get a real euphoric surge when kids really
get involved in the activity and work to such an extent that your 1.,.k!sence
in the classroom is no longer required as if you put the plane 'In
automatic pilot'.

Peter also was critical of the approach used at Southside High where-
by students were required to do an enormous amount of writing and
'were not given much time to sit and think about what they're doing'.
Peter hoped that there were opportunities for students to interact w ith
one another and the teacher in his classes, but acknowledged that his
students were forced into a situation in which they had to learn by rote
for tests. In addition, Peter was not enthusiastic about the workbook
approach which re.-,tricted students to r:ading and writing and provided
them with a 'crutch' which was not available in grades l 1 and 12. The
requirement to use the worh000L was a constraint which reduced the
amount of time which Peter had for interacting with students.

Peter was enthusiastic about the importance of interactions in pro-
moting student learning. He noted that he rarely sat behind the front bench,
and that he preferred to be amor J, the students and feel that they could
rehte to him. He talked disparagingly about the tendency of some
teachers to walk into the class, pile their books on the front bench and
teach from behind the teacher's demonstration bench. The more inter-
action the better', he noted. During an interview during the Vertebrates
topic, Peter commented that:

I guess a lot of my teaching reflects that I want to interact with
the kids. A lot of people would condemn ine because I try and
interact with them too much. I don't leave them alone to get on
with their work. Mind you I have a perception of kids being left
alone not doing a lot of work anyway.... I just have this uncon-
trona, le urge to ineract with them ... get them away fi o n
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those workbooks because I'm not really sold on the workbook
approach.

I just have this almost uncontrollable urge always to want to
interact with them. And usually, to a large extent, it's me want-
ing to interact with the entire class.... I enjoy that immensely. I
like very much their input and I guess as an observer from the
outside you'd find that I tend towards those kids who interact
with me the most ... They will respond and they always provide
some sort of an answer. But I always make an attempt to drag
other kids into it too. But there are obviously kids who feel vety
threatened by that and I think it's unfair to dwell on them.

Peter liked to focus interactions on students' personal interests and he
perceived an immediate increase in student attention when he referred to
an out-of-school incident which was reievant to the topic being discussed:

They get a lot from the explanation that the teacher providzs as
long as it's aimed at a level that they can understand and it's
altered so that it is meaningful to them. A lot of teachers just go
on with a lot of jargon that's quite irrelevant but, when you can
specifically relate things to them and to people in their class, I

think it's a much more meaningful learning experience. That's
why I like the question and answer session and establishing rap-
port and firing questions at them. I'm getting questions back
from them and engaging them in that. I think that's probably one
of the things I'm quite good at in a classroom situation with a
class of kids I like working with.

Peter's beliefs also were influenced by his own experience as a high
school student when he discovered that learning was meaningful when it
was related to personal life experiences. Peter stated:

From my educational experiences as a kid in the classroom, the
things that I remember the most were the comments the teacher
made that made a lot of it relevant.... So you find in my
teaching that there are a lot of comments about that ... Really
the intimate detail about whether the fish has got a three-
chambered heart or whatever and stuff like that just goes by and
by. gorne of it would appear again if they go on to do biology in
upper school but I think most of it is lost ,nd it's just the little
comments along the way that are particularly relevant to them.

Teaching
Peter believed that there was some need for the expository approach in
science lessons, although he was quite clear about tht: futility of too much
time being allocated to lectures. He noted that leL.tures were a way of
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'impressing kids with your ability as a teacher and your knowledge of
content'. He also noted that It's good in a laboratory situation to bc able
to imprcss students by displaying your skills by the use of a microscopc
or something like that'. This quotation provides evidence of Pc;er's need
to gain thc respect of students by impressing them with his science-
related knowledge and skills.

Some additional insights into Peter's btliefs about teaching and learn-
ing were gleaned from several interview comments which alluded to
teachers that he did or did not admire. For example, hc greatly respected
the teaching of Martin, his first head of department, who was a strong
'traditional' teacher who was able to assist grade 12 students to perform at
the highest level on external examinations. In contrast, Peter was not
impressed with the head of department of the school at which he taught
in Canada. He stated that she did not have thc neccssary experience for
thc job, thit she spoke in a high-pitched voice which was ridiculed by
studcnts, arid that her mode of teaching was to go into the classroom and
cover a parr of the textbook. According to Peter, shc lectured from
beginning to end of the lesson and there wcrc no discussions, no labora-
tory activities, no slides, no library work and no films. Thc pace of
learning was lockstep and, at the cnd of thc work in a chapter, the
students learned by rote for the test.

Thc above viewpoints wcrc consistent with values which Peter de-
monstrated in his teaching and in interviews conductcd throughout thc
study. Pctcr thought that thc teaching of biology and human biology to
grades 11 and 12 students was morc important than teaching general
science to grade 10 students, and he valued external examinations and thc
high standards which were implied in such a system. Also, he did not
value lecturing as an effective means of facilitating student learning.
Instead, he advocated interactions between students and thc tcacher, usc
of audiovisual aids and use of thc library.

Much of what Pctcr said during interviews suggested that his own
teaching style was shaped by his experiences as a high school student.
Peter noted that, while at school, hc was not regarded as one of thc
brightest studcnts and that he found many aspects of learning quite
difficult. He was critical of expository methods of teaching and learning
and noted that he: could not maintain concentration beyond thirty min-
utes. Peter's beliefs are encapsulated in thc comments provided below:

How I think that a lot of kids learn is snnply from the interaction
that occurs between fellow students Whcn I was in school, I

relied to a large extent on a very bright kid with whom I was
good friends ... So that's why in just about every lesson I allow
large portions of interaction between kids ... I know my mouth
runs away with me at times.... But even thcn I'll stop and allow
them twenty minutes, particularly for interaction in small groups.
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For example, in the interaction between Rachel and Nicola,
Rachel is the bright student and Nicola is not so bright. Nicola is
very dependent on Rachel and I sec that as a good thing. It's not
hindering Rachel and it's helping Nicola immensely. That's why I
favour them sitting where they want to sit and organizing them-
selves ... and allowing a tremendous amount of interaction
baween individuals who obviously enjoy working with one
another.

Despite Peter's belief that students learn best as a result of interacting
with peers, he regarded lock-step', whole-class teaching as providing a
means of monitoring student understanding. Pete, noted that:

I must confess that I find it difficult to have a class that's working
at its own pace.... I do like to keep the kids together as much as
possible ... because then, as a teacher, I have a far better under-
standing of where everyone is at in the class.

Standards
Peter believed that he differed from most other teachers at Southside
High in terms of the standards to which he adhered. During the interview
associated with the repertory grid, he stated:

I'm very much an advocate of standards, I suppose. I could quite
easily see myself embracing reintroduction of the old junior ex-
aminations at the end of grade 10.

In terms of standards of student work, Peter insisted that students
write in pen, as distinct from pencil. He maintained that part of the
teacher's role was to convince students that they had the ability to be
successful with their work. He believed that using a pen was important
because it was an indication that students had the confidence that their
work would not have to be erased. Peter also insisted that students rule
margins on the left-hand side of their pages to make their work appear
neater The final event which Peter associated with standards was the
need to submit work on time. On one occasion, he related this need to
his personal inconvenience of having to assess work that was not submit-
ted on time.

Convenience for the teacher
Peter commenced that fewer laboratory activities were being conducted
because of the distance of some of his teaching rooms from the central
equipment store. Because of the time constraints under which he worked
and the relatively long distance ovcr which equipment had to be trans-
ported his inclination was to adopt other methods of covering the work.
Scheduling his program into more than one room also influenced the
manner in which the curriculum was implemented in other ways as well.
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For example, he noted that b: did not set up aquaria and displays and that
reorganizing furniture for alternative grouping arrahgements was mcm-
vement because of the probable impact on others using the same class-
room.

When the classroom management criterion was formulated, Peter
referred to the sequencing ard completion of lessons, not to the disciplin-
ing of students. How ver, when Peter completed the grid, he appeared to
broaden the definition of management to include managenwnt of stu-
dents. Thus, events such as keeping students on-task and involvtid,
teaching in the same classroom, interacting with individuals, using diffe-
rent strazegies and challenging students to think weie all rated as being
strongly associated with classroom management. The use of tFe broader
definition probabl), explains why the criterion was moderately associated
with three of the four factors.

During the repertory grid activity, Sandra began by describing how
students would be grouped for science. From that moment on, she
fe-used on student involvement in activities related to designing and
implementing solutions to given problems. The essence of Sandra's be-
liefs about learning is contained in the following comment:

If kids do something for themselves they remember it better. The
wa y to learn best is by doing it, writing it in their words,
discussing it with the person next to them, asking a question or
explaining it to someone else.

Sandra advocated problem-solving activities in which students had
access to resources such as textbooks, reference books, equipment and the
teacher. She perceived the purpose of the resources to be the facilitation
of learning, which clearly was conceived of in terms of student involve-
ment. In Sandra's ideal class, students would identify problems, design
controlled investigations, use equipment to collect data, record the
findings of the investigation, report the findings to peers and justify the
conclusions. When describing her ideal class, Sandra said that, if students
could move through the activities efficiently, achieve the objectives and
be accurate in their work, she would arrange for them to have small-
group discussions in which they could go over thi work and ensure that
they really understood it. She emphasized the importance of students
working out things for themselves and helping others to learn. Sar 'ra
noted that 'by finding out the information for themselves, they work
through the material once but, if they explain it to semeone else, they
must really understand it'. Students would not have to undertake every
investigation because Sandra believed 'hat they would learn from one
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another as they shared thtir findings in an environment characterized by
debate and questions requiring explicit evidence to upport findings. In
this manner, all students learned as a result of their own investigations
and those of their peers. Although this type of learning was seen as being
better than rote learning, Sandra acknowledged that rote learning was
necessary to pass the end-of-topic examinations.

Sandra recognized the constraints of having to prepare students for
end-of-topic examinations which emphasized recall of science facts.
During an interview. Sandra commented that:

The optional activities are excellent. The activities such as the one
that Peter did yesterday, that I gave him the other day, that my
kids will be doing as a next assignment, etc. ar- very important.
But you've also got to give diem content. And you don't want to
disadvantage the kids at the end of the year. They need to km w
that they're going to get sufficient content for that test at the end
because that is one of the things used to compare them with other
students activities and yet, on the other hand, you'd like to do a
lot more of the optional activities. And every now and then I

think it would be better to take three weeks and 'chalk and talk'
them through the content and give yourself two weeks to do the
options. I haven't quite got to that point yet, but I'm working
towards it.

Even though the tests assessed facts about science, Sandra recognned
that the way in which she organized the class during Vertebrates and
Nuclear Energy was not efficient for learning facts. With specific refer-,
ence to Nuclear Energy, she noted that she looked for different types of
outcomes in her science classes:

It's a difficult topic because there is just so much factual informa-
tion that was outlined in their objectives. And the really good
kids can learn that all off by heart and the less able kids arc going
to learn the factual information, but they might not be aLle to use
it and might just give it back to you. So I look for different
things. I accept that they will learn a certain amount of factual
things but, given five weeks and given that mode of working in
groups, it's not as efficient in terms of learning lots of little facts.
In the long run. II expect them to learn] that there are naturally
occurring atoms and isotopes which produce radiation, and that
either using naturally occurring isotopes or making our own can
lead to beneficial usc of radioisotopes. The dominant view about
nuclear energy is that it's wrong and its dangerous. If nothing
elst, I would like them to come out of it recognizing that there
can be neutral purposes and there can be beneficial purposes of
our knowkdge of nuclear mei gy.
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Sandra was critical of the time which students spent writing during
science lessons. In an evaluation of the Nuclear Energy topic, she said:
'They did all that written work, but you wonder how much they really
learned. It's a fundamental flaw in our organization of grade 10.' She felt
that at least half of the students would not underAand the concepts taught
in the topic beLause there was too much to learn in a five-week period.
She would like to see changes in the approach taken so that students
could be more active in their learning by engaging in more research (that
is, using references, magazines and newspapers), more hands-on activities
and more enrichment work for the more able students.

Sandra perceived science knowledge as a product of scientific
thought and endeavour and emphasized the fact that science knowledge
changed with time. She felt that this type of awareness should be an
outcome of a science program:

If you learn it by heart, in fifteen years or twenty-five years your
kids might learn something else by heart. Things will change as a
result of the way that scientists work. It's not something that's
static. Kids at grade 12 need to be reminded constantly that this is
where it is at, at the moment. They need to do experiments, even
though they're not really doing it as a scientist; at least they can
see that it's not a static subject ... Ideally it should happen all the
time, but it's somethilg that has to happen over a year's time.
Kids would feel uncomfortable with too much. They would
come and say 'What do I have to know? What's the real answer?'
And they want a definite one-liner that they can write down as
right.

In accordance with a belief that students should have opportunities to
develop understandings about science, Sandra frequently provided stu-
dents with direct experiences in the form of teacher demonstrations and
laboratory activities. Sandra perceived her role in terms of monitoring
student progress, assessing learning, providing resources when they were
requested and assisting students to synthesize findings from a set of
investigations. During an interview, Sandra was asked why she had
utilized a joint; a lung and a heart in consecutive lessons in the one week.
Sandra responded:

The reason is to get the kids more involved in handling and less
involved in copying down. And I really think that in the long run
it should mean that students remember difficult information if
they have actually gone through it themselves rather than writing
it and memorizing it ... When I was a student, when I actually
did it myself, I found out more than I would have found out by
just hearing it.
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Sandra's teaching and her responses to interview questions ii ated
that she firmly believed that students should progess at their own rates in
thcir science activities. Thus, students were organized into groups so that
they could collaborate on their work and help one another learn. Sandra
perceived her role in tcrms of monitoring student progress and helping
each studcnt to learn by answering questions and providing information
as cach student recognized the need. Even though this procedure resulted
in Sandra answering most questions many times, she was prepared to
defend her approach to teaching and learning and she intended to use this
style of teaching again when she next taught Verteb..itf.:s and Nuclear
Energy. During an inter view she was asked why she didn't answcr
questions just once for the whole class. Sandra replied:

The students who were ready would have asked the question.
Other students would be asked to stop when not really
relevant to them. The students who aren't up to that point won't
absorb thc information as they arcn't able to rdate to it. You find
that, twenty minutes later or the next day. it will coin:: up again.
Or you will find that they have put down a slightly disjointed
version because they've ,heard it but, becau:e tht y haven't
covered the preceding information, they will havi a hard time
following it. So that's why I wouldn't do it all together.

During her teacher education program, Sandra had opportunities to
observe a range of teaching styles. 'There is no one style of teaching;
there arc many styles', 1..marked Sandra. She expressed the view that one
style of teaching should not be judged as better than another. A particular
style might suit a specific teacher and class but not be at all suited to other
teachers and classes. Sandra had a strong aversion to whole-class activi-
ties. Although she used whole-class activities for short periods of time in
both topics, and had used whole-class activities predommandy in topics
such as Chemistry, she did not believe that students learned effectively
with them. In an evaluation of her teaching of Nuclear Energy, Sandra
commented on the extent to which a fett students were able to monopo-
lize her time in individualized activities as they endeavoured to tinderstand
concepts such as half life. She 'Nent on to say:

You can do it as a whole-class thing, but I think the same kids are
going to get the same out of it ... By doing the wholc-class
thing you're not really helping because they've got a slightly
different misconciption and a slightly different way of lookmg at
it. ... Then you go around and still find that kids have other
misconceptions that I hadn't covered until I talked to them.

Thus, Sandra's preferenct to avoid whole-class activities was based
on the value that she attached to students' understanding of their work.
She realized that each person constructed his/her own pe:sonal under--
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standings of science concepts and, because of this fict, the best way to
deal with misconceptions was to work with students on an individual
basis In her discussions of whole-class activities, Sandra did not advocate
their use. On the contrary, she indicated that learning in whole-class
activities was often a passive affair. In a discussion with a member of the
research team, Sandra commented on the extent to which students had
grasped the concept of half-life. She noted that:

Fin not sure that 1 got enough of that through. I don't think that
there was much of it in the book. When I mention it orally half
the class listen sufficiently and the other half sort of listen, but I'm
not really sure how mucn they're listening really. You can have
them quiet bur I'm not really sure whether they really take it in
and keep it. You sort of hope that, if it keeps happening often
enough, eventually it'll soak in.

In her final comment. Sandra describes learning in a whole-class activity
metaphorically in terms of a physical entity; a fluid. Her somewhat
frustrated comment seems to suggest that whole-class teaching is an
approach which she has tried with little success. The comment reflects the
value that Sandra attaches .-o students being overtly involved in problem-
solving activities and progressing at their own pace.

Sandra's beliefs about teaching and learning were of a constructivist
nature She valued students being involved in activities from which they
would learn and perceived her teaching role in terms of facilitating the
process of learning. Her beliefs about what students ought to learn were
consistent with her perceptions of what she believed that they would need
when they left school. She did not perceive science as a body of knowl-
edge which was immutable; rather, she wanted students to be involved in
the processes of science, develop the intellectual skills associated with
doing science and create science content as a result of doing activities. Her
belief was tl'at science with a problem-solving orientation was preferable
for students in grade 10. However, other beliefs about her role as a
teacher and head of department also influmed what and how she taught.

As a head of department, Sandra recognized that she had opportuni-
ties to modify the curriculum to accord better with her beliefs about what
ought to be in the science curriculum. However; Sandra also recognized a
need for the school to have a consistent policy about rhe curriculum and
she valued democratic decision-making within the science department. As
a consequence, she recognized that the majority of the science staff
wanted to teach in the manner which had become the tradition at South-
side High. This tradition involved the use of workbooks and a style of
teaching and learning that was essentially self-paced. Clearly these beliefs
took precedence over her beliefs about teaching and learning and what
students ought to learn. As a consequence, compromises were made to
the implemented curriculum to accord with the views of other science
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staff, the traditional approach at Southside High and other forces which

act to influence the implemented curriculum.

A Comparison of the Beliefs of Peter and Sandra

Peter and Sandra both appeared to have constructivist beliefs about stu-
dent learning which emphasized the importance of interactions between
students and with the teacher. Both teachers rekrred to the importance of
students constructing their own understanding of science knowledge.
However, beliefs about the teacher's role in facilitating learning provided
an area in which the two teachers appeared to differ.

When Peter discussed his teaching role, he projected himself as the
educational leader whose actions made it possible for students to learn.
Emphasis was given to the needs of the teacher in terms of presenting
content, interacting with students and being inconvenienced by a variety
of factors. Sandra explained her role as a facilitator of student learning. At
all times, she stressed the involvement and potential difficulties of the
students and the procedures that she should adopt to facilitate learning for
individuals.

Sandra's beliefs about the transitory nature of scientific knowledge
were explained on several occasions during interviews. Sandra viewed
science as a process and her beliefs about the roles of the teacher and
learner in science classes were consistent with this view. In her ideal
curriculum, Sandra envisaged students being involved in a self-paced
manlier and solving problems which had personal relevance to them.
Under these ideal circumstances, Sandra's role would be to assist students
to understand the science underlying the problems which they were
attempting to solve and to utilize process skills.

Peter's ideal curriculum also would have involved students working
with materials to sok e problems which had relevance to the world
outside of the classroom. Concrete evidence of Peter's ideal curriculum
was the Science of Sailing topic which he designed and implemented as
an option to follow Nuclear Energy. However, Peter did not, attach the
same importance as Sandra to the view that science was a process and that
science knowledge changed over time. Although Peter stated that science
content was emphasized to the detriment of science processes, he did not
use this viewpoint to justify the level of emphasis in his ideal or im-
plemented curriculum. He appeared resigned to allowing his science
lessons to remain the way that they were. Observations of Peter's lessons
during Vertebrates and Nuclear Energy indicated that the implemented
curriculum concerned learning of science content and that little emphasis
was given to acquiring or applying process skills.

Both teachers used metaphors to describe the way in which they
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managed the science classroom. These metaphors were evident in discus-
sions with teachers and in actions when they taught.

The Metaphorical Nature of Teaching

Lakoff and Johnson (1980) emphasized thc importance of metaphor in
providing partial understanding of onc kind of experience in terms of
another kind of experience. Lakoff and Johnson regard metaphor as
essential to human understanding and as a mechanism for creating new
realities. Metaphor pervades the conceptual system and is the primary
mcchanism fc,- understanding. Lakoff and Johnson statcd that:

Metaphors may create realities for us, especially social realities. A
metaphor may thus be a guide for future action. Such actions
will, of course, fit the metaphor. This will, in turn, reinforce the
power of thc metaphor to make cxpericncc cohcrcnt. In this sense
metaphors can be self-fulfilling prophesies. (p. 156)

Aletaphors Underlying Peter's Teaching

Peter's teaching behaviour was influenced by metaphors that he used to
conceptualize teaching Peter described his teaching role in terms of two
metaphors. the teacher as Entertainer (in that 'teaching is like acting;
you're like an actor on a stage and you've got to sell your performance');
and the teacher as Captain of the Ship. During an interview with two of
the research team during the Vertebrates topic, Peter described the way in
which he used both metaphors to justify his approach in a particular
activity:

I flunk of teaching pretty much as performing.... I do love
interacting with students. It was m) way of stopping the class
and pulling about eight kids out of the class, to do an activity
which involved these students and also the entire class, that had
me. I guess, as the sort of the captain of the ship out thc front and
directing.... I get a lot of the adrenahn surge out of teaching. I
am the kind of teacher who does love to direct and dominate.

The observations and interviews suggest that these metaphors in-
fluenced the way in which Peter perceived his role and the way in which
he taught. In a particular activity. Peter appeared to teach according to
the metaphor that he used to conceptualize teaching at that particular
time For example, when he was entertaining the class, he was humor-
ous, interactive and amenable to student noise and risque behaviour. On
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such occasions, he often sang, or threatened to sing, and once he sang and
played a guitar. For example, during a discussion on uranyl nitrate, Peter
said that he was reminded of a Diana Ross song which he would sing
except that he had forgotten the lyrics. On another occasion, Peter said
'Be quiet or I'll conumt you to a fate worse than death'. Immediately the
students began to chant. 'Peter, Peter, Peter'. Peter said No, I only know
love songs and I'm not going to do that here'. Peter as Entertainer
quipped his way through whole-class activities and socialized with stu-
dents during seatwork activities. The teacher and the students were
relaxed, but little work vas accomplished.

As the Captain of the Ship, Peter was assertive and business-like. He
was in charge of the class and emplusized whole-class activities in order
to maintain control of a teacher-ccntred and teacher-paced learning en-
vironment. While Peter was Captain of the Ship, he was particularly
severe on students who stepped out of line and often scolded them in a
strong voice. In this mode, he tended to call on non-volunteers and
ensured that all students listened and participated in an appropriate man-
ner. When Peter was Captain of the Ship, most content was covered and
the class resembled a traditional classroom with students mainly listening
to the teacher perform in an expository manner. Peter said that:

Thc teacher has to be in charge, in control. Different teachers
have different abilities to be able to let things go and then bring
them back. And some people can do that all the way through a
lesson and other people can't even do it once. So it's all tied up
with the magnetism, the rapport and the respect which I guess
that those kids have for you as a person, as an individual, as a
teacher. Some of the things that I did in the classroom, I wouldn't
dream of doing on a Friday afternoon because it's Friday after-
noon. You let them go and you'rc gone. You've to sense
how well they're responding to you. I mean that, if they respond
and you let them go and they don't respond, you haul in the reins
and you hang on for the rest of the session. A lot of it is your
perceptithis of what they're like on that particular day. That's part
of good teaching I suppose.

This study suggests that Peter's teaching behaviour was driven by
the metaphors which he used to conceptualize teaching. Considerable
research needs to be done in order to identify other metaphors that
science teachers use regarding tehing and learning and the science
concepts that they endeavour to tc .. In this study, we observed that
Peter taught m quite different ways which were in accord with a change
in metaphor. An assertion which needs to be investigated is that a change
of metaphor could result in sustained changes in teaching behaviour. If
this were the case, approaches to science teacher education could be
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improved substantially by focusing on a variety of metaphors for
teaching.

A Metaphor Underlying Sandra's Teaching

Sandra's teaching was influenced by the metaphor of Teacher as Resource
in both topics. Sandra made herself available to students and assisted
them to complete the work and understand science. The metaphor
appeared to define her role and constrain her from behaving in certain
ways. For example, few whole-class activities were conducted in the ten
weeks of instruction and, when they did occur, they were designed to
clarify the schedule or provide details related to the administration of the
program. Of particular note was Sandra's non-initiating role as she
moved from one individual to another throughout each lesson. Her role
usually was responsive and reactive rather than initiating. In particular,
extension and elaboration were left to other resources such as the text-
book,, the workbook or reference books. In addition, unless students
specifically requested help, Sandra was unlikely to diagnose partial under-
standings or misunderstandings. Her monitoring style appeared to be
related to whether students were on-task or off-task and not to whether
students understood thc scic.ice underlying the activities in which they
engaged.

Sandra endeavoured to provide all students with equal access to her
attention during activities. This tendency to check on all students, even ir
they were working, deprived Sandra of time to reflect and to assist those
who needed additional assistance. In a discussion of her strategy of
moving continuously around the classroom; Sandra noted that:

I always feel bad because I haven't been far enough. You count
up mentally the number of times that you've been to each student
... and whether you've seen each person. For example, Mike,
Digby and the two girls seem to organize themselves so well that
you'll get ten minutes into the lesson and you'll realize you
haven't seen them yet. They stay ontask, bar the occasional
lesson, and consequently they're the ones you feel you're leaving
out. And yet, when you go over and ask or just look over their
shoulder, they say that they are OK and they keep going.

Sandra was untiring in her efforts to share the teacher resource
among the student consumers. To the extent that she was free to do so,
Sandra responded to student needs by asking questions, providing ex-
planations and generally assisting students to remain cognitively active.
Her Teacher as Resource role is illustrated in the pattern of movement
during the Nuclear Energy topic (see Table 3.6). Sandra visited each
group on at least one occasion and visited three of the groups on seven

r;ir 8
-:

53



Kenneth Tobin

Table 3 6 Sandra's pattern of movement between groups

Group Purpose Group Purpose

7 Management 4 Understanding
5 Management 2 Social
7 Management 6 Understanding
3 Understanding 7 Understanding
2 Understanding 8 Understanding
1 Understanding 3 Understanding
2 Management 5 Understanding
7 Management 2 Understanding
8 Management 1 Understanding
7 Understanding 7 Understanding
4 Understanding 5 Management
3 Understanding 6 Understanding
2 Understanding 5 Understanding
7 Understanding 5 Management
8 Understanding 3 Understanding
5 Management 2 Management
8 Management 1 Understanding
3 Understanding 2 Management
5 Management 4 Management

separate occasions. The pattern represents one of constant movemmt
around the class. Even when Sandra isited a group, she usually in-
teracted with two or three of the student, at the table on an ir....., idual
basis. Few visits to groups exceeded thirty seconds in durat.

Sandra's assertiv,: and resourceful role in the classroom .!.. well ilkis-
trated in the following transmpt of several minutes from a lesson on
Nuclear Energy. Alter a brief three-nunute introduction in which she
reminded students of their working schedule, Sandra began moving
about the classroom, assisting students who lud their hands raised and
moving close to students who appeared to be restless or off-task.

Male student. How come there are no smoke stacks?
Sandra: Why do you have smoke stacks in these?
Male tudent. Because y ou're doing it by heat, coal or whatever you

call it.
Sandra: So you're burning a fuel.
Male student: Yeh. And this ouc? That's heating isn't it?
Sandra: . . . and it's heating, but is there any burning?
Male student: Uh uh ldiakes his headi.
Sandra: Any carbon coxide produced?
Male student: So doing it by a reactor instead of a ...
Sandra: Ych Yeh.

Sandra then dealt with a managt.inent matter relating to the choice of
reference books and moved to answer the next question:
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Female student: The mechanism of an atom bomb starts with an
atom which is unstabilized and shoots out a neutron wh.ch starts a
chain reaction.

Sandra: Good.
Female student. This I,'ts out energy.
Sandra: Good.
Female student: Which starts it again.
Sandra: Good!
Female student. Is that right?
Sandra: Yes. So that tells you how you get a chain reaction. OK.

li, an atom bomb you want a big enough chain reaction that is
uncontrolled.

Female student: Righ t.
Sandra: So to make it a big enough one you need enough uranium

nuclei.
Female student: Yeh.
Sandra: So that wherever the neutrons go ...
Female student: Yep.
Sandra: ... they're going to hit something.
Female student: Right.
Sandra: So if you make sure it's a big enough mass ... you have a

mass larger than what they call a critical mass. Critical mass is that
borderline value. Below the critical mass you'll get your chain
reaction but it fizzles out.

Female student: Yep.
Sandra: Above the critt.,1 mass it keeps going in an uncontrolled

way. So with your bomb you start with two masses separate ...
Female student: Yep.
Sandra: ... both ess Limn the critical mass.
Fei..ale student: Uh ul..
Sandra: When the bomb detonates you put them together. At that

stage it beer. -is started off and it v. iii become uncontrolled.
Female student. When it's over the critical mass?
Sandra: Yes. Over the critical mass. That critical mass is the critical

word.

At that Sandra walked off with a laugh. She 4 ilt wirh twr, management
matters aild then moved to Wayne who had ms hand raised:

Wayne: When do you find out all of this iliformation?
Sandra: It's really just asking you to think about what you already

know.
Wayne: Nothing.
Sandra: In which case you have a ince essay to do for me by Friday.

That little essay topic which asks you to research or find out more
about nuclear testing and ...
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Waync. If I knew about this I wouldn't be here learning about it
Sandra: You what?
Wayne. If I knew about this I wouldn't be here learning about it

now.
Sandra. If you knew about the science of providing nuclear energy

you wouldn't be learning about it. But this isn't just the science.
This is general knowledge, current affairs, isn't it?

Wayne: Not for me ...
Sandia: This is relating to argument
Wayne: I've done that then . .

Sandra: Your ideas.
Wayne That's a!l I know.
Sandra: Then you put down ...
Illayne: That's all my ideas ...
Sandra: No it's not ... You do have ideas, like it or not. You

think. You make some ideas betw een now and when you finish
this topic. So you've got some ideas of how things work

She then left Wayne, dealt with two further management related matters
and spoke with another male student who had his hand raised.

Wale student: What could be ...?
Samba: What can start moving?
Male student. Yeh. I don't know.
Sandra. Think about anything that moves in the kitchen. That

moves then you use It or whatever.
Male student. Ah! A beater.
Sandra A beater. And what energy creates the moving energy?
Male student: Electrical.
Sandra. Good. Francesco What are you doing?

During the above tive-nunute segment of the lesson, Sandra dealt
with four questions related to the Nuclear Energy topic. In each case, she
avoided a temptation to give the students an answer that they could
remember and write directly into their notebooks. Instead, she en-
deavoured to get them to speak and think about the question. Her own
questions and explanations were designed to channel studint thinking
a1ong productive lines. In the Lase of the female Audent asking about the
atom bomb, Sandra ascertained that she knew about a chain reaction, but
probably had not grasped the concept of critical mass. Having allow ed
the student to explain now the chain reaction was involved in the bomb,
Sandra elaborated on the answ er in a manner that was understood by die
student, who was then able to w rite the answer to the question in her
own words. The discussion involving the source of movement energy
provided an example of a tudent who had a mental block. He didn't
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know how to start to answer the question. In this instance, Sandra simply
posed another question to get him started. The tactic worked and he was
able to proceed to answer the question.

The discussion with Wayne took quite a different form. hi a sense,
Wayne was challenging Sandra's role as a stimulator of thinking. Essen-
tially Wayne was requesting Sandra to adopt a different teaching role. He
regarded himself as an 'empty vessel in need of topping up with know-
ledge'. Sandra did not succumb to his requests for the correct answers,
but restated the task for him and indicated in firm terms how he should
make a start.

Discussion of i lemphors for Teach*

Peter and Sandra both used metaphors to conceptualize their teaching
rolesmd these conceptuahzations lud a strong bearing on the way in
which the curriculum was implemented. However, other cognitive fac-
tors also influenced how Peter and Sandra taught. Routines associated
with roles associated with life outside of the classroom also appeared to
be influential.

Images Projected by Teachers During Instruction

Teachers have lives outside of the classroom and, as well as assuming the
role of teacher, they also assume roles in business, social, sporting, family
and political facets of their lives. Images projected in these various roles
evolve over the years and become a part of a person's 'self'. As a teacher
moes from one activity to another throughout the day, images which
are projected consciously during one activity might be suppressed in
another or might be evident but less prominent. In other instancesa
teachcr consciously might project an image from another role in order to
gain the respect of colleagues, students or individuals.

During an interview, Peter said that he hoped that students perceived
him as a person not just as a teacher, and that they saw him as approaeh-
able and someone with whom they could talk. He wanted them to see
him in different roles, such as a father and as a person interested in
photog aphy. As he taught, Peter projected these and a multitude of
other images such as. an outdoors type of person, someone appealing to
women; a family man, a scientist with expertise in biology/anatomy, an
entertainer, a leader, one of the boys; an important teacher in the school,
an ann-nuclear advocate1 person in controlind a person who is 'with it'
and can bridge the geneiation gap. In contrast, Sandra projceted images
which were more consistent with nurturing learning.

:"2
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Images Projected by Peter While Teachiv

The way that Peter taught was influenced by images which he attempted
to project to students. As a validity check on the extent to which the
above images were projected in class, the researcher arranged for Peter to
ask his g, J de 10 class to verify whether or not the images were apparent
to them. The reaction of the class was a surprise to Peter, He stated that:

I was surprised at how unanimous the kids were at agreeing with
them. I left the appealing to women until last there was a very
mixed reaction to that.

Peter was concerned with his image within the school and often
presented himself to the class as a tough, outdoors person who was very
masculine. For example. during the Nuclear Energy topic, he sat between
Mike and Jeffrey. The seat wobbled as he sat on it. Immediately he
sprang to his feet, grasped the chair by the legs, wrenched one leg Crom it
and placed the stool on the front bench for all to see 'There', he ex-
claimed 'that is the best way to get rid of broken fiuniture. Otherwise it
stays around for a long time'. This incident was typical of the 'macho'
image that Peter projected in a number of science lessons.

Peter often referred to his family life and his appearance during
lessons. He mentioned his wife and young children and told students of
incidents associated with his previous teaching appointments, particularly
his teaching appointment in Canada. The effects of these tales were
generally positive and added a human dimension to Peter as far as the
students were concerned. However, the tales aboiit life in Canada were
regarded as tedious by many students.

Peter worked hard to project and promote himself as a scientist with
expertise in biology. During the Vertebrates topic, he constantly referred
to his work at university and his major in anatomy. Such references
seemed to be designed to enhance his credibility and gam the respect of
students Peter associated knowledge of science facts with being a scien-
tist and during the Vertebrates topic, he appeared to try to impress
students with his presentation of complex terminology which he remem-
bered from his anatomy courses. He often wore a laboratory coat during
science classes and, in the context of promoting himself as a scientist; he
referred on several occasions to his experiences with 'human cadavres'.
During the Nuclear Energy topic, Peter often referred to the course
which he had designed related to the science of sailing. On this occasion,
he projected himself as a capable scientist who had designed his own
science curriculum.

Peter's principal mode of knowledge transmission was in whole-class
interactive activities. He systematically called on students with their
hands down, but also allowed students such as Jeffre,, and Diane (who
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almost always volunteered to be involved) to be very active in whole-
class interactions However, Peter frequently was sarcastic and some
of his remarks, which sometimes were belittling and sexist, could have
discouraged some students from volunteering to contribute.

When Peter moved around the classroom during seatwork activities,
he interacted with female students to a greater extent than he did with
male students. He regularly took time to speak with eight girls whon he
described as being vivacious. At times, Peter seemed to project himself in
a manner that was slightly risque and suggestive. Some of his comments
(for example, 'Here's the chalk for your hot little hand') were greeted
with giggling and sniggering on the part of students. Several of the girls
in the class appeared to anticipate such comments and they looked for
opportunities to misinterpret what Peter said, as was the case in the
interaction below-

Peter: Have you paid up yet?
Nicola: That's disgusting [She laughs loudly along with her

friends.]
Peter: ... for the excursion.

For some time after the incident, Nicola continued to laugh and reiterate
that his comment a s disgusting. Although Nicola's behaviour in this
instance was immaturt., having misinterpreted Peter's initial question,
Peter `played along' in his follow-up response and did nothing to discour-
age her continued remarks about the comment. Nicola's behaiour be-
came increaingly drruptive, not only to her own work, but to the work
of other students as well.

On other occasions, Nicola was the target for belittling remarkF
from Peter. As she endeavoured to answer a question in a whole-class
mode on one occasion, Peter interrupted to ask `What exactly are you
talking about? What are two advantages of fusion? What do you mean by
that?' Not surprisingly, Nicola did not provide any further response to
Peter's questions and she could have felt put down by his public treat-
ment of her.

Some of Peter's remarks seemed to draw attention to himself. For
example, when commencing a review lesson on Nuclear Energy, lie
remarked. `Don't start clapping slowly will you. You'll have to throw
money before I start taking nw clothes off.' Later in the lesson, Peter
started to sing ('I wanna bop with you baby all night long ...') as he
approached Diane. He then retorted 'It's all right Diane, don't get
cited'. Other students, such as Britta, Rachel; Danielle and Christine were
also the targets for some risque interactions involving Peter during a
number of lessons.

In his interactions with the research team, Peter projected himself
as a person who is attracted to females The following segment of an
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interview typifies his attitudes to some or the fema!e students whom he
taught:

Interviewer: How do you usually deal with the situation when male
students socialize with females in the class?

Peter: Ah, little Greg who sits at the front likes to wandet down
and talk w Nicola ...

Interviewer: Nicola, ych.
Peter: ... and Nicola's a rather gorgeous kid. If I was Greg I'd be

down there every second five minutes too.
Interviewer: Uh huh ... that's right. I remember that one too.
Peter: I mean I'm not that old and sort of over the hill ... In the

past I probably would've jumped on the kid for something like
that, but now it's more a light-hearted approach.... say to
Greg] that, if I was your age I wouldn't want to be drifting do n
there. I'd want to sit beside my doll and just gaze into her eyes
right through the entire session.... And that embarrasses the kid
like hell.... But really I'm trying to say to him that I don't think
it's on. I really don't think you can afford to do that and still get
through your work.

Peter's projected images could represent attempts to gain the respect
of students. Other teachers in the school occupied senior positions in
science education and had authored science textbooks, State Educarion
Department curriculum materials and the workbooks which were used.
Peter's attempts to present himself as a scientist might have been asso-
ciated with a desire to be recognized by students as an important and
competent teacher in the school. His other projected images also might
have been associated with attenipts to be regarded by students as a 'good
fellow'. His physical aggression with the chair might appeal to fifteen
year ,olds as the type of thing that a male student would do to impress his
peer group. Similarly, the suggestive comments that he made in class,
particularly to female students, wuld represent attempts at bridging the
generation gap.

Images Projected by Sandra while Teach*

Sandra was sincere, caring, interested, scientific and authoritative as she
moved about the classroom and provided assistance to students. She
listened in a courteous and patient manner to each student who requested
her presence or assistance. Sandra noted that the more she came to know
students the more she empathized with their personal iltuations and
became hesitant to demand too much of them. At the same time she
realized that she should not lower her expectations berarbe it was better
to have high expectations so that students could rise to the challenge and
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achieve at a higher level. Sandra always appeared to know what she was
doing and exhibited an ariay of attitudes such as an inquiring and open
mind.

Constraints to the Implemented Curriculum

A thread which permeated the interviews with teachers was a belief that
teaching in schools is a matter of making the most of constraints (that is,
the cognitive constructions of teachers which prevent them from doing
what they believe they ought to be doing). Factors which constrained
Peter and Sandra from doing what they believed they should be doing are
discussed in this section.

Despite Peter's desire to make science content relevant, to allow
students to learn from their interactions with otiters and to allow them to
work at their own pace from the workbooks, his lessons were charac-
terized by teacher Lontrolled instruction and an emphasis on rote learn-
ing of facts. Apparently, the constraints of teaching at Southside High
School, particularly the need to use workbooks, resulted in a curriculum
which differed from his ideal. Peter was not keen to use the workbooks,
but was required to because the science staff had made a commitment to
use them and had paid for new workbooks to be produced at the time of
the study. In addition, because a common examination was set for all
grade 10 students, Peter believed that his students would be disadvan-
taged relative to students in other classes if they did not cover all of the
content likely to be examined.

In both topics, Peter's class did not complete all of the core and
o, non activities intended by him. From the outset of each topic, Peter
indicated to students what work had to be done, what would receive less
emphasis and what would be omitted. However, as each topic progres-
sed, the class laggid behind the schedule and content previously identified
as important was covered in a relatively short period of time. For exam-
ple, during the Vertebrates topic, Peter noted that the class probably
would not have time to do an activity involving testing for food types.
He said that he might bring in one tray and allow students to do one test.
In that case, he said, the class could do the topic of excretion on Friday
and the topic of reproduction on Monday. During an interview, Peter
made the following remarks in relation to the pacing of the Vertebrates
topic:

The problem with this topic,is that the time has just fallen away
on us. And I didn't realize. I'm in my first year in the school and
I'm teaching these topics for the first time, because the work-
books are all specific to a particular school and I maintain that
a teacher really doesn't know what's in the workbooks until he

61



Kenneth Tobin

has taught with them. It's fine to pick up a workbook and flip
through it, but you have to go through the physical exercise of
teaching it before you really know what's in that workbook.
Time has run away from us and I guess that what should be
placed first and foremost is the completion of the workbook,
because that is practically what the test is based on.

In an interview, Peter indicated that the food testing laboratory
activity was sorpething that he 'just wanted to get through quickly' and
he sa,4 that he did not expect students to benefit from the activity to a
great extent. He noted that:

ll expect them to remember) ... very little just the fact that
we use indicators to test for certain foods, and that there are
different food types. I can't see the value of having them spend a
lot of time fiddling with those activities. The activities need to be
controlled closely by the teacher, otherwise the kids lose sight of
where they are going.

Peter was constrained in the way in which he taught because of the
design of the classrooms at Southside High School. Because the original
design did not incorporate chalkboards as a prominent feature of the
science classroom, Peter attempted to me the overhead projector to
replace the missing chalkboards. Interestingly, the lack of chalkboards did
not prompt Peter to change his approach to teaching in fundamental ways
as had been the case when Southside High was established. Probably his
beliefs about teaching would have resulted in self-paced learning not
being considered as a realistic alternative. Peter noted that:

I must confess that I find it difficult to have a class that's working
at its own pace. I do like to keep the kids together as much as
possible because then, as a teacher, I have a far better understand-
ing of where everyone is at i:i the class.

On numerous occasions, Peter indicated that he was not imple-
menting the curriculum in the manner that he considered ideal. The
constraints that Peter felt are well illustrated in the following quotation
from an interview:

It would be my dream, if I ever got away from the shackles of
a big science department like I'm in here at the moment and if I
got into a small district high school, probably to write my own
course on getting kids to immerse themselves in experimental
design and setting up experiments.

There was evidence to suggest that Sandra also was constrained from
implementing the curriculum in a way that she considered ideal.
Throughout the repertory ;rid activity, Sandra focused on describing her
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ideal grade 10 curriculum at Southside High. At a glance, Sandra's
implemented curriculum appeared to have many of the characteristics
advocated for the ideal curriculum. Students worked in groups, assisted
one another to complete the work and worked at their own pace. Sandra
adopted the monitoring role which she perceived as most appropriate and
moved continuously about the classroom. However, students did not
engage in the manner env isaged in Sandra's ideal classroom. The acti-
vities in the workbooks were not challenging enough for the majority of
the students as most activities involved recalling factual incprmation and
copying information from a textbook or reference book. In addition,
several students were not motivated to learn science, othe:s did not
possess prerequisite knowledge and skills, most did not have ii put ii,to a
group problem-solving process and nearly all students had a social agend .
to which they attend;?d in a disruptive manner.

The decision to assess all students with a common examination at the
conclusion of each topic also shaped the implemented curriculum. Be-
cause the examination emphasized recall of factual information, the curri-
culum provided opportunities for students to learn the content needed to
be successful on the examination. Sandra felt that the workbooks con-
tained too much content for the time available, and that the need to cover
it in order to prepare students for tests resulted in too little time being
available for optional activities which emphasized problem-solving to a
greater extent. According to Sandra and a number of students who were
interviewed, most activities in the workbook were not interesting and
involved the use of equipment only occasionally. Thus, the emphasis on
preparing students for end-of-topic tests and the reliance on workbooks
produced a curriculum in which students were not free to pursue prob-
lems which they perceived to be interesting or particularly demanding.

Although Sandra answered many questions each lesson, most were
at a low level of cognitive demand. Almost all of the questions were
initiated by students and were related specifically to completing activities
in the workbooks. Because of the demands of maintaining an environ-
ment conducive to learning, it would have been difficult for Sandra to
have engaged students with higher-level cognitive questions. Her rime
was occupied completely with answering questions raised by students
who were attempting to complete workbook activities and with circulat-
ing around the room so as to minimize disruptive behaviour.

Sandra noted Jiat peer pressure was one reason for using the work-
books. However, when it was suggested that Sandra could have used her
position as head of the department to change the emphasis in the work-
books, she felt that such changes couldn't be made because of the atti-
tudes of her colleagues who believed that the use of the workbooks was
most desirable. She stated that Southside High was identified with self-
paecd learning and most of the experienced teachers used workbooks and
advocated their use. Furthermore. because of uncertaintws concerning the
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future structure of the general science course, there was no interest
among staff in revising the workbooks.

Sandra was at odds with several of her colleagues in relation to
homework policy as well: 1 tend to like the kids to do something at
home during the week. Not so much as in upper school where they do
three to four hours per week, but an hour or two.' Sandra indicated that
one of the reasons why she liked to emphasize homework in grade 10 was
to build good study habits for grades 11 and 12. She felt that homework
should not simply mirror what was done at school, but should elaborate
or involve different content. Traditionally, Southside High had not pre-
scribed homework for students. The remnants of this policy were still in
evidence at Southside High during the study, mainly because one of the
foundation staff membc,-s still taught at the school. According to Sandra,
he vigorously defended the policy of not assigning homework, to stu-
dents. Because of the resistance of a number of the science staff, Sandra
was constrained from implementing the science curriculum in the manner
that she regarded as ideal. In this instance, her implemented curriculum
did not contain as much homework as she would prescribe in other
circumstances.

Substantively the science program at Southside High had changed a
great deal in the ten:year period. However, some of the surface features
of the previous self-paced approach to learning remained in place and
became obstacles which could not be surmounted by Sandra and Peter as
they endeavoured to implement their ideal curricula. The major con-
straints faced by Sandra and Peter were associated with some of the
traditions of Southside High. Despite a turnover of most of the original
science staff in the school; several aspects of the original philosophy were
still evident after ten years. In particular, although self-paced learning was
not stipulated, the workbooks utilized .n the original self-paced science
program were still used by all staff. In addition; students called teachers
by their first names, class periods were not commenced or ended by
sirens or bells, and homework was not prescribed on a regular basis as a
matter of policy. Of course, the open architecture of the school, which
had facilitated team teaching and student-centred learning, was still in
existence. However, the partitions between Peter's and Sandra's class-
rooms were always closed and team teaching was not used. Further-
more, Peter would have preferred more chalkboards.

Planning

McCutcheon ("180) reported that the richest source of planning was the
mental planning that teachers did. Few teachers developed written unit
plans Indeed planning in the teacher's planbook' was described as a
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routine which teachers used to Jog' their memories about the substantive
mental planning which had occurred at an earlier time. The notes in the
planbook consisted of lists of activities, page numbers in the textbook or
teacher's guide and, in some cases, some notes about the concepts to be
covered. Teachers tended to glance at their plans before a lesson as a
reminder of what to do and then as a checklist to ascertain whether they
had completed what they had planned. The reflection in which teachers
engaged before w thing the entries in their planbook was judged by
teachers to be the essence of planning. On some occasions, the products
of their thoughts appeared on paper; however, in most cases the products
were never written. Planning appeared to take the form of a mental
rehearsal of the lesson. This mental dialogue often encapsulated reflection
on what had happened in similar lessons in the past.

The value of this approach to planning is supported in the writings
of Schon (1983) and Dewey (1922). The teachers in McCutcheon's study
did not only reflect or deliberate prior to constructing their written plans,
but they also reflected at almost any time during the day. These delibera-
tions continued throughout the entire year when teachers were at work,
on holidays and engaged in recreational activities. McCutcheon noted
that mental planning of teachers allows them to relate theoretical know-
ledge to particular cases and to allow for the forces which tend to shape
the implemented curriculum. However; McCutcheon noted that, despite
the potential for incorporatmg theory into the planning of teachers, most
teachers did not do so. Instead they tended to reflect on practical prob-
lems associated with getting through the day, maintaining order, obtain-
ing the needed materials and resources and allocating time to activities.

Peter's Planning

Peter noted in .in interview that he did not plan for teaching the content
of grade 10 general science at this stage of his career. His priority was to
plan for the grades 11 and 12 subjects of biology and human biology and
to mark student work. He emphasized that in grade 10 the work to be
done was set out in the workbooks and that tests and examinations were
focused on that work. Peter stated that:

I do not plan content at this stage of my career.... Again with
this workbook approach much ,of it is fixed for you anyway
in that the kids are working from those books and working
through those books. When you are locked into a system in which
students are supposed to do their examinations in the fifth week,
you can't afford to go off on tangents too frequently; otherwise
the bulk of the kids just don't get till ough it. And again they rise
and fall on how well they do on that content examination.
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During an interview, Peter explained that he had not taught Nuclear
Energy for about five years. With respect to the content, he explained
that:

I've just got completely away from it and I'm not prepared to do
a lot of preparation to bring myself back to the peak ... You
have time constraints all the time. I could go off and make myself
a nuclear physics expert, I suppose, or just read a couple of paper
backs. But in terms of my teaching career I've gone beyond that
now and I'm more into reading things that are of personal interest
to me.... I was going to other teachers to make sure that I was
up to answering the questions that were in the workbook.

Although Peter acknowledged that he was not as relaxed when he taught
Nuclear Energy compared to other topics and that he was less effective
for the students who tended to ask the better questions, he did not regard
his lack of content knowledge as particularly problematic. In fact, he
rationalized his lack of knowledge and disinclination Lc, prepare before
each lesson with the following comment:

I sometimes wonder whether people worry too much about the
content. Science is a content dominated subject area and we seem
to spend hours and hours pushing kids through topics but very
rarely worry about how we're teaching or whether they're really
understanding what we're teaching or whether they're really en-
joying what we're teaching. There's so much in science that we
push off to one side and put in the too-hard basket (for example,
getting kids involved in the experimental method and ex-
perimental design). How do you teach kids to be involved in
something like that? Because it's difficult to do, we pay lip service
to it.

Frequently, Peter had not planned in sufficient depth to teach the
science content and laboratory activities. In terms of content planning
(especially in Nuclear Energy), Peter typically used seatwork activities as
opportunities to pour over a reference or student text immediately prior
to introducing specific content in a lecture. In addition, during both
topics, he regularly left the room during class time to collect texts,
equipment and other teaching aids. In fact, during a typical hour, Peter
would leave the classroom on five occasions.

There was sonie evidence that Peter commenced less with a plan
of what to cover, but he exercised flexibility in imi. .;menting the plan.
The flexible approach was most evident in the Vertebrates topic. During
an interview during the Vertebrates topic Peter noted:

... One of the most exciting things that I find about teaching is
that in the space of fifty minutes you can end up doing things or
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heading in directions that you didn't even conceive of at the start
of the lesson Now a lot of people would condemn a teacher for
that. They would say that's ad hoc and here, there and every-
where. But I think that a lot of kids generally find classes deadly
boring and mundane. Providing changes of tack and things like
that makes the class interesting and exciting and a good place to
be for that fifty minutes.

Peter's decision not to plan to teach the content of the grade 10
course was based on a system of priorities. As well as teaching two grade
10 general science classes, he also taught one grade 11 biology class and
two human biology classes (grade 11 and 12, respectively). He regarded
his upper school teaching (that i, grades 11 and 12) as more important
and allocated most of his out-oc-clas time to preparing for these classes
and marking associated work. In contrast, he endeavoured to do most
marking for his grade 10 classes in class time.

Because of a desire to spend tnne with his wife and young family,
Peter was keen to restrict the amount of time allocated to school work
after 5 p.m As a consequence, he minimized the ume for planning and
marking student work for the grade 10 general science classes and maxi-
mized the time for biology and human biology, whieh were perceived to
be most important. In addition, the demands of an external examination
involved a higher level of accountability with respect to the grade 11 and
12 courses.

Sandra's PIanniv

Sandra's planning and preparation were detailed and pore than adequate
to prepare for teaching. In her role as head of the science department,
Sandra had responsibility for coordinating the course, planning equip-
nwnt needs and sequencing of topics throughout the year. Thus, she had
a long-term view of the science program and knew how the topics related
to one another. Similarly, she planned her own topics thoroughly and
anticipated the amount of time that she expected to allocate to core
activities and how many of the optional activities most students would
cover. In the day-to-day planning, she always was prepared in terms of
equipment to be used and the content to be covered. When laboratory
activities were scheduled, the materials were on hand at the beginning of
the lesson and there was no need for her to leave the classroom to locate
additional equipment As a part of her planning, Sandra made effective
use of the school laboratory technician who assembled the necessary
equipment on a tray and sometimes assisted in the classroom.

When askvd how she prepared for her classes, Sandra said that she
first referred to the workbook and read the activities. Also, she looked at
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the equipment required for each dctivity and examined the textbook to
see if it contained the information needed to complete each qu-stion or
task. She then estimated the t:me needed for edrh activity. TI : time
schedule was ,.:viewed n w.:ekly basis as studznts completed the
activities.

Sandra's science content knowledge was strong and, because she was
an experienced teacher, there vas no need to spend too much time
preparing content in a formal manae- by writing lesson Aotes arid the
like. A brief note on a sheet of paper was sufficient for ker to recall the
necessary content. Furthermore, becaus the major resources ir Sandra's
class:_.s were the workbook and the textbook, most of the questions and
directionf were pre:planned. Consequently, Sandra was able to concen-
trate e,n ph-ni,ing [or the management of activities. However, Sandra's
planning for student engagement did not appear to tak.: accouat o major
problems that occurred in her classroom ea-h day. s.2ertainly she thought
about her problems, and worried about them too, yet during the two
topics she did not implement strat4,s to overcc,mc major difficulties.
Day after day, she taught in the saie way, des; tk: the fact that student
learning opportunities were not optimal.

Discussion qf Teachers' Plannim

The differences between Sandra and Peter were most ek iuent in their
planning to teach. Sandra planned with student learning in m 3. She
prepared laboratory and learning experiences that would allow atudents
to develop an understanding of the science being studied. Both teachers
were reliant on the workbooks to prcacribe the work to be done, but
Sandra always had prepared herself to be a resource and had the necessary
materials available in the room for student use. In contrast, Peter did ont
appear to plat, in a substantive way. His knowledge was limited, yet he
did not spend much time planning to assist in content presentation.
Furthermore, during the Nuclear Energy topic, he did not move too far
ayk ay from the student text. Instead, Peter spent a significant amount of
time in planning excursions and competitions which were ancillary parts
of the science course. He always was willing to plan an excursion and be
the bus driver or organize school science competitions, yet most of his
lessons appeared to be 'off the cuff', laboratory activities were conducted

an ad hoc manyer and films were used as a form of entertainment
during the course. During Nuclear Energy in particular. Peter often used
the workbooks to get the lesson started and did nis planning during the
lesson. As a consequence, it was often necessary to leave the classroom
sevenl times per lesson to obtain materials and books which were
needed, and during instruction Peter sometimes made coment errors and
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(ailed to develop thc science content tn a manner which would facilitate
student understandmg.

The Implemented Curriculum

Peter's teaching role placed him as a major source of the science content
v hich students were to learn. Consequently, the strengths and weak-
1.esses exhibited as he taught the content of both topics were a feature of
the implemented curriculum in his class In contrast, Sandra emphasized
students working from the workbooks and assisting one another to learn
and understand the science content. Her role was as a resource person
who helped as the need arose. This style of teaching focused attention on
classroom tuanagement, which w, s the feature of the implemented curri-
culum in Sandra's class.

A term that is useful in describing and contrasting Peter's and
Sandra's teaching is pedagogical content knowledge, which has been described
by Shulman (1987) in the following terms:

The teacher can transform understanding, performance skills, or
desired attitudes or values into pedagogical representations and
actions. These are ways of talking, showing, enacting, or other-
wise representing ideas so that the unknowing can come to
know, those without understanding can comprehend and discern,
and the unskilled can become adept. Thus, teaching necessarily
begins with a teacher's understanding of what is to be learned and
how it is to be taught. (p. 7)

Discipline-specific pedagogical know kdge, or pedagogical content knowl-
edge, was inferred from interviews and observations of teaching. During
interviews, we endeavoured to focus our discussions on specific instances
which were observed in the lessons and, as a consequence, we were able
to probe particular classroom events.

The Implemented Curriculum in Peter's Class

Peter taught quite differently in each of the topics, but careful analysis of
the data from each component of tne study indicated that he had limita-
tions in pedagogical content knowledge in each topic. In an important
sense, his limitations in pedagogical content knowledge reflected his
limited science teacher education and his lack of substantive plant ing
before lessons.

Peter perceived his main role in terms of kno' vledge dissemin..tion.
He familiarized himself with the content to be learned and nrescnted it to
the class in a form which he felt could be memorized. Thus, the role of
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students in Peter's class was to listen intently, to copy what Peter sl;c1 or
wrote on the board and-it a later time, to complete activities from the
workbook.

Peter regarded himself as in-field when he taught Vertebrates and
out-of-field when he taught Nuclear Energy, and his approach to
teaching the two topics ref'xted his perceived level of expertise. During
the Vertebrates topic, he appeared confident and was not reliant on the
student text as a source of knowledge. He used a university text as a
source of information and frequently referred to knowledge gained from
his anatomy courses at university. Peter's teaching was focused on the
acquisition of low-level cognitive outcomes and little emphasis or value
appeared to be attached to learning with understanding and using the
facts that were presented in order to develop concepts. Science was
presented as a body of facts and in so doing Peter was vulnerable because
of his knowledge limitations. Frequently errors were made and the en-
vironment which prevailed in his class was not conducive to meaningful
learning. Peter's approach to the Vertebrates topic was encapsulated in
the following comment from an interview:

I just wanted to get through it. It really doesn't hold a lot of
interest for me. Because it doesn't hold a lot of fascination,
I basically wanted to cover the work in those workbooks and I
didn't want to extend beyond that.

Peter taught in a less confident and less expansivc manner in the
Nuclear Energy topic, which he had not taught for five years. In this
case, he relied on the student text for his knowledge and avoided eNplana-
tions of key concepts such as nuclear instability and half life. Instead, he
focused on the social aspects of nuclear energy in his whole-class activities
and provided students with much more time to work in an individualized
manner. Consequently, in the Nuclear Energy topic, students were much
more reliant on the workbooks and textbooks than was the case during
the Vertebrates topic.

During the Nuclear Energy topic, P-ter appeared to avoid the science
content involved in the topic by mph'. ,; social and affective aspects
of nuclear energy. For example, Peter an the nuclear energy topic
with the comment that: 'I must confes, that Nuclear Energy is not a
favourite topic of mine'. He then explained that there was no future for
nuclear energy in the state or the nation. He notek: that every day nuclear
energy was in the news and he cited examples of protests about testing
nuclear weapons and visits of nuclear powered ships. He then described
bow he once lived near a nuclear power station in Canada, how the
British brought an atomic bomb into a harbour near Dalton, how the
people in New Zealand were making the kinds o: deasio,:s that Austra-
lians would need to make in the future, and how people in Australia were
questioning the whole business of nuclear power and weapons. After a
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brief interaction with students on nuclear weapons and warships, Peter
told the class about the capabilities of the USA and the USSR with
respect to nuclear weapons. Each could destroy the world ten times
over). Finally, he informed the ciass that the Curies had died of cancer
because they had worked with radioactive sources.

Following this strongly anti-nuclear introdu_ tion, Peter began to tell
students about gamma radiation. Although he related gamma radiation to
other forms of electromagitic radiation, he did not discuss its origin or
its properties. However, he did draw a diagram depicting a radioactive
substance, a key and a photographic plate. He informed the class that an
imprint of the key would form on the photographic plate. There was no
discussion or explanation of how this process occurred, nor was there
a comparison with the effect of visible light on a photographic plate.
Students were simply given the facts. Subsequent interactions between
Peter and students indicated that misunderstandings were widespread.
However, Peter did not deal with students' incorrect responses and he
did not reteach effectively. The following example indicates that, even
though some students misunderstood, Peter was concerned i-.1 imarily
with providing an answer to the question that he had asked:

Peter: What does it say about the radioactive substance?
Diane: It'll get burnt away (a thick sheet of brown paper).
Peter: It's strong enough to pass through the brown paper but not

the key.

Soon after the above interaction, Peter gave a workbook assignment
which described an experiment similar to the one which he had described
in class. There was no prior discussion of the problem or the ex-
perimental design. Four students, including Diane, indicated that ti y did
not understand enough to start to answer the questions. At that point,
Peter called the class to attention and explained how photographic film
reacts to light. He then provided answers to the questions in the assign-
ment, told the students to write the answers at home and explained that
they would not do the experiment in class because it was 'not wise to
have radioactive sources lying around the place'. This example of Peter's
teaching behaviour was typical of a tendency to reduce the cognitive
demands of science. He consistently avoided laboratory actiN,ities in both
topics, preferring to disseminate content to be rote-learned. In addition,
ne frequently provided verbatim answers to workbook questions whose
purpose was to have students apply knowledge to different contexts.
Having been furnished with the answers, the students were left to recall
what the teacher had said and write it into their notebooks. In most
instances, Peter's explanations were incomplete. For example, he ex-
plained radioactive decay and half life in just under a minute at the
beginning of one lesson. During chat minute, there were several instances
of student misunderstanding; however, Peter contino:d with his lesson
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and did not reteach the concepts. Thus, in Peter's classes, the work had a
low level of cognitive demand.

During both topics, Peter made numerous important errors in pre-
senting content and his pedagogical content knowledge was inadequate in
other ways as well. For example, in both topics, he confused the terms
denendent and independent variable. During the Vertebrates topic, many
facts were incorrect and several concepts were not fully explained.
However, in the Nuclear Energy topic, errors were much more frequem
and, in many instances, Peter did not explain concepts needed for the
understanding of later content. For example, he did not assist students to
understand key concepts such as radioactivity, unstable nuclei, strength
of radioactive sources; radioactive decay, half life, fission and fusion. In
response to a question posed in the workbook, which requested the
number of protons contained in a radon nucleus, Peter provided the
following response:

Radium, when it is converted to radon, loses an alpha particle and
the alpha particle contains ... well the alpha particle in this
instance is a helium atom which contains two neutrons, two
protons and two electrons. So, in the conversion of radium to
radon, 88 is changed to 86. And so the answer is 86 and that's
1 v you should derive that answer.

The above response only gave the answer and did not provide
students with sufficient breadth to understand tht changes associateu with
alpha emission from radium. For example, no mention was made of the
mass number changing from 226 to 222 and no reasons were offered for
mentioning the two electrons associated with a helium atom. Additional
discussion of these factors would seem reasonable because students could
not answer the question. In fact, when Jenny provided an answer of
twenty, Peter remarked that he liked her reasoning but did not point out
why she was wrong.

During a demonstration in which Peter used uranium ore, cobalt,
strontium and americium as sources to demonstrate radioactive emission,
aipha, beta or gamma radiation were not mentioned and he did not
control any variables in a demonstration in which a geiger counter was
used to compare the strength of the radiation from each source. Through-
out the lesson, Peter did not inform students of the properties or sources
of alpha, beta and gamma radiation, even though hi. .ead an extract from
a text which indicated that an electric field could be used to separate the
three types of radiation.

Frequent errors of fact were undoubtedly an impediment to learning.
However, a tendency to avoid reteaching after an error had been made
and was detected was a problem that was of greater importance. During
one le:son, Peter taught the class about carbon dating. He commenced
with a diagram showing the sun converting carbon-12 to carbon-14 and
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he informed students that carbon-14 was a radioisotope and that there
was an equilibrium between the amount of carbon-14 and carbon-12 in
thi atmosphere. He then explained that the equilibrium wts upset when
'we cease to live'. Needless to say, the students demonstrated consIder-
able confusion zbout the carbon dating method. However, Peter was
unable to resohe or diagnose misunderstandings. Diane asked about the
source of carbon-14, but Peter simply repeated what he had said earlier
concerning the sun and carbon-12 being converted to carbon-14.

One week later, during a review lesson prim to the test, Peter asked
Robert a question about the origin of carbon-14 Robert replied that
carbon-12 was converted to carbon-14 when it was exposed to the sun.
Peter immediately said and called on Jeffrey who affirmed Robert's
response. Peter then stated:

In fact it is nitrogen as a result of cosmic radiation that converts
or is converted to carbon-14. Nitrogen is converted to carbon-14
and then carbon-14, through natural decay will form carbon-12. I
mean that there is an enormous amount of carbon-12 anyway and
it's just the radiation of nitrogen that gives you carbon-14.

Later in the lesson, he noted that 'carbon-14 loses couple ot neutrons
and becomes carbon-12'. He gave the class a new set of facts to replace
the other incorrect information, but did not point out that there was a
difkrence and he did not explain any of the processes involved in the
nuclear reactions.

At the end of the review lesson, Peter explained to members of the
research team that he realized his error about carbon dating when he
taught the process in a grade 12 human biology course. He did not
reteach the facts to his grade 10 class because he did not regard learning
facts to be as important as learning process skills. The irony of this
remark was that there was no evidence of an emphasis on prociss skills in
any of Peter's lessons during the study.

At the end of the Nuclear Energy topic, most students were still
confused about the carbon iating process. Most stated that carbon-12 was
converted to carbon-14 as a result of the sun's radiation. In addition,
concepts which are necessary for an understanding of the carbon dating
process were not clearly understood. For example, few students had
operational understandings of nuclear instability, alpha, t.,:ta and gamma
radiation, neutron emission and the role of photosynthesis in carbon
dating.

Peter behaved in a similar manner when other errors were made in
class. Two of these involved arithmetic and the concept of half-life. In
order to obtain the answer to a problem involving half-life, Peter had to
multiply 3 x 47 x 109 years. After considerable thought, Peter wrote 1-11

10-'. Jeffrey stated that Peter was wrong, other students were visibly
confused and Peter appeared flustercd. Quickly he assigned students some
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work to do and, while they were working, he referred to his notes and a
reference book. After speaking quietly with Louise, he corrected his error
on the blackboard and, although he discussed the change privately with
Jenny and Louise, lie did not bring the error to the attention of others in
the class. Less than one minute later, he erased the problem and the
solution from the chalkboard.

Peter was aware of his content limitations in Nuclear Energy in
particular and physics generally. During an interview, he noted:

I didn't have the background in physics to discuss nuclear physics
with students. At times I really don't have a clue. I just guess....
I think there were a number of occasions when the kids weren't
convinced with respect t what I was talk..g about or what I was
saying and that worries me as a teacher.

However, despite Peter's awareness of his knowledge limitations for the
Nuclear Energy topic, his planning did not reflect the concern.

Feedback and ass stance from the teacher was only one of the ave-
nues available for student learning. Equally important were the opportu-
nities for students to learn as a result of their individual efforts and
collaborations with peers. Peter allowed students to arranc .,! their own
seating in the class. He noted that they sat close to their .nds at the
beginning of the year and had retained the same seats throughout the
year. TL practice of students sitting close to friends, the relatively high
proportion of time allocated to individualized activities and Peter's belief
that students learned most from interactions with peers ensured that thert
were ample opportunities in each lesson for students to interact and learn
from one another. Despite these opportunities, an examination of student
work files suggested that they did not learn a great deal from their
interactions with peers or from completing the activities in the work-
books Most student work files were incomplete and contained errors.
For example, Greg, one of the top students in both topics, bad defined
respiration incorrectly and had not completed the sections on digestion or
the circulatory system. Failure of students to complete the activities in the
workbooks accurately raises questions about the need for so much time to
be allocated to this goal. If students are to undertake and complete their
work with understanding, they should have correct answers to the activi-
ties that they have completed. Although many questions were discussed
in class, Deter did not have a mechanism for ensuring that students were
aware of errors in their work files. A possible reason for this might be
associated with the assessment system which favoured performance on
tests, assignments and examinations. Duririg the Vertebrates and Nuclear
Energy topics, Peter did not assess the student work files even though
they were handed in for his perusal.

In contrast to the work files which were not discussed and corrected
in a outine mannel, tests and assignments were marked by students in a
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whole-class activity whiih was closely supervised by Peter. Thus, they
received feedback on the correct and incorrect answers to questions
included in tests and assignments. However, the final examinations which
concerned all w ork stmied in the topic were not discussed with the class.
As a consequence, students were provided with a measure of their general
performance on each topic, but were not given feedback or specific
understandings and misunderstandings.

The Implonented Curriculum in Sandra's Class

Sandra indicated that the knowledge that she had acquired during her
formal degree work was sufficient for her to teach biology and chemistry.
Sandra noted that she had gained the pedagogical content knowledge
needed to teach Vertebrates by teaching it on earlier occasions and by
teaching similar topics such as the human biology course in grades 11 and
12. The knowledge needed to teach Nuclear Energy to grade 10 students
was partially obtained from her first year physics course at university and
partially obtained from teaching the topic on other occasions. Sandra
appeared to be in-field during both Vertebrates and Nuclear Energy and
had a knowledge base that was adequate for teaching both topics.

Sancla believed in active student involvement as a means of learning
with understanding Consequently, she embraced the philosophy of self-
paced learning which had been a characteristic of Southside High for
many years. She emphasized small-group and individualizcd auivities and
constantly monitored student engagement.

Despite Sandra's interest in assisting students to learn, almost all of
the intellectual activities, including the questions asked, were at a knowl-
edge level. Most questions were initiated by students and were related
specifically to completing workbook activities. Sandra noted that:

The one thing I've not felt satisfied with is the level of difficulty
for the student. Whether it's the content of the booklets or the
way we use them,, the content objectives are very straight-
forward. How you can be sure that the kids are going to get the
content and still do more interesting work is something I'm still
coming to grips with.

Thus, a paradox emerged. Although Sandra wanted to probe student
understanding and issi:it students to learn in a meaningful way, almost all
of her time was oi-upied by answering questions raised by students
attempting to complei: workbook activities which Sandra regarded as
lacking cognitive demand. From a student perspective, the work was at a
knowledge level because the answers were either a adable in the book or
provided by Sandra.

The following example of an interaction with a female student who
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was having difficulty with one of the workbook exercises provides an
indication of the extent to which Sandra taught for understanding.

Sandra: What are the control rods doing?
Female student. I don't know.
Sandra: Read that. What are the control rods doing?
Fonale student: Absorbs excess neutrons.
Sandra: They take up excess neutrons. Keeping in mind that it'.

your neutrons, here, in your little diagram, that are responsible

Female student. Do they ... Do they absorb them?
Sandra: They absorb the extra ones. So if you e got no control

rods in your reactor what does it do to your number of neutrons?
Female student: It's going to get bigger.
Sandra: Bigger. If you've got more neutrons, what's it doing to

your fission? Your rate of reaction?
Female student: It's going to get slower.
Sandra: If you've got more neutrons. More neutrons'
Female student: Faster.
Sandra: Faster. OK.

Through questioning, Sandra endeavoured to have the students under-
stand that control rods absorb neutrons and, therefore, by immersing the
control rods into the reactor, more neutrons would be akorbed so that
fewer would be left to initiate fission reactions. Initially the student was
11)1e to respond to the question concerning the function of the control
rods by reading from a textbook. When the student was asked how
control rods would affect the rate of the fission reaction, she had a choice
of faster or slower. She appeared to guess incorrectly. When she reversed
her guess, Sandra appeared satisfied that she now knew the correct
answer and moved on to assist another student.

Sandra did not rely on an answer to a single quesiion when she
interacted with students. In almost all cases, she asked a string of ques-
tions and allowed students to get involved in responding ' Isually she
initiated an interaction in such a manner that students were required to
contribute before she provided information. Sandra probably used this
technique so as to determine the extent of student understanding of the
concepts involved. Following such interactions, Sandra contributed an
explanation designed to clarify or elaborate a concept.

The self-paced nature of the class ensured that Sandra was respond-
ing to student questions as they worked on then... This placed consider-
able pressure on Sandra's knc wledge of the content being studied. At
times, her responses to student questions and difficulties obviously were
unrehearsed and, ; she moved to subsequent students and answered
similar questions, the quality of h:r explanations and questions improved.
At other times, she ma-le content errors which might have contributed to
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,,udent misunderstandings. Such occurrences were rare. For example, in
iesponse to question by Craig about what is meant by critical mass,
Sandra responded. 'It's the specific size of a specific mass of uranium. If
the mass is bigger then what happens:' You get a? ... a chain reaction'.

Thc unrehearsed nature of Sandra's explanations was evident in the
following responses to student questions concerning nuclear fission.

Sandra. It gets absorbed by the nucleus and the extra neutron in thc
nucleus makes it very unstable. And when it gets unstable thc
energy to repel becomes stronger than thc energy holding it
together. So it pulls apart. Whcn it pulls apart that's what you'rc
getting.
The one goes in and it's slow enough ... oh fast ... but it's still
enough that you've got your big nucleus and it takes it up. So it
takes it up and makes it very unstable And it hec, mes very
unstable ... and it doesn't split into ..wo. It splits into one, two,
thrcc, four, five. Just little bits.
So what particles come out of split? What arc the particles that
came out? You started with uranium-235.

Female studenv Hm.
Sandra. Took up one and became tremendously unstable and it

splits. You know it rocks.
Gir/ Ha. Ha. Ha.
Sandra: Well that's an easy way to think of it. It splits and you get

five things. So that's what they mean. As well as the energy, what
particles arc they? Don't say what elements these arc because it
varies depending on how it splits.

In some instances, Sandra's attempts to plain complex phenomena
51111 p 1 y trailed off and she did not pursue tk issue of whether cr not the
students understood the conccpts. For example, in an attempt at explain-
ing fusion, she stated that `... it creates excess energy that is lost because
the helium nucleus requires less energy to hold it together than cach of
thc two hydrogen requires. OK? So it's morc stable'. Sandra then moved
on to deal with a question from another student. By so doing, she
avoided thc issue of whether or not the concept of binding energy per
nucleon was understood by the student to whom she had been speaking.

In most of hcr interactions, the contributions from students were
short and reliant on a convergent form of questioning from Sandra. The
example below indicates how she was able to rcspond to a student
question and provide a framework for the student to respond in writing
to the question.

Female student: Why arc power stations built differently?
Sand,a: Urn. What conws out of power sta6ons?
Female student: Nuclear energy.
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Sandra: Good. And that's what we use them for But what else
comes out that we don't necessarily want to come out?

Female student. Waste.
Sandra: What kinds of waste?
Female student. Radioactive.
Saydra. ... From a nuclear power station your biggest waste

would ix rAioaczive. So you've got your thick walls of concrete
... In the case of yo...!r other power stations, like your coal and
your gas and your oil stations, wbat do you get out of those?

Female student: Pollution.
Sandra: Such as?
Female student: Gases ...
Sandra: Gases and smoke and stuff. In which case they have their

big smoke stacks.
Female student: Oh. Right.
Sandra: Good girl.

The above extracts are typical of the exchanges which occurred
continuously throughout the great majority of thc observed lessons.
Sandra moved about the class and worked with students, assisting them
to complete the activities from the workbooks. In most instances, the
interactions were extended in nature, providing opportunities for students
to respond, to formulate questions of their own, and to think about the
work that they were doing in a broader context than was presented in the
textbook or the workbook. However, as is evident from the above
interactions, many of the student responses were at a low level of cogni-
tiv:. demand. Efforts to assist students to understand were largely depen-
dent on teachci questions and occasional teacher explanations. Student
responses tended to be short attd recalled from memory or read from the
textbook.

During instruction, Sandra provided constant encouragement for
students to produce high quality work. She always seemed able to find
something pwitive to say to students about their efforts or their work.
She was never heard to be sarcastic or negative. As she moved about die
room, she provided students with procedural information about what
work was due, when it was due and thc reasons why particular deadlines
applied. In addition, she explained her assessment policy and reminded
students of what was required of them. If students did not ask her
questions, she asked them questions to determine their progress.

During an interview, Sandra identified the major problem with the
grade 10 program as being associated with the amount of work that
students had to cover. Shc noted that there was too much to do in five
weeks and that she would like to reduce the content and provide students
with more time to think about the concepts. She i-.1so criticized the
emphasis on copying from the textbook that the current approach in-
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volved. She noted that more hands-on activities in the Nuclear Energy
topic would lead to an undesirable proliferation of radioisotopes in the
room, but that there were probably other ways of actively engaging
students. Her comments seemed to highlight the importance of having
students actively engaged in w ork of a different kind to that prescribed by
the workbooks. However, she did not regard whole-class activities as an
alternative.

Knowledge flow in the classroom tended to be from the text to the
student. Even though Sandra knew the content that she was to teach and
took the time to explain what was happening, many students did not
appear to listen in whole-class activities. Although Sandra seemed to be
aiming at understanding through her explanations, the work for most
students involved search and find activities from the textbook. In view of
Sandra's classroom organization, students were placed in a position of
having to find other resources to assist in the process of constructing
knowledge. Emphasis was given to the workbook because its questions
prescribed what students ought to be doing in class time. The workbook
was referenced to the textbook, which therefore assumed the position of
being the most important source of information.

Two problems arose as a consequence of the focus on the textbook.
First, the textbook emphasized facts about science and did not build
concepts by relating the facts to one another or by providing explanations
of the science underlying important science facts. In addition, ih,z zex,
book had been written with low ability students in mind. The leading
difficulty had been minimized, sentences were short and complex issues
were avoided. Thus, for these more advanced learners, the textbook was
too easy. In most instances, students only had to locate key words or
phrases and copy them from the textbook in order to complete a task in
the intended manner. The sec md problem was associated with the types
of questions posei in the woi kbook. These consisted of low-level cogni-
tive tasks which, in most instances, required students to use the textbook
as a reservoir of facts. In addition the questions presented a distorted
view of the nature of science, often with an implication that the answer in
the textbook was certain (as distinct from tentative) and that there was
only one suitable answ;:r. For example, one question was: 'Why is the tail
of a human much smaller than that of a kangaroo?' The question implied
that the answer was known and that the answer in the book was correct.
Disctmion of the degree of speculation and plausibility of alternative
ai.swers or hypotheses did not occur in class. Furthermore, when Sandra
assessed student work files, she made a brief notation on the two or three
points that she was expecting for an answer to this and other questions.
Generally speaking, the responses to questions were not discussed in a

whole-class activity md the only feedback that students received was
from Sandra's written and oral comments.

Sandra assessed student work consistently and thoroughly. Her feed-

g r, Ci4

79



Kenneth Tobin

back to students was extensive and should have provided a basis for
meaningful learning. For some students, this was undoubtedly the case,
although certain other students did not appear to read the written com-
ments provided by Sandra. If they did, the evidence suggests that they
did not act in accordance with what she had advised.

Sandra had organized students into work groups with the intention
of having them contribute to one another's learning. Unfortunately, the
desire for students to deal with their social agendas was usually greater
than their motivation to learn about science. Consequently, management
of student behaviour became the major issue in the class and, although
the reward system ensured that students did complete their work, the
cognitive level of the work was low and more time than necessary was
taken up in completing assigned tasks.

Sandra believed that students learned most effectively when instruc-
tion was individualized and when they shared with peers. Consequently,
most of the teaching occurred at an individualized level or in small
groups. Occasionally. Sandra g;:ve explanations to two or three students
and, on fewer occasions, she spoke to an entire group of up to six
students. However, the most common approach was for Sandra to speak
in a quiet voice to a single student. She was very diagnostic on such
occasions and searched for student understanding. While she was assisting
a student in this ,way, students in the same group were often off-task. The
incidence of off-task behaviour in the class as a whole was always high
and, as a consequence. few students benefitted from Sandra's extensive
pedagogical content knowledge at a specific time.

This situation was exacerbated by the fact that several 'target' stu-
dents were able to monopolize Sandra's time by requesting assistance
more often than other students did. Students in Sandra's class used three
procedures to attract her attention. First, students called on her as she
came close to them; second, students raised their hands until the teacher
noticed and came to provide assistance; and third, students left their scats
and approached Sandra for assistance. One group of girls was particularly
r_dve in obtaining assistance in this manner. Natalie, Sally and Janda
were able to monopolize the teacher's attention for disproportionate
periods of ume by asking probing questions designed to enhance their
understandings of the science content which they were to learn. These
students dominated the use of the teacher's time in a manner which was
analogous to the target students described by Tobin and Gallagher
(1987a) in classes where whole-class interactive activities were empha-
sized. Students who madc the effort to understand the science content
were leadily given assistance by Sandra and, whereas this was helpful to
the students concerned, others in the class were at a relative disadvantage
and resorted to rote learning procedures.

At times during the Nuclear Energy topic, Sandra demonstrated a
concern for assisting those who were prepared to make the effort to learn.
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For example, she spent 3 considerable amount of time with the five
female students w ho solicited her assistance and sin_ made special effort
to help Gavin w ho had been uncooperative but had resolved to catch
up Sandra was able to provide these students with extra assistance only
by &Lying quality time to others in the class. In an important sense,
Sandra's sty le of Conducting activities made her teaching effectiveness
questionable She seemed to be rushed almost all of the time and,
although she was eager to assist students in the learning process, was
unable to manage the class effectivdy.

Sandra's attempts to implement a self-paced pproach to learning
were unsuccessliil for two reasons. First, several boys in the class (Gavin,
Wayn.:, Nigel, Francesca and Martin) were involved regularly in socially
unacceptable behaviour. This pattern of uncooperam e behaviour con-
st,mtly diverted S,.ndra from her goal of teaching for understanding.
Sandra was alw ay s on the lookout for disruptive behaviour from these
boys, and she circulated around the room in order to control their
misbehaviour by 'wing physically close to them. As well as continually
circulating around the room, Sandra always was scanning the class for
misbehaviour, nd it was evident that this practice distracted her from
offering the high qualm personalized assistance that she believed should
be provided

A second management problem was associated with socially accept-
able disruptive behaviour. Almost eery one in the class took advantage of
the manner in which the students were grouped to sociahze. At a given
momentis nuny as sevslity-five per cent of all students were off-task as
they dealt with their social agendas. In many cases, students worked at
their assigned task and talked with peers m their group. Sandra was
aware of this problem and endeavoured to solve it by circulating about
the room. Thus, she constantly monitored students for on-task/off-task
behaviour as she quickly moved around the room. Her constant move-
ment about the classroom enabled students to seek assistance as required.

Sandra acknowledged that she had management problems with her
grade 10 class during both topics. At least some of the problems can be
attributed to Sandra's relative inexperience of teaching students m small
groups for such high proportion of the time and to the presence of
observers in the classroom. Sandra explained that earher in the year she
had seated students in rows, but had decided to organize' them in groups
because the content-oriented topics of Vertebrates and Nuclear Energy
lent themselves to group work utilizing the workbooks. Under normal
circumstances, Sandra felt that she would have changed group mem-
bership after the Vertebrates topic. However, because the research team
was present, she did not do so in case they would be inconvenienced.
Also, she noted that managing the class was similar in sonw respects to a
family visitinsr, !datives. The children in the family are not discipinwd for
misdemeanours during the visit, but when the fimily returns home 'you
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give them a thump'. In an analogous way, Sandra :lid not want to belittle
the constant offenders in her class, such as Wayne, in the presence of the
research team. Thus, the observers constnined her from taking discipline
measures that ordinarily she might have adopted. The following excerpt
from an interview provides an indication of Sandra's level of concern for
management in her grade 10 class:

Interviewer. Another thing we talked about is that this group that
y ou have are good kids on a one-to-one basis, but they have a
tendency to socialize. Some people watching you closely might
think there is an excessive amount of off-task time. Would you
just like to talk about that in general?

Sandra. It's something that worries me and it goes up and down. It
depends a lot on what is happening in class I thought the way
around it would be to stop them and resort to a teacher-centred
class. It's something I'm not ready to do yet. During the last
couple of weeks. I haven't been quite as relaxed as I normally
would be. It has meant that, instead of stepping in and chopping
off certain behaviours, I instead would stand back and hesitate.
Hopefully I'll get over that very soon.

Interview,. My impressions were that a lot of these kids can 'goof
off half of the time and still get their work done. Is that reason-
able?

Samba: Yes. What they tend to do if they find that they are falling
behind is to spend two nights making suie that they are ahead.
They borrow the books at night and they catch up.

The above comments indicate that Sandra was aware of both ty pcs
of disruptive behaviour. By adopting the educationally sound practice of
assigning credit for the activities completed at school and at home, the
reward schedule allowed students to work at home and socialize at
school. Even though Sandra was aware of this tendency; she did not alter
her procedures for allocating marks so as to reward those who worked
consistently throughout the class period. In fact, she stated in an inter-
view that, at the grade 10 level, it was important for students to enjoy
themselves in their science classes and that it might not be desirable for
them to have to work hard throughout the entire period.

During laboratory activities, the students in Sandra's class were
involved, particularly the boys. However, their involvement was not
scientific in many instances. Most often they messed about with the
equipment as if they were playing with toys. For example, in the Verte-
brates topic, two boys intermittently fought a mock duel with scalpels for
two class periods. During an activity on alternath e energy sources, most
students played with the steam engine, friction toys, jet propulsion equip-
ment and the bunsen burners. The serious discussion which was needed
to develop the science from the experience with the materiah only occur-
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red for a small number of the more able and interested students in' the
class.

Discussion oldie Implemented Curriculum

This study provided a context in which two very different teachers could
be studied in an intensive mannjr. Because of this school's science depart-
ment policies and the arrangement of furniture in classrooms, Sandra and
Peter were constrained to teach in a manner which differed from how
they would like to teach. For example,, the science department produced
workbooks to facilitate self-paced learning, prescribed textbooks and
provided other text resources to be used in class. In Peter's classroom, the
desks were arranged in four rows and he was reluctant to move the
furniture into another configuration because of possible inconvenience to
other teachers. In contrast, Sandra arranged the disks in her classroom
into a formafion of eigl,t clusters that allowed up to six students to sit
together in groups. Although the configuration of furniture in the room
could be offered as an important reason for the differences in the way in
which Peter and Sandra managed mstruction, fundamental differences
in the cognitive characteristics of the teachers were probably more im-
portant.

Sandra and Peter differed proftliindly in terms of: the metaphors used
to conceptualize the teacher's role in science teaching; the images they
presented during instruction; the pedagogical content knowledge avail-
able to teach general science; and their beliefs about what ought to be in
the curriculum, how, students learn and how teachers should teach. These
differences resulted in the curriculum being implemented in characteristi-
cally different ways in their two classrooms.

During interviews, both teachers explained that they had obtained
the content knowledge to teach science from their formal courses at
university, by teaching science for :) number of years and by reading
reference books In addition, Sandra had extensive knowledge which
included having worked as a scientist, including being a producer of
scientific knowledge. Possibly, as a result of such experiences, Sandra
perceived science as a process rather than as a body of facts. This percep-
tion of science as a process appeared to have a marked influence on her
style of endeavouring to involve students to the maximum possibk
extent ii their own learning. Peter had started a physical education degree
and had switched to an education degree with a major in science. Conse-
quently, he did not have the same strong backgrouni as Sandra, who had
a double major in science. Peter perceived science as a body of facts and
taught accordingly. This tendency was consistent with Hacker and
Rowe's (1985) finding that lower levels of intellectual engagement occur-
red when teachers taught outside their specialist disciplines when teach-
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ing integrated science. They reported that 'non-practical, mformational
approaches predominated in the classroom when teachers moved outside
their area of specialism, even though they had taught the curriculum for
six years' (p. 179).

Both teachers stated that there were no formal sources for their
pedagogical content knowledge. The discipline-specific pedagogical knowl-
edge which was needed to teach Vertebrates and Nuclear Energy at the
grade 10 level was obtained when the teachers themselves were high
school students and by teaching similar topics on previous occasions.
Informal discussions with colleagues were mentioned as another source of
this type of content knowledge. In Sandra's case, the pedagogical content
knowledge was integrated into an extensive network of science know-
ledge. Peter did not possess such a rich network of science concepts and
he usually was unable to elaborate to any great extent on the information
included in the students' textbooks.

An important difference which emerged in the study was the extent
to which Sandra could explain scienct content in a manner which assisted
students to understand. She appeared to have the knowledge to allow her
to provide clear explanations which were illustrated with analogies and
were augmented \via, demonstrations and other teach;ng aids. Similarly,
she was able to use questions to diagnose the extent to which students
understood science concepts and could listen to student respon,-,,
explanations and follow up in an appropriate way. Peter was i:oable to do
most of these things, and frequently he did not even att,:.npt to do them.
For example, his teaching tended to consist of pr..senting facts and, in
many instances, his explanations were flawed.

Sandra's inability to suscain an effective learning environment in her
class highlights the importance of clasroom management. Even though
Sandra had exceptional discipline-specific content knowledge, she was
unable to use her knowledge to the general advantage of students. It
appeared that Sandra too had knowledge limitations. Her major problems
were associated with pedagogical knowledge Her efforts to conduct
effective small-group activities were unsuccessful day after day and her
only suggestions for improvement were associated with the use of whole-
class activities. Yet the main problem was that Sandra was too busy.
Because she spt nt a considerable amount of time monitoring for mis-
behaviour and for off-task behaviour, there were few opportunities for
Sandra to reflect on her practice during class time. Cooperative learning
strategies were not employed in a conscious manner and Sandra allowed
herself to become the principal resource for student learning. Clearly,
there are limits co the number of students that one teacher can assist in a
substantive way in a one-hour lesson. Consequently, there were only a
few students who benefitted from Sandra's lessons. In order to improve
substantially, students would need to accept more responsibility for their
own learning, thereby freeing Sandra to teach in a more considered and
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reflective manner Sandra could not cater for the needs of each student in
her class. But, tlass size was not the major problem in that a reduction of
four or five students probabl} would not have led to substantial improve-
ments in the learning environment.

Throughout this study, it was apparent that a major driving force on
the implenwnted curriculum was completing the content in the allocated
time. The school kid scheduled five w eeks for the completion of each
topic and it was necessary for each teacher to complete the core material
in t'le allowed time so that their students had covered the content before
taking the topic test. Thus, prime i uportance was given to completing
the work in the scheduled time and, within that constraint, lcarning was
emphasized. Sandra was particularly concerned that, although the best
science was contained in the options, most time was taken up completing
core material. Peter did not seem to have the same concern and did not
endeavour to complete the optional parts of the course.

In order to do justice to the relationships among the content areas
dealt with in each topic and to obtain most benefit from laboratory
activities, there is little doubt that less content would have to be covered.
However, if less content were included in the course, there is no guaran-
tee that the teachers would teach differently. The evidence from this
study suggests that teachers need to be educated before they can sustain
activities that would promote meaningful learning. This outcome of the
study presents a substantial challenge for teacher educators who have
largely ignored the development of pedagogical content knowledge and
have concentrated on information dissemination and learning by absorp-
tion in teacher education courses.

Sandia was an enigma in many respects. She was regarded by almost
everyone as a first-class person and a first-class teacher. Her colleagues
perceived her to be talented, hard working, knowledgeable and conscien-
tious and her students regarded her in similar vem. Yet, in the classroom,
she floundered because she did not have the active knowledge to manage
student engagement in learning tasks. To be sure, Sandra made conscious
decisions to teach in the way that sLe did; and she knew that students
were off-task frequently in small-group activities. However, she also
knew that students became disinterested in her whole-class activities.
Consequently, she argued that student learning oppoitunities were at the
very least no w )rse in small-group activities than in whole-class activi-
tie . r_sr this actually to be the case, Sandra would need to develop and
implement new strategies and routines. Such changes would require a
commitment on her behalf and a change in beliefs about learning. She
would need to be convinced that the postulated changes would reap
tangible benv:its in student learning. Possible benefits arising fiom
alternative changes in teaching strategies could be discussed with Sandra
as a result of feedback sessions in which she was able to reflect on her
teaching practices and trace the probable effects of hypothesized changes
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in teaching. In Saildra's case, the challenge was how to develop knowl-
edge whizh actually affected the way in which she taught. In a verbal
sense, Sandra might have known how to manage the students in her
class, but she had not routinized procedures for effective classroom man-
agement and did not appear to have a repertoire of active pedagogical
knowledge to tddress the problems which arose in her class. Additional
research is needed to understand how teachers dexclop knowledge which
can influence teaching behaviour.

Conclusions

The focus of this chapter has been on the mind frames of Peter and
Sandra and the manner in which these mind frames influenced the plan-
ned and implementid curriculum. The analyses demonstrated that the
two teachers were very different indeed.

The metaphors used by Peter when hc taught related to his manage-
ment role in the classroom. No doubt Peter had metaphors for his role of
facilitating learning, but they were not apparent in this study. Peter's use
of two management metaphors dominated his speech about teaching and
his actions in the classroom. The two different metaphors were associated
with marked differences in the way that the class was managed, and his
comments suggest that he had discrete sets of beliefs associatid with each
management role. When he was Captain of the Ship, one set of beliefs
Influenced how he acted in class and, when he was the Entertainer;
another quite distinctive sct of beliefs guided his behaviours.

The Entertainer mode of management was more informal than the
Captain of thc Ship mode Consequently, this management style enabled
a good many of Peter's projected images to interact with students. Peter's
projected images drew attention to himself and, as .1 consequence, were
interactive. Some students appeared to like these images and others did
not. In many ways, Peter seemed Insecure with people and tried to
project himself as a person who was successful, self assured, com},ent
and able to relate to others. In some cases at least, the projected images
shifted the focus from the learning agenda to other iactors associated with
Peter thc person. For example, his custom of interacting with females
who were more attractive, often in a risque manner, might have been to
the long-term detriment of some females in tin class. This question is
pursued in greater depth by Kahle in Chapter 4.

Some of Peter's beliefs about standards dealt with surface-level fea-
tures, such as whether students used ink or pencil; whether a margin was
ruled on the page and whether or not there were external examinations.
These standards did not deal with the adequacy of students' understand-
ing of what they were learning or whether they vsitre engaging in a
manner that would promote their own learning and the learning of
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others. In a similar manner, Peter talked about the standards of teachers
and equated his own high standards with a preference to wear a tie when
he taught. This tendency might have been associated with his inclination
to wear a laboratory coat on some occasions even when a laboratory
investigation was not involved.

Although Peter did not say too much about convenience for the
teacher during the repertory grid exer-:se, his actions suggested that this
set of beliefs had a major influence on how he planned and implemented
the curriculum. Peter did nor plan for either topic in the depth needed,
even though he acknowledged his weaknesses in some content areas.
Furthermore, he did not mark student work in a way that could have
given him insights into the extent to which students were doing the work
and learning. The reasons for not doing these things appear to be associ-
ated with lack of time or with inconvenience to the teacher. It was not
that Peter did not put in a full day at the office. On the contrary, he did a
lot of additional tasks. The main point is that Peter did the things that
appealed to him, not necessavily the things that were most closely associ-
ated with improving student learning. Instead of organizing excursions
and science competitions, Peter could teem marking student work or
planning his activities for grade 10 students. -he reasons given for not
allocating time for planning usually were rekted to the need to spend
time with his family. Although this is a worthwhile goal, it clearly
indicated Peter's

More information about Peter's roles as a teacher and his beliefs
associated with each role could have enhanced our understanding of why
he did what he did. We know that he emphasized management of
students and the curriculum. Akhough he talked a lot about the ideal way
for students to learn, he focused on content coverage in most instances
because of a perception that the work had to be covered for the end-of-
topic examination. Greater value was attached to covering the content
than to ensuring that students understood it. The rationale for that
emphasis probably was that students could take the time to develop
understanding at honw. What was not clear was the rationale for co-vering
the content without due regard for whether all students understood what
they were covei ing. Despite the fact that Peter believed that students
learned best by working together ani interacting with the teacher, stu-
dents simply were not given enough time to work together in groups and
to sort out the meaning of the science content.

The constraints perceived by Peter were in many instances associated
with his own personal comfort. For example, the head of physical science
at Southside High noted that there was no pressure to use the workbooks
for any of the topics. Yet Peter indicated that he feh he had no choice but
to use the workbooks. An assertion that is consistent with the data is that
thc workbooks enabled Peter to implenw . each topic. without having to
prepare something as an alternative.
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Peter's planned and implemented curricula can be explained in terms
of his metaphors, beliefs, values and knowledge. Although wc have
learned a great deal about Peter's use of metaphors to Lonceptualize his
role as a manager in the classroom, there is a great deal more to learn.
Why did Peter emphasize management to the detriment of learning? The
reason is probably associated with beliefs about his roles as facilitator of
learning and as an assessor of learning. However, we do not have much
information about these beliefs because, at the time of the study, we were
not examining beliefs in relation to specific roles in a conscious manner.
Ongoing research in classrooms has highlighted the value of examining
beliefs and metaphors in relation to specific roles such as facilitator of
learning, assessor and manager. Having gained this theoretical insight, it
is impossible to disregard it in the interpretation of the data for this study.
Becausz of Peter's unwillingness to cooperate further in the research aft-r
the observation period, wc were unable to collect further relevant data
from him.

Sandra's teaching was characterized by her impressive personal char-
acteristics. She was a concerned and dedicated teacher. The main question
that arises from our investigations of Sandra's teaching involves the
reasons why she was so unsuccessful in managing her grade 10 students?
Her beliefs about teaching and learning appcared to be internally consis-
tent, and she unplemented the curriculum exactly in the manner which
she thought appropriate. Yet management problems made it difficult for
students to learn. Stronger actions against students who disrupted the
work of others, penalties for students who failed to accomplish a reason-
able amount of work in a class period, and disincentives for copying the
work of others were factors that Sandra might have considered. Similar-
ly, activities that incorporated indiliidual engagement and whole-class
engagement might have been used as a source of variety, to control
student misbeluviour and to allow students to engage in a different
manner

Sandra's shortcomings with students at the grade 10 level were
associated with students' unwillingness to accept responsibility for their
own learning. A lack of motivation to learn and a willingness to deal with
their social agendas, led to a situation in which even the best students in
the class spent a disproportionate amount of time off-task. Sandra knew
about her management problems and opted to do nothing differently. She
indicated that whole-class activities were not an acceptable alternative
because students still would not learn. What was Sandra trying to accom-
plish? Certainly she allowed her beliefs about her role as a facilitator of
learning to drive her behaviour and there was consistency between her
beliefs about indnagemeni and her beliefs about facilitating learning. To
Sandra, it made no sense to manage students in a way that was incon-
sistent with her beliel's about how they learned. Quite possibly, her
approach might have been more successful over a longer time interval.

88

I 0 3



Teacher Mind Frames and Science Learning

She was concerned for individuals and constantly encouraged them to
accept responsibility for their own learmng. If she had been successful in
assisting four or five disruptive male students to increase their motivation
to learn, Sandra would have had more time to concentrate on facilitating
learning rather than on managing student behaviour.

Sandra's adherence to the Teacher as Resource metaphor led to
situations in which she was not reflective in action. As Sandra dashed
around the room, trying to equalize each student's share of the teacher
resource, there were things that might have bet i done to improve the
learning environment. Fewer circuits of the classroom and more reflec-
tion in action are possible changes for Sandra to consider. In the light of
Peter's use of alternative metaphors to change radically what he did in his
classroom, it might have been helpful for Sandra to develop alternative
management metaphors to guide her teaching. These could have been
used on occasions to reduce the amount of soual noise and to focus
student engagement on important content.

Adoption of an alternative metaphor for handling the manner in
which new content is introduced might also have helped to overcome
Sandra's problem associated with answering almost all questions on an
individual basis. Apart from this practice being time-consuming, each
question is in some ways unique and, as a consequence, each response is
largely unrehearsed. Therefore, not all responses might provide the cues
needed to stimulate learning in the desired manner. This situation might
not have been so bad if students had been given the time to discuss the
issues at length wit;-, Sandra. But most interactions were fleeting and,
despite her intentions, Sandra's style of dealing with student questions
frequently resulted in a dichotomous choice of answers from which
students selected the correct one.

Although Sandra was assertive in not using whole-class activities
because of their dubious value for promoting student learning, she
allowed several constraints to shape the implemented currkulum in a way
that she perceived to be dctrimental to students. The most notable of
Sandra's constraints was use of the workbooks, which she used because
other science staff wanted to use tly:m. In this instance, her belief in being
a democratic head of department was stronger than her belief that the
workbooks probably were not conducive to learning. Sandra also allowed
other constraints associated with the learning environment to influ,mce
the implemented curriculum. For example, she expressed dissatisfaction
with the style of assessment and the balance between core and optional
activities. As head of the science department, Sandia certainly could have
exercised leadership with respect to these issues, particularly as she felt
that student learning was being jeopardized. Yet she did not appear to try
to change either of these constraints. Her role as an academic leader was
non-assertive and she permitted the constraints to influence the im-
ulemented curriculum. In contrast, Sandra made her own decisions about
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homework. Despite opposition by some of her colleagues, Sandra set
homework regularly, based on a belief that some homework is desirable.
An assertion that fits the above patterns of behaviour is that Sandrd did
not allow constraints to influence the implemented curriculum if the
decisions only affected her class. If other classes were involved, such as in
the case of assessment and use of workbooks, Sandra adopted a democra-
tic style and followed the majority preference.
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Chapter 4: Real Students Take Chemistry and
Physics: Gender Issues

Jane Butler Kahle

Interviewer. Is there something in boys that is beneath them to like
biology?

Peter: Well, that's part of the macho thing that real students go
on and do physics and chemistry and that's the way it's been ever
since I can remember ever since I went to high school. Now, a
lot of that is being broken down, but it's very gradual. The thing
is that girls, for example, didn't go into physics and chemistry. To
a large extent that is still par for the course. I think that, underly-
ing it, is the fact that a lot of girls don't have the confidence and
don't feel they can do chemistry and physics.

Introduction

Peter strides into class, distinguished looking in his laboratory coat and
carrying a stack of reference materials and equipment. Ihtent and
business-like, he deposits his load on the front demonstration table and
arrmges a dissecting pm and a few instruments. He turns and faces the
now quiet class and slowly one finger at a time pulls on protective
rubber gloves. He has everyone's attention; Peter is ready to teach. Peter
demonstrates the teaclung beliefs and teaching patterns of many of his
colleagues. He enjoys kids and he wants them to like and respect him. He
has a basic background in science and he wants to be perceived as a
scientist. He likes his job and he hopes to advance and reap the rewards of
successful teaching. In order to facilitate his hopes and ambitions, Peter
applies a series of principles to guide his behaviour in the classroom and
his interactions with students and other teachers both in and out of
school.

On the other hand, Sandra unobtrusively begins her class. Several
times she quietly states 'still waiting', hoping to calm the students seated
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in groups of four around square tables. She doesn't raise her voice, but
she moves from one noisy area to another until the students have settled
down. Now, Sandra is ready to teach. After a few instructions concern-
ing schedules or procedures. Sandra allows the students to work in the r
groups or individually. During the hour, she never raises her oicc and
she tirelessly answers the same knowledge-level questions asked by va-
rious students. Sandra is confident in herself as a teacher and as a scientist.
She has attained the recognition of being the only woman science depart-
ment head in the city's state education ,ystem at the time of the stud7.
She is concerned about students individually and collectively. However,
what students learn or don't learn in her class depends to a large extent on
the students themselves.

This chapter first explores both Peter's and Sandra's teaching in
terms of their educational and experiential backgrounds, of the organiza-
tional and social aspects of their schools, and of their teaching tools, texts
and workbooks The principles guiding Peter's teaching, and their effect
on learning by his students. are constrasted with those guiding Sandra's
instrucdon. Next, what actually happens in Peter's and Sandra's classes
is compared and conthisted with observations from other high school
science classes and with data collected in sinular schools. Last, the
chapter focuses on gender issues in science, in school and in Western
society.

Peter's Principles

Peter's observed grade 10 general science class consists of twenty girls and
eleven boys. Four students sit at long tables arranged in horizontal rows.
Although some table groups are mixed, most consist of only boys or
only girls. The atmosphere is casual yet orderly. As noted in Chapter 3,
Peter displays two different teaching patterns. In one, he is Captain of the
Ship, holding forth at the front of the room with a demonstration or
using rapid-fire questions to review or to ascertain answers for the work-
books. In the other mode, he portrays the teacher as Entertainer. As he
says, `A teacher is like an actor; he has to sell his performance'. In his
Entertainer role, he might wander about the room, stopping to assist
individual pupils with their work. The level of the instruction, regardlc.,
of teaching style, is rote learning. In addition, in both styles, Peter fits
Galton's (1981) description of an informer. Galton's three styles in
teaching arc. Problem Solver, which involves a high frequency of teachei
questions and a low frequency of pupil initiated or maintained activities;
Wormer, which uses teacher delivery of facts and a,. infrequent use of
questions except to recall facts; and Inquirer, which uses upil initiated
and maintained experiments as well as inferring, fornmlating and testing
hypotheses.
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Peter's Trachim Styles

Each of the above styles of teaching appeals to a different type of student.
Both the Problem Solver and the Informer styles involve public interac-
tions and are more often enjoyed by students who are risk takers. Op the
other hand, the Inquirer style is preferred by students who are not risk
takers, because public exchanges could expose their lack of knowledge as
they work through a problem or as they respond to a question (Tobin
and Gallagher, 1987; Tobin and Garnett, 1987). Many girls are disadvan-
taged in classes conducted in either the Informer or Problem Solver mode
because, on the whole, girls take fewer risks. Use of the Problem Solver
or Infornwr style in teaching science is a particular problem because girls
typically have less positive perceptions of their abilities and aptitudes in
science (Kahle, 1985; Whyte, 1986). Girls' reluctance to take risks is re-
inforced by their lower self-concepts, resulting in reduced participation
in science classes. The Inquirer style used by Sandra, however, particular-
ly appeals to most girls. Her use of that style and its effect on student
attitudes and achievement levels are discussed later.

It is clear that one of Peter's principLs is that the Informer style of
teaching is both effective and efficient. For example, Peter assists students
in completing their notebooks and in reviewing for tests by conducting
whole-class interactive lessons during which he fires off many questions.
In this teaching mode, he frequently calls on students who have not raised
their hands to answer. Both of those behavic o-s using rapid questioning
and calling on non-volunteers create an atn asphere of comretition and
encourage students who display risk-taking behaviours. Neither the com-
petitive nor the high-risk atmosphere iF. preferred by most girls (Meece,
1987).

There were daily examples of Peter's use of the Informer mode of
teaching. For example, Peter began a lesson on respiration by emphasiz-
ing the difference between breathing and cellular respiration. During the
fifty-minute period, his students listened to his summary, participated in
a demonstration, answered questions concerning the demonstration and
worked in their notebooks.

Table 4.1 shows the amount of time devoted to each of five types of
activities, namely, whole-class non-interactive, whole-class interactive,
individual, small-group and transition. Clearly, Peter used the Informer
style of teaching, spending sixty-eight per cent of the class time on the
whole-class activities.

The questioning component, which composed a large segment of the
whole-class interaction, revealed several patterns (see Table 4.2). First,
Peter more frequently called on students who did not have their hands up
(that is, who had not volunteered to answer). Second, his reinforcing
comments tended to b: more frequent for boys' than for girls' responses.
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Table 4 1 Time allocated to types of instruction in Peter's class

Type Minutes Per Cent Nature of Instruction

Whole-class (wc) 3 6 Summarize lesson
Whole-class
interactive (wci) 35 68 Demonstration/cr. estions
Individual (ind) 4 8 Complete :;otebook
Small group (sm) 0 0
Transition (trans) 9 18 Obtain equipment

Total 50 1U0

Table 4 2. Student/teacher interaction pattern in Peter's class

Cognitiva Level Teacher Reinforcement

Students Recall High Positive Neutral Negative

Boy (HU) 4 1 2
Boy (NHU) 8 3 5 5
Girl (HU) 1 6 3 1

Girl (NHU) 7 4 1 3 2
Chorus 6

HU 'hand-up (students volunteer)
NHU 'no hands-up' (students do not volunteer)

For example, consider a representative sample of his comments to boys
and girls:

Sue, you might just find this interesting, believe it or not.
Diane, could you possibly lift your head to a more vertical
position? Thank you, Diane.
Come on, Robert, we need brilliant young minds.
Robert, can we gt., on with it? I realize, Robert, that Peta is
disturbingly alluring. We have to ignore disturbances in life ...
maintain our equilibrium.

Each comment is innocuous in itself, but each one suggests that science is
okay for boys, who are rough, tough and bright, but that it is question-
able for girls, who are lovely, charming and bored. In addition, the last
comment clearly introduces sexism into the classroom. (Sexism is defined
as using traditionally sex-role stereotyped examples, humour, roles or
behaviour within the classroom setting.) Both types of behaviour
calling on non-volunteers and reinforcing male answers set a certain
type of classroom climate, namely, one which supports the behaviour of
the more assertive, and usually male, students.
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However, during the observation period, Peter encouraged and er
joyed assertive girls as well as boys. For example, he described his
personal reaction to an independent female student in the following
response to an interviewer's question about Mary's role within her row.

She is very independent, painfully independent sometimes; very
much her own person and makes that very clear very much a
nonconformist. I'm not sure how you describe it nowadays, but I
think she has a very definite feminist view of things. She's the
sort of kid who enjoys a fight and, yet, we have this incredible
love-hate relationship. It is quite extraordinary; every now and
then she gets the better of me and she wins Then I get the better
of her and I win. She came out on the yacht with me. Mary's
mum showed up, and Mary's mum and I had a chat. Mary ',,as
right there and we chatted away, and it was obvious that the
mum has this -a- c love-hate relationship with her own daughter
that I do. I c. Abed her as sometimes being a snappy terrier;
semetimes she likes to bite something and so she bites my arm
and I walk around the classroom with the kid hanging on to the
end of my arm. Mary was just fuming but she didn't say a word,
so she will square that one off with ine next year probably. But
there is a tremendous amount of respect for one another between
herself and myself.

And she's quite an extraordinary kid to have in the class. The sort
of kid who a less experienced teacher could really make major
mistakes with. If given the chance, she woulo take over, I think.
She certainly dominiv-ed the kids in that row, and it was rathri
good that she put herself down there, because if she were not to
the front she would have had a more dramatic dominating in-
fluence on the class. She is very much her own person. When she
wants to provide input, silt., does; when she wants to do her own
thing, she does.

Peter recognized and enjoyed Mary's behaviour and correctly described
her as a potential target student. Clearly, he enjoyed interacting with high
risk-taking girls as well as boys. In addition, during the course of our
observations, there were instances in which Peter used sarcasm to squelch
both boys (Robert Greg) and girls (Helen, Diane) who were too N oc a 1
and volatile.

One series of exchanges suggested a subtle message inherent in
Peter's questioning behaviour. For example, in response to Craig's de-
scription of the exchange of carbon dioxide and oxygen in the lungs,
Peter cheered him on with comments such as 'Yea, right' and 'Go on,
you've almost made it.' Later, two girls and two boys raised their hands
in response to the following question from Peter: 'This is a question for
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Table 4.3 Combined data over sot occasions for student teacher interaction
patterns in Peter's class

Cognitive Level Teacher Reinforcement

Students Recall High Total Positive Neutral Negative Total

Boy (HU) 12 2 14 6 2 0 8
Boy (NHU) 9 2 11 6 1 0 7

Girl (HU) 4 1 5 i 0 1 2

Girl (NHU) 35 0 35 5 7 8 20

Chorus 13

HU 'hand-up' (students volunteer)
NHU 'no hands-up' (students do not volunteer)

real thinkers. You've all heard of mouth-to-mouth resuscitation. How is
it that air blown (out of the resuscitatof's lungs) is still good? Danielle's
partially correct answer was accepted with no comment. Robert was
called upon next. He corrected Danielle and was praised by Peter. Jeffrey
added a point. Peter concluded the series by reinforcing Robert's answer.
Although he was unaware of it, the above student/teacher interaction
pattern reinforces the stereotype that boys, compared with girls, perform
better m science classes.

Table 4.3 shows data for Peter's interaction patterns combined over a
period of six occasions. This table suggests that Peter frequently called on
girls who had not raised their hands. Over a six-day period, he did not
ask a girl to respond to a sini;le higher-order question. Because there
were twenty girls in his class, on the average, each one responded twice.
The eleven boys averaged 2.2 responses each during this period. Peter
seemed to call on boys with thcir kinds up or down about evenly and he
provided positive feedback after both boys' and girls' answers. But he
criticized the responses of the girk much more frequently than those of
boys.

Table 4.4 provides combined da'La over six occasions for the fre-
quency of each instructional mode in Ikter's lass. This information sup-
ports the pattern found in the respiration lesson in that most class periods
were spent in question/answer sessions and managerial activities, while
little time was allocated to individual or small-group activities such as
laboratories, library research, etc. Yet, case studies of teachers who were
successful in encouraging girls to continue in science courses in the USA
indicate that laboratories were very important in motivating students to
study science (Kahle, 1985). In addition, other studies identified indi-
vidual work as important in attracting non-traditional students (girls and
minorities) to science (Tobin, 1987).
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Table 4 4 Combined data over six occasions for time spent on different types of
instruction in Peter's class

Type Amount of Time on Six Occasions
Total

%min % min % min % min % min % min %

Whole-class 18 45 7 14 24* 34 15 29 3 6 0 0 21.3
Whole-class
interactive ;3 32 17 33 29 29 10 20 34 68 20 42 60.0
Individual 0 0 0 14 14 12 24 4 8 10 30 8.0
Small group 0 20 39 0 0 0 0 0 0 0 0 6 5
Transition 9 23 7 14 23 23 14 27 9 18 13 28 17.5

Double penod with total time of 100 minutes

The interaction pattern in Peter's class supported the finding that
teachers who use the problem-solving or informing mode frequently
identified and interacted with target students (Tobin and Gallagher, 1987;
Tobin and Garnett, 1987). Unless specifically noted, the interviews
quoted in this chapter were not conducted by the author. This precaution
was taken in order to avoid bias in both questions and responces. Peter
described how and why he selected and used specific students as target
students:

Interviewer: How do you feel about letting the class get involved
either in small groups or whole groups in a discussion?

Peter: Well, I enjoy that as well. I enjoy that immensely and ... I
like very much their input. I guess as an observer from the outside
you'd find that I probably tend towards those kids who interact
with me the most. I possibly favour them.

Interviewer: What students do you interact with most often?
Peter: Well, Danielle, Louise, Robert and Kim, Joe to a lesser

extent. I guess I find myself leaning towards those kids because
they will interact, they will respond straight away. They'll nearly
always provide some sort of an answer, but I aiso make an attempt
to drag other kids into it ... But, there are obviously kids who
feel very threatened by that and I think it's unfair to dwell on
them.

Although Peter named four girls and three boys, observations
showed that he more frequently called on the boys and that he asked
them more challenging questions. In this behaviour, Peter was the typical
science teacher in that studies have shown that the ratio of girls to boys
involved as target students in science classes ranges from 1:4 to 1:8. For
example, Tobin (1987) noted that male students typically respond to
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teacher questions by raising their hands more frequently than girls do
(ratio of eight boys to one girl) and that target students tend to be boys
rather than girls. Such differences were found to occur regardless of the
whole-class ratio of boys co girls, regardless of the sex of teacher and
regardless of the ability level of the class. For example, Tobin found that,
in a grade 11 biology class which contained twelve girls and nine boys,
seventy per cent of the teacher questions were answered by the boys. In a
grade 9 low ability science class, he reported that boys were identified as
all of the target students. Likewise, seven out of eight target students in a
grade 9 high ability science class were male (Tobin, 1987).

However, Peter was not aware that he more frequently called on
boys and that he routinely addressed higher-order questions to them.
Gender-related differences were apparent in the interactions which occur-
red in Peter's class. Peter noted that he tended to interact with the females
in his class tr, a greater extent than with the males. He stated that he
pr2ferred to interact with 'the most extroverted girls, those who knew
how to interact, who were beautifully presented, with a beautiful smile,
were ready to interact and enjoyed interacting'. During whole-class in-
teractive activities, Jeffrey, Greg and Kim initiated interactions by volun-
teering to respond to teacher questions and asking questions to obtain
additional information. Other students who were involved often in
whole-class interactions were Susan, Helen, Diane and Robert. Most
students participated by responding to questions when selected by Peter.
In most instances, the answers involved recall of factual information.
Some students, such as Craig, Alex, Nicola, Karen, Andrea, Rhonda,
Joanne and Joanna were not often selected to participate and did not
initiate whole- class interactions. When Peter was asked about the interac-
tion patterns in his class, he described his Informer style in the following
way:

Interviewer: What percentage would bt! student-initiated questions?
What percentage would be questions you ask of them? What
percentage would be, sort of, all the kinds of interactions one has
with kids just to maintain good rapport?

Peter: Well, I think one of the indicators of how healthy the learn-
ing environment is in a class is how many questions the kids do
ask. And I think that kids in that class ask a lot of questions. I

mean sometimes I can be completely bombarded with questions to
the point where there is so much sensory input I sort of feel, hey
I've got to get out of this room and have a break from it.... And
there are some kids who are so spontaneous like Danielle and
Michelle and Greg and Jeffrey that they will just fire continuous
questions. You feel you've got to tone it down a little bit. In fact, I
think Michelle loves the one-to-one interaction and she likes to
control that. She will fire continuous questions and she'll just keep
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that going because it's Michelle demonstrating to the rest of the
class that she has this ability to interact with the teacher. I think
there's a lot of that, maybe fifty to sixty per cent of the interaction
is student-initiated interaction. Maybe forty per cent of it is
teacher-initiated and maybe ten per cent of it is just rapport-
maintaining interaction.

Interviewer. What about the initiation of questions when you're
having a whole-class presentation?

Peter: Well, there I would dominate the situation. I would probably
dominate it maybe eighty to ninety per cent. It could jump to that
high. I often have sessions where I'm firing questions at them. Just
spraying them all over the room. And they're sitting there, you
know, wondering when they are going to get one?

Interviewer: Do you have any particular thought-out strategy in
mind as you're spraying questions around the room?

Peter: Well I want the kids to think. I want them very much to
think about what we've been doing and the questions will go right
back to classification, which is what we covered at the very
beginning .... I love to go off on tangents, a lot of lateral think-
ing.

Although Peter suggested that many interactions were student-initiated,
he described an Informer style in which he 'sprayed' questions around the
room. His Informer style of teaching was derived from a management
metaphor which drove his teaching and which allowed him to handle
effectively a variety of classroom situations.

Another favourite mode of teaching, supported by the data in Tables
4.1 and 4.4, was individualized instruction. In that mode, Peter often
combined his perceived roles as Informer and as Entertainer, on one
hand, stopping to joke with students and, on the other hand, correcting
their notebooks and answering questions. For example, on some occa-
sions, Peter used individualized activities to interact with students on
matters unrelated to their work and, on the other occasions, to assist
students with activities from the workbooks. The students who in-
teracted with the teacher most often were Rachel, Nicola, Mary, Susan,
Helen, Danielle, Britta, Louise, Mandy and Jenny. Of the males, Jeffrey,
Joe and Robert were most likely to be involved with the teacher during
individualized activities, but not to the extent that the named females
were involved. Peter moved about the room in order to maintain disci-
pline and to provide assistance. He paused longer and stood closer to the
girls whom he had identified as attractive in comparison with other girls
and boys. He usually paused by boys in order to monitor or to modify
behaviour. In this teaching mode, Peter encouraged students who were
not risk takers. During his stops, his voice was low so that questions,
admonitions and responses were private and non-threatening.
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Peter's Interactions with Students

Another principle guiding Peter's behaviour was his belief in interperson-
al relationship with students. He talked disparagingly about the tendency
of some teachers to walk into the class, pile their books on the front
bench and teach from behind the teacher's demonstration bench. 'And
then they wonder why they have problems with student behaviour', he
commented. When he moved around the class a lot, he felt that the kids
were more comfortable in interacting with him and he liked that. 'The
more interaction the better', he said His belief in the value of personal
interactions between students and teachers was supported by his willing-
ness to organize and conduct field trips. However, it also affected his
attitudes as well as his evaluation of several of his students.

For example, during our study, a representative group of students
was tested for level of cognitive developoment using the Piagetian tasks
discussed in Chapter 5. Earlier, we had requested both teachers to iden-
tify the most and the least able students in their respective classes. Peter's
nominations of the most able or best students included the ones with
whom he interacted regularly. Peter described the best boys as 'smart'
and 'a real mate', while he mentioned the physical attributes of the be:
girls. For example, 'jenny, she's a lovely girl' or 'Peta has beautiful eyes'
or 'Nicole is a rather gorgeous kid'. When the results of the Piagetian
tasks were compared with Peter's list of most able students, discrepancies
were noted. The research team sought clarification from Peter, who
discussed his attitudes towards and evaluation of three students, Diane,
Helen and Jeffrey, whom he had rankid low in terms of ability, but who
had performed at the level of formal reasoning on the researchers' Plage-
tian task measures.

Interviewer: Three kids come to mind who are worth pursuing for
me. Diane is one; Helen would be another; and I think Jeffrey
would be the third. In each case, my view would be that they are
very capable kids; and yet, I am not sure that that is your view.
How do we sort of match there?

Peter: Well, I though that Diane was lazy; that she could have done
a lot more. I guess my views are slightly coloured because my wife
actually taught her music and we discussed Diane.... The point in
question was a major presentation that the nmsic students were
providing, and Diane was a part of the orchestra, playing one of
the instruments. Two days before the performance, mum rang
school to say that Diane feels she can't handle it and to withdraw
her from this performance.

Helen, I think, is also very lazy. In fact, I made comments on her
report to the effect that she will have to work a lot harder next
year, especially in the subjects she is tak:ng, if she wants to
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succeed. But, again, I think it is probably a certain amount of
personal bias because of her size. I find it disagreeable when kids
arc as overweight as she is and I find it difficult to understand and
to appreciate. I really think she needs to get up off her backside
and do a lot more. She really didn't do a lot in the classroom
situation to impress me; yet, she seemed at times to be very critical
and sarcastic. So, Helen was one of the few kids in that class about
whom I didn't write a favourable report.

Actually, my feelings about Jeffrey changed considerably through
the year, because at the start of the year I thought he was the
classic classroom clown, and every class has got a couple. Even
though, Jeffrey didn't modify that behaviour himself and ! did
have a minor clash with him because Jeffrey did have a bad habit
of sort of mouthing off On parent/teacher night. I actually did
mention it to his parents and said that I didn't apprLciate that and
that Jeffrey ought to be very careful about some of the things he
says. Jeffrey came to me afterwards and completely denieJ having
said it.... He went away and must have thought about that
because he was very careful in the future about mouthing off, and I
think we began to see each other in quite a different light. I think
we actually finished the year on quite a high note, Jeffrey and I. He
came away on the yacht trip and had a fantastic time and
threatened all day to throw me in the water; yet it was funny.

Peter's attitudes towards and evaluation of student abilities and perform-
ances reflected other concerns such as parental interference, physical
appearance and questionable behaviour. Octen his opinions also reflected
sex-role stereotypes of appropriate behaviour.

Peter's Out-of-Sclwol Excursions

Another of Peter's principles was a strong belief in the value of out-of-
school excursions. Peter's roles as Captain of the Ship and as Entertainer
we-- supported by such activities. As he expressed it, 'I personally am
very much into estabhshing a relationship with kids in a non-school
environment. I like to get kids away from the school for camps and
trips'. The excursioos were all nature- or science-oriented, yet estab-
lishing rapport rather than increasing learning seemed to be their main
purpose. Furthermore, Peter did not capitalize on them as opportunities
to interest less-motivated students in science. In an interview with two
other researchers, Peter elaborated on one of the irritations of providing
out-of- school experiences for his students:
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Peter: I can clarify my point of view just a bit further. I mean there
are teachers now walking around this school, whenever you take
an excursion for example, who want to know if there are equal
numbers of boys and girls. That is really starting to get right up
my nose. .

Intervietver. It is hard if you've got different numbers in the class,
isn't it?

Peter: Yeah, well, those yachting excursions are an example. Going
out on the yacht, being thrown around for the da: and sitting in
the sun all day aren't probably everyone's cup of tea and, yet, here
was a teacher who wanted to know what the gender split was. I
mean, I am running the excursions. I am assuming all the responsi-
bility. I am collecting the money and organizing the whole thing.
And a rinky outsider wants to know whether the numbers match
or not.

Peter was convinced that his external activities with his students built
rapport, encouraged admiration and led to a genuine liking. However, his
belief in the value of excursions was firmly rooted in the present, rather
than in the future. They were a means of impressing kids, of establishing
rapport and of being liked. They were not a mechanism for providing
additional learning opportunities for girls, who typically have fewer out
of school science experiences (Kahle and Lakes, 1983; Parker, 1985;
Sjoberg, 1986). Near the end of the study, I questioned Peter about the
potential of his science-related excursions for remediating the different
number of out-of-school science experiences of boys and girls. The
following passages indicate how Peter chose ;.o ignore the thrust of the
question:

Interviewer: What you want to do with kids (that is, informal learn-
ing) is so popular right now in the States. From my perspective, it
is one of the key things that young women need because they
don't have those experiences.

Peter: What do you mean by inforn.al learning? The way Sandra
and I teach?

Interviewer: No, I'm sorry. That's another interpretation of in-
formal learning. I was talking about teaching out of the school
environment.

Peter: Ah, right .. I am taking two classes out on a fifty-foot
ketch, and I am pleased to say I think it is a fifty per cent split
between with girls and boys

Peter had answered the criticism of some of the staff about the participa-
tion rates of boys and girls. I do not know if both sexes participated
equally in science-related tasks during the excursion. Generally, though,
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Peter did not link school science with the out-of-school activities in order
to augment student learning.

Influencing Peter's Principles: Gender Issues

In an interview with the schools' equity officer (Sue), several plans and
strategies for involl,ing more girls in upper-division science and
mathematics classes were discussed. That discussion, as well as Peter's
new appoinunent as school leader for grade 10, provided the basis for a
lengthy interview concerning gender issues. At the outset, both the
interviewer and the interviewee were nervous. The interview was carried
out after the observation period in order to reduce its impact on the
overall research. During the interview, Peter and I discussed the sex-role
stereotypes which were evident in the course selection pattern. In Coastal
Australia, all students take grade 10 General Science, which includes
topics in biology, chemistry and physics. Lower school ends with grade
10 and many children leave school at that point. Those who remain select
their upper school subjects, which in science indwle physics, chemistry,
physical science, biology and human biology. Admission to most science
and/or engineering programs in the State require both chemistry and
physics as well as Mathematics H and III. Therefore, subject selection is
extremely important to a child's future options. Lesley Parker (1987) has
referred to the selection of upper school courses, which occurs in grade
10, as the 'choice point'; that is, subject choice in grade 10 determines
future goals and careers. Therefore, I queried Peter about his perception
of his role as grade 10 leader. What would he do to encourage students,
particularly girls, to elect physics and chemistry? Did he have a responsi-
bility in thar area? Unfortunately, the interview revealed little, partly
because Peter did not directly address the issue in spite of frequent
questions:

Interviewer: Sue (equity officer and chemistry teacher) said that she
tried to encourage tenth grade girls by having physics and chemis-
try studcats zome down and talk to them. If you were doing that
coordinating (grade 10 leader), you could be very instrumental.

Peter: In the few instances I have had, it has been girls in particular
who wanted to get out of the advanced classes. It has usually been
the mother at home who has been pushing it it's too hard for
my daughter, she can't handle it, she doesn't like it, I want what is
best for her that sort of thing.

In the above sequence, Peter avoided the direct question, commenting
rather on the home influence. Later, I tried another tack:

Interviewer. I am interested in gender issues as you see them because
of my own research.
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Peter: I am sure things are changing. Ther :. were a lot of teachers
who were very racist in the teaching systcm (black and white and
even Australian versus other nationalities). But I think a lot of that
has gone by the way.

Intoviewer: Is gender bias the same? Is that gone?
Peter: I like to think that I give the girls more of my time, for

example; and I think I do, but an independent observer in the
classroom could totally disagree with me. You might be giving
girls more time, but you may be responding to them differently. A
lot of that could be subconscious.

Interviewer: Do you do anything differently with girls to keep them
ecouraged and interested?

Peter: I like to take a personal interest in girls more so than boys,
because I am basically a heterosexual sort or person, if you know
what I mean. I am attracted to girls and I think that is sort of the
normal way that it should be. The other side of that, with respect
to the boys, is that often I have a sort of a mateship which I
establish with a lot of them. I walk up to some boys and thump
them on the back, or I drop my shoulder and bump them, and a
lot of them will drop their shoulders and try and bump me back. I
can't do that with the girls. You can't thump a girl on the back.
You see, that is missing in the relationship you have with girls. I

often will compliment a girl on how she is dressed, but you don't
compliment a boy on how he is dressed.

Interviewer: Do you know of any teaching things you do specifical-
ly that would interest the girls in going on in science? Are you
conscious of anything?

Peter: I think that, in a school like this, subjects are often timetabled
to be on at the same time, so a kid has to make that decision. If
you had the situation where a kid could take chemistry, physics
and biology, that would ease the pressure a bit. You might get
more girls taking it (physics and chemistry) that way.

'Throughout the interview, Peter addressed important and substantial
issues (for example, parental pressure, racism, personal relations and
curriculum olganization). However, in spite of repeated attempts to
rephrase the gender-related enrolment question, Peter did not respond to
questions about sex-role stereotyping in course selection and a possible
proactive role which he might take as grade 10 leader. Peter perceived
himself as particularly encouraging to girls. Yet, the interactions he
described, and which were observed daily over a ten-week period, sug-
gested that Peter's behaviours reinforced traditional sex roles for girls as
well as for boys. Intellectual challenges through higher-order questions
directed at girls, intervention opportunities tnrough encouraging girls to
participate in his excursions, and advisenww- activities through the re-
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cruitment of girls to physics and chemistry were not part of Peter's
repertoire.

Although Peter professed to believe in and to support an inquiry
approach to science, his laboratory activities were teacher domi..ated; that
is, demonstrations or closed-ended experiments were used. During the
few hands-on activities observed, there were clear differences in the
participation rates of the girls and the boys and the observed differences
related to the content of the lesson. In the Vertebrates unit, the girls
initiated the use of the microscopes and it was not until later that they
were used by rather disinterested boys. However, in the Nuclear Energy
unit, the boys rushed to the laboratory benches, monopolized the equip-
ment and destroyed fly!. reagents by mixing them. During several labora-
tory sessions, many girls 1rd no opportunity for hands-on science
either there was no time or no uncontaminated materials left. Similar
differences were noted in Sandra's classroom and have been reported in
the four-year Girls into the Science and Technology (GIST) project,
conducted in Manchester, UK (Whyte, 1986). When Peter was ques-
tioned about the different participation rates of girls and boys in the
biolt-c,ical versus the physical science activities, he agreed with the noted
disparities. Although he worried about the boys' lack of interest in
biology, which was his field, his concern did not translate into positive
intervention.

Interviewer: Now, the boys (Robert, Kim, Steven) you're talking
about would not be going on in biology. They want to go on in
chemistry by preference.

Peter: Yeah ... Well, Steve and Robert and ... Kim, I think
they're doing physics and chemistry and mathematics. I am not or
the school that says that kids going through science do only
biology or physics and chemistry. I think that's an absurd notion,
but many many teachers are like that.... It concerns me that kids
get it into their minds that they're not interested at all in biological
science and they're going to ignore it, or forget about it, or block
it out, or whatever. I see that as a part of a weakness ... that I
haven't been able to sell it. Although, when we did genetics much
earlier in the year, of course, there was a sort of mathematics basis
to genetics with quadratic expressions if you want to go into
dihybrid crosses. I didn't feel that there was that opting out that
appear!: to be evident with those three boys (Steve, Robert, Kim)
in particular with that topic.

Indeed, Peter believed in and perpetuated the masculine image of science,
particularly of physical science. He did not relate science and mathematics
competence with increased opportunitit for students. Although he ex-
pended much energy providing unique field trips for his students, he did
not feel that it was his place to challenge or change any stereotypes.
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Peter truly thought that real students (that is, nules) took chemistry
and physics. He would support Garratt's (1986) notion that:

Biology is perhaps perceived as being relevant to girls of all
abilities, but only appropriate for boys of average ability. Con-
versely, physics may be seen as suitable for a broad ability band
of boys, but only for girls of higher ability. (p. 68)

Peter expressed his concern and his culpability during the following
interview.

Intewiewer. What about the greater interest on the part of the girls
in vertebrates? Do you think that's attributable to the fact that they
haws a greater interest in biology, for example?

Peter: i don't know. I mean, the girls seem to have a bias against
chemistry, in particular. We did almost a whole term of chemistry
and some of the girls towards the end were simply saying 1 can't
do it, that's it.' And, they wouldn't even talk about it. I mean
other girls thrived on it. Sue for example, thrived on it. But ...
Jenny and Danielle to an extent have this in-.. lilt escape clause
when it gets too difficult. 'i can't do it, therefore, I won't get a
good mark and it's all hopeless.' And that's it, end of story. That
really surprises me because i would put jenny as pretty close to
being one of the blighter kids in that class. I'd put her, probably
without doubt, in the top ten if not the top five. She's very bright,
witty; you know, she strikes me as being quite an intelligent kid.

Intewiewer: The girl you mentioned, was it Sue? Is she one of those
who's going on in chemistry?

Peter: Oh, I can't tell you, I don't know. I can't remember off-
hand what her selection of choices will be.

Intewiewer: Is the apparent lack of willingness to work hard on
chemistry by people hke jenny and Danielle because they're unsuc-
cessful, do you think?

Peter: Well, that's obviously part of it. But, in the final test, Jenny
and a couple of the other girls, who were making noises about not
being able to do it ... did extremely well, including Kristine,
who's Danielle's big friend. I think Kristine scored 100 per cent on
the last chern;stry test. They actually were genuinely surprised at
how well they did in that final test. It's a sort of an in-built escape
mechanism that they've got in their brain somewhere.

Interviewer: What about things that you do or don't do towards
girls who have that attitude about chemistry?

Peter: I just tell them point blank, you know, that in my humble
opinion I think that they can do it.... In chemistry you've got to
go through a series of steps in order to get right to the end of the
chemical calculations that we did. Step one is learning first of all
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the symbols and then learning the valencies. Then you sort of
build your way up and up, and you can balance equations. And,
then from that, you use the mole concept to solve problems and so
on. I emphasize to the kids that it all starts w:th the initial learning
of the symbols. Now, the boys seem to handle that better than the
girls ... and from then on it's a sort of a natural progression for a
lot of the better boys, the more able boys. They just go from
strength to strength, while for a lot of the girls just a little bit of
failure creeps in; and then, all of a sudden, it's throw your hands
up in despair and let's not even go on. In my other grade 10
advanced class, I liad girls who were coming to me and insisting
that they be removed from the class....

Interviewer Do you feel you have any special responsibilities to try
to change girls' attitudes towards physical sciences?

Peter: Well, not a special responsibility, but it's interesting. Early
this year they did an assignment which was based on a famous
scientist of their own choice. This was my idea of wanting to
emphasize the contribution that scientists have made. Mary is quite
a feminist in many ways and ,,he lets me know that every session.
That doesn't worry me. I just let it bounce off me and every now
and again, you know, we have a snap at ofic another, but it's
pretty friendly sort of stuff. I think we've established how Er we
can sort of push one anothc-. She wanted to do Madam Curie
which I thought was tremendous; she did Madam Curie and she
did it very well. They actually had to get up before the class and
talk about the scientist of their choice. Even though the over-
whelming number of scientists were male scientists, it was her
personal input which reminded the rest of the kids in the class that
there were, and there are, famous female scientists who climbed to
the absolute zenith of their particular discipline. And, so, I encour-
aged that. I actually helped her get information on Madam Curie
in order for her to do that assignment. But, no, I don't see that as a
personal responsibihty of mine to ti ,and push particular kids. I

think sonic teachers do too much of that already. rite actually
worked vith physics and chemistry teachers who have roished into
physics and chemistry girls who had demonstrated most adequate-
ly in lower school that they had no hope of doing them in upper
school. They did that purely to make up numbers in a second class
or a third class so that would give them an extra upper school class
and keep them away from the thirty plus students per class that
you tend to get in lowc: school.... Human biology would have
been far more relevant, so I think you've got to be very careful
when you start pushing kids in particular directions.

Interviewer: For examnle, if girls were thinking of going on into
nursing and if you were making a recommendation to a studlnt
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like that concerning the relative merits of physics and chemistry to
human biology, what would you advise?

Peter: Well, I'd advise biology human biology because of the
physiology and the anatomy that they cover in human biolo,,:, and
to a lesser extent in biology.

Interviewer: How about miidicine?
',er: Well, medicine has to be physics and chemistry. (University
enrolment in all academic science ajors requires secondary school
physics and chemistry, but not bk:ogy or human biology. Enrol-
ment in medicine has no science prerequisites but is a very selective
and prestigious program.)

Interviewer: Ecology?
Peter: Well, I'm not sure what the prerequisites are for ecology

courses at University, but I think they're more general in what
they want or who they will accept than say for medicine, for
example, which is very cut-throat.

Although Peter's knowledge of women's contributions in science might
not be limited to Madam Curie, nis encouragement of girls to pursue
science was limited by his views, perspectives and principles.

Sandra's Dilemma

Sandra's teaching behaviours, based on her beliefs and principles, pro-
vided a sharp contrast to those of Peter. She was confident and knowl-
edgeable. She perceived her teaching role as a facilitator of learning. Day
aftei day, she demonstrated the Inquirer mode of teaching. Sandra's only
deviation from the classic Inquirer style was that her students did not
initiate the experiments and/or activities. Rather, they followed the acti-
vities presented in their workbooks and they were responsible for pacing
themselves through the materials. Nevertheless, the classroom was
student oriented and, to a large extent, student controlled. Therefole,
students were seldom placed in a risk-taking or competitive position.
Essentially, all records of student/teacher interaction during the observa-
tion period revealed an identical pattern consisting of short transition,
brief announcements, individual activities and short transition. One of
Sandra's principles was that students were responsible for their own
learning. Howeveris expected, different students assumed that responsi-
bility in different ways.

Activities of One Group

Because of the way that her class was organized, we had to focus our
observations on one group or follow an individual. The following three
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examples demonstrated the dilemma which Sandra faced as a teacher.
During one week, observations focused on one laboratory group which
usually consisted of four girls, Janila, Sally, Natalie, Sarah, and one boy,
Steven. However, since the observation began, Steven had been sitting at
the back bench. Two explanations were offered: first, Steven and Sarah
had a tiff; and, second, Steven did not like all the attention that the group
was getting from the observers. The intent was to focus on one group in
order to identify specific teaching/learning behaviours. Sandra had indi-
cated that Steven recently had joined the laboratory group when she had
split up a group of obstreperous boys (Steven, Wayne and Gavin). Dur-
ing the observed period, he remained at thc back bench in partial isola-
tion. The girls, on the other hand, were busy gossiping and working at
the front table Although two of them (Janila and Sally) were academical-
ly outstandingmother one, Natalie, dominated the group as she often
did the class. ln a sub, way, those students were 'target' students (see
Tobin and Gallagher, 1,67), requesting and getting much of Sandra's
attention and initiating and responding to many questions.

Let'.; ,'-ollow the girls at Table 1 during our typical day in Sandra's
roo n. Natalie orchestrated the activities at her table; she urged one
student to skip the options and asked another to hurry to catch up with
her so that they could work together. When they settled down to work
on the day's topic, sexual reproduction, Natalie responded to Janila's
question, 'Didn't your mother ever tell you anything?' At 9:27 a.m.,
Natalie announced :hat she hadn't done any work, although class had
started at 9 a.m. In general, the girls spent the hour copying factual
information from source books to their own notebooks. Jamla had one
source, Biology Resoutce Book, from the curriculum section of the Educa-
tion Department of Coastal Australia. It appeared to be an Interesting and
well illustrated book, for example, there were colour photographs of
human fetal development, which usually were of great interest to stu-
dents Janila was the only one to use the book. When I asked how she
was using it, she said she used it to answer the questions in her work-
book. I noted that the Biology Resource Book consisted basically of ques-
tions, but received no further nsights as to why it was being used.
Interestingly, no-one seemed either to read it or to enjoy the excellent
illustrations. Although the girls were motivated and interested, only rote
learning was occurring. The girls continued to copy information and
answers into their notebooks. Other students were doing a laboratory
activity involving identifying food groups. One question askcd them to
explain the breakdown of fats, carbohydrates and proteins. I asked first
Sarah and then Sally if the question had anything to do with the labora-
tory activity. Both said no. Sarah was answering the question by copying
the text's drawings, which consisted mainly of hale circles, of the struc-
ture of the three substance Again, although the girls were on-task,
probably little learning occurred.
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When she commenced class, Sandra announced that they would have
a film. Peter, who was in her class to co;iect equipment, remarked that
the projector was net working. Without any request or indication of need
from Sandra, midway through the period Natalie stopped Sarah and
insisted that she leave class with her. In a few minutes, when they
returned with a second projector which was needed, Natalie loudly
announced that Sandra 'doesn't know how to work the other one'.
During the film, Natalie and Janila were both very attentive. Both Sarah
and Sally continued to work in their notebooks. However, at the end of
the film, Janila could not tell the observer what it was about.

When asked about the learning system which they were using, the
girls defended it vigorously. Sally, Natalie and Sarah all insisted that one
learned better by writing, as shown in the following comments:

Sally: What I don't like is that you don't have time to think about
things. So, I get the notebook done, and then read the textbook
and try to have four days to ask questions.

Interviewer: Do you have a group session in which to ask questions
of Sandra?

Sally: No.

But Sally indicated that she could get enough attention to get her ques-
tions answered individually. Clearly, the girls at Table 1 were target
students. Although thei accepted responsibility for their own learning,
on many days little learning occurred.

Some Students Cause Problems

Another observation during the same lesson illustrated what occurred
when students did not assume responsibility for learning. This observa-
tion involved the workbench which was set up for a food composition
experiment. As soon as Sandra finished with her announcements (9:10
a.m.), Wayne and Nigel rushed to the laboratory station. They proceeded
to occupy that space and to control most of the equipment until 9:53 a.m.
Nigel began to do the experiment, then pinched out the burner and
pulled out its wick. He then soaked the wick in the alcohol and complete-
ly dismantled one of the two lamps. As a result of his actions, few
students were able to do the experiment. Domination of the equipment
by boys in both Peter's and Sandra's classes corresponded to Judith
Whyte's (1986) descriptions of boys 'hogging' resources, while girls were
left to 'fetch and carry' in many of the classrooms observed during the
GIST project. In Sandra's classroom, the lack of one student accepting
responsibility for learning also affected the possibilities for learning by
other students. That problem, which posed Sandra's dilemma, was illus-
trated by closely following a very recalcitrant and reluctant learner,
Wayne.
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Wayne sat alone at the back bench in Sandra's classroom. He had
been separated from the others by Sandra prior to our observation period.
Wayne was as mature physically as most of the other boys. But his face
was boyish aria his voice had not changed. A lock of blond hair tumbled
into his eyes as he played the class clown.

On Friday September 3, Wayne managed his buffOon role well,
avoiding reprimands and work as well. Sandr:i began class by reviewing
the papers on respiration which she had caretully marked. During this
period (eight minutes), Wayne rested with his head upon his folded arms.
Once Phoebe tried to get his attention, but she must have decided to 'let
sleeping dogs lie'. When Sandra finished, the students began to move
about the room, collecting books and preparing to complete their work-
sheets and notebooks. Wayne took advantage of this period to talk with
Jody and to call out to Nigel. Soon he was asking all the girls at Table 7
about what grades they received on their returned papers. 'I got one and a
half', he aid with a guffaw.

Watcl, ig Sandra, he moved to talk with Nigel, returning to his seat
a minute lat, when Sandra arrived on the scene. Again watching her, he
returned to N gel and socialized with him. Next, he ambled to Table i. I
got one and a half', he repeated. He made a short stop back at Table 7,
then moved on to visit Rod at Table 5. Sandra arrived and reprimanded
Wayne by shaking her finger at him. He returned to the back bench
laughing visibly and put his head down. 'Oh, Jesus', he moaned. Mark
reinforced his behaviour by calling to him.

After only one minute in his scat, he set off for Table 4 to talk with
Michael. He cruised by Sandra to request some worksheets. She sent him
to the demonstration table for them. Ambling by Table 2, he stopped to
talk. Mark called across to him. Finally, Wayne arrived at the demonstra-
tion table, a trip which required tk ee minutes and four stops. He then
doubled over with laughter, glancing back over his shoulder to make
certain that he was observed.

Carrying the text, he began to wind his way back to his seat,
stopping off at Sandra's seat, then at Cliff's scat. Martin arrived at Cliff's
to share in the fun. Finally, Wayne cruised back to Table 7, where he had
moved his chair. He continued to call to Cliff and Rod, giggling and
gesturing. Unable to contain himself, he retrieved a book from Rod and
moved to share his joke first with Mark and then with the girls at Table
7 A photograph of a boy watering with a hose (side view) was the source
of humour. 'It'd be alright for an elephant' (hose as penis), he explained
to Petrina, Jody and Phoebe, who concurred that 'he is disgusting' and
returned to their work.

At 2:42 p.m. (32 minutes after class started), Sandra arrived to check
if he was working. Wayne grabbed a book away from Phoebe; Sandra
moved on. Wayne wrote on Phoebe's notebook; she punched him.
Wayne finally began to fill in a diagram of the heart by grabbing Jody's
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and copying it. In a few minutes, however, h( tired of that effort and
engaged all students at Table 7 in conversation about bleach for hair,
for cleaning. During the discussion, S2ndra arrived at Table 7; they
paused; she left; they continued discussing bleach.

On Sandra's next stroll by, she asked Wayne about when his father
was coming home. 'Today', he replied. 'Then you'll want to take home a
book?' He nodded yes. Wayne continued to chat away and the girls
complained that they could not work. He strolled to Table 4 to borrow
a ruler, returning to his seat briefly before he threw the ruler, without
using it, back to Digby. Finally, Phoebe tried to get him to move.
'Sandra told me to stay', he protested.

Next, he discussed rock and roll, calling back and forth to Martin.
Crouching, he slid over to Nigel for a little conversation. Sandra arrived
and Wayne returned to Table 7. The girls by now had decided to talk
with him and they passed the remaining minutes chatting. When Sandra
tried to quieten the class (unsuccessfully), Wayne giggled and said 'Watch
Sandra, in another minute she'll say "still waiting, please, still waiting."'
And she did.

Sandra's Teaching Style

Because day after day passed in Sandra's ciass with similar activities and
organization, interactions within small groups and between Sandra and
one or more students bist described actual teacher behaviour and student
learning. Sandra's teaching style, although dramatically different from
Peter's, involved different interaction patterns and different learning
situations for girls and boys. The Inquirer mode, which was both mod-
elled and practised, provided opportunities for individualized learning and
created a non-threatening involvement. Quiet girls, such as Phoebe and
Sarah, were comfortable in Sandra's room, yet assertive students epito-
mized by Natalie, Nigel and Wayne in the vignettes above, ,,ould com-
mand both her time and attention.

Sandra's influence on the girls at Table i (Sally, janila, Sarah and
Natalie) was strong and supportive. When I asked the girls what careers
they wanted to follow, Sally replied 'obstetrics', Janila replied 'veterinary'
and Sarah replied 'veterinary, until I went on field e;:perience and found
veterinary science boring; now I'm thinking about marine science.' Nata-
lie wanted to be a high school science teacher. Three of the girls (Jani la,
Sarah and Sally) were scheduled to take three science courses. Sally will
take chemistry, physics and human biology. The other two will take
chemistry, physics and biology. Natalie discussed her course options,
noting that she was taking the exact sequence as an older friend, who had
given her all of her notes, papers, etc. Natalie also said that Sandra bad
talked her into taking biology next year. Natalie further commented that
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her mother had enrolled her in the following year in a community
college, where she would be a boarding student. However, she doubted
that she would attend. Next, we discussed the type of mathematics that
they would be taking. All three of the science majors were enrolled in
Mathematics I. (Students may enroll in one of two levels of academic
mathematics, Mathematics I or II and III; the most capable students
usually select Mathmatics II and III which places them on an accelerated
track.) They indicated that all advanced students are encouraged to take
Mathematics II and III. They mentioned that the mathematics teachers
and science enrichment teachers had discussed the mathematics choices
with them. Sally, who had been encouraged to take Mathematics II and
III, said that the guidance officer had told her that she didn't have to do it
for entrance into medical studies. Sarah mentioned her parents as a source
of advice. When asked what they said, she replied that they had told her
that she could take any mathematics that she thought she could do.

In that series of exchanges, it was clear that Sandra had provided an
image of a scientist who is feminine, attractive and pleasant. The girls
were all motivated towards science-related carcers. In addition, she perso-
nally had advised them and had interceded with Natalie, who academical-
ly was the most limited one of the group, when she thought that a wrong
direction was being taken. An American national study of teachers who
were successful in encouraging students, particularly girls, to elect to take
optional science courses (chemistry and physics) all provided both subject
choice and career advice to their students (Kahle, 1985). In fact, over
two-thirds of all students in their classes noted that behaviour. Some girls
also stated that no other teacher ever had advised them concerning sub-
jects needed for potential college majors and jobs. Sandra's advice was
important in another way because Sally and Sarah suggested that many
guidance officers and parents did not understand the value of quantitative
subjects for girls. Sandra's presence and directed intervention were im-
portant in keeping options open for all four young women.

This point was reinforced by the reactions of all girls to the next
question. It was unusual that Sally, Janila and Sarah elected to take the
physical science track, yet they opted to continue to study biology. (In
Australia, students specialize in subjects in grades 11 and 12; there is both
a biological science and a physical science track.) When asked who they
would like to have as their biology, or human biology, teacher, they all
replied, 'Sandra'. Their reasons were that: she's understanding; she cares
and she helps; and she makes it all personal. Sally expanded on her
response by noting that she had talked with Sandra in order to make the
choice between biology and human biology. Her actions indicate that
Sandra considered it her role and responsibility to provide options and to
keep doors open for her students.

When Sandra was asked to identify her top achieving students, she
first mentioned Janila, Sally, Sarah and Michael and then immediately
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followed that listing with the names or Clarissa and Nigel. She briefly
pointed out each student's achievement level and related it to ability and
motivation levels. She did not refer to any personal attributes of either the
boys or girls named. When queried about with whom she interacted the
most frequently, Sandra responded, lanila and Sally and, most recently,
Craig'. Although she did not expand on why the interactions were high
with the students mentioned, both Sally and Janila were named as top
achievers, sat in the prominent first laboratory group and functioned as
target students. Craig, on the other hand, was not named as a high
achiever. But Craig and his more able friend, Paul, were both members
of Sandra's electronics class. Although Sandra did not identify him as one
of the best students academically, she responded positively to Craig's
newly expressed interest in science.

Informally, Sandra encouraged all students to work hard and to
expand their potential. Her dilemma was related to her inability to create
and maintain a maximum learning environment for all students. Her
constraints were a dated, restrictive curriculum and her own management
style. The observations of the girls at Table 1, Sally, Janila, Natalie and
Sarah, illustrated the first constraint; Wayne's wasted day focused on the
second constr..int. Both Sandra and Peter worked within a specific
school, community and society. Although schools and teachers can be
agents of change within a culture, both frequently reproduce, rather than
transform, the sterotypes of their culture (Kelly, 1985). Sandra and Peter
saw their roles as teachers and as change agents differently. For example,
Sandra tried to transform the sex-role stereotypcs commonly held by her
students; Peter, on the other hand, reinforced sex-role stereotypes fre-
quently. Their different roles as change agents interacted with their
teaching strategies and styles to produce very different classroom climates
for girls and for boys, as described in the next section.

Classroom Climates: Causes and Consequences

Sandra and Peter held different beliefs about teaching and they followed
different metaphors in teaching. Sandra was a facilitator of learning while
Peter was a director of learning. In addition, both interacted with dif-
ferent types of students in different ways. Because I was interested in
possible gender differences, I focused on teaching interactions and in-
structional strategies which might provide different classroom climates
for boys and for girls in Peter's and Sandra's rooms. As described earlier,
Peter and Sandra used basically different styles of teaching. If all else had
been equal, those different styles alone would have resulted in two
distinctive classroom climates. The prevailing effect of those different
styles (Informer and Inquirer) masked the lesser effects of Sandra's and
Peter's personal beliefs about student learning and their conscious efforts
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to involve both girls and boys. In addition, because Sandra and Peter did
not teach in a vacuum, the climates of their classwoms were affected by
the school and community environments. What classroom climates were
found and what were their causes and their consequences?

A national study in thc USA revealed both teaching strategies and
teacher behaviours which produce a positive classroom climate suitable
for girls as well as for boys (Kahle, 1985). Researchers identified biology
teachers who had been successful in encouraging girls as well as boys to
enroll in optional, uppr-division chemistry and physics courses. (In the
United States, biology is taken by virtually all tenth grade students.
Chemistry, which can be taken in grade 11 or 12, is taken by 39 per cent
of boys and 30 per cent of girls, while physics, a twelfth grade subject, is
elected by 24 per cent of boys and 14 per cent of the girls, according to
1986 data.) Then, both qualitative and quantitative data were collected for
teachers, students, administrators and parents. The teachers selected
taught in diverse geographic locations as well as in urban, suburban and
rural schools. Briefly, the results revealed that these teachers commonly:
maintained well-equipped, organized and perceptually stimulating class-
rooms; were supported in their teaching activities by the parents of their
students and are respected by current and former students; used non-
sexist language and examples and included information on women scien-
tists; used laboratories, discussions and weekly quizzes as their primary
modes of instruction and supplement those activities with field trips and
guest speakers; and stressed creativity and basic skills and provide career
information (Kahle, 1983).

Peter's Classroom Climate

For a variety of reasons, Peter and Sandra differed in demonstrating those
identified attributes and behaviours. For example, Peter, in his first year
of teaching in this school, moved from room to room during the day.
His room, therefore, did not have the characteristics noted. Peter attemp-
ted to add interest by posting examples of i.eat work on the bulletin
board, but that attempt was brief. Because he was in his first year of
teaching at the school, he did not have a system of parental/community
support established. As noted earlier, Peter complained about parental
(mother) interference with his decisions and activities. Peter wanted to be
liked by students. Therefore, he tried to he a 'mate' to the boys and he
flirted with many of the girls. In both friendly and disciplinary inter-
actions. Peter relied upon sex-role stereotyped comments and personal
mnuendos which usually were greeted with giggles and guffaws.
Whether because Peter moved fr-rn room to room, or because he pre-
pared inadequately, or because he enjoyed being the Captain of the Ship,
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Peter used laboratory activities infrequently and did not have the skills to
lead discussion sessions effectively.

The American teachers who were successful in encouraging girls all
reported that they quizzed their students every week. By using that
stntegy, they were able to identify students who were confused or
behind. Assistance was provided and students were brought into and kept
in the mainstream of the class. It was agreed by the researchers that this
strategy was important for students who were not risk-takers. As Tobin
describes in Chapter 3 of this volume, Peter felt considerable time pres-
sure in his teaching. He was often poorly prepared to teach general science
and he devoted little time to grading students' work. Therefore, Peter did
not quiz or test his students frequently and he provided minimal feedback
on their written work (workbooks). Although he made verbal comments
as he handed back student work, an examination of the workbooks
showed only ticks (checks) in the margins. There were no written com-
ments and he did not 'catch' missing information or pages. His verbal
comments were brief and pointed; for example, the following ones were
noted as he distributed the notebooks for ,he vertebrates unit:

Excellent set of notes, Jenny, A
Top stuff, Joanna, A
Very poor, Greg, D
Very good, Craig, B
Well done, Mary, A.

At the conclusion of that particular period, Robert approached Peter
and asked why his hard work during the Vertebrates unit resulted in the
same low grade, C, that he had received earlier whai his work was
incomplete. Robert protested that he had done all the work, which Peter
confirmed. Peter then remarked, 'Yes, but your presentation wasn't very
good, was it? You ought to look at the presentations of some of the
girls'. Although Peter used the returning of the notebooks as an oppor-
tunity to praise more girls, compared with boys, he did not provide
substantive comments or feedback. Some workbooks were incomplete
and others included errors and inaccuracies which Peter had not found.
The praise, or the reward, for the girls was based mainly on neatness.
Although Peter did not realize it, that pattern as well as his comments to
Robert reinforced a sex-role stereotype. Peter did not test or quiz once a
week and his grading of assigned work, which might have provided
feedback, was cursory.

The researchers in the USA identified three types of basic skills: first,
developmental skills such as the ability to rotate three-dimensional figures
visually (visual-spatial ability); second, process skills such as the ability to
observe, hypothesize and analyze (hypothetico-deductive reasoning); and,
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third, quantifiable skills such as the ability to transform and interpret
data (tables, charts, figures). Peter's teaching strategies did not stress any
of those three skill areas. For example, in most laboratory sessions and
demonstrations, the students did not transform the data and had few
opportunities to improve their spatial abilities by manipulating the tools
and equipment of science. In Chapter 5, Nord land discusses another
problem with quantification, namely, that Peter made errors which went
uncorrected or unacknowledged.

One opportunity to build visual-spatial ability, however, presented
itself during the dissection of the sheep's heart. Although Peter felt
confident and comfortable in teaching that laboratory activity, several
problems arose which resulted in a poor learning experience. First, sec-
tions were cut before the students had a spatial orientation for the whole
structure. Second, the dissection did little to reveal the internal anatomy
of the heart and resulted in confusion when students tried to compare the
actual heart with the diagrams pr-wided in the workbooks. At the back
table, Helen simply refused to paaicipate in the dissection, noting her
loathing of touching raw flesh. In lay opinion, she quickly grasped the
futility of the work (the workbook drawing, not the sectioned heart,
would be on the test), and she (and several other girls) did not want to
get her hands dirty. Although there was a sink in the room, there were
no paper towels for drying hands.

Basic skills generally were not emphasized in Peter's class. Likewise,
the research team did not note examples of creativity in Peter's approach
to teaching, and his career information was usually personalized. For
example, he would describe his own courses when he was at university.
Although I noted that Peter often commented positively when he was
asked to sign either a boy's or a girl's course request for upper division
science classes, Peter did not include among his responsibilities the provi-
sion of career information.

In summary, Peter did not demonstrate the characteristics and attri-
butes which build a supportive classroom climate for gids as well as for
boys. Yet, Peter's comments clearly indicated that he enjoyed teaching
and interacting with some of the girls. In fact, our observations repeated-
ly showed that he favoured some girls with more praise, more time and
more rewards. However, Peter's style of teaching and his instructional
stategies favoured boys relative to girls. The overriding effect of Ins In-
former teaching style and his use of sex-role stereotyped examples, hum-
our and behaviours was the creation of a classroom climate which was less
favourable for girls than the one which he thought he was providing.

Sandra's Classroom Climate

Sandra, on the other hand, revealed many of the teaching behaviours and
had many of the conimunity/school relationships which were identified
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in the sample in the USA. Although Sandra was relatively new to
Southside High Schooi, she had a strong reputation as a teacher, as
evidenced by her inGve to the school as head of one of the science de-
partments. Her classroom provided i pleasant atmosphere; she knew
many of her students' families; and, for others, she sought out personal
information which would help her teach them.

During an interview w ith both Sandra and the school's equity
officer, Sue, Sandra discussed her personal experiences in working as a
scientist. From first-hand knowledge, Sandra understood the negative
effects of sexism and of sex-role stereotyping. She, therefore, used equit-
able language and examples. Sandra did not provide readings or informa-
tion about women scientists during the observation period, but she set
the tone the example that a woman could be successful in science.

When Sandra's students were asked to draw a scientist, using the
Draw-A- Scientist approach suggested by Chambers (1983), several drew
likenesses of Sandra. Figure 4.1 illustrates one of the student drawings
which resembled Sandra.

Sandra's Inquirer style or teaching included many laboratory acti-
vities. Although she did not hold class discussions, she held mini-
discussions with individual or small groups of students incessantly.
Sandra, too, did not quiz students weekly, yet she did assess their pro-
gress by collecting notebooks on a weekly basis. In addiuon, her grading
was thorough and her comments were based on accuracy rather than on
neatness.

Certainly, Sandra provided career information, as shown earlier in
the description of her interactions with Sally, Janila, Sarah and Natalie.
She also encouraged boys to continue in school and science, and she fairly
badgered Wayne to work up to his potential. Sandra felt, and the re-
searchers concurred, that the workbooks constrained creativity in her
teaching. In the area of her greatest expertise, chemistry, Sandra aban-
doned the workbook. Because we did not observe during that unit, I

cannot assess the extent of inclusion of creative activities.
On the other hand, even with the limitation of the workbooks,

Sandra attempted to build basic skills. She providtd additional work-
sheets, she graded tables and graphs of data carefully and she stressed
observation as she moved from group to group. However, many of
Sandra's attempts to build basic skills were lost due to poor classroom
management. For example, during the food experiment as noted earlier,
two boys destroyed the materials so that others could neither observe the
process nor collect the data. Because students were free to copy each
other's work, many individual experiences in quantifying observations or
information were lost.

In summary, Sandra's Inquirer style provided a science classroom
climate that had been found to be particularly appealing to girls. Using
the inquiring mode, Sandra persisted in small-group activities aild
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Figure 4 1 A student's drawing of a scientist resembling S2ndra

eschewed whole-class sessions. She lowered the risk kvel in her class-
room and she personalized both science and scientists. She supported and
encouraged both male arid female students, yet she disadvantaged both
because of her lack of classroom control. For example, obstreperous boys
were relocated and placed with functioning groups of girls as a manage-
ment technique, and she spent a disproportionate amount of energy
moving to place herself beside students who presented potential be-
havioural problems. In Sandra's case, her adherence to the Inquirer style,
unsupported by firm management techniques, interfered with effective
teaching of and learning by all students in her classroom.
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School and Community Climates

In the USA, the national study of biology teachers who were particularly
successful in encouraging girls to continue to study science and to seek
non-traditional careers identified common, positive behaviours and prac-
tices. (As discussed above, Sandra and Peter exemplified some of the
behaviours and used some of the practices.) Also factors which discour-
aged adolescent girls from continuing in science were identified via student
interviews, comments written on student surveys, teacher observations
and other research studies. These factors were (1) high school counsellors
not insisting on further courses in science and mathematics; (2) lack of
information about science-related career opportunities and the prere-
quisites for them; (3) sex-stereotyped views of science and scientists
which are found in texts, media and many adults; (4) lack of development
of spatial ability skills, which might be fostered in shop and mechanical
drawing classes; and (5) fewer experiences with science activities and
equipment which are stereotyped as masculine (mechanics, electricity,
astronomy) (Kahle, 1983). Similar factors were identified in the state of
Coastal Australia, in the city of Dalton and at Southside High School, as
well as in Peter and Sandra's classrooms.

Several lengthy interviews with Sue, the school's equity officer, as
well as extensive exchanges with a variety of city, state and national
people concerned about the entrance and retention of women in the
non-traditional workforce, provided a societal reference point for assess-
ing the presence or absence of the identified factors. (A job is considered
traditional for either males or females if eighty per Lent or more of the
workers holding it are of one sex.) Likewise, informal interviews with
students in Sandra's and Peter's classes, as well as formal interviews with
several teachers and administrators, provided a local perspective. In addi-
tion, texts were analyzed and students were asked to complete Chamber's
(1983) Draw-A-Scientist test.

Because of the country's need for more scientific and/or technologic-
al expertise, efforts were being made nationally and locally to attract girls
to science courses and careers. That is, the importance of factors one and
CWO listed previously as deterrents to girls continuing in science and
mathematics had been recognized. Networks of equal opportunity
officers had been established in state and national departments of edu-
cation as well as in secondary anci tertiary institutions. Governmental
monies were available for projects and for salaries. The activities initiated
by Sue directly related to the first and second factors listed previously;
that is, they encouraged girls as well as boys to take advanced science and
mathematics courses and they provided career information to students.
Sue, an upper school chemistry/physics teacher, was in a unique position
to provide counselling and career information. In her role as a department
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head, Sandra also was in a position to effect change. Sue and Sandra
describe-I some of their activities in the following interview:

Interviewer: The 6gures ... showed tremc increases in the
number of girls in upper division courses mathematics, chemis-
try and physics between grade 11 and 12. Is that when you
[Sue] began counselling for grade 11?

Sue: No, no, I didn't.
Interviewer: Well, what happened? What do )1u attribute it to? And

you, too, Sandra.
Sue: I think that one of the factors might have been (this is prob-

ably a -ry small factor) that I started teaching physical science that
year. Previously it had been all male physical science teachers. So
when I was able to say I was teaching chemistry next year, it could
have had some sort of impact in suggesting that v. omen can do
physical science. That also was the year that Dennis (senior master)
did his research on why grade 10 girls chose to do their subjects.

Sandra: The way that we want to do it next year is to set up a
session and have girl students from grade 12 physics come in and
talk to all the classes. Then the male students from grade 11 and 12
biology would come in and talk CO all students. Then we'd set up a
library with textbooks and sylhbuses so that kids actually can go
in and leaf through them and look around and have us available [to
talk with them].

Sue: See, that is something I tried this year. I got two girls who
were doing physics, chemistry and mathematics II and III to talk to
my grade 10 class, [which was] primarily girls ... The girls in my
chemistry class are very outspoken and very committed to their
studies and to the future. Grade 10 students have no concept of the
future. One of those girls stood up and said, 'I was an advanced
student in grade 10, but I have been really st-uggling with chemis-
try and physics (in grade 11), but I am getting through. I am

real hard and I am doing well. Now, I want to go on and
do chemistry at university and build a future in the food/nutrition
area working ror companies.' The other one said she wanted to go
into a commerce degree. They [my grade 10 girls] were just
stunned and they asked a lot of questions. That needs to happen on
a bigger scale next year.

Sandra: The only way that it will happen is if we organize it. Right?
If we don organize it, it's not done.

Sue: You have to get the students out of classes and they may not
necessarily be science classes you are withdrawing them from. So,
you have te make sure that you don't antagonize their subject
teachers.
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Sue and Sandra were both committed to providing course information
,,nd career encouragement to all students. They wanted to ameliorate the
feminine image of biology/human biology as well as the masculine image
of chemistry/physics; that is, they hoped to expand opportunities for all
students.

Although there w ,upportivt atmosphere in the science depart-
ment because of the le,hip of Dennis and Sandra, Sue preferred a low
profile for her equal opportunity duties. She was aware of both school
and community resistance, which she described in the following way:

Interviewer: Sue, do you feel any antagonism because you .00k the
E0 job?

Sue: From staff?
Interviewer: Yes.
Sue: I was very worried about it in the beginning. Dennis asked me

to address the staff council about my role very early, because the
staff were going around saying, 'Hey, what is this this equal
opportunity thing?' I am used to being ribbed by my colleagues
about all sorts of things, and this was just another focus. I said to
Dennis that I'm not sure if I can take all the jokes.... I have taken
a very low profile, because I think that if you stand up and say,
'Hey, we've got to do this because ...' or '"ou are doing the
wrong thing', you are going to arouse a lot of antagonism. I have
heal d of examples of that happening in other schools with other
equal opportunity coordinators and I was very careful of it. There
are some disappointments, like when I told them about the re-
search option. I had been to the talk which you gave to the
coordinators and, not mentioning any names, you get comments
like, `So girls don't want to do science. Why push them?' This is
from a sci, ace teacher. 'What's the problem? Just let them do
biology if they don't want to do physics and chemistry."Who do
you think you are, forcing them to do something they don't want
to do?'

Sue's efforts, as well as those of Sandra, could help to provide informa-
tion and encouragement, as well as to breakdown the sex-role stereo-
typing of courses and jobs. However, the new principal of Southside
High School chose not to provide support for the continuation of the
equal opportunity position. Sue's and San,'-a's efforts were relegated to
their own classrooms and to those of other ,uoperative teachers. Because
there was no support and no time provided for a coordinated effort, one
can assume that the lack of course and career information could continue
to affect the enrolment patterns of students, particularly girls, in advanced
science and mathematics courses at Southside High.

The third discouraging factor listed previously involves sex-role
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Table 4.5. Analysts of Illustrations in scl -e texts (Source Kahle, 1987)

Percentages

Country Date Text Male Female Unknown

UK (unknown) Nuffield Combined Science 78 14 8
(activity books)

UK (unknown) Science for the 20's 62 31 7
UK (unknown) Science 2000 62 21 17
USA 1983 Holt, Modern Biology 63 30 7
USA 1983 Scott-Foresman, Biology 58 35 7
USA 1983 Merrill, Biology 57 34 8
USA 1985 BSCS, Blue 51 49 0
USA 1985 Scott-Foresman, Biology 60 32 8
Austraha 1981 Fundamental Science, BK 2 85 15 0
Australia 1981 Essentials of Science, BK 3 54 38 8
Australia 1982 Tomorrow's Science 90 10 0

stereotyping of science and scientists by texts. media and adults. Table
4.5 provides da' illustrating how various science texts use a greater pro-
portion of male illustrations than female illustrations. Australian science
texts generally portray science as a masculine activity done by males. For
example, two of the three Australian texts used as resource materials in
Peter's and Sandra's classes showed males in over 85 per cent of their
illustrations. It is obvious that some Australian texts perpetuated the male
stereotype of science and scientists. This view was not ameliorated by the
teacher-developed workbooks because few photographs or human draw-
ings were used in them.

On the other hand, excellent posters of girls (and boys) in non-
traditional jobs and sports were provided free to all teachers, especially
science and mathematics teachers, by the Equal Opportunity Branch
of the Education Department of Coastal Australia. A booklet of facts
about the life patterns of wcmen, educational requirements for scientific
and technological careers, and non-traditional work opportunities was
another r-ee and excellent source of information for teachers. In Coastal
Australia, therefore, efforts were being made to change the sex-role
stereotype of science as masculine and of scientists as men. However, the
overriding image from public media and texts still portrayed men in a
male occupation.

Influencing the Classroom Climate

Sandra often bemoaned the fact that she had no girls in her electronics
class; she also stated that the technical craft subjects were sex-role

124

n



Gender Issues

stereotyped. Yet, the GIST (Girls Into Science and Technology) study
had shown that girls' scores on a test of visual-spatial ability could be
improved significantly by enrolment in just one semester of a technical
crafts subject such as woodworking, mechanical drawings, electronis, etc.
(Whyte, 1986). Therefore, Sandra's concern was legitimate. As noted
earlier, due to the lack of preparation (Peter's classes) and the lack of
management (Sandra's classes), neither teacher provided frequent learning
opportunities which would increase a student's spatial ability. (Sandra
wrote enthusiastically after the study that a girl had elected to take
electronics and that three girls had enrolled in technical drawing.) There-
fore, low spatial ability might continue to discourage some students at
Southside High from enroling in elective mathematics and science in
upper school.

Differential enrolments by girls and boys in chemistry, physics,
mathematics and electronics indicate that factor five from the previous list

lack of experiences with science equipment and activities could have
influenced students' attitudes, achievement levels and retention rates in
science courses at Southside High School.

Sandra's and Peter's actions and attitudes also had an effect on
students' enrolment patterns. Both encouraged students and informally
counselled them to take additional science and mathematics. However,
because of time problems in Peter's case ai.d management problems in
Sandra's situation, neither provided sustained activities which could foster
the development of a student's spatial abilit or increase his/her familiar-
ity with the tools and instruments of science. However, they differed in
one significant way: Sandra was committed to a proactive role, whereas
Peter preferred a reactive role

Who Wins: Who Loses?

Although Sandra and Peter adopted different metaphor5 about teaching
and these influenced their person:, in,tructional styles, both worked
within the same cultural milieu and within the same societal constraints.
In different ways, both were conscientiou .. ard both displayed a love of
and enthusiasm for teaching. Yet, in both of their classes, some students
were winners while others wete losers. Who wins, who loses and why?

The Effect of Peter's Principles

As Tobin discusses in Chapter 2, originally the majority of the research
team did not find gender differences in student-teacher interaction pat-
terns in Peter's classroom. However, after a time, all concurred that there
were consistent differences in the manner and frequency of Peter's in-
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teractions with some girls and some boys. That is, Peter did not interact
in the same way with every girl or with each boy; yet two different
patterns were discernible.

What were the effects of Peter's differential behaviour towards boys
and girls? First, although Peter stated that he preferred to interact with
girls 'who were beautifully presented', observational records showed that
his whole-group interactions were primarily with boys who raised their
hands and were called upon to respond to most of the higher-level
cognitive questions posed. Secund, because many of his interactions with
girls were on a personal level, academic or scientific competence was not
reinforced for even the brightest girls in Peter's classes. Third, Peter's
Informer style of teaching, which favoured the risk-takers and which
relied on masculine references (football, archery, silinj, etc.), also en-
couraged boys compared with girls.

One of the basic problems was that even an enthusiastic and well
meaning teacher such as Peter had difficulty overcoming sex-role stereo-
types ana societal expectations of appropriate behaviour. For example,
a science teacher related an exchange which occurred early in the year
between Peter and Sue in the science teacher office area. Peter arrived and
announced that a 'delightful young lady' was waiting to see Sue in the
corridor. Sue responded, 'Well, actually, she is a physics student'. To
this, Peter replied, 'She is, and she is a delightful young lady!' Sue became
irritated and explained that the person waiting was a student who had
come about a physics problem and that her appearance and attractiveness
were irrelevant. Peter persisted, saying 'Well, she is delightful'. Sue
repeated her statement and walked out angrily.

Peter was not a change agent. In his classroom, he transmitted the
cultural message of gender differences. Kelly (1985) argued that, when
schools play a reproductive rather than a transforming role in trans-
mitting the culture's sex-role stereotypes, differences in subject ability,
subject confidence, subject anxiety, risk-taking behaviour and skill
competence increase between girls and boys as they progress through
school. Peter's teaching behaviours played a strong reproductive role in
fostering sex-role stereotyped behaviours and interests among the boys
and girls in his classes.

In one area, namely, the acceptance of biology as an appropriate
topic of study for males, Peter wished to play a transforming role. He
saw himself a; a real man, a mate, a good father and husband; and yet he
had studied biology. Although Peter stated 'that real students ... do
physics and chemistry', he wished that the study of biology could be
feminized. When asked about the different levels of student interest in the
various units, he responded in the following thoughtful way:
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Peter: Robert and Kim, in the chemistry and the motion units,
definitely sparkle. Now they have been considerably subdued
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throughout this topic [Vertebrates], I'm sure that Robert looks
upon it as a bit of an ordeal and Kim just looks upon it as another
task that he has to plough his way through. Even Steven [the
American kid who sits in the front row] is almost solemn and yet,
in physics and in the motion and the chemistry [units]. / think he
was far more ready to interact. I find that frustrating. The girls, a
lot of the girls, are obviously enjoying Vertebrates immensely, and
I find it frustrating that the boys aren't as engaged and enjoying it.

The Effect of Sandra's Dilemma

Sandra, on the other hand, clearly saw her role as a change agent. She felt
that she had experienced discrimination and she consistently endeavoured
to be a transformer, not reproducer, of sex-role stereotypes which pro-
mulgated gender differences. The following passage describes Sandra's
response to a question about why she was a teacher:

My parents are both teachers, but my brothers aren't teachers ...
I decided when I was about twelve years old that I was going to
be a secretary, because I wasn't really into education. By the time
I was fifteen, I wasn't going to be a teacher, but I wasn't going to
be a secretary either. By the time I had finished university I had
gone for three degrees. In 1969, and at that stage, inevitably there
would be two or three of us left, and we would all get all the
royal treatment in looking over the plants in terms of being a
chemist. I always had the best marks, but I didn't get a scho-
larship. So, instead, I got a Commonwealth cadetship and took a
job in Sydney. They had biochemist type jobs for chemists. I

took a biochemistry cadetship. I did three months research here,
and then I went over there to join the research team that was
working on a polyacid cycle and electrophoresis and that type of
thiag. In the mornings, you did normal clinical work and, in the
afternoons, you did the research work. I was the only lady. All
the other girls were technical officers who had gone through the
technical education system.
There were two things: I was bored stiff; and they were all men.
They probably contributed to each other, and it was very obvious
from the clinical pathologist in charge that the guys were there
forever and were doing their PhDs that way. I wasn't going to be
invited to do my PhD. I was so sick of a laboratory; there were
so few people to talk to. You did the same tests continuously and
it was so tedious. I decided that I preferred to be wites people.

Similar explanations were proffered by several of the women teachers in
the study in the USA (Kahle, 1985). Generally, the American teachers
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who had their own career opportunities limited actively tried to expand
horizons for their students.

Sandra's metaphor of teacher as facilitator influenced her teaching
style as an Inquirer. That style was used more frequently by the Amer-
ican teachers who successfully encouraged girls to take optional physical
science classes. Her classroom climate and her advising activities were
designed to help all students develop their greatest potential. Yei, man-
agement difficulties resulted in certain groups of girls being used to
control obstreperous boys. The sex-role stereotype of neat, tidy and
hard-working girls was reproduced in Sandra's classroom, while she
displayed unusual tolerance of the disruptive and dominating behaviour
of some of the boys. Her understanding and patience concerning those
behaviours reinforced a sex-role stereotype for the boys in her class; it
was expected that boys would be rambunctious and high spirited.

Gender Issues in Science Classrooms

Who wins and who loses? A follow-up study to the one in the USA
described earlier revealed that the success of teachers in breaking down
sex-role stereotypes concerning science and scientists could be discerned
using several types of data (Kahle, 1987). First, achievement in science
affected a student's perception of science as an appropriate or inappro-
priate activity. Second, enrolment in advanced science and mathematics
courses demonstrated whether a student saw science as an endeavour
congruent with his/her sex. And, third, drawings of a student's itnage of
a scientist indicated whether a student held any sex-role stereotypes
concerning science as a career. All three types of data ..:lso were collected
from Peter's and Sandra's students.

Although Peter praised girls' work when returning the workbooks, a
comparison of girls' and boys' grades, shown in Table 4.6 for all of
Peter's general science classes (including one that was not observed),
indicates that over twice as many males as females received the highest
grade. However, in Sandra's class, equal numbers of girls and boys
received the highest mark (see Table 4.6). Generally, Sandra's grading
favoured girls, while in Peter's classes boys had the advantage.

Grades are particularly important because they influence subject
choices in upper school. Very different enrolment patterns were found
among the boys and the girls who matriculated in Sandra's and Peter's
classes during the period of the study. As Table 4.7 shows, a higher
proportion of girls in Sandra's classes, compared to those in Peter's
classes, enrolled in chemistry and physic which are prerequisites for
academic science majors in all of Coastal Australia's universities.
Although the overall enrolment patterns for boys and girls at Southside
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Table 4 6 Comparison of final grades by gender for Peter's and Sandra's students

Peter's Studeltsa Sandra's Students

No of No of % of No of No. of % of
Grade females males females females males females

Advanced Creditb 4 9 31 5 5 50
Advanced Pass 9 9 50 3 0 100
Intermediate Credit 9 18 33 10 7 59
Intermediate Pass 2 4 33 0 1 0

' All studento in yl.de 10 General Science classes taught by Peter (N = 64) and Sandra
(N = 31)
b Grades are listed from highest to lowest, according to State-wide grading in Coastal
Australia

Table 4 7 Science course options selected by Peter's and Sandra's students
(in all classes)

Subject

Peter's Students' Sandra's Students

No. of
females

No. of
males

% of
females

No. of
females

No ot
males

% of
females

Physics 3 18 14 5 6 45
Chemistry 7 13 35 5 5 50
Physical science 2 4 33 0 0 0
Biology 8 7 53 3 5 38
Human biology 20 4 83 12 4 75
Science 0 5 0 0 1 0

Peter. N = 91, Sandra N = 46

mirrored the ones found in the city of Dalton, five per cent more girls at
Southside High, compared to girls in Dalton, enrolled in chemistry (see
Figure 4.2). That figure supports th: importance of positive intervention
and, perhaps, is related to Sue's and Sandra's activities and presence.

The third way of assessing any stereotyping of science as masculine
is by asking students to draw a scientist. This simple activity reveals a
student's perception of what a scientist looks like and what he or she
does. Internationally, drawings have been collected, analyzed and re-
ported by Mead and Métraux (1957), Chambers (1983) and Schibeci
(1986). In all studies, few women scientists have been drawn and the few
found have been done by girls. Even after a sustained intervention pro-
gram, designed to address the masculine stereotype of science and scien-
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Table 4 8: Summary of findings from draw-a-scientist test

Gender Issues

Percentage of Indicators
Indicators for the Standard
Image of a Scientist Sandra Peter

Laboratory Coat 58 71

Glasses/goggles 81 97
Facial hair 45 55
Symbols of research 45 32
Sex of scientist

male 87 97
female 3 3
un known 10 0

Pencils/bens 19 32

Sandra's Class. N = 31, Peter's Class N = 31

Table 4 9 Percentage of male and female scientists drawn by secondary science
students in Coastal Australia

School Teacher Students

Sex of Scientist

Male Female Unknown

Southside Female Boys 80 0 20
(Sandra) Girls 75 6 0

Southside Male Goys 100 0 0
(Peter) Girls 95 5 0

School 1 Female Boys 100 0 0
Girls 100 0 0

School 2 Female Boys 100 0 0
Girls 80 0 20

School 3 Male Boys 100 0 0
Girls 100 0 0

Southside. N = 62, School 1 N =16, School 2 N = 16, Schcol 3 N = 66

tists, only ten per cent or rural American boys and twenty-eight per cent
of the girls drew women scientists (Kahle, 1987). Salient characteristics of
the drawings done by Peter's and Sandra's students are shown in Table
4.8. :he gen&r of scientists drawn by Peter's and Sandra's students, as
well as some students at other schools, are shown in Table 4.9, which
reveals that some of Sandra's female students saw women as scientists.
Because students of other female science teachers in Dalton did not draw
any women scientists, probably it can be assumed that Sandra's teaching
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strategies and behaviours were important in modifying her students'
images of scientists.

Summary

Peter was an anomaly in that he was a dedicated, well-intentioned teacher
who disadvantaged both girls and boys by reproducing society's sex-role
stereotypes in his teaching and in his classroom. Peter thought that he
favoured girls, but observations and data indicated that his treatment
encouraged boys more than girls. His students continued to perceive
science as masculine and they followed more stereotypic enrolment pat-
terns. More boys than girls received high marks in his classes. Peter's
teaching style (Informer), as well as his reproduction of sex-role stereo-
types in his teaching behaviour and examples, reinforced the gender dif-
ferences that boys and girls brought to his classes. Research has shown
that, compared to boys, girls reach grade 10 with fewer experiences in
science, with more anxiety about science and with less confidence in their
ability to do science (Kahle, 1985; Kahle and Lakes, 1983; Sjoberg, 1986).
Peter's behaviours also reinforced the perception that science was an
ordinary interest and activity for boys but an extraordinary one for girls.
Yet, studies indicate that girls are encouraged to continue in science by
seeing it as a normal endeavour for women and as part of a routim. career
expectation (Erickson and Erickson, 1984; Kahle, 1985; Kelly, 1985).
Although Peter thought that he favoured girls with frequent, positt,e
interactions, in reality his acceptance of boys as equals favoured them.
The advantaged female in Peter's classroom became the disadvantaged
person who saw no place for herself in non-traditional scientific or
technological courses and careers.

Sandra, on the other hand, played a transforming role and used a
teaching style preferred by many girls, as well as by boys who tradi-
tionally have not been attracted to science. Studcnts were monitored in
her classroom and considerable effort was expended in the weekly mark-
ing of the workbooks. Yet, Sandra also reinforced certain behaviours and
reproduced sex-role stereotypes. For example, risk-taking male students
such as Wayne could dominate her classroom and her attention. In
addition, she maintained control be reinforcing and using the stereotype
of serious, hard-working and orderly girls, while she allowed a few boys
to dominate equipment and activities, supporting a masculine stereotype.
In spite of those problems, however, girls in Sandra's classes saw the
possibilities and potential of science. They perceived science as an
appropriate and expected career for themselves as well as for boys.

Partially as a result of this study, Sandra recognized her dilemma.
However, Peter did not recognize that some of his principles produced a
sexist atmosphere in his classroom and in his teaching. Peter perceived
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that he advantaged girls, particularly the attractive, well presented ones.
Yet, expectations of the opportunities for both the girls and boys in his
classes were limited by the stereotypes promulgated as appropriate for
them. It is difficult to fault Peterho simply reproduced for children the
role which society had assigned as appropriate for their gender. But it is
reasonable to criticize Western culture which, until challenged by econo-
mic necessity, consistently undervalues the scientific potential of half of
its members.
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Chapter 5: The Cognitive Level of
Curriculum and Instruction:
Teaching for the Four Rs

Floyd H. Nordland

Peter is positioned in front of the demonstration desk expounding on the
human respiratory system. The students are seated behind long horizontal
benches. They are quiet and attentive to Peter's lecture presentation and
many of them are taking notes.

Peter: The nervous system has the most critical oxygen require-
ments of any tissue of the body. In fact, brain tissue deprived of an
oxygen supply for as short a time as one or two minutes will
produce irreparable brain damage.

At the front bench to Peter's right, Jeffrey's hand shoots up. Peter
continues lecturing either unaware of Jeffrey's insistent hand-waving or
studiously avoiding it.

Peter: Are there any questions:

Peter carefully scrutinizes the entire class before somewhat reluctantly
call:ng on Jeffrey.

Jeffrey: I was watching Sixty Minutes on the television recently and
they talked about an American kid who was under water for a
long time. I think that it was about fifteen or twenty minutes.
When they pulled him out, they were able to revive him and
apparently there was very little brain damage. How can you ex-
plain this?

Peter: Well, I don't know anything about that as I don't watch
Sixty Minutes.

Peter continues with some disparaging comments about the negative
aspects of watching too much television and Jeffrey's excellent question is
never acknowledged intellectually. Thus, an opportunity to t,-ach and
learn at the application, sy nthesis or analysis level is lost and the instruc-
tion continues at the lowest possible cognitive level.

Although the above vignette presents an extreme example, the ex-
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change is typical of the instruction in Peter's grade 10 science class.
Regardless of Peter's attentiveness to students or of his attempts to relate
school science to real life, low cognitive lewo, of learning prevailed
during most, if not ali, classes observed. This chapt...r analyzes the cogni-
tive level of teaching activities and of learning outcomes in bo.h Peter's
and Sandra's classrooms. It focuses on three aspects of the teaching/
learning process: the cognitive levels of the curriculum and instruction;
the cognitive levels of the students; and the criteria I . assessing the
cognitive level of curriculum and instruction. References are made to
both classrooms and specific examples from observed situations are used
to represent t!-:c cognitive levels of teaching and learning of grade 10
science at Sontliside High.

An Analysis of the Cognitive Levels of the Curriculum
anci Instruction

During the ten-week period of observation in two grade 10 science
classrooms at Sot iside High School, the students, many of whom were
advanced level achievers, were taught units on Vertebrates and Nuclear
Energy. Instruction at Southside High was organized around workbooks
which included a set of objectives, a series of activities intended to be
completed throup a self-paced, small-group )1- individualized learning
fo; tat and several optional activities. TIr ,)oks were geared to
specific textbooks and students often were dirs.:..t, -1 4,ecific pages in the
text. Answers to questions usually were taken ci;rectly from the text; and,
if they were not found there, the teachers ofte;-) would supply the 'correct'
answer. Two texts were used as primary references; they are called
Essentials of Science and Tomorrow's Science for the purposes of this
chapter.

The science staff at Southside High were committed to individual-
ized and self-paced teaching and learning. They believed that i was an
effective and innovative app:oach to the teaching and learning of science.
They shatzd the collective opinion that it resulted in higher levels of
achievement and produced higher-level cognitive outcomes than more
traditional approaches did. This chapter focuses on the cognitive level of
the curriculum materials and of the daily instruction, as well as on the
cognitive outcomes achieved by students. In addition, an assessment of
students' levels of cognitive development and an analysis of students'
potential for learning relative to their actual learning are presented.

Curriculmn Materials

A careful analysis of the objectives, activities and questions found in the
workbooks indicates that student learning associated .vith complendg the
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exercises largely would be restricted to low-level cognitive outcomes.
The instruction required rote memorization of answers copied into the
workbooks followed by short-term recall of their contents. The follow-
ing examples of workbook content are taken from the unit on Verte-
brates. The first passage illustrates the cognitive level of instructional
objectives, while the second one presents an actual activity. One of the
learning objectives for the Vertebrates unit is stated as follows:

Students will be able to describe the structure and function of the
vertebrate skeleton and be able to relate the two to one another.
Know the main bones of the human skeleton.

From reading the above objective, one can assume that an emphasis on
the important concept of structure and function might require students to
examine carefully the structure of the bones of the vertebrate (human)
skeleton and infer from those structures their probable functions. How-
ever, the latter part 'know the main bones of the human skeleton' is clearly
a memorization activity. After one examines in detail the material in the
workbook which is designed to satisfy the above objective, it becomes
evident that the knowledge level is the focus of the entire activity.

Next, consider the cognitive level of the following workbook activ-
ity related to the three functions of the skeleton: 'Use reference books to
find out what these are and write notes on them. Refer to Essentials of
Science, p. 91'. V/hen students turn to the textbook, they find the three
main functions identified and listed on the page indicated. In that manner,
a potentially interesting and thought-provoking activity is reduced to
copying facts from one source to another. The principal textbook, Essen-
tials of Science, initially was written for low-ability students. The sent-
ences are short, the vocabulary le-el is low and, of particular importance,
the book presents science as an enc:,clopaedic body of absolute facts.
Little attention is given to describing how information is generated, to
discussing the relative nature of truth or to elucidating the conceptual
structure of the discipline. An example from the textbook illustrates its
limited approach to science:

Bony fish such as herring and goldfish have a skeleton of bone.
Bone is produced by bone cells. These cells deposit calcium and
phosphorus between the cells. This makes bone hard. Look care-
fuHy at the diagram of the fish skeleton. Identify the main parts.
(Essentials of Science, p. 92)

Another example ofthe low level of the texts is taken from the alternative
text:

The internal skeleton, consisting of limb bones, ribs and skull, is
attached to the backbone. The muscles and organs are attached
to, or sup, ortet/ by, this skekton. The skeleton itself is attached
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together by strong pieces of fibre called ligaments. Ligaments
allow joints to move so that the body is not too rigid. (Tomor-
row's Science, p. 126)

An analysis of the texts' contents, samples of which are shown
above, reveaied that neither text contained current information; in fact,
most of the information included had been known for at least fifty years.
The descriptive style of the texts also detracted from opportunities for
teachers to include open-ended questions which could lead students into
inquiry or problem-solving activities. Furthermore, the reader was left to
conclude that either nothing of importance relating to vertebrates had
been discovered during the past fifty years or that the traditional treat-
ment of the topic provided the relevant information needed for meaning-
ful learning.

If one followed a typical activity, the rote learning process fostered
by the workbooks became obvious. The following passage shows how
the student was guided to specific answers as part of an activity on the
bones of the skeleton:

Collect a copy of the worksheet Human Skeleton and fill in the
names of the bones which are numbered. Locate these bones on
the skeleton and learn them. What is the smallest bone in the
body? What is the largest bone in the body? How many bones are
there in the human skeleton?

Clearly, the aboye activity focused on low-level cognitive learning. The
highest level of inquiry observed during the unit involved one of the
bones which was to be labeled on the worksheet aud which was not
identified in either text. However, in Sandra's class, when several stu-
dents asked what it was, she supplied the correct answer. A few students
checked another reference book, but they simply were interested in
finding the name of the bone, not in sceking additional information.

An examination of another activity illustrated the potential for
higher-level learning by using the workbooks. In Activity 4 involving
comparison of two vertebrate skeletons, for example, students were
asked to analyze and synthesize:

Many of the vertebrates have different ways of moving (running,
jumping, flying, etc.) and different ways of protecting them-
selves. Their bodies and skeletons have adaoed to suit their
particular requirements.
Collect a copy of the Worksheet. Compare two of the skeletons
or pictures of skeletons available in the lab and note their differ-
ences and any reasons that you can think of for these differences.
Why is the tail of the human se much smaller than that of the
kangaroo?
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The activities had the potential for engaging students in higher-level
cognitive activities and outcomes. However, when students, were work-
ing on these in Sandra's class, their work involved a superficial examin-
ation of several specimens and/or copying responses from books.
Unfortunately, most students treated the class time primarily as a time
for social activity. They understood that they were required to complete
the activity, but they acted as if they would not be held accountable for
the quality of their responses. They also knew that examination questions
on the unit would be factual and that appropriate answers could bc found
in the textbook. The above questior which could have led students to
higher-level cognitive thinking, also was attacked in a factual way; stu-
dents only sought the correct answer in their textbooks. Again, students
were able to avoid an opportunity to engage in inferential reasoning.
Eirthermore, the continued emphasis on the textbook as the source of
knowledge improperly suggested that the answer to the question was
known and that the answer was correctly stated.

Almost all of the required activities in the workbooks were similar to
the ones given above. Furthermore, problems usually were stated at the
lowest cognitive level. Regardless of the cognitive level of the actiities
and problems, students were required only to find 'the correct answer' in
the book and then to write it on the worksheet or in their notebooks.
Several of the workbooks' optional activities required higher-level think-
ing and they had the potential for producing higher order learning.
Unfortunately, such exercises seldom were required of the students and,
when they were, often they too were reduced to memorization activities.
In summary, the students were given curriculum materials which virtual-
ly assured that only low level cognitive outcomes would occur. Activities
requiring application, analysis, synthesis or evaluation were seldom found
and, if present, they were either reduced in cognitive level or ignored by
the instruction used. In order for studcnts to attain higher cognitive levels
of learning, the teachers would have had to supplement their curriculum
with resources and activities other than the ones found in the workbook
and the textbooks.

Instruction

Sandra had an excellent background in the science that she was teaching
and she was universally liked by her students. During a typical class
period, the students worked in small groups while Sandra moved from
group to group. When she was not distracted by interruptions or man-
agement issues, shc consistently enriched the quality of the instruction for
students by making appropriate comments, pointing out applications and
ofcen asking higher-order questions. Unfortunately, as has been reported
in other chapters, Sandra had serious management problems, which
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meant that she rarely had time for meaningful intellectual interactions
with students. Because she was constantly involved in maintaining class-
room control, the cognitive level of the instruction remained at the level
of the workbook and the textbooks. Her involvement with management
reduced the cognitive level of the instruction to copying facts from the
textbook into the notebook.

Peter was much more of an authoritarian. He often lectured and
frequently wore a white laboratory coat when addressing the class. He
delighted in performing demonstrations such as dissections and he often
would gather his students around him as he performed. He frequently
engaged in a running commentary concerning the activity, and this often
was spiced by sarcastic humour and lively exchanges with the students.
For example, when Peter's students worked on completing the workbook
activities, Peter moved around the room talking with students. During
those exchanges, he was more likely to be discussing extra-curricular
excursions than the activity on which the student was working. In fact,
he indicated that he perceived completing the worksheets and workbooks
as busy work. Therefore, he felt free to use individual study time to
interact with his students socially and personally. He would check to see
that questions were being answered, but he seldom made any effort to
evaluate the quality of the work.

Although Peter collected the workbooks periodically, it was obvious
to both the observers and the students that Peter would check primarily
to determine that the workbooks had been completed rather than to
evaluate the quality of the responses. Grades were determined largely by
scores on examinations which stressed rote recall of information. The
questions were based directly on the revision sheets which contained
review questions at the recall level. Peter's favourite time in class was
when he was at the front being the centre of attention, disseminating
information, directing questions, telling anecdotes, etc. At those times,
he described himself as Captain of the Ship (see Chapter 3).

Evaluation

Towards the end of the five-week unit on Vertebrates, students were
supplied with a list of review questions, which were intended to help
them assess their ,..aderstanding of what they had learned as well as to
prepare them for the unit exam. Few of the questions posed required
anything beyond the recall level of memorized facts. For example, the
following questions, conceraing objective, and activities related to the
sk;leton, were typical: 'Is an internal skeleton a feature of the verte-
brates?' 'Give three jobs done by the skeleton'. Of the lifty-nine questions
given to the students on the revision sheet, fifty-five required recall of
memorized information. Immediately prior to the examination, Peter
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went over each of the fifty-nine revision questions, providing students
with the correct answers; there was essentially no opportunity for discus-
sion or student questions.

The examination on the Vertebrates unit, which all students in grade
10 science at Southside High were ,equired to take, consisted of thirty
multiple-choice questions and three short-answer questions. Quesdons
relating to the bones included ..ie following examples of multiple-choice
items:

What is the name of the bone labelled X?
a. radius
b. humerus
c. ulna
d. femur

What are the boncs labelled Y called?
a. phalanges
b. nwtacarpals
c. vertebrae
d. tarsals

An exa,nple of the 'short answer' questions was 'Name the parts labelled
on the diagram below showing a dissected female rat'. The unit exam
consisted of memorization questions. There were only three questions at
the application level. However, during the review sessions, answers for
even those questions were provided. In summary, all relevant aspects of
both the curriculum and the instruction (that is, the textbooks, the
workbooks, the learning activities and the evaluations) were conducted at
the lowest possible cognitive level of learning which usually required
only rote memorization.

A Piagetian Analysis of the Cognitive Level of Students

After a few weeks of observation, it became obvious to all members of
the research team that the cognitive demand of the teaching and learning
in the two classes was very low. As discussed, the textbooks, the work-
books, the revision sheets, the tests and the instruction all contributed to
learning characterized by rote memorization and recall. Yet, the students
in the classes had been described as advanced-ability students.

As a research group, we agreed that students in advanced-ability
classes should be engaged in science instruction that is experientially
based and required inquiry. Furthermore, the instruction should empha-
size how we know something is true, how we generate knowledge and
the relative nature of what we know. Durirq interviews and discussions,
both Sandra and Peter professed to value ti-..- same type of inquiry-
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oriented instruction which was espoused and valued by the research
group:

Sandra: Students should set up experiments where they start with
an idea, test the idea and then use the results to reinforce a prin-
ciple then, ideally and on a broader scale, this is how they
actually learn.

Things will change as a result of the way scientists work. It's not
something that's static. Kids ... need to be reminded constantly
that this is where it's at at the moment. They need to do experi-
ments, even though they're not really doing them as a scientist; at
least they can see that it's not a static subject. In science, in
particular, information does change.

Peter: Well, one of my hobby horses that I get on to last week
involved how we never really inmierse kids in the experimental
method.... I inean it's strictly ... a cookbook approach, and the
kids do set labs and they come up with set results. But that's not
really how science in the laboratory works and it would be great to
try to get kids to try and solve a particular problem, you know, a
very mini, iittle problem using an experimental design approach
and having it as a topic that ran for four or five weeks.

There were a few optional activities in the workbooks which had the
potential for requiring higher-level cognitive thinking. One such activity
was recommended by Sandra to Peter, who subsequently was observed
conducting the activity. The activity was intended to investigate and/or
demonstrate the relationship between carbon dioxide concentration in the
blood and the length of time that it is possible to hold one's breath. In
pi epcation for the activity, Peter selected six students who were to comc
to the front of the classroom and to serve as experimental subjects. He
paired each of them with another student who had a timing device. He
explained that they were going to determine how long each of the
students could hold his/her breath after three different treatments: (1)
after normal breathing, (2) after a short (timed) period of hyperventilation
(rapidly breathing in and out); and (3) after a timed period of breathing in
and out of a plastic bag.

Peter explained both the activity and his reasons for including it in
the curriculum during an interview:

Peter: My purpose in conducting the activity was to demonstrate
that the level of carbon dioxide present in the blood is the factor
'. bich determines the differences in breath-holding time.
I also like to engage my students ,n experiments involving data
collection. Exposure to the scientific method is important and I try
to do this whenever I can. That is why; for example, you'll recall
that I discussed the terms dependent and independent variable.
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Peter had begun the activity by a discussion of the terms dependent and
independent variable. Because Peter believed that students remembered
best those things for which a teacher could provide some anecdotal
comment or story with which they could associate the term, he related
the terms to everyday phenomena:

Peter: From my educational experience as a kid in the classroom,
the things I remember the most were the comments the teacher
made that made a lot of it relevant, and so you find in my teaching
a lot of comments ... and they are the things that stick.
The sorts of things that I hang my coat on are a lot of the little,
personal insights that I try and give through the course of the
lesson. When I did the dissection of the lung and I made comments
about smoking ... and I described in great detail just what smok-
ing does to the lungs.

Peter's attempts to relate the terms independent and dependent variable to
the student's relationships to friends and family was a good instructional
technive and consistent with his beliefs: 'When you hear the term
dependent variable, just think of someone who is dependent on you'.
Unfortunately, his next example was contractictory and presented the
students with an unfortunate misconception: 'An independent variable is
one which you have no control over'. Peter continued to reinforce this
idea with another example which was both logical to him and consistent
with his misconception. This example helps to illustrate why many
beginning students have a difficult time remembering the proper use of
the terms, dependent and independent variable:

Peter: I am going to ask you to hold your breath as long as you can.
Since you will have no control over how long you can hold your
breath, that is the independent variable.

It was obvious from observing the students' behaviour during the
respiration activity that their interest levels were high. Peter, with his
excellent classroom management skills, controlled the boisterous be-
haviour sufficiently to collect data representative of the phenomenon
being observed and capable of meaningful interpretation. He recorded the
results on the blackboard, providing the class with the data in Table 5.1.
The blanks in the data were caused by students giggling or breaking into
laughter, which made it impossible to measure their breath-holding time.
No attempt was made to repeat the procedures in order to fill in the
missing values. An athletic young man named Robert was the clear
'winner' in all three categories. In fact, it appeared to both observers that
he cheated a bit in order to demonstrate the value reported after re-
breathing. Robert clearly wanted to be tops among his peers in an activity
which was related to physical conditioning.

Consistent with Peter's previously stated purpose of den.onstrating
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Table 5.1: Breath-holding time in seconds for six students

Student
Normal

Breathing Hyperventilation
Rebreathing
(Plastic Bag)

1 41 72 14
2 60 15
3 91 120 70
4 86 40
5 49 92 35
6 60 31

the role of carbon dioxide in determining the length of time for which
breath can be held, Peter next returned all of the students to their assigned
seats, took chalk in hand and directed their attention to the data which he
had recorded on the board. He then provided students with the following
information:

Peter: The purpose of this activity was to demonctrate the role of
carbon dioxide concentration in regulating the respiratory rate. As
I mentioned previously, when you hyperventilate, the rapid
breathing speeds up the rate at which carbon dioxide is removed
from the lungs. This has the effect of lowering the carbon dioxide
concentration of the blood. As you can see from the data, all of
you were able to hold your breath longer after hyperventilation.
This is because, when you began holding your breath, the carbon
dioxide concentration was very low; therefore, you could hold
your breath longer.

After rebreathing the air from the bag, the carbon dioxide
concentration of the air in the bag would continue to increase and,
thus, the carbon dioxide concentration of the blood would be
much higher than after normal breathing. And, as you can see
from the data, all of you had the shortest breath-holding tinw after
breathing in and out of the bag.

Let me emphasize again what we can conclude from this. It is
the carbon dioxide concentration in the blood which controls the
rate of respiration or, in this case, how long you can hold your
breath. The reason that you can't hold your breath long enough to
become unconscious is that, once the carbon dioxide concentration
reaches a certain crucial level you lose your ability to hold your
breath voluntarily and you begin to breath involuntarily again.

In keeping with his belief that anecdotal points made by the teacher were
the most important aids to memory, Peter went on to make the follow-
ing statement.
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Peter: This is why accident victims being treated by paramedics
after a near drowning or an accident are not given pure oxygen.
Enough carbon dioxide is added to stimulate the respiratory
neurons to fire.

Although students clearly enjoyed the activity and although Peter man-
aged its logistics well, he did not frequently use experiential instruction.
In fact, the example presented was the only time during the five-week
unit on Vertebrates that an activity was conducted which involved the
collection of data.

Both the refreshing depart-are of the respiration activity from the
usually low-level cognitive activities of the class and the subsequent
analysis and discussion of what was observed catalyzed the research team
to consider the following questions:

1 What are the cognitive levels of the students in the classes?
-) Given the opportunity, are the students capable of demonstrating

an understanding of terms such as dependent or independent
variables, of applying them correctly in concrete and hypothetical
problem-solving situations, and of demonstrating the logical,
formal-reasoning skills required to understand both the design of
experiments and the interpretation of data?

3 To what extent do misconceptions and misinformation affect
student learning?

Assessment of Students' Piagetian Stages

It was decided that one member of the research term would engage
students from Sandra's and Peter's classes in individually-administered
Piagetian-style interviews. Because Peter had conducted a brief discussion
of dependent and independent variables as an introduction to the respira-
tion activity, it was decided to administer the Separation of Variables
Task. This task is designed to measure a student's ability to identify and,
control variables. The apparatus used contained six flexible rods of
varying length, diameter, shape and material, as well as an assortment of
weights. The students were asked to identify the variables which might
affect the bending of rods and then to use the apparao- to demonstrate
proof of the effect of each variable on the amount of bending found in the
rods. The demonstration required understanding of the need to control all
variables with the exception of the one being tested or manipulated.

A student, who consistently demonstrates his/her understanding of
the need to control variables in problem-solving activities, demonstrates
one characteristic of the Piagetian stage of formal operations; such a
student is coded as being at Stage III B. Students who do not demonstrate
an understanding of the need to control variables demonstrate thought
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Table 5.2. Number of Sandra's and Peter's students at each Pagetian stage of
cognitive development as determined by the separation of variables
task

Number of Students

Piagetian Peter's Sandra's
Stage class class Total %

II B 5 3 8 19

III A 8 4 12 29
III B 9 13 22 52

patterns characteristic of the Piagetian stage of concrete operationo, and
they are coded as being at Stage II B. Concrete operational students apply
a particular mental action, or operation, only to concrete objects which
are immediately present. Their thought processes are much less flexible
and, therefore, less effective in solving new problems. For example,
students at the concrete operational level are unable to consider all possi-
ble outcomes, and they often overlook factors of importance while con-
centrating on one aspect of the problem or task (for example, focusing on
the thickness of each rod, rather than focusing on multiple aspects of the
rods such as thickness, type of material, etc.). Students who demonstrate
the need to control variables some of the time, but who are inconsistent
in their performances, are considered to be in transition from the concrete
operational stage to an early stage of formal operations. This intermediate
stage is sometimes referred to as the transitional stage and it is coded as
Stage III A (Inhelder & Piaget, 1958). The results of the Piagetian testing,
shown in Table 5.2, categorize Sandra's and Peter's students according to
Piagetian stage of development.

The fact that eighty-one per cent of the students demonstrated for-
nial reasoning abilities (III A and III B) was not surprising; they were
students who had been assigned to advanced classes. This finding sug-
gests th-r the selection criteria used to assign the students was successful
in identifying students capable of utilizing formal reasoning skills. Further-
more, the results indicated that only curriculum and instruction which
consistently required the application of higher-level cognitive skills would
be appropriate and challenging for such students.

In analyzing the meaning of the Piagetian levels of cognitive de-
velopment, one can describe typical student responses to the Separation
of Variables Task. For example, the difference in performance between
students classified as III A and III B primarily is one of consistency.
Students classified as III A try to hold all variables constant, but fail to do
so in at least one attempt. For example, when attempting to demonstrate
that the diameter of the rod is a factor, the student selects a thin brass rod
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and a thicker steel rod Although the student controls weight, length and
shape, s/he varies two factors, diameter and material. When a transitional
student is asked, 'How de you know that it's not the type of material
causing the difference in flexibility?', s/he immediately will choose two
brass rods of different diameters and will correctly complete the task.
Such behaviour indicates that there is little, if any, real difference in the
student's intellectual skills when compared to those of a student classified
as III B. Both types of students (III A and III B) need and deserve
curriculum and instruction which both permits and requires the use of
formal reasoning skills.

In comparison, when a similar question is posed, a concrete thinker
might select a thin, round, brass rod and compare it to a thick, square,
steel rod of a differcnt length. When questioned about the material (or
shape, length, etc.) difference, s/he simply will reiterate that the thin rod
is bending more and that this demonstrates 'the thinner the rod, the more
it will bend'. A concrete operational student fails to recognize the absence
of logical reasoning and the need to control all variables except one.
Assuming that the student is relaxed sufficiently to perform in a manner
representative of his/her developmental level and assuming that s/he is
trying, concrete operational characteristics are easy to recognize in stu-
dents (Nordland, Lawson & Kahle, 1974). Participation in science classes
where recall and memorization arc stressed does nothing to improve a
concrete-operational student's development of reasoning skills. However,
instruction which starts with hands-on activities and proceeds to
problem- solving activities which require formal thought does contribute
to such students' intellectual development. A class in which eighty per
cent of the students demonstrate formal reasoning ability provides an
ideal peer environment for developing improved reasoning skills.

Student Interviews Regard* Problem-Solving Strategies

Because students from Peter's class had participated in the respiraticn
activity and because Peter had introduced the terms dependent and inde-
pendent variable, it was decided to ask the students from his class a series
of questions which related to the respiration activity and which involved
problem-solving strategics concerning a hypothetical experiment. There-
fore, after completing the flexible rods task, his students were shown a
copy of the data collected during the breath-holding activity; next, the
experimental procedun, followed in collecting the data were re.oewed. It
was obvious from observing the students' behaviour during the activity
that their interest levels were high. During the interviews, it was apparent
also that the students recalled the activity clearly from the standpoint of
what procedures had been followed and, in general, what results had been
collected. The students were shown a copy of the data collected in class
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and they were asked, 'Why don't you tell me xkhat you think this means?'
or 'What can you conclude from these data?'

Although six to ten weeks had transpired since they had observed the
activity, all but, three of the students were able to give an adequate
interpretation of the data. They were able to generalize that after hyper-
ventilation, the students involved were able to hold their breaths for a
longer period than they could after normal breathing. They observed also
that breath-holding time after rebreathing from a bag was shortened in
comparison to breath-hold...1g timc after normal breathing. Interestingly,
all three students who gave inadequate explanations of the breathing
experiment had demonstrated concrete operational thirking on the rods
task.

Peter had described in an interview that his purpose in conducting
the breathing activity was to demonstrate that the levd of carbon dioxide
was the factor which determined differences in breath-holding time. He
had pointed out to the class on two different occasions that hyperventila-
tion lowered the carbon dioxide concentration in the blood and that
rebreathing front a bag caused the carbon dioxide level of the blood to
rise. At the end of the activity, he stated clearly and emphatically that
'carbon dioxide concentration is the factor responsible for the differences
in breathing-holding time and in controlling the rate of respiration'. In
addition, he added some anecdotal comments intended to help students
remember the critical role of carbon dioxide concentration in regulating
the rate of respiration. However, during the interview sessions concur-
rent with the Piagetian task analysis, only three students (14 per cent)
were able to identify correctly the level of carbon dioxide as the causal
factor. An overwhelming majority of the students, seventeen (78 per
cent), identified oxygen as thc causal factor, while two students (9 per
cent) identified air as the important factor.

The students' responses were consistent with findings reported from
the area of misconceptions research. Students were aware that oxygen
was essential for life. They arrived in Peter's class with that knowledge,
and it was properly reinforced during the discussion of respiration.
Therefore, they were prone to select oxygen level in the blood as the
probable cause of the difference in breath-holding time; and, six to ten
weeks after instruction, obviously they had forgotten that Peter had told
them otherwise. These results occurred in spite of the fact that most of
the students had selected the correct response to a recall item concerning
breath-holding on the unit test, that almost all of them had exhibited a
high level of interest during the in: --tion, and that many had a clear
recollection of the procedures followed and the results obtained.
Although the actual, incorrect knowledge exhibited is not particularly
important from the standpoint of teaching and learning, it is important
that being told the correct answer was not a sufficient process to alter
misconceptions which were firmly established in students' minds. The
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difficulty in correcting misconceptions is particularly severe when there is
an obvious, or intuitive, logic to the incorrect answer. It demonstrates,
also, that using the laboratory to illustrate concepts will be equally
unsuccessful unless a lot of time is devoted to discussion and directed
towards remediating the misconception. Telling students the answer,
asking students to fill in the blanks in a workbook or having them select
the memorized correct response on a recall test are simply ineffective
techniques for effective learning no nutter how relevant arc the com-
ments made by the teacher during the lesson. It should be equally ob-
vious that not only is it a waste of time to memorize and forget facts
from the standpoint of correct information, but also this type of class-
room activity does little to improve a student's reasoning or thinking
skills.

Of course, there were differences in the quality of student responses
to the interview questions concerning respiration. Some of the students
provided more complete explanations and engaged in more extensive
discussions than others did. However, all of the students demonstrated
some degree of uncertainty and some level of difficulty in responding to
the questions posed. All of the students interviewed would have profited
from classroom activities which required them to consider alternative
hypothcscs, to analyze and interpret data and to formulate conclusions.

Because Peter had introduced thc terms dependent and independent
variables, a subsequent series of questions was asked during the inter-
views. That is, students were asked if they remembered Peter's usc of the
terms in class. Most of the students (91 per cent) remembered the terms
being used. However, when asked if they remembered the definition of
the terms, onl} one student even attempted an explanation. Their com-
plete lack of recall of Peter's explanation illustrates thc inefficiency of
most verbal exposition in promoting learning.

Next, thc students were given definitions of the terms by the inter-
viewer; those definitions were available to them during the rest of the
interview. The following definitions were provided:

Manipulated or Independent Variable: The variable that is manipulated
or varied during the experiment such as a treatment.
Responding or Dependent Variable: The variable that is not manipu-
lated, but presumably responds to variations in the independent or
manipulated variable.
Controlled Variable(s): A variable or variables which is/are held con-
stant or unchanging during the experiment.

Then students were asked to apply the above terms to the separation
of variables task and then to the respiration activity. When ,asked to
identify the manipulated or independent variable in a proof of the rods
task, seventeen out of twenty-two (77 per cent) correctly identified it.
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Furthermore, sixteen out of twenty-two (73 per cent) \ ere able to iden-
t4 the flexibility of the rods, or the amount of bendingis the dependent
variable. However, students who were classified as concrete thinkers on
the rods task experienced tlu. greatest difficulty in correctly applying the
terms.

Next students were asked to identify the independent vanable in the
respiration activity. Fourteen students (64 per cent) correctly identified
the type of breathing as the independent variable, wlnle only ten (45 per
cent) correctly labeled breath-holding time as the dependent yanable..As
expected; this request was a more difficult task, compared with identifica-
non of the terms with the Piagetian exercise, for most students

Why did students experience increased difficulty in correctly ap-
plying the above terms to the respiration activity? When that activity is
analyzed carefully, it reveals a level of difficulty that might not be
immediately apparent. For example, consider the problem which a con-
crete operational student 1, ould face in applymg the terms to the differ-
ences in carbon dioxide levels produced by thc three breathing regimes If
one considers the conditions %%inch caused the differences, then the type
of breathing is the manipulated variable, while the carbon dioxide level is
the responding variable. Hoy, ever if one approaches the problem in
terms of breath-holding time, then carbon dioxide level in the blood
becomes the independent variable and bre...h-holding time remains the
responding or dependent variable.

The quality of the students' responses clearly indicated th n,. rete s
introduction of those terms did not clarify student understanding c how
respiratory rate and breath-holding time ai e controlled. In fact, thc terms
were incorrectly defined and, for most students, served only as a source
of confumon. If terms are to be meamngful, they must be defined precise-
ly and accurately and sufficient rime must be given to assure student
understanding. Later, students must be asked to apply these terms cor-
rectly to new activities. This particubr teaching technique is expressed as
'the idea first and then the term'. Ckarly. Peter's students intdkctually
were capable of understanding and applying the terms. However, in
practice. they could not do so. Generally, complex terms should be used
only if thcy aid student understanding of the concept being investigated,
and; under aiw circumstances, sufficient time must be allotted to peer
group discussion of the application and meaning of new terms.

As the last part of the interview, each student was presented with a
hypothetical problem. Students -.vere asked to formulat ,-. a hypothesis and
to describe the design of an exreriment intended to test it. In introducing
the problem, students were told that four factors known to stimulate
respiratory neurons are oxygen level, carbon dioxide leveL pH or hy-
drogen ion concentration and the degree of stretch of the lung tissue. The
interviewer, then, posed the following problem:
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Interviewer: Suppose that you wanted to design an experiment to
determine which one among these four factors is the primary
determinant of respiratory rate and/or breath-holding time.
Assume that you can measure anything that you want to and that
you can control or man'pulate anything that you might wish to at
any level. How would you design such an experiment?

None of the students was able to describe an experiment designed to
provide an answer to the problem. It was hoped that they would indicate
an understanding of the need to control three of the four variables and to
manipulate only one variable at a time until the causal factor was identified.
Instead, they resorted to concrete-operational tendencies and described
poorly conceived experiments which often paralleled the demonstration
which they had observed in class. Yet, their answers to the Piagetian
tasks indicated that most of the students should have been capable intel-
lectally of describing an appropriately controlled, hypothetical experi-
ment which could have provided an answer to the problem. However,
the students had experienced few opportunities to participate in problem-
solving activities considered prerequisite for the solution. Instructional
practices which provided clearly delineated assignments, carefully and
r-ritically evaluated performances, and thoughtful and meaningful inquiry
would have allowed most, if not all, students to perform at an acceptable
leve' on new problem-solving tasks. Adequate time for peer group in-
teraction, followed by verbal and written descriptions of the experimental
de,ign including the ratioiule for the design, would have been an impor-
tant requirement for all student .

Suggestions for Licreasing Cognitive Demand

How could the cogritive demand placed on students by the described
respiration activity ha been raised? The answe t.- that question is based
in the following philosophicil context (Arons, 1973). Science is not a
discipline in which the primary empl,:, is is placed on memorizing what is
known Rather the opposit is true, and scientists cannot memorize what
is not known. Science is an objk.c.tive, problem -solving process during
which scientists strive to understand new probk..1, Equally important in
the process is that scuentists understand why they think that they have
arrived at a solution. If an instructional activity is to be consistent with
the nature of science, it must engage students in attempting to generate
answers to questions, rather than merely illustrating what is pronounced
by assertion to be true in the textbook. When laboratory activities or
demonstrations are used to illustrate the validity of what is known, the
emphasis is placed disproportionally on what we think we know rather
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than on how we know it. In such situations, students arc deprived of
opportunities to think, predict, analyze and discuss; that is, they are
deprived of opportunities to do science.

For a teacher to instruct in the processes of science rather than about
the established facts of science, a fundamental shift in activities and
priorities is required. The teacher must move from:

1 conducting an exercise to illustrate what is asserted to be the
correct answer by the textbook, to
assigning problem-solving exercises during which students are
asked to cons,der specific questions by testing a particular hypo-
thesis or alternative hypotheses.

As long as the emphasis remains on the correct answer, students will
not become engaged in thc inquiry process. It was observed in Peter's
class that students, if selected, participated in demonstrations and activi-
ties or they watched with varying degrees of interest and waited to be
told what it all meaut. Most importantly, they sought to find out what
they were supposed to remember for the test. Instead of students engag-
ing in rigorous problem-solving activities during the respiration demon-
stration, they casually observed it while continuing with their social
agendas.

What could have been done to raise the cognitive demand of the
activity and to provide instruction which was more representative of the
nature of science? Prior to ,:onducting the activity, a whole-class discus-
sion could have been held in ci-der that certain points coulu have been
made through Peter's careful asking of questions. For example, the
following ideas needed to be introduced and discussed prior to the
demonstration

1 What is the difference and/or relationship between breathing and
respiration?
(a) What is the difference between the oxygen concentration of

inspired and expired air, and between blood entering thc
lungs and leaving the lungs? Why do you think those differ-
ences exist?

(b) What is the difference between the oxygen concentration of
inspired and expired air, and between blood entering and
leaving the lungs? Explain those differences.

(c) Are the differones the same in all individuals? Are the
differences within one individual always the same? What
factors might affect it? Why do you think those factors arc
important?

(d) If there arc changes in concentration of carbon dioxide (or
oxygen), are they caused by breathing, by respiration or by
both? Why?

152



Teaching for the Four Rs

1 After describing the three breathing regimes (normal breathing,
hyperventilation and rebreathing from a bag), students are asked
to consider the following aspects of each condition.
(a) Compare and contrast differences in oxygen and/or carbon

dioxide concentration resulting from each of the above con-
ditions.

(b) Are any differences due to respiration, breathing or both?
Explain your answer.

(c) What, if anything, does luag capacity have to do with any
differences? Conditioning? Does it affect breathing, respira-
tion or both? Why?

It is important for a teacher to feel comfortable when raising or
entertaining relevant questions, even when the answers are not known.
They simply should permit the students to provide answcrs and let the
students discuss the logic or lack of it for any answer given.

The next instructional steps should set the stage for the actual activ-
ity. First, the teacher should describe carefully how the exercise would be
conducted and provide important information (for example, time for each
of the breathing regimes emphasized). The teacher could ask the follow-
ing questions:

I What do you predict will happen to breath-holding time after
each of the breathing regimes? Why do you expect each to
happen?

2 If a student proposes the oxygen level as the probable stimulus,
ask how s/he knows that it is not the carbon dioxide level or vice
versa.

3 What does lung capacity have to do with the phenomenon? Why
do you think that it does or does not affect it?

4 What patterns do you expect to observe in the data within and
between individuals?

Next, the teacher and students would conduct the activity and collect
the data. With six timing devices available, it is possible to collect data on
all of the students. After the data are collected and recorded on the board,
students could be organized into small groups in order to analyze the data
and to chczk them against their predictions and explanations. They
should be cautioned that their conclusions will be challenged. Every
student should be asked to write out his/her own interpretation of the
results. During the resulting small-group discussions, the teacher should
monitor the groups to be certain that they are on task and to raise
questions such as, 'How do you know it's oxygen, not carbon dioxide or
lung capacity?' If terms such as independent and dependent variable are
considered nportant, the groups should be asked to identify them by
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correctly applying the terms and explaining why they think that they
have applied them correctly. Again, their answers should be written out
in order to reinforce !earning It is important to provide sufficient time
for the activities described above even if it means spending an extra
period on tht pre-activity and post-activity discussions as well as provid-
ing more time so that all students are involved in data collection.

Last; a whole-class discussion should be heid. The teacher's role in it
is to permit each group to report either consensus or lack of consensus.
From the student responses during the interviews, it is likely that oxygen
concentration would have been the consensus response. The key question
to be posed by the teacher, therefore, is: 'How do you know that it is not
the carbon dioxide concentration or hydrogen ion concentration?' At that
point, it is important to establish that students could not 'know the
correct answer based only on what they have done.

The conclusion of the group reports pzovides a reasonable time for
the teacher to ask what the te.st says about the control of respiratory rate
and/or breath-holding time. It is a reasonable time also to provide stu-
dents with the information that respiratory neurons are known to re-
spond to at least four factors, namely. (1) carbon dioxide concentration;
(2) hydrogen ion concentration; (3) oxygen concentration; and (4) degree
of stretch of the lung tissue.

Last, after all of the above information, the teacher could pose the
following question for a written homework assignment: 'What type of
experiments must have been conducted in order to determine that carbon
dioxide concentration and hydrogen ion concentration are the primary
determinants of respiratory control? 'If the text has not provided that
information, the teacher can provide it from another source. At the
completion of the activity, the students should understand that their
written answers to the above questions will be collected and that -he
quality of their responses will be evaluated for grading purposes. Prefer-
ably, the written homework should be collected at the beginning of the
next period. It should be followed by assigning students to small groups
to consider the same questions. This activity should be followed by
group reports and a thorough discussion of how to design an experiment
intended to provide an answer to this question. After the discussion,
students should be provided with data which have been collected from an
experiment investigating the phenomenon. The Web of Life textbook
(Australian Academy of Science, 1983). with which both teachers were
familiar, presented pertinent data which could have been used.

The preceding discussion suggests an alternative method of conduct-
ing the respiration activity, which would have involved students actively
and which would have led to more meaningful learning b, students. The
need for an alternative strategy is based upon the following student
comments and classroom observations:

154

i .- r ,
4 4t;-)



Teaching jOr the Four Rs

I Several students suggested oxygen concentration as the stimulus
for one type of breathing, with carbon dioxide concentration as
the stimulus for another type of breathing. This response sug-
gests that those students did not understand the regularity which
underlies control mechanisms in nature. They failed to realize
that, if carbon dioxide concentration is the primary determinant
of breath-holding time after rebreathing, it almost certainly is th
primary determinant after hyperventilation as well. This type of
logic is consistent with a mechanistic- view of life and was much
more apparent to a formal thinker than it was to a concrete
thinker.

') Although the vast majority of the students appeared to have the
cognitive structures to make them capable of demonstrating
formal operational reasoning, they often resorted to concrete
operational tendencies when faced with novel problem-solving
situations.

3 Asking students to understand the logic of experimental design
and the conclusions resulting from an analysis of experimental
data is a common procedure in many science classes. Yet, the
opportunity for students to design either real or hypothetical
experiments is seldom an instructional requirement. Without the
hands-on, concrete experiences which were part of the respiration
activity, it would have been impossible for a concrete thinker and
difficult for a formal thinker to consider the design of the
hypothetical experiment posed. Instruction which required stu-
dents to progress from tasks requiring concrete operational think-
ing to tasks requiring formal reasoning is an example of good
pedagogy for students at all intellectual stages of development.

4 Interacting with peer groups and requiring students to express
their ideas both verbally and in writing is an important compo-
nent of problem-solving activities which are designed to improve
formal operational reasoning performance.

Inquiry of the type described above requires additional time. Ex-
panding the respiration activity as suggested would require at least one,
and possibly two, additional periods, followed by some carefully graded
homework. However, if our goals mclude raising the cognitive demand
of our science instruction above the level of rote memorization, attacking
misconceptions and improving the formal reasoning ability of students,
there is no alternative. Students listening to lectures, filling in blanks in
workbooks and worksheets and memorizing short-term recall items on
tests neither will alter their misconceptions nor improve their reasoning
abilities the aspects of learning which comprise the definition of
meaningful learning advocated in this chapter.
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Rather, teachers could consider approaching the topic of respiration
by posing the following questions to advanced-ability students.

Teacher: If you wanted to answer the question about respiratory
control, would you have to do the experiments with huma.n? Or
could you do them with other vertebrates such as rats, ra'obits,
monkeys, etc? With invertebrates? If yes, why would other org..9-
isms work? If not, why would it not be possible?

Teacher Does your answer imply anything about the evolution of
respiratory control? What experimental results would be consistent
with organic evolution and what ones would be inconsistent?
Why?

Teacher Why is the presence of a respiratory control mechanism a
useful adaptation? Give at least two explanations of how the eyolt,-
tion of a control mechanism might have occurred.

The above examples of higher order questions are of the type which
advanced-ability students are capable of addressing. Yet, the instruction
observei during the research period did nothing to prepare students for
constructing answers to similar questions. Rather, students practised
copying answers from one source to another. The issue raised is not a
question of content versus process, for there are no scientists and no
science educators who do not value content. At issue is whether school-
ing can help students develop cognitively. During the observations, stu-
dents memorized, forgot and continued to believe important misconcep-
tions. The questions for Peter are how critical is critical thinking; and to
what extent does instruction promote, or permit, the intellectual deelop-
ment of students?

Criteria for Assessing the Cognitive Level of the
Curriculum and Instruction

I-low is it possible that intelligent, hard-working teachers permit their
classes to be characterized by rote learning and recall of memorized
information? This situation exists in spite of the fact that teachers profess
to value and hold as a major goal the achievement of higher-level cogni-
tive outcomes. Clearly, as has been documented in this and other chap-
ters, the type of instruction observed placed low cognitive demands on
the students in Peter's and Sandra's classes. Perhaps it would be useful to
consider several factors in curriculum and instruction which contribute to
the presence or absence of higher-level cognitive learning outcomes. In
order to progress towards meaningful learning and the development of
problem-solving skills, teaching and learning must use the basic three Rs
of reading, writing and arithmetic' in orde to reach the four Rs (rigour,,
relevance, representative structure and rational powers). In the following sec-
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nons, the curriculum and instruction in Sandra's and Peter's classes is
assessed for its promotion of the four Rs.

Rigour

Generally, Peter's and Sandra's classes were completely lacking in rigour.
They were characterized primarily b) relaxed socializmg. They were, in
effect, the opposite of what one is likely to observe in a scientist's
laboratory or in a classroom in which students are striving to achieve
higher-level cognitive outcomes. Although many factors contnbute to
the development of a rigorous environment, the following ones charac-
terize a good science classroom: type of objectives, amount of timc on-
task; amount of work; difficulty of task; and, perhaps most importantly,
thorough and effective ways of evaluating and grading.

It is hardly surprising that the research r,roup observed a lot of
off-task activity in both Peter's and Sandra's classes. The literature
abounds with itudies reporting the low percentage of student time which
is spent on-task. What was surprising about the observations was the
extreme amount of classroom time during for which most students were
off-task. In Sandra's class, where the problem was more severe, it was
usual for students to pursue agendas other than their learning agendas for
a large proportion of class nme. Certainly, one of the prerequisites for
higher-level cognitive learning to occur is that students must be on-task.
Such learning does not happen during the relaxed socializing and the
'kidding around' which characterized these classes.

The amount of work assigned and required by a teacher is an
obvious component of a rigorous learning environment. During the
fit, --week Vertebrates unit observed in Peter's and Sandra's classes, the
amount of work required easily could have been completed by most
students in about twenty per.cent of the required class time. In essence a
student could splii four of five class periods in socializing or wasting
time and then, in just one period, complete all of the work assigned for
the week. A common practice for Sandra's studcnts was to do nothing
during the entire week, and then to check out a textbook overnight in
order to complete the workbook at home. There was no required home-
work in either of the two grade 10 classes. Effective instruction should
involve assignments which compel students to engage in active, sustained
work during most of the class period. Furthermore, it is reasonable to
expect homework in order for most, if not all, students to complete thc
assigned work.

Not only was the amount of work insufficient to occupy the stu-
dent's class time, but also there was virtually nothing assigned which
required thc students to think or to engage in careful thought and analy-
sis. Labeling the names of the bones of the human skeleton was a typical
activity. As has been mentioned previously, questions or aLtivitu.s which
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had the potential for requiring higher-order cognitive participation
routinely were reduced to the level of copying an answer fiom a book,
getting the answer from the teacher or often copying it directly from
another student's workbook. Copying terms from one source to another
simply does not engage students in a meaningful, intellectual exercise. In
fact, it was surprising that the students were as tolerant as they were of
the curriculum and instruction. But, perhaps, most students would prefer
relaxed socializing to sustained periods of hard work.

Of course, it is much easier to write objectives for the recall of
factual information, it is also simpler to evaluate objectives at the same
level. One of the problems of a curriculum that is organized around
instructional objectives is the difficulty in writing objectives which pre-
scribe higher-order cognitive tasks. Clearly, it is possible to write such
objectives and appropriate evaluation items. However, for Southside
High's grade 10 science, the objectives were primarily at the knowledge
level. Obviously, the use of some knowledge-level objectives is defensi-
ble. However, if a teacher and/or school system professes to value
higher-order learning outcomes, most objectives should be developed
with higher-order outcomes in mind. Furthermore, if-instruction is to be
consistent with the nature of science, learning activities other than the
memorization of facts must be required. Obviously, a scientist cannot
memorize what is not known. When scientists arrive at the point where
they think they know something, they must be able to identify the
evidence and know how strongly it supports their hypothesis and result-
ing conclusions. Of necessity, they must struggle with the frustrations of
insufficient evidence. Furthermore, they always must be conscious of the
uncertaintier that accompany tueir ideas, because there exists no absolute
truth in science Therefore, some of the instructional objectives for learn-
ing science must direct learning towards the processes of science.

Perhaps the reason that th,: students tolerated curriculum and instruc-
tion which generally did not challnge their intellectual ability was that
they were given bad tests. If curnculum and instruction is to rise above
the level of iote memorization, the methock of evaluation must require
something beyond direct recall. If the qu,dity of a student's ability to
reason and to generate ideas is what is valued, then a student's grade must
be determined by instruments or methods which measure that quality.
During the ten-week period observed, students memorized information
supplied by the textbook and/or the teacher, and the tests and their
consequent grades were based on factual memorization and recall alone.

1?elevance

How does relevance of wl-at is taught affect higher-order cognitive de-
velopment? For example, suould a unit on vertebrates taught in 1986 be
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significantly different from a similar unit in 1946? Earlier in this chapter,
it was noted that the content of the Vertebrates unit was virtually identic-
al to the content of a hypothetical unit taught forty years earlier.
Although the names of the bones of the body have not changed, there has
been a knowledge explosion in the topic during the forty-year period. In
addition, the world in which the students live has evolved rapidly
towards an increasingly complex existence. Obviously, the content
appropriate in a vertebrates unit in 1940 is not relevant to students in the
1980s.

One example involves the A.IDS epidemic. InfOrmation about it
could not have been included in a vertebrates unit of the 1940s because
the first animal retro virus was not identified until the 1970s and AIDS
was first reported in 1980. But, today, it is virtually impossible to read
newspaper or watch a news broadcast without encountering sonic refer-
ence to AIDS. Although relevance is not the only thing to consider in
developing curriculum and guiding instruction, it is important to update
content. If instructional materials only emphasize the dissemination,
memorization and recall of information, then at least information relevant
to the twentieth century should be included In this example, factual
information about the biology and epidemiology of AIDS might save a
student's life. However, knowing the names of the bones of the body,
even for a short period of time, is of questionable value to anyone.

Not only is society becoming more complex, but also the demands
of the work place are becoming increasingly complex. Workers are being
replaced by robots, and assembly line jobs are being replaced with jobs
that require people who Lan design program and maintain automated,
computerized equipment of the modern age. The ability to memorize
archaic information no longer can be a priority of schools. Although it is
not obvious what an appropriate science curriculum for the twentieth
century should include, it is fairly obvious what it should not be. AIDS is
more relevant than the names of the bones of the body, and the ability to
think, reason and engage in independent problem-solving must be valued
over recall of wte-lLarned informat,on.

Representative Strwture

Curriculum and instruction which is representative of the discipline is
another one of the four Rs for higher-level learning. A consideration of
the appropriateness of curriculum and instruction must include what
Bruner (1966) has called the structure of the discipline. Most disciplines
have a set of major ideas or unifying themes around w hich information is
organized and which serve to guide the direction of research. In each
discipline, all of the major ideas a,-e important; however; not 'I of them
are equally important.
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At Southside High, the major emphasis of the materials on Verte-
brates was on the structures of the vertebrates, with limited reference
being made to the functions of those structures. However, evolution, the
great organizing principle of biology and the natural sciences, was essen-
tially ignored. Yet, the study of vertebrate structure/function provides
many opportunities to explore, question and better understand evolution.
The higher-order questions posed earlier in this chapter illustrate one such
opportunity. Evolution has developed into the paradigm that it is today
because it is a powerful organizing idea which has stood the test of time
and tit( rigorous hypothesis testing which is characteristic of the scientific
process. It is an extraordinarily powerful generalization that explains
what we observe and successfully predicts results; and, perhaps most
importantly, it has been and continues to be extremely useful in designing
experiments, solving problems and guiding scientific research. Under-
standing the principL of evolution has importar:. implications for life in
the twentieth century. Curriculum and instruction in biology which
ignore the principle of evolution are severely flawed when tested against
the structure of the discipline. During the Vertebrates unit, students could
have considered the nature of science by analyzing evolution. For exam-
ple, they could have discussed the nature of scientific theories, realizing
that evolution is ulot 'just a theory' in the speculative sense, as Peter tried
,o imply in the following comments:

Peter: I've had to think long and hard about evolution, because, if
students know you're a biology teacher, you're fair game. They're
going to try to score a few points or whatever. I've had people in
the past just harangue me with respect to this terrible evolution
that we teach in the schools ... Whenever I talk about evolution, I
always emphasize that it is just a theory and, in fact, so much in
science are what we call theones.

The goal of instruction should be to help students come to understand the
major organizing ideas of the discipline. But equally importantly, stu-
dents should be helped to understand why a theme such as evolution
occupies the ceiutral role that it does within the structure of the discipline.

Teachers and curricula which stress the dissemination of knowledge
should be held accountable for selecting content which is representative of
the structure of the discipline. Memorizing the names of bones or provid-
ing one explanation of how kangaroos got their tails does not help a
student understand the relative importance of ideas or how scholars and
scientists make informed decisions about the relative importance of a
discipline's major ideas. In this case, the principle of evolution was a
much more important and powerful idea to be addressed and learned
during the study of Vertebrates than the memorization of vertebral anato-
mical structu t:s. Therefore, a curriculum unit on vertebrates should
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reflect properly the relative impo,tance of those two ideas within the
discipline.

Rational Powers

The last new R, devoted to helping students attain higher levels of
learmng, is the developnwnt and use of their rational powers. In this case,
the science curriculum and instruction observed in Peter's and Sandra's
classes would have done little to produce students who understood the
nature of science. They could have arrived in class believing that evolu-
tion was 'just a theory' or stating that 'I don't believe in evolution', and
they would have left making the same assertions. Their intellectual activi-
ties were characterized by memorizing what was written or asserted to bc
true by others. They were required seldom, if ever, to use or to develop
their own rational powers. Those powers are central to the ability to
think; that is, to the processes of recalling and imagining, of classifying
and generalizing, of comparing and evaluating, of analyzi4, and synth':
sizing and of deducing and inferring. It is the developnwnt and applica-
tion of rational poN.Yers in problem solving, often in opposition to other
authorities, which allows one to determine what is known and why one
thinks it is known. What are needed in classrooms are curricula and
instruction which constantly challenge students to apply their rational
powers in logical and critical thinking to scientific problem-solving. Peter
and Sandra, along with all teachers, must remember that memorization
and recall involve only one small pai t of students' rational powers.

Bash Skills

Last, how do the classic three Rs provide the base for the four Rs
discussed above? The necessity of using and developing skills in reading,
writ* and arithmetic must precede any attempt to develop higher-order
thinking skIlls in students. At Southside High, students in Peter's and
Sandra's classes did very little reading, linuted writing and essentially no
mathematics. The curriculum and the instruction severely limited any
practice or development of those basic skills.

For example, both textbooks were of questionable quality and stu-
dents were never required to read them for any purpose other than to find
answers to questions in the workbooks However, students should be
required to read extensively as a part of good science instruction. Further-
more, they should read things which are intellectually stimulating both
m the ideas presented and in the level of difficulty discussed. Advanced
students should have classroom materials enriched and supplemented by
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reading materials other than the text. At least some of the reading should
be selected from the primary literature of the discipline.

In both classes, writing was restricted to copying answers from a
book, filling in blanks in the workbooks or, occasionally, writing a short
paragraph. However, secondary students need opportunities to writc.
The precise usc of language in reporting scientific' results and conclusions
is an important intellectual skill. A student who is experiencing difficulty
in explaining something often might say, 'Well, you know what I mean'.
That response tells the teacher that the studcnt still does not understand
clearly whatever s/he is attempting to explain. In order to communicate
clearly, the written word always requires precision and, therefore, is an
important component of intellectual development and of good science
instruction.

Science instruction without applications of mathematics is descriptive
and unrepresentative of much of the discipline. In addition, members of
the research team considered the lack of mathematics in the grade 10
science curriculum inexcusable. Exactly what form the inclusion of
mathematics should take is open for debate, but it is not debatable that
the application of mathematics should be an integral part of good science
instruction. Cleaily established and articulated relationships between in-
struction in mathematics classes and instruction in science classes is sd-
dom observed and should be a goal of all good programs; for science
without mathematics is like a glove without a hand. Good curriculum
and instruction in science must be based upon and develop skills in
reading, writing and arithmetic. To do otherwise in an advanced science
class is indefensible in the author's opinion.

Conclusion

Lower-leN el cognitive outcomes characterized student learning during the
ten-week period observed at Southside High. This result occurred in spite
of the fact that the students were advanced science students, most of whom
were able to demonstrate formal reasoning ability An analysis of the
textbooks, learning activities (workbooks) and tests revealed an over-
whelming emphasis on the rote learning and recall of memorized in-
formation. Clearly, the instructional materials were a major constraint to
higher-level cognitive learning Because Sandra was better prepared in
both contcnt areas than Peter was, it was surprish, r thd, ,here was no
apparent difference in the cognitive level of stud -. learning in their
classes. Problems with classroom mai ,;ement prevented Sandra from
realizing her potential of raising the cognitive level of thc instruction
above thc level found in the instructional materials As was observed in
this study, teacher-developed textbooks, workbooks and tests often
reflect inadequacies in terms of teachers' content and pedagogical content

...
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knowledge. Unless drastic changes arc effected in curriculum materials,
in methods of evaluation and in teacher education, the cognitive level of
student learning in most science classrooms will remain mired in memor-
ization.
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Chapter 6: Studem ;3aqicipation and
Motivational Orientations:
What Students Do in Sdtnce

Leovicj. Emnie

It is thc middle of Period Three and the class is relatively quiet. The
science teacher, Sandra, is at Table 8 tr.piaining a point to Mark and
Charissa who are listening intently white Nigcl looKs on. Out of sight
behind Sandra's back is Wayne, making silly faces at Petrina to nods of
approval and encouragement from Martin. At the tar side of the room,
Janila and Sally ha 'icir heads together in lamest argument about the
solution to a problem. Natalie tries to overhear, checking her own
answer as she does so. Narelle, Andy, Margaret and Leanne sit tround
the next table working quietly. heads down to their own work. On the
table closest to me, Bronwyn rules up a page and writes a heading,
talking all the time to anyone who'll listen about her social acti v.,. of
the previous evening. Her three table-mates watch and hsten passively.
ilsewhere in the room, some students are working alone or with a
partner while others are off-task. One student is reading an electronics
magazine; others are chatting with their friends. It's a typical day in
Sandra's class.

In the room next door, Peter is standing at the small chalkboaid at
the side of the room. The students are sitting behind long parallel benches
and many have turned to face him. They watch and listen while Peter jots
a few words on the board and then begins to elaborate a point, drawing
on his own out-of-school experiences. At the front bench, Steven con-
tinues his own work quietly, resisting Jeffrey's attempts to draw him into
conversation. Greg raises his hand to ask a question. Sue and Helen
whisper together at the back of the room, but the class is generally quiet.
It's a typical day in Peter's class.

Over the period of observation in these two clas-rooms, each student
seemed to exhibit a regular pattern of activity during class. In many cases,
this pattern was so predictable that a description of the student's be-
haviour was usually sufficient to identify the student! It seems that, by the
age of fifteen years, students have settled into regular patterns of class-
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room engagement and participation in learning tasks. What are these
patterns? Do they vary with the instructional setting in the class:oom?
How do they relate to students' levels of achievement, attitudes about
science, self-perceptions of their ow n ability and performance in science?
These are the issues addiessed in this chapter.

Empirical research about students' participation in learning tasks, for
the most part, has been focused on student engagement or time-on-task.
Foil( wing Carroll's (1963) model of school learning, which posited that
tin.e is the essential ingredient for learning, the large-scale process-
product research of the 1970s began to address academic learning time as
the mediating variable between the process of teaching and the product of,
learning. These studies established time-on-task as a major predictor of
achievement apart from ability (Beiliner, 1979), and their success has led
to descriptions of teaching behaviou associated with effective teaching
(see, for example, summaries in Brophy and Good, 1986; Rosenshine and
Stevens, 1986). Such teaching behaviours do increase students' time-on-
task but they contribute only part of the explanation of student participa-
tion in the classroom. Classroom observations indicate that the teacher's
management skills are important determinants of student engagement
and, together with the nature of the academic tasks assigned to students
(Doyle, 1983, 1986), contribute another part of the explanation of why
students behave as they do.

Yet another factor affecting students' participation is associated with
students themsek es, particularly their willingness to engage purposively
in classroom tasks and the effort which they put into their academic
work. This focus on student participation has been adopted by those
investigating the psychology of motivation. Research in the areas of
cognition and motivation has advanced sufficiently to allow application of
motivational theory to educational settings (see, for example, Ames and
Ames, 1984; Paris, Olson and Stevenson, 1983). Theories about acadennc
achievement motivation (Dweck and Elliott, 1983), causal attributions
(Nicholls, 1979, 1983, 1984; Weiner, 1979, 1984), self-efficacy and social
learning theory (Bandura, 1977) all have made a contribution to the
understanding of motivation in the l:assroom, but the application of these
theories is not always straightforward (Brophy, 1983; Corno and Man-
dinach, 1983). As Brophy (1983) points out, much of the general research
on motivation has been carried out in play settings where a person can
engage in or change activities at will. In contrast, classrooms are work
settings where students are expected to engage in compulsory activities
which are subject to evaluation. Discusrion of monvanor for school
learning must take these differences into account.

There has been a tendency to measure motivation at school as an
affective variable (Bloom, 1976; Uguroglu and NX/.,berg, 1979), aiid
Steinkamp and Maehr (1984) provide a meta-analysis of rlotivational
orientation towards achievement in school science using primarily affec-
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nye measures. However, Brophy (1983) argues that attention must b:
gi len to both the affective and the cognitive aspects of motivation and to
th,: value that students place on academic activity. Clearly, how students
rrceive the task in terms of its importance, its difficulty, whether they
think they can do it, and the manner in which task performance is
assessed and rewarded will bcar upon students' willingLess to become
engaged in the task.

The preceding discussion has introduced the several issues which
served as the basis for investigating students' participation and learning in
the science classrooms observed in this study. Specifically, what students
did in the classrooms was described and interpreted from three view-
points: the teacher's instructional and managerial styles, the task design
and assessment structure, and the students' attitudinal and motivational
patterns. Accordingly, the next section of the chapter describes the pat-
terns of student participation in the two classes and these are discussed in
the context of the teachers' instructional methods and managerial skills.
Second, the nature of the tasks, die assessment structure and the degree to
which classroom work contributed towards grad-s are considered in
terms of the kinds of effort which students put into completing the set
work. Third, students' own attitudes, beliefs and perceptions about scien-
ce in the classroom and its importance in their futures are examined and
related to their motivation to spend their classroom hours in fruitful
enterprise. In the final section of the chapter, pen portraits -e presented
of six students chosen to represent diffelent patterns of participation,
learning outcomes and motivational orientations. The case studies are
used as a means of analyzing the ways in which teachers can enhance the
extent and quality of student participation in classroom activities.

Patterns of Participation in the Classroom

The nature of the learning activities and sequencing of events by the
teacher determine the students' opportuniti -s for participation, and the
kinds of participation (both authorized a,, "authorized) which can
occur. Presumably, the teacher's intention i! every student will spend
each lesson engaged in purposeful learning. In addition to his or her skill
in organizing the instructional tasks. the teacher's skill in classroom
management, particularly skill in monitoring studei . engagement, will
affect the amount of time that students arc on task. In the two classrooms
observed in this study, the academie content of the lessons in each topic
was determined by the workbooks used by students for each topic and
supplemented by the pool of available textbooks. The workbooks were
designed so that, given access to text materials ai_d equipment, the
students would be able to complete the work in a self-paced and self-
directed way.

166

4
I s



What Students Do in Science

Despite the similarity of the available resources,. teachers were free to
organize the learning in their classrooms and to aaopt different patterns of
instructional activities. Sandra invariably devoted a few minutes at the
beginning and end of each lesson to structuring comments intended to
help students pace themselves throughout the topic. The remainder of
most of the lessons was taken up by indiviclued activities or small-
group work during which the students worked their way through the
workbooks. ln contrast, Peter used a more teacher-centred approach,
with most of the class time spent in whole-class expository or whole-class
interactive mode. At other times, students could choose to work indi-
vidually or in small groups. The different approaches used by the teachers
were associated with different patterns of activity and engagement by the
students. In this section, quantitative data are used to describe the patterns
of students' participation and, using field notes from classroom observa-
tion, lesson transcripts and interview data, these are interpreted in terms
of the teachers' instructioral and managerial styles.

Nature of Instructional Activity

The allocation of class time to four type:, of instructional activity, name-
ly, transition time, whole-class non-intc,activc activities, whole-class interactive
activities, and either small-group or individual work, is reported in Figure
6.1, separately for the two teachers for each of the two topics. These data,
which are derived from field notes for ovei 80 pei cent of the lessons for
each topic in each class, describe the instructional modes occurring from
the time when the students were ready to begin tile lesson until the ''ass
was dismissed at the end. As lessons which did not follow a break um., .ily
began a few minutes late, the actual lesson length represented an average
of 94 per cent of scheduled time.

Nature of Student Engagement

Student engagement was described in terms of whether the strdent was
involved in individual, group work or whole-class activity or was off-
task. Observations of students were categorized according to the follow-
ing kinds of activities.

Individual evagement was recorded when the student was not in-
teracting with other students. Active individual engaement included
reading, writii g, getting and using equipment anri, talking with the
teacher. Passive engagement included copying work and watching
and listening to on-task groups. but not participating in the discus-
sion or activity.
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Group Work engagement occurred when the student was interacting
with other students by discussing work, getting and using equip-
ment as a group member, or discussing work with the teacher.
Whole-class engagement involved watching films/slides/experiments or
demonstrations, listening to teacher directions or explanations and
participating in class discussions or question-and-answer sessions.

Off-Task was recorded when students were clearly off-task A sub--
jective assessment was sometimes necessary when students were
engaged in covert activity. Off task alone was indicated by students
gazing into space, doodling, doing non-science work or watching
other off-task students Offtask socially occurred when students were
messing about with other students, or clearly dealing with their
social awmdas.

Data were recorded by a single obsener during the second half of
the Vertebrates topic and at regular intervals throughout the Nuclear
Energy topic. Data collection was based on sweeps of the whole class
during non-transition parts of the lessons. Sweeps were begun at intervals
of approximately five minutes. A letter code was used to record what
each student was doing during each sweep. If the student's behaviour
could r be categorized immediately, the student was watched for a few
seconds until his or her activity could be coded. The engagement data
were summed for each topic and converted to a percentage of engaged
time in each activity. Student engagement is reported in Figures 6.2 and
6.3 which are graphs of the mean percentages of time during which males
and females were engaged in a variety of activities. Data are reported
separately for the two teachers and the two topics. Except for five
students who were frequently absent, the data in Figures 6.2 and 6.3 are
based on over 100 oEservations for each student. One student, Francesco,
who ;rrived in Smdra's class on the third day of the study, was not
included in any quantitative measures. Francesco was visiting Australia
for six months, spoke little English, generally did not engage in the class
activity and did not complete any written work, although he was some-
times the focus of other students' off-task activity.

Participation in Peter's Class

The teacher-centred approach used by Peter is evident in Figure 6.1,
which shows that some type of Nhole-class activity occurred for more
than half of class time in both toi.ics. Whereas Sandra used structuring
comments to regulate pace, Peter in3intained pace 5y dealing with acti-
vities in the whole-class mode. In a ty pical lesso,i, Peter would explain
some of the content, frequently using t::e chalkboard, and conduct a
c,uestion-and-answer session based on part of the activity, often for the
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Transition

Figure 6 1 Percentage of class time spent in different activity modes

purpose of checking the answers which students had w ritten to Tiestions
asked in the workbook Sometimes Peter went briefly through the acr;vi-
t;es that students were expected to have completed, giving the answers to
questions as he did so. During the Nuclear Energy topic, students were
sometimes asked to take turns in reading aloud, with Peter interspersing
brief explanations or questions.

Approximately one third of the time in Peter's class was devoted to
group work or individual activity. In those instructional modes, students
most often worked alone rather than in pairs or groups. During such
times, Peter was available for consultation by students and spent his time
either helping individuals or groups of students or preparing for the next
part of the lesson. On three occasions during the Vertebrates topic, Peter
gave students the option of attending to a whole-class actIvity or working
individually from the workbooks. The three whole-class activities in-
cluded a film, some slides and a demonstration of an activity involving
the testing for the presence of protein, sugar and starch. About half of the
class, mainly the males, chose to watch; while the rest worked individual-
ly. These students 'monitored' the whole-class activity, looking up briefly
now and then. The six per cent of class time when till_ split-mode
instruction occurred is graphed in Figure 6.1 as whole-class activity.

Figure 6.2 presents information al-out students' participation in
Peter's class during thi two topics. Mean scores for the several categories
ofengagement are shown separately for males and females. The decision by
males to watch the whole-class activity, particularly when given a choice,
and the decision of most females to carry on with their individual work is
reflected in Figure 6.2. The figure shows that the greater percentage of
time spent by females in individual activity during Vertebrates is matched
by the greater percentage of males' time spent in whole-class activity.
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Figure 6 2 Engagement patterns in Peter's class

Other differences between males and females are generally . .t substan-
tial, parr;cularly for the Nuclear Energy topic. The total time-off-task
represents about one fifth of class time, on average, for both topics.

In each of the different kinds of on-task participation, the cognitive
level of the learning tasks in which students were engaged was usually
low. In individual and small-group activity, the cognitive level of the
work was constrained by the content of the workbooks and the text-
books. Nordland's chanter in this volume describes how the resources
offered little challenge to students of above average ability. Many of the
activities consisted merely of searching for an answer in the textbook and
writing it down. Examination (..,f students' completed note, suggested
that, even when a question required reasonirg, some students' responses
showed little evicknce of understanding and that usually these misunder-
standings went unnoticed.

During the periods of whole-class instruction, Peter's students were
cooperative and generally Cr& task. Some continued working individually
on their workbooks, half-listening to the whole-class discussions and
taking aavantage of any information which Peter gave about the answers
to questions in the workbook. Many students app.:-ared to find Peter's
explanations of the content interesting, particulady when he was able to
add examples which were relevant to their experiences. Peter usually was
responsive to students' questions and nearly all students asked at least one
question during the period of observation. Somenmis these questions
wer asked to determine the answer to a workbook question, but most
often the questions asked fo, 7.n explanation or information beyond the
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immediate content of the topic For ex.imple, during a discussion about
digestion and the alimentary canal, students showed interest in material
outside of the content 1,-, asking questions about what happens when you
vomit and what causes the taste of vomit. Peter answered these questions
and discussed the plight of an Australian child who lost the larger part of
her intestine due to suction when she sat un a swimming pool skinn.ler.
Peter explained to the attentive class the effect that Aich a loss would have
on the child's diet and digestion.

Partkipation in Sandra's Class

Sandra believed that students learn best by interacting with the learning
materials. Consequentlyts illustrated in Figure 6 1 students were given
most of the class time to do the activities in the workbooks. Sandra
perceived her role as a facilitator, rather than as a director, of learning.
Consequently, during the Vertebrates topic, she spent about 76 per cent
of her time interacting with individuals or small groups of students. Most
of the 16 per cent of firm.. in the whole-class mode occurred at the
beginning and at end of the lessons when she attempted to pace students
throc gh the topic by indicating which activities they should have corn-
phted and what they should be doing (or have done) during the present
lesson. A small amount of whole-class interactive time also was spent in
explanation, usually of points that Sandra noticed had been mictinder-
stood in a quiz or assignment. There was a rat dissection and an activity
on respiration conducted at the whole-class level during the Vertebrates
topic. When demonstrating joipt structure and movement with fresh
cattle bones, Sandra preferred to demonstrate to small groups in turn.
During a film, the instructional mode was graphed as whole-class activity
i Figure 6.1, even though many students preferred to continue working

During the Nuclear Energy topic, Sandra continued her structuring
comments relating to the pace at which students should woik. In this
topic, Sandra conducted a number of experiments at the whole-class level
in order to minimize the possibility of exposure to radiation sources. The
students performed these experiments JS demonstrations and recorded the
data on the chalkboard while Sandra usuall; maintained intelactive dis-
cussion with the students. The 11 per cent of whole-class interactive
instruction was associated either with class experiments or with question-
and-answer sessions which were used to review concepts such as atomic
structure.

In Sandra's class, three-quarters of class time chiring each topic was
available to students for working from the workboo,s. During this time,
some students tended to work alone, while others worked in small
groups. Figure 6.3 graphs the mean engagement data for Sandra's stu-
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Figure 6.3. Engagement patterns in Sandra's class

dents during the Vertebrates and Nuclear Energy topics. No record of
engagement for the whole-class mode is included for the Vertebrates
topic because, during the lessons which were coded, the whole-class
activity occurred in bursts too short to enable the researcher to complete a
sweep.

Inspection of Figure 6.3 shows that on-task students in Sandra's class
usually were working either alone or in small groups. The difference of
about 10 per cent of time spent by students in group work in Vertebrates
compared with Nuclear Energy is a reflection of the several whole-class
demonstrations in Nuclear Energy, wheleas during the Vei.tebrates topic
demonstrations and experiments were usually done in groups. Compari-
son of the percentages for the Vertebrates and Nuclear E--rgy topics
shows a general increase of about ten per cent in off-task behaviour to a
high 41 per cent for males and 21 per cent for females. This increase is
mainly accounted for by increased off-task social behaviour. The least
involved student. Wayne, was on task for only 37 per cent of class time
during Vertebrates and 24 per cent during Nuclear Energy. In each topic,
he spent 11 per cent of his on-task time in the passive task of copying
other students' work Several other students spc-it some time copying
work, but otherwise most of ti,e passive behaviour was accounted for by
several students who simply listened or watched other group members
working.

Like the students in Peter's class, students in Sandra's class spent
most of their on-task t:ine engaged ar a low cognitive level. The main
reason for this was the constraining nature of the workbooks. Most of
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cL s time was spent completing the workbook activities by finding
answers to the questions. A few students, like Sally and _Janda, found the
answers themselves. They actively accc?ted responsibility for their own
learning and produced high quality work. They were able to monitor
their own understanding and, whei, they were not sure, they discussed
their answers and/or sought Sandra's help. The majority of students
worked through those activities whith were straightforward but, when
they encountered a difficulty. they immediately requested help, some-
times by getting the answer from a peer or by asking Sandra. If Sandra
could not come at once, the students usually filled in the waiting time
with social chatter, rather than trying to work out the answer. Two or,
three students, notably Wayne, did little work of th.air own and much of
their on-task activity was directed towards obtaining the answers from
someone else, thus minimizing their own learning opportunine-.

Differences in Patterns of Participat, lbetween the Classes

The differences in student engagement patterns between the classes are
illustrated in Table 6.1 In this table, the mean percentages of time spent
by students in the major types of engagement are reported, together with
the results of a one-way analysis of variance performed for the purr Me of
ascertaining the statistical significance of any differences between the two
teachers' classes. The significant differences in the nature of the on-task
activities are a reflection of the different teaching styles. Peter used the
whole-class mode more often than did Sandra, and his students spent a
considerably greater proportion of their time in whole-class engagement
than did Sandra's students. Indeed, in the lesf ns coded fo.- engagement
during the Vertebrates topic, the periods of whole-class instruction in
Sandra s class were too short to complete a coding sweep of the class. In
this topic, Sandra's students had significantly higher mean levels of indi-
vidual and group work engagement than did Peter's students.

During the Nuclear Energy topic, the percentages of time spent in
individual and group engagement were similar for both classes. The
similarity can be attributed to a change in the patterns of engagement in
Sandra's class; on average, students spent less time engaged in individual
and group work, more time in whole-class engagement and more time
off-task socially during the Nuclear Energy topic. In fact, relative to
Peter's students, Sandra's students spent a significantly higher proportion
of class time engaged in social off-task behaviour during both topics. An
additional point of interest in Table 6.1 relates to the relatively large
magnitude of the standard deviations. These values attest to the variation
in patterns of engagement among individuals, a point which is discussed
more fully in a later part of this chapter.

Students in Peter's and Sandra's classes had different portunnies to
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Table 6 7 Mean percentage of time spent in different types of engagement

Type of Engagement

Peter Sandra

F-ValueMean SD Mean SD

Vertebrates Topic
Individual Active 44 5 11 3 51 2 13 7 5 77*
Group Work 7 9 5.7 18 0 8 3 36.41**
Whole Class 27 3 8 5
Off-Task Alone 7 2 6 0 7 1 6 9 0 22
Off-Task Social 12 5 8 0 17 9 12 6 4 30*

Nuclear Energy Topic
Individual Active 46 5 11 7 45.9 11 0 0 17
Group Work 5 7 4 7 8 5 5.9 3 94
Whole Class 22 2 6 0 8 4 3 8 138.70**
Off-Task Alone 8 7 5 1 8 7 5 5 0 02
Off-Task Social 13 9 8 4 25 7 11 5 24 21**

* p < 05 ** p < 01

participate and so they had different patterns of participation. The differ-
ences in instructional methods and lesson presentation between the
teachers can be traced back to the different beliefs held by Peter and
Sandra about their roles. During interviews, Peter several times men-
tioned his own experiences in science at school. He felt that he remem-
bered best those things which his teacher spoke about and personalized by
relating them to the teacher's own experiences and to the experiences of
class members. For this reason, Peter thought it appropriate to spen.1
class time expanding and extrapolating the content by presenting relednt
information about his own experiences and about aspects which he knew
to be of particular interest to students. Sandra posed a direct contrast to
this approach she rarely mentioned her own experiences or interests,
although she did draw students' attention to relevant 'real-world' prob-
lems and issues and she set an assignment for each topic on such issues.
She preferred students to work out things for themselves with the gui-
dance of the workbooks and she gave them most of the lesson time to do
this. Lesson transcripts revealed that most teacher-student interaction was
structured to encourage students to find out the answers for themselves.

The intention of both teachers was to have students proceed through
the workbooks in the time available and to produce their own set of
notes/materials for the topic. In Peter's ciass, students managed to do this
in the 34 per cent of the class tin devoted to group or individual work.
In Sandra's class, students had twice as imich time to do the same work,
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yet inspection of the students' completed topic notes revealed consider-
able similarity in the final product although, on average, those from
Sandra's class were more complete. The reason ,for this seeming paradox
relates to the generally low cognitive level of the workbooks and the
usual class textbooks The above-average students could complete the
work in possibly half of the scheduled lesson time, if they were prepared
to work consistently throughout the lesson. In Peter's class, the 'surplus'
time was taken up by his whole-class presentations and question and
answer sessions. Further, Peter went through many of the activities with
the class, allowing those with incomplete work to jot down the answers
and thus avoid the consequences of working too slowly. In Sandra's class,
many students soaked up the excess time with off-task behaviour. Those
who got behind due to their low engagement levels were able to catch up
by working at home or, in some cases, by copying other students' work.
Nevertheless, in both classes, there were some students who had very
high levels of engagernent and who produced extensive sets of notes, the
accuracy and completeness of which bore testimony to the students'
industry.

A glance at Figure 6.3 reveals that considerable time was spent
by Sandra's class in off-task behaviour, particularly during the Nuclear
Energy topic. The high levels of off-task behaviour in Sandra's class,
compared to Peter's, were a function of the different instructional
methods and management techniques which the teachers used. Ft tei
favoured whole-class instruction. His explanations of potentially difficult
or confusing aspects of the work, and the instructions he gave to the
students to supplement the directions in the workbooks, reduced possible
task ambiguity so that students usually knew what to do. Peter's explana-
tions and his whole-class checking of answers also reduced the cognitive
level of the tasks, thus helpiAg students to complete their work. In
contrast, Sandra rarely gave whole-class answers or instructions about
how to complete tasks. The procedures for many of the activities, as well
as the means to find solutions to sonic questions in the workbooks, were
not always clear to students. Lesson transcripts revealed that most stu-
dents' questions were attempts to reduce the ambiguity of tacks, check
that they were on the right track or negotiate with Sandra for more
information. Because she could not attend to students' requests for assist-
ance quickly enough, some students cooperated by working together, but
others filled in their waiting time with social interaction while others
copied answers from someone else.

The consequences of the different task structures on the work flow in
classroom activities is w ell described by Doyle (1988). Because the tasks
were made easy and familiar in Peter's class, the work flow was smooth
and orderly. Further, the level of order was supported by the physical
arrangement of the classroom. With benches in rows and students facing
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the front, Peter could identifY off-task behaviour quickly and ensure that
students returned to being on task. The situation was different in Sandra's
class in that the tasks were harder in terms of students having to make
more decisions about what to do. Such tasks are described by Doyle
(1988) as novel and, as he points out, novel work makes the task of
classroom management much more complex. Sanford (1987) relates ex-
amples of how students in science classes continued to solicit guidance
from the teacher when tasks were of higher cognitive level or procedures
were not clear; similar behaviour by students was observed in Sandra's
class. The physical organization of the classroom also hindered the
smooth flow of work. The round-the-table seating arrangement which
Sandra used to facilitate group work -Ind interaction also maximized the
opportunity for interaction of a social nature. This seating method made
whole-class activities very difficult because most students had to turn
around to see the teacher. It also made difficult the task of scanning the
class for management purposes, because many students had their backs
to the teacher. On the occasions when Sandra did use whole-class acti-
vities, many students did not turn to face her and, while some looked at
their books, others took the opportunity to engage in social whispering.

The personal style of the teachers compounded the management
differences between the classes. Peter spoke with a loud, clear voice and
no students had difficulty in hearing him. Most interactions with students
were conducted in a public way. His desists (the actions directed towards
halting undesirable behaviour) were nearly always verbal and, because
they were easily heard by all class members, there was opportunity for
ri;-ple effects to occur and for other students to take note of the desists. In
contrast, Sandra spoke very quietly and always waited for silence befOre
beginning her whole-class deliveries; however, the silence was not usually
maintained. In both whole-class and group work instructional modes,
Sandra used proximity desists (that is, she moved to stand near the
trouble-makers). Her verbal desists were made in a quiet, personal man-
ner and there was no opportunity for ripple Jfects. The result was that
,ome off-task behaviour was occurring nearly all of the time, and Sandra
sometimes had difficulty targeting the problem because the seating
arrangement made effective scanning almost impossible. In Peter's class,
scanning was much easier, and quick targeting of a student at the begin-
ning of a social exchange enabled the effective use of short verbal desists.
Sandra was well able to manage the class in the whole-class mode, and
she demonstrated this on several occasions, but during group work off-
task behaviour was common. Sandra was aware of, and concerned about,
the amount of off-task bchaviour in her class. But she found herself torn
between allowing the off-task behaviour to continue and changing the
seating arrangement, which not only would minimize noise but also
would reduce the on-task cooperative group work which Sandra believed
was important in helping students to Lam with understanding.
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Student Assessment and Grading

Students were assessed in their science work on cognitive outcomes. At
the end ,.)f the academic year, they received a letter grade for science based
on their achievement level during the year. The Vertebrates and Nuclear
Energy topics each contributed one quarter of the assessment for the
second semester. Peter's and Sandra's record books contamed marks for
interim quizzes, exercises, assignments and class notes for the various
topics, but each teacher used a different method of combining the marks.
Peter based students' final grade for each topic only on the topic test,
whilst Sandra gave equal weighting to the topt.c test and a composite
mark for the students' other work.

The work whicli students did in class and which could contribute to
gradmg was of three kinds. First, all of the learning activmes were
designed to build up a record of work done during the topic. This set
of notes represen, 1 the students' version of the academic curriculum.
Second, various quizzes, revision sheets and assignments were given in
class. Apart from the quizzes, these tasks could be done at home and
often were. Third, at the end of the topic; students completed a topic test
which took up a whole fifty-minute period. Because the same topic test
was taken by all classes, it had an important role in providing a common
link which allowed comparability of students' grades awarded across the
classes at that parncular glade level.

The notes which students produced as a record of their work in the
classroom provided students with a means of revision for the topic test.Thus, there was an incentive to complete them. In assessment terms, the
class notes were accorded more importance in Sandra's class than in
Peter's class because they counted towards the final grade. This difference
in the importance of the class notes was consistent with the way in which
students were assessed. In the Vertebrates and Nuclear Energy topics,
Peter marked students' work with a letter grade, A through E, with the
great majority of the students receiving A or B. The work was collected
after the topic test and returned with a letter grade and a short comment,
such as 'Excellent set of notes A'; 'Very good 13'; 'Very poor D'.
Inspection of some of the returned notes revealed little evidence that Peter
had done more than scan the pages and occasionally put a check imrk,
Sandra collected students' work several nmes during each topic, usually
on Monday so that she could mark and return it t the next scheduled
class on Wednesday. Sandra explained during interviews that each seg-
ment of the work was marked according to accuracy, completeness and
presentation. Students could earn extra marks for doing the optional
sections of the workbook. Sandra felt that if no marking and correctingof their work was done during the topic, students would not know
how they were going and could be karning the wrong things. Sandra's
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marking was meticulous. Marks awarded for each answer were clearly
shown with annotations for corrections and explanations.

The value that teachers gave to the students' notes was reflected in
the way in which the students worked on them in class. Sandra rarely
discussed answers to workbook activities in the whole-class mode. Al-
though she provided opportunities for students to get the data from
whole-class activities and demonstrations, she did not go through the
answers in other than general terms. Further, even if Sandra gave answers
to students in one group, her voice was so quiet that other students did
not benefit from the explanations unless they left their seats to listen in.
As a result, the onus was on the students to do the work and complete
the activities themselves. In contrasi, Peter often went through workbook
activities and questions, giving answers and explanations at the whole-
class level, even spelling aloud words (such as the names of bones) so that
students could write them down. Also, when lk ter gave answers to
students' questions, he did it in a public way and his loud speaking voice
(relative to Sandra's) allowed other students to benefit from the answers.
By providing students with frequent opportunities to get the bits which
they had missed or had not done, Peter made the task of completing the
work very easy. It is therefore appropriate that no weight was given to
students' notes in his assessment of their work on the topic; however,
discussion with several students revealed that they did not know that
their notes did not carry any weight.

The different assessment methods used by Sandra and Peter are
congruent with the observed patterns of activity in the classrooms. As
recorded in Figure 6.1, Peter's students spent only one third of class time
working on their notes and their off-task behaviour did not hold many
students back as they usually could get the answers from Peter. Whilst
Sandra's students had three quarters of their lesson time available to do
their notes, consistent off-task behaviour in her class did have consequ-
ences for the students; in particular, students easily got behind. Some
students caught up at home while others caught up by copying each
other's work. One boy, Digby, did nearly all of his work at home,
getting a long way ahead of the class and finishing early. Whilst he could
afford his high rate of off-task behaviour (40 per cent in Nuclear Energy
and 28 per cent in Vertebrates), his completed notes were the prime target
for students wishing to copy work. Other students who made good use
of class time with only about 10 per cent of off-task behaviour produced
excellent sets of notes.

The achievement tests given at the end ot each topic were composed
of multiple-choice items with several short answer questions. Nc rdland's
analysis of the tests (see Chapter 5) indicates that they involved p:edorni-
nantly factual knowledge and recall, rather that, higher-level cognitive
learning. Mean scores on the topic tests wen above 70 per cent in each
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class, and there were only two fail grades one student in each class
failed the Vertebrates test Boys tended to achie e higher scores in Peter's
class, whereas girls tended to score higher in Sandia's class, but these
differences were not statistically significant.

The quantitative relationships between students' achievement levels
and participation rates in class are not clear cut. Correlations between the
two test marks were .60 and .61 for Peter's and Sandra's classes, respec-
tively, suggesting that students havc somewhat similar levels of achieve-
ment. Further, in each class, there was a correlation of .65 between thc
total time on-task during the two topics. However, correlation:, between
the tcst marks and total tiny,: on-task varied between .16 and .61. Clearly,
being on task during class is at best only a partial explanation of level of
achievement. Because meta-analyses of research linking ability with
science achievement have consistently revealed positive correlations
(Fleming and Malone, .1983; Steinkamp and Maehr, 1983; Willson, 1983),
it is likely that general ability played a part in accounting for the correla-
tions between achievement and participation.

Many studcnts with high levels of engagement and good class work
tended to get high test marks, but ther were some who managed good
marks with high levels of off-task behaviour and who disclaimed doing
much homework When asked in a writtcn questionnaire about thc
amount of homework which they did in science, studcnts' answers
ranged between none and up to onc hour per night. Somc said that thcy
worked only when there was a test or when som.:thing had to be handed
in. This finding suggests that, for many studcnts, a major reason for
doing thc work was thc extrinsic goal of getting grades or avoid.lg
trouble. The topic test was accorded great importance by students. For
example, in an interview with fourteen students from Peter's class,
students were asked \\ hat made them do the work in class if thcy didn't
iike the topic or didn't think that it was important. Five of the nine
students who responded said that they wanted to pass the test. The
other four mentioned 'threats' as thc reason why they would do the
work.

It already has been indicated that the cognitive level of thc tcsts was
generally low, and this fact, together with thc low cognitive level of class
work, meant that many of the student:: in this above-average class who
did not work hard during class time were able to pass thc test quite
comfortably. Therefore, thc nature of thc learning tasks and thc method
of assessing them did not seem to provide a motivating challenge for
many students. Because, like the classwork, the assessment structure was
based on lower-level outcomes, there was neither need nor incentive for
students to work at a higher cognitive level, and most did not. However,
some students clearly were self-motivated to work harder and at a higher
cognitive level than the majority.
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Students' Affect and Participation

The attitudes and self-perceptions that students have ibout science and
about their ability to do it are likely to affect the way that sradents use
their time in the classr oom. The relationship between students' affect and
their participation patterns in science was examined by using several
scales from two semantic differential measures. Students' interest in their
school science and their perceptions of its importance and difficulty were
measured using a semantic differential technique using the concept 'This
Science Topic'. A second semantic differential, using the concept 'Me As
A Science Student', was used to tap students' attitudes to doing science
work in class and their self-perceptions of their ability in science. The
semantic differential technique was chosen for use in this study because it
provides a measure of the underlying constructs in a short administration
time and because, as Heise (1969) has shown, as few as three or four pairs
of bipolar adjectives can work effectively. The adjective pairs were
choSen on the basis of their successful use in other studies (Rennie, 1986)

and were accorded face validity in discussion with the research team. The
semantic differential concepts were administered together with the learn-
ing environment scales (see Chapter 7 in this volume) luring the day after
each topic was finished and when students had completed the topic test.

The psychometric properties of the semantic differential instruments
were checked using a sample of 194 students from Southside High, and
the structure of the scales was confirmed using factor analysis. Students'
enjoyment of science and its perceived importance and difficulty were
measured using the concept 'This Science Topic'. The three attitude scales
named Enjoyment, Importance and Facility had coefficient alpha reliabili-
ties of .93, .93 and .78, respectively. A high score on the Enjoyment scale
indicates that students considered the science topic to be fun, enjoyable,
interesting and exciting. High scores on the Importance scale are obtained
by responding that the science topic is important, valuable, relevant and
useful. The third scale, -;acility, is the reverse of difficulty. A high score
indicates that science is perceived to be simple, easy, effortless and under-
standable. The second concept, 'Me As A Science Student', was used to
measure students' self-perceptions of their ability in science and their
attitude to working in science. The two scales named Perceived Ability
and Work Attitude had coefficient alpha reliabilities of .87 and .84,

respectively. A high score on the Perceived Ability scale indicates that a
student perceived himself/herself to be good at science, found science
easy and was successful, understanding and confident. A positive Work
Attitude involves a student being industrious, motivated, quiet, careful,
neat and enthusiastic.

Because the semantic differential scales had different numbers of
items, scores for each scale were calculated as mean item scores. Thus, for
each scale, the possible range of scores was 1 through 7. Table 6.2 reports
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Table 6 2 Means, standard deviations and correlations with test marks and time-
on-task for the affective scales in Peter's and Sandra's classes

Affective
Scale

Peter Sandra

Mean SD
Correlation

Topic Time-on
Test Task

Mean SD
Correlation

Topic Time-on
Test Task

Vertebrates
Enjoyment 4 87 1 49 .24 31 5 42 1 10 16 .46
Importance 5.07 1.34 39* 33 5 65 0 97 24 51**
Facility 4.65 1 08 03 12 4.16 1 10 ,06 14
Perceived Ability 5 11 1 02 64** ,11 5 28 0 93 25 .28
Work Attitude 5 10 0 91 .22 43* 5 05 0.78 03 .44*

Nuclear Energy
Enjoyment 4 12 1 65 35* 22 4 71 1 39 26 45*
Importance 5 56 1 32 42* .28 5 40 1 29 21 32
Facility 4 26 1.33 .47** 38* 3 62 1.17 10 08
Perceived Ability 5 11 0.93 .74** 31 5 24 1 05 50** 18
Work Attitude 4.94 1 05 59** .41* 5 16 0.91 28 48**

p < 05 " p < 01

the means and standard deviations of the affective scales in Peter's and
Sandra's classes. The results indicate positive attitudes about science,
particularly for the Vertebrates topic. The Nuclear Energy topic was not
enjoyed as much, and the means for the Enjoyment and Facility scales for
this topic are among the lowest in the table. The means for Sandra's class
on the Engagement scale were consistently higher than the means for
Peter's class, but the differences were not statistically significant. How-
ever, students in Peter's class reported both topics to be easier than did
students in Sandra's class, and an F-test indicated that these differences
were significant at the .05 level.

The quantitative data from the affective scales were used to investi-
gate the magnitude of the relationships between students' affect, achieve-
ment and participation. Students' marks on the topic tests were used as a
measure of achievement and total time-on-task was used to indicate
participation. The correlations between these two variables and the affec-
tive scales also are reported in Table 6.2. The correlations are mostly
positive but unremarkable. Generally, students with positive attitudes had
higher achievement, but thc correlations are not always statistically signi-
ficant. This finding supports the commonly found result that atti-
tudes and achievement in science have small but positive relationships
(Steinkamp and Maehr, 1983; Willson, 1983). Students with higher levels
of time-on-task also have generally positive attitudes, but most of the
correlations do not reach significance. The one consistent result is the
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moderate correlation between the Work Attitude scale and time on-task,
a result which might be expected if students' self-perceptions of their
classroom work are valid.

Students' Motivational Orientations

In the introduction to this chapter, it was noted that students had rather
stable patterns of participation, so that each student tended to participate
(or not) in the same way according to the type of learning activities going
on in the classroom. The quantitative findings suggest that students'
levels of engagement had some association with their achievement, their
attitudes to science and their perceptions about themselves as science
students, but consideration of these variables fell short of predicting an
accurate pattern of how students engage in the learning tasks. Those
students who continuously applied themselves to the task at hand and
those who spent as little time as possible on-task clearly had different
motivational orientations.

There is a number of theoretical positions which cat, be used to aid
interpretations of students' motivational orientations (Brophy 1983;
Dweck and Elliott, 1983; Maehr, 1983, 1984; Nicholls, 1983, 1984), and
there appears to be a reasonable consensus that three kinds of motivation-
al orientation underlie the behavioural strategies that students employ in
the classroom. Students can be task-involved, ego-ink olved or extrinsi-
cally involved (Nicholls, 1983). Task-involved students are described as
mastery-oriented, seeking to increase competence by mastering new
knowledge or skills. These students are intrinsically motivat?d, they
value learning, enjoy its challenge and are likely to persevere by applying
effort and using a variety of cog:time strategies. Ego-involved students
are more concerned with perfo -mance than learning, are particularly
concerned acorn judgements made of their competencies, and adopt two
kinds of strategies (Dweck and Elliott, 1983; Nicholls, Patashnik and
Nolen, 1985; Meece and Blumenfeld, 1987). une str2tegy is to seek
favourable judgements of their performance by competing with others,
by trying to look smart or by seeking social approval. Attempting to
avoid the task is another strategy, because failure, particularly when effort
is invested, can result in unfavourable judgements of competence. Ego-
involved students often engage in tasks at a superficial level and adopt
strategies to minimize effort by guessing, asking others for the answer,
copying or rote-learning information likely to be tested. Students who
arc involved extrinsically are concerned with learning only as a means to
an end. Engaging in work to please the teacher, achieve some rew2rd or
avoid puntshment are examples of extrinsic involvement. Whilst learning
can occur, it is accepted that extrinsic involvement is not an effective
means of sustaining motivationind so researchers usually urge the
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development of task-oriented, non-competitive classrooms as a means of
increasing student motivation to learn (Ames, 1984; Brophy, 1983, Corno
and Mandinach, 1983; Dweck and Elliott, 1983; Maehr, 1983, 1984;
Meece and Blumenfeld, 1987; Nicholls, 1983, 1984).

The three different stares of involvement are not mutually exclusive.
They can co-exist and be evident at different times in the behaviour of the
same student. TI'c. assessment structure of the academic work and the
degree of public evaluation in the classroom will be significant determi-
nants of whether the classroom atmosphere fosters task-involvement,
ego-involvement oi extrinsic-involvement in students' motivational
patterns.

In the classrooms observed in this study, it was clear that students'
patterns of participation were associated with their different motivational
orientations. Evidence has been presented to show that each class, as a
group, had a pattern of behaviour which was dependent upon the
teacher's way of structuring and sequencing the various activities, and
that variation in the nature of engagement and off-task behaviour was
associated with the management style of the teacher. However, there was
a great deal of variation among individual students in each class, under-
scoring the importance of the student's role in choosing patterns of
behaviour according to his or her perceptions of the tasks and constraints
operating within the classroom. The quantitative data from the achieve-
ment and affective measures offer only a partial explanation of the levels
at which students participate in the learning tasks.

A better understanding of how studcnts' attitudes and perceptions
influence their patterns of participation results when qualitative data from
fidd notes, lesson transcripts and interviews are used to complement the
quantitative data. In the next section, case studies of several students are
presented to demonstrate how students' classroom behaviours can be
interpreted in terms of how students participate in the lesson, their
personal affect about science and their inferred motivational orientations.

Case Studies of Students

The students chosen for case studies were selected to be representative
of groups of students with similar quantitative patterns of engagement.
Cluster analysis was used as an empirical method to group students
exhibiting simila- patterns of on-task and off-task time. The cluster
analysis was performed using a hierarchical method with raw data com-
prising each student's percentage of time spent in the six engagement
modes for each topic. These were the variables described earlier in this
chapter, namely, engagement in individual activity, and individual pas-
sive activity, off-tas' alone, group work, whole-class engagement and
social off-task activity. The analyses were carried out separately for each
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class because there were very different allocations of time to the various
activity modes in each class (see Figure 6.1). There are clear-cut criteria
neither for determining which clustering method is appropriate for par-
ticular kinds of data sets nor for determining the optimal number of
cluster. Further, because the cluster analysis for each class was based on a
sample of only thirty-one students, three contrasting clustering methods
were used in an exploratory approach. The clustering methods used were
average linkage analysis, Ward's minimum variance method and two-
stage density linkage (SAS, 1985). The results for each analysis were
printed using a tree diagram After inspection of the results, it was
possible to define four clusters for each class according to the commonal-
ties evident.

In each class, one cluster had members high on all kinds of on-task
engagement and another cluster had members with high levels of off-task
behaviour The remaining clusters had intermediate levels of engagement
and were distinguished by slightly different patterns of group or off-task
behaviour. Field observations indicated that, within each cluster, students
of similar ability and with very similar patterns of participation appeared
to have different reasons for those behavioural patterns.

Six students have been selected for detailed case studies of their
patterns of participation. Students were selected in same-sex pairs from
three of the total of eight clusters in Peter's and Sandra's classes, to give a
broad spectrum of the kinds of participation which students exhibited in
the class, In each case study, the student's apparent motivational orienta-
tions and learning outcomes are interpreted in terms of their observed
behaviour, particularly student-teacher interactions and quantitative mea-
sures of their attitudes and perceptions.

Sally and Margaret

Sally and Margaret were ;n the high engagement cluster in Sandra's class.
Both had high levels of on-task behaviour, but Sally spent a little more
time in group work (mainly with Janila) than did Margaret, who worked
alone or sometimes with Andy who sat next to her. The girls' scores on
the affective scales and their achievement data are reported in Table 6.3.
Sally scored the highest test marks in the class and her marks for class
work were among the highest. Margaret's test marks were among the
lowest and her marks for class work were just below average. Sally's
scores on the affective scales were among the highest, except for her
perceptions of the facility of the topics, particularly for Nuclear Energy
which, despite her high performarce, she rated as very difficult. Sally
responded in a questionnaire that science was her favourite subject, she
intended it to be her career and she planned to study both chemistry and
physics the follewing year. Margaret's affective results are close to ava-
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Table 6 3 Scores on affective, achievement and off-task variables for selected
students

Measure Sally Margaret Greg Jeffrey Gavin Wayne

Vertebrates
Enjoyment 6 75 5 00 2.50 5 50 2 50 4.50
Importance 6 75 6.00 3 25 5 00 4 00 3.75
Facility 4 50 3 00 4 25 5 50 3 00 3 50
Perceived Ability 6.60 3 60 3 20 5 80 3 40 5 00
Work Attitude 6 00 4 57 3.43 4 71 3 00 4 14
Class Work* 93 68 D C 53 39
Test Mark (%) 88 62 54 79 78 51
% Off-Task Alone 2 5 21 15 15 19
% Off-Task Social 9 5 18 20 46 44

Nuclear Energy
Enjoyment 6 75 5 75 3 75 4 25 3 25 1 75
lrriportance 6 75 4 75 5 25 3.50 4.75 4.00
Facility 1 75 4 75 4.00 5 00 3 00 3 25
Perceived Ability 6 80 3 20 4 00 5 60 3 60 4.40
Work Attitude 6 29 5 57 2 57 4 86 4.00 4 00
Class Work* 99 63 C C 56 46
Test Mark (%) 94 71 63 90 64 51
% Off-Task Alone 0 4 8 10 15 19
% Off-Task Social 18 8 22 13 41 57

' The class work was scored as a percentage in Sandra's class and a grade. A through E. in
Peter's class

age, except for Perceived Ability, on which her self-rating was well
below the class average. She rated Nuclear Energy as less difficult than
did most of her peers and, although she perceived it to be of less
importance than Vertebrates, her Work Attitude score was higher. At the
end of Nuclear Energy, Margaret reported that Mathematics and English
were her favourite subjects and she planned to carry on with just one
science subject (Human Biology) in grades 11 and 12.

Sally's and Margaret's patterns of classroom behaviour were directed
at getting information to complete the work, but they interacted in
different ways. Sally was often a participant in whole-class discussion
and, during small-group work, she conferred frequently about the mate-
rial with Janila. She often raised her hand to attract Sandra's attention or
left her seat to consult her. Interactions with Sandra were always two-
way. Sally always was concerned about mastering the work, and this is
illustrated by an incident taken from field notes made during the Nuclear
Energy topic. In this six-minute segment of whole-class interzction,
Sandra described how Henri Becquerel had been working with phos-
phorescent substances. She asked if anyone could explain, in his/her own
words, Becquerel's experiment involving the detection of radiation with a
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photographic plate. (This experiment was described in Becquerel's own
words in the workbook.) Sally responded with a clear answcr Sandra
elaborated about why the experiment worked. Sally asked for further
clarification and Sandra obliged, trying to get across to the class how
Becquerel controlled for possible chemical or light effects to the photo-
graphic plate. Sally then n_stated the information apparently to check her
understanding of it.

Margaret's classroom interactions were less public than Sally's be-
cause she didn't volunteer answers or ask questions during whole-class
activities. She did participate in a whole-class experiment measuring
radiation in a passive and non-threatening way (in the sense that her
performance was unlikely to be judged). Margaret sometimes raised her
hand to ask Sandra for help, but she didn't leave her seat to go to Sandra.
The following excerpt from a transcript of a lesson on energy changes
during Nuclear Energy illustrates Margaret's interactions with Sandra and
the other students in her group.

186

Sandra: Now, Margaret, are you okay?
Margaret: No.
Sandra: What kind of energy will this have here (points), Margaret?

!Sandra is interrupted by another student for ten seconds.]
Sandra: When it's like this, what is it? What kind?
Andy: Potential.
Sandra: Good. Why?
Andy: It's not moving.
Sandra: It's not moving out it's going to be able to move so it's

stored ready to produce ...?
Andy: Stored. It's potential then it's kinetic.
Margaret: What about the battery and the light globe?
Sandra: What's in this one? What type of energy is in the battery to

start with?
Narelle: Chemical.
Sandra: Good. Yeah. How do you know Narelie?
Narelle: I dunno!
Sandra: You just thought about it?
Narelle: I just guessed it!
Sandra: Good. A battery's got, you know, your zinc electrodes and

your carbon and aii the rest of it. So, initially you've got chemical
energy stored in there. When you connect your circuit ...?

Narelle: You get light.
Sandra: Your final energy in this one?
Margaret: You get light.
Santha: What's the energy in the middle to light the light?
Andy: Electricity.
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Sandra: Right! So when you do your transformations you've got
them. Good kids

It was Margaret who initiated the interaction in this discussion and who,
when the first energy change was sorted out, asked about the next
example. But she allowed her classmates to answer all of the questions,
with her only response being to echo Narelle's answer 'you get light'.

Both Margaret and Sally seem to be task-involved. Sally's efforts
always were directed at obtaining mastery of the content; she did not
mind asking questions for clarification, even in public. She perceived
herself as able, interested and hardworking, and her behaviour and results
were consistent with those perceptions. Her perception that Nuclear
Energy was difficult (see Table 6.3) could simply reflect her determina-
tion to master the content. Margaret, too, maintained a positive attitude
to woik and, although she didn't offer ideas publicly, she asked for help
when she needed it. However, in direct contrast to Sally, Margaret
perceived herself to have low ability in science. Sandra commented sever-
al times during interviews that Margaret lacked self-confidence and did
not feel capable at science. It is particularly interesting to note that both
Sally and Margaret were found to be at the formal operational level when
tested on the Separation of Variables Piagetian Task (see Chapter 5) and
to ponder how Margaret's self-perception of low ability originated. In a
response to a questionnaire item asking students' opinions about copy-
ing other students' work and about learning by doing your own work,
Margaret responded:

You won't learn anything by copying someone else's work. If
you don't do things for yourself in school, then how are you
going to cope in the workforce? You learn things by concentrat-
ing, trying hard and devoting yourself.

Margaret's behaviour gave no indication of avoidance of work or
effort, but she saw her main interests and future career as not including
science. (She answered a question about the importance of science in a
career and in every day life with `?') So, she didn't value highly the
achievement outcomes. Further, her perceived lack of ability might have
led her to believe that she was capable of only moderate marks and thus,
like Sally, she was producing the work of which she believed she was
capable. Research indicates, however, that students with low perceived
ability are more likely to be extrinsically rather than intrinsically I 3ti-
vated (Meece and Blumenfeld, 1987). There is no evidence to s.,ggest
that Margaret was intrinsically interested in science as Sally seemed to
be. Rather, she worked steadily :nd cooperatively in class, involving
herself sufficiently to obtain passing grades in her class work and tests.
It is possible to attribute Margaret's lack of public involvement to a
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fear of being judged unravourably: her participation was always in non-
threatening low-risk situations and she spoke to Sandra on a one-to-
one basis, content to listen to her table-mates discuss the work. Sandra
created a classroom atmosphere which was non-threatening, taking care
not to embarrass students not to make public her evaluations of their
performance. It is possible that, had she been in another class in which
teacher-student interactions and evaluations were much more public,
Margaret's self-concept and affect about science could have become even
less positive, perhaps to the extent that they would intrfere with her
learning.

Greg and Jeffrey

Greg and Jeffrey were both in die cluster with the highest levels of
off-task behaviour in Peter's class. Table 6.3 displays these high levels of
time off-task, together with the affective and achievement scores for these
boys. Greg's scores suggest that he didn't enjoy science and consk. :ed
himself neither to be very able, nor to work very hard. Jeffrey had more
positive attitudes, particularly for the Vertebrates topic. Both students
had grades for their class work which were below average for the class
but, whilst Greg's achievement was well below the average, Jeffrey's
achievement marks were above the average and he received one of the
highest marks in the class for the test on the Nuclear Energy topic.
Because both students were tested to be at the fully formal operational
level on the Senaration of Variables task and, because the cognitive level
of the work was low (see Chapter 5 of this Volume), both should have
been capable of success. Both Greg and Jeffrey intended to proceed to
grade 11, but the only science which Greg planned to do was Human
Biology because, as he explained in response to a questionnaire item:
'You have to have a science subject to get into university. I don't like
science'. Jeffrey planned to take both Physics ('because I need it to get the
job I want') and Chemistry ('because it interests me').

Greg and Jeffrey were two of the most visible students in the class.
Both sat in the front row, Greg on the left side between Craig and Joanna
with whom he interacted socially. Jenny, who sat on the other side of
Jomna, often found this social activity annoying and was heard to com-
plain on several occasions. Jeffrey sat at the far right of the front row,
next to Steven. Steven was the quietest boy in the class and, had he not
consistently ignored Jeffrey's frequent attempts to engage him in con-
versation, Jeffrey's level of off-task social behaviour would have been
much higher. Jeffrey and Greg also were visible because of their promin-
ence in whole-class interaction. Jeffrey asked and responded to more
questions than any othei student during the observation period and, on
one occasion, Peter refused to take his answer, preferling to give another
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student a chance to speak. Both students also initiated interactions, by
asking questions, volunteering information or making comments.

Dwing class, Jeffrey and Greg usually were cheerful. Neither boy
seemed to be perturbed if his answers were wrong or if his comments
were not appreciated. Greg sometimes received kasint, desists from Peter
for moving to chat with Nicola in another part of the room and for
coming in fate. Despite his teasing, Peter seemed to be fond of Greg,
referring to him at various times in interviews as 'bright', 'a delightful
kid' and Just interested in rolling along and having good time'. When
asked if he thought Greg didn't take science seriously, Peter said 'No, not
at all ... it was more of a "don't hassle ine and I'll get there under my
own steam" sort of thing'. Peter's perceptions seemed to be congruent
with Greg's own views. In responsi to a questionnaire item asking what
he liked best about his science class, Greg wrote that: 'It's good fun
talking to Joanna, abus:ng Jenny and stuffing around with Craig'.

Greg's motivational orientations in the classroom seemed to be asso-
ciated with neither task-involvement nor ego-involvement. He did not
apply himself to the task and inspection of his class notes revealed some
errors, incompleteness and disorganization. His involvement seemed to
be extrinsically motivated. He did just enough work to scrape through
and thus keep out of serious trouble. This interpretation of his motiva-
tional orientation seems consistent with Greg's response to a question
asked during a discussion with some of the students in Peter's class at the
end of the Nuclear Energy topic. When Greg was asked what made him
work when he disliked a topic or thought it unimportant, he responded
that 'it means a good mark in the test, thus Mum's happy'.

Jeffrey's motivational orientation was different. He, too, enjoyed
classroom life. In response to the questionnaire item asking what he liked
best about his science class, he wrote 'the people in it and the teacher'.
Peter liked Jeffrey, calling him 'mate' and even on one occasion 'me old
mate, me old sparring partner'. This reflected sonre change in attitude by
Peter. Peter said in his final interview that he had regarded Jeffrey as the
class clown, who often spoke without thinking, but during the year his
feelings towards Jeffrey had changed and he felt that their personal
relationship had ended on a high note. Nevertheless, Peter did not con-
sider JefTrey to be particularly able, naming him among the bottom five
students in the class. Jeffrey's marks over the year were noz high for
written work, but his test marks were below the class average on only
one occasion. His class notes were brief but basically complete and,
although he didn't work hard in small-group activities, he always was
involved in whole-class interactive activities. His answers to Peter's ques-
tions were mostly right and his own questions often reflected thought on
different 'spects of the content under discussion. There is no evidence to
suggest that Jeffrey was involved for extrinsic reasons; rather his involve-
ment was intrinsically motivated. Further, his willingness to take risks in
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his overt classroom interactions indicate that he was not ego-involved. It
seems likely that, because Jeffrey found the work to be of low cognitive
level and to offer litn'ted challenge, he sought involvement in situations
which could be made challenging, such as discussion sessions.

Jeffrey's classroom strategy was different from that of Sally, who
also was task-motivated but whose behaviour was much more mastery-
oriented. Like Jeffrey, she always was willing to be involved in the
whole-class discussion which occurred in Sandra's class and asked many
questions of Sandra, but Sally seemed to find the topics more intrinsically
interesting than Jeffrey did, and found her challenge in understanding the
content of the workbooks as fully as possible. Had she been in Peter's
class, Sally's patterns of behaviour would probably have changed only to
reflect the different opportunities for whole-class and individual activities,
but she would have maintained very high levels of on-task behaviour.
Conversely, if Jeffrey had been in Sandra's class, his opportunities for
involvement in class discussion, and particularly the opportunities for the
tangential discussions that he seemed to find interesting, would have been
curtailed. The large amount of time which Sandra allowed for students to
complete the workbook activities probably would have left Jeffrey bored
and seeking challenge in off-task social activity.

Greg's rather care-free statement about his enjoyment of the social
aspects of science lessons suggests that, had he been in Sandra's class, he
would have continued to give his attention to social activity rather than to
learning. Peter kept Greg's social behaviour in reasonable check and,
given that the physical arrangement of desks made management more
difficult in Sandra's class, Greg's off-task activities might have been a
source of disrup.ion to other students had he been in Sandra's class.

Gavin and Waym.

Gavin and Wayne were two C.,,ys in Sandra's class. They had the highest
levels of time off-task of all students, with over 50 per cent of off-task
time during each topic. About three-quarters of this behaviour was de-
voted to social activity. Gavin and Wayne had similar patterns of attitudes
about science (see Table 6.3), which were among the least positive in the
class. Neither thought that the science topics were easy, but Wayne
perceived himself to be more able than did Gavin, whose self-perceptions
were among the lowest in the class. Wayne's tcst marks Were very low,
as were his marks for class work. Gavin's marks were better and his mark
on the Vertebrates topic test was above the class average. On the Separa-
tion of Variables Test (see Nordland's chapter in tins volume), Gavin was
rated at the formal level and Wayne was rated as transitional.

Gavin and Wayne did not interact often and Sandra said in interview
on several occasions that she kept them separate because they argued
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when together. She also kept Gavin separate from his friend Steve be-
cause they tended to be too noisy when together. Gavin sat with Bron-
wyn, Leanne and Melissa, and most of his social interactions were with
Bronwyn. Leanne and Melissa were also involved, but generally as re-
spondents rather than initiators. Sometimes when Sandra's back was
turned, Gavin would visit Steve, but mostly 'Le sat slouched over his table
doing little work. Gavin did not work conscientiously for more than a
few minutes at a time. One morning, about sixty minutes through a
100-minute lesson, Gavin asked Sandra if they could have a break. 'Not
go anywhere', he said, 'just have a break'. Sandra said no and Bronwyn
laughed and told him that he didn't need it. Up to that time, his efforts
had resulted in the writing of only one sentence. On another occasion,
when Bronwyn returned to her seat after taking a test which she had
missed through absence, she said to Gavin 'How come you're working
today?' Gavin replied that he was bored doing nothing. About half way
through the Nuclear Energy topic, Sandra began to check both Gavin's
and Wayne's work on a daily basis because they were so far behind in
their class work. Gavin decided to move on to the next table to work
with Craig and Paul and he stayed there until the end of the topic. Gavin
spent more tim. in active work and often sought help from Sandra and
,-onfirmation that he was on the right track. He had several conversations
with Sandra about the marks that he might get.

Gavin did not appear to be happy in class. He seemed not to enjoy
school and wanted to leave. Sandra said that his parents would not allow
Gavin ,o leave because they wanted him to continue on to grades 11 and
12. Gavin usually expended minimal effort and when he did do some
work in science, his motivation was clearly extrinsic. He was not in-
terested in science and did not consider it relevant. To the questionnaire
item asking how the science class could be improved, Gavin wrote: 'Do
more interesting subjects that will help us; learning about animals and
nuclear reactors are not relevant'. Gavin did not plan an academic career.
I+ was interested in the martial arts, and in interview he stated that he
would like to be ,.n instructor in martial arts and that he worked out for
about one and a half hours a day. He thought that it was more likely that
he would be a hairdresser and had applied to enter a course for that.
Gavin was an able student who was not interested in science. His only
reason for doing the work in science was to gain marks, and it seems
likely that these marks were pursued to satisfy the expectations of his
parents.

Sandra named both Gavin and Wayne as low achievers in her class,
as indeed they were, ,aying that both tended to underachieve. In Gavin's
case, she attributed underachievement to his desire to leave school and his
corresponding disinterest in science and other school subjects. In Wayne's
case, Sandra thought that his underachievement was because 'his social
requirements got the better of him'. in fact, the results of the Separation
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of Variables Test (see Chapter 5) suggested that Wayne was less able than
most :-,f the other students in his class. On his last report card (for the
Nuclear Energy topic), Sandra wrote: 'Wayne has yet to mature in his
efforts and attitudes and continues to give only a little time to strious
work. He must develop a greater responsibility if he is to achieve in grade
11'. The field observations of all of the research team provided con-
tinuous evidence of the accuracy of Sandra's remarks on Wayne's report
card.

Wayne was always noticeable in the classroom. Although Sandra
placed him alone at the bench along the back wall, he always joined Table
7 or 8 when there was a vacat.t seat. He initiated and engaged in social
interchanges with the students at these and other tables nearby or, when
Sandra's back was turned, he visited students elsewhere in the room.
When other students tried to ignore him, Wayne often did something to
gain their attmtion, such as emptying their pencil cases or drawing on
:heir pages. Wayne borrowed pens and rulers without permission and
argued about giving them back, and he disclaimed responsibility when
his actions resulted in darnagt to students' property. Not surprisingly,
many students found Wayne's actions annoying and, in a written re-
sponse to a question asking how they would like their classroom
changed, a number of students suggested getting rid of Wayne. Wayne
rarely was observed to be doing his own work and, when Sandra began
to check his work each day, he borrowed other students' work and
copied it, rather than doing his own. When Sandra came near, Wayne
pretended to be reading the workbook and covered the work he was
copying. These excerpts from field notes for one lesson illustrate Wayne's
tendency to copy other students' work. Sue was absent and Wayne was
sitting in her seat, next to Jody.

1.38m: Wayne is surreptitiously copying a page of work. He gives
the page back to Digby when Sandra comes to see Jody, and gets it
back when Sandra leaves.

1.52pm: Sandra visits Jody again. Wayne pretends to read. When
she goes, he calls Digby for more work to copy.

2.11pm: Class dismisses. Sandra checks some students' work [in-
cluding Wayne's]. She knows Wayne copied Digby's work, 'yet he
looked me straight in the eye', she says w me, 'and said it was his
own'.

Despite Wayne's disruptive behaviour (which seemed to be designed
to draw attention to himself), surprisingly he became white and looked
extremely nervous and self-conscious when he was asked to present
himself for interview with one of the researchers (for the Separation of
Variables Test). When this was mentioned to Sandra, she was not sur-
prised and said that, for all his bravado, she felt that Wayne had a
self-esteem problem. Field observations support this perception. Wayne
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was not as able as many in the class and he never volunteered to partici-
pate in class discussion. He rated himself as more able than his results
implied and, when marked work was returned to students, Wayne com-
pared his results to theirs, drawing attention loudly to his own low
marks. Wayne's motivational oricntations seem to be ego-involved and
his classroom behaviour seems best described as work-avoidant. Further,
he made sure that everyone knew that he was not giving any effort,
presumably in the belief that this meant that his real ability was not in
question.

The motivational orientations of both Gavin and Wayne were extrin-
sic. Their efforts to avoid work were enhanced by the environment in
Sandra's classroom, \khich placed the responsibility for learning on the
student. Unlike Sally, whose intrinsic mastery orientation enabled her to
work independently and at a high cognitive level, Gavin and Wayne both
gave up easily when they had difficulties. When Sandra began daily
checking of their work, in an effort to make them accountable for
working, both sought ways to minimize the cognitive effort involved.
Gavin did do most of his own work, but he referred frequently to his
peers or Sandra for guidance.

It is possible that Gavin and Wayne would have spent more time
on-task in Peter's class, partly because of his more public and forceful
style of management and partly because Peter spent time going through
the answers, a technique which lowered the cognitive level of class work
and also the effort required to complete the workbooks. Further, Peter's
consistent efforts to enhance students' interest and understanding by
relating the subject matter to out-of-school situations could have helped
both Gavin and Wayne to find more interest and relevance in science. If
more time was spent actually thinking about the science content, possibly
more would have been learned. However, it is probable that this learning
would have 1,2mained at a low cognitive level.

Summary

Students' patterns of participation were very different ir Peter's and
Sandra's clasrooms. In general terms, the opportunities for different
patterns of behaviour were determined by the teaching preferences and
management styles of the teacher. Whole-class exposition, whole-class
interaction and individual/group work modes were given roughly the
same amount of time in Peter's class. During whole-class sessions, he
introduced additional background information from his own experiences,
related the work to 'real world' situations aud set occasional 'problems'
for the students to solve. He believed that this approach helped students
to learn and understand the work. Peter paced the students through the
work with his emphasis on whole-class teaching and made sure that
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students kcpt up by checking thcir answers in class. Because the students
were seated in rows, the physical arrangement of the classroom assisted
effective scanning and Peter NA, as able to target potential misbehaviour and
use public, verbal desists to keep the class moving along.

In contrast, Sandra allocated three-quarters of class time to
individual/group work and used time at the beginning and end of each
lesson to provide information about the rate of progress through the
work which she considered appropriate. Sandra rarely gave answers to
the class as a whole; rather, she collected and marked work on a weekly
basis. Students were seated around tables and most used the opportunities
for group work to engage in social activity. This physical arrangement of
the class hindered effective scanning and Sandra's use of proximity and
quiet verbal desists did not enable ripple effects to occur. The result was a
higher average level of off-task behaviovr in Sandra's clas than in Peter's.
In both classes, there were limited opportunities for higher-level learning
to occur. The low cognitive level of the tasks in the workbooks and the
available texts did not offer cognitive challenge to most of the students.
Further, because the topic tests were designed to measure mainly lower-
level learning outcomes (see Nord land's chapter), students were able to
pass the tests without demonstrating any higher-level learning. Thus,
these students of above average abiLty were able to spend considerable
time in off-task behaviour without suffering the penalty of failure on the
test.

Within each class, different students had different but personally
consistent patterns of behaviour. Several quantitative measures were
obtained of students' attitudes to science and perceptions about their own
ability and work attitude to science. Correlations between the affective
and achievement variables and an observational measure of the percentage
of time-on-task were generally positive but not consistently strong. Stu-
dents' attitudes seem to be fallible predictors of engagement in an on-task
or off-task sense, and time-on-task is an inconsistent predictor of achieve-
ment. A more complete understanding of each student's classroom parti-
cipation and why time-on-task is not more highly correlated with
achievement can be obtained by considering the quantitative data in
conjunction with the qualitative data derived from interviews and field
notes.

Cluster analysis was used to place students from each class into four
groups which had similar patterns of engagement and off-task acti. ities.
Field observations had shown that, within each of these clusters, s )me
students with very similar patterns of engagement in a quantitative sense
appeared, in a qualitative sense, to have different patterns in the nature of',
and reasons for, their participation. To illustrate these differences, the
patterns of participation for several students were descril, as case studies
and, using data from both quantitative and qualitative sources, an attempt
was made to interpret the nature of their participation in class.
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Sally and Margaret were students in Sandra's class who had similarly
high levels of on-task behaviour but, whereas Sally had very positive
attitudes and high achievement, Margaret had lower perceptions of her
ability and achievement. Both students were able, in the sense that they
were capable of reasoning at the formal level, and it was suggested that
the differences in their participation and performance were attributable to
their motivational orientations. Sally and Margaret seemed to be task-
involved but, whilst Sally was mastery-oriented and actively involved in
whole-class activity, Margaret did not engage in public interactions and
seemed not to value mastery outcomes as much as Sally. Sandra's instruc-
tional style seemed to suit both Sally and Margaret, as each was able to
obtain the kind of assistance tl-iy needed from her. In Sally's case, this
enabled her to obtain mastery of the work at a high cognitive level,
which in fact was higher than was demanded by either the workbooks or
the achievement tests. Margaret was able to complete her work in a quiet
non-threatening situation, at a level adequate to pass and commensurate
with her personal expectations. Her interactions with Sandra assisted her
to find answers to the required questions without necessarily achieving
complete understanding.

The case study comparisons among Greg, Jeffrey, Gavin and Wayne,
four boys with high levels of off-task behaviour, si,ggest different moti-
vational orientations. With the possible exception of Wayne, all were
capable of mastering the work which was of low cognitive level. Jeffrey's
attitudes were the most positive , nd, although he appeared to be task-
oriented, he seemed to find little challenge in the class work. Greg, Gavin
and Wayne had similar patterns of attitudes and achievement, but quite a
different presence in the classroom. Figuratively, Peter kept a firm hand
on Greg and Jeffrey, so their tendency for social activity was not widely
disruptive. Gavin's and Wayne's social activities were not kept well in
check by Sandra, and so they were more disruptive (particularly
Wayne's). Both Greg and Gavin seemed to be extrinsically motivated.
Neither liked science but, because he planned to go on with his school-
ing, Greg was happy to do enough work to get by and avoid any trouble
caused by failure. Gavin wanted to leave school and needed much more
direction to get his work done. He avoided work until he had to do it to
be sure of passing the course at a reasonable level. Wayne's work avoi-
dance was more likely to be related to ego-involvement than simple
dislike of the subject. He sought attention almost continuously and he
actively avoided work and effort by copying the products of other class
members.

It is emphasized that the interpretations of the students' behaviour
and the inferences made about their motivational orientations are specula-
tive. Nevertheless, the outcomes of this study highlight the role of the
student in determining his or her own level of learning. The results help
to explain why low and variable correlations are found between student
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attitudes and achievement, and suggests reasons why attitudes and
achievement are not more closely related to time-on-task. The relation-
ships among these variables are comple.. and are intricately bound up
both with students' motivational goals and with the strategies they use to
achieve them. Within zny one classroom, not all students are suited by
the teacher's choice of instructional and managerial techniques (Good and
Power, 1976). In individualized classrooms sucl- as those observed in the
study, there was sccpe for the teacher to offer a variety of insquctional
tasks, yet there were still some students who apparently failed to achieve
at the level at which they were capable. Part of the reason for this was the
lack of opportunity for the students to engage in higher-level thinking
because of the low cognitive level of the resource materials. In the case of
some students, it appeared that their motivational goals did not involve
learning but were directed towards minimizing effort. It could be that
teachers need to become more skilled in recognizing students' patterns of
interactions and engagement and react to them in ways which challenge
students to learn at higher cognitive levels. The observations in this study
suggest that, to do this, teachers must be able to recognize and have the
ability to adjust the cognitive level of the learning tasks.
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Chapter 7: Students' Perceptions of Their
Classroom Environments

Barry J. Fraser

In previous chapters, the curriculum as implemented in Sandra's and
Peter's classrooms has been described from the perspectives of four mem-
bers of the research team. But how do students perceive the learning
environment and how do their perceptions compare with those of the
research team? Because it is the cognitions of students that influence what
and how they learn, we regarded student perceptions of the learning
environment as essential in building an understanding of the opportuni-
ties for learning provided in each of the classrooms.

It was noted in earlier chapters that this study's primary data base
was qualitative, consisting of direct observations of classrooms and inter-
views with teachers and students, and that an interpretive research
methodology was used by the researchers. But, a distinctive feature of the
methodology of the research reported in the present chapter is that, in
addition to this qualitative information, quantitative data were obtained
by administering questionnaires assessing students' perceptions of their
classroom learning environments. Not only did the use of classroom
environment instruments provide anothL- important source of students'
views of their classrooms, but a combination of qualitative and quantit--
five data led to greater confidence in our findings and to richer insights
into classroom life than would have been possible using either data source
alone.

The purposes of this chapter are to describe how classroom environ-
ment instruments were used in this study, to report some of the findings
which emerged, and to illustrate how the quantitative data based on
questionnaire responses were integrated with the qualitative data collected
via ethnographic techniques to enhance the credibility and richness of our
results.
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Background and Method

Combining Qualitative and Quantitative Methods

For a number of years now, workers in various areas of educational
research, especially the field of educational evaluation, have claimed that
there are merits in moving beyond the customary practice of choosing
either qualitative or quantitative methods and instead combming quali-
tative and quantitative methods wielin the same study (Cook and
Reichardt, 1979; Firestone, 1987; Fry, Chantavanich and Chantavanich,
1981; Howe, 1988; Smith and Fraser, 1980). For example, in their article
entitled Beyond Qualitative Versus Quantitative Methods, Reichardt and
Cook (1979) make the following sensible comments:

We have also seen that a researcher need not adhere blindly to one
of the polar-extreme paradigms that have been labelled 'qualita-
tive' and 'quantitative' but can freely choose a mix of attributes
from both paradigms so as to best fit the demands of the research
problem at hand. There would seem to be, then, no reason to
choose between qualitative and quantitative methods either. Eva-
luators would be wise to use whatever methods are best suited to
their research needs, regardless of the methods' traditional affilia-
tions. If that should call for a combination of qualitative and
quantitative methods, then so be it. (p. 19)

Similarly, in a book from the Stanford Evaluation Consortium, Cron-
bach and his colleagues advocate that the large majority of evaluations
should include both quantitative and qualitative methods at appropriate
times and in appropriate amounts. 'Those who advocate an evaluation
plan devoid of one kind of information or the other carry the burden of
justifying such exclusion' (Cronbach et al., 1980, p. 223).

In the relatively new and rapidly growing field of classroom learning
environments, studies involving qualitative methods have provided rich
insights into classroom life (Rutter et al., 1979; Stake and Easley, 1978) and
the use of quantitative methods has generated several widely-applicable
questionnaires which have been used to replicate certain lines of research
with large samples in a variety of countries (Fraser, 1986a, 1986c, 1989c;
Moos and Trickett, 1(;87). To date, however, classroom environment
research involving both qualitative and quantitative methods within the
same study has been the exception rather than the rule (Fraser and Tobin,
1989). This chapter illustrates the fruitfulness of a confluence of qualita-
tive and quantitative research traditions in classroom environment re-
search through its reporting of our investigation at Southside High. It is
hoped that this chapter will stimulate and guide othcr researchers to seek
a richer understanding of classroom learning environments through com-
plementing quantitative scores on classroom environment scales with a
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substantial base of qualitative descriptive data obtained using ethno-
graphic techniques.

The pot( ntial of combining qualitative and quantitative technique
was well illu crated recently in a study of exemplary teaching of science
and matheniatics (Tobin and Fraser, 1987). One of the study's major
findings that emerged both from classroom observations and from the
administration of classroom environment questionnaires to students was
that exemplary teachers created more favourable learning environments
than did non-exemplary teachers. These findings were especially note-
worthy because they validated the judgements of teaching peers who
nominated their colleagues as exemplary; that is, the classes of teachers
idem:fied as exemplary by their teaching peers also could be differentiated
from non-exemplary teichers' classes in terms of students' perceptions of
classroom psychosocial environment.

The Field of Classroom Environment

Approximately two decades ago, Herbert Walberg and Rudolf Moos
began seminal independent programs of research which form the starting
points for contemporary classroom environment research. Around that
time, Walberg began developing earlier versions of the widely used
Learning Environment Inventory (LEI) as part of the research and evalua-
tion activities of Harvard Project Physics (see Anderson and Walberg,
1968; Walberg and Anderson, 1968). Two decades ago also marks the
time when Moos began developing the first of his world-renowned social
climate scales. including those for usc in psychiatric hospitals (Moos and
Houts, 1968) and corfectional institutions (Moos, 1968), which ultimately
resulted in the development of the widely known Classroom Enviromnent
Scale (CES) (Moos and Trickett, 1974, 1987).

The way that the important pioneering work of Walberg and Moos
on perceptions of classroom enviromnent developed into major research
programs and spawned a lot of other research is reflected in nurneious
comprehensive literature overviews. These include books (Fraser, 1986a;
Fraser and Walberg, in press; Moos, 1979; van der Sijde and van de Grift,
in press; Walberg, 1979); monographs (Fraser, 1981b, 1989b; Fraser and
Fisher, 1983a), a guest-edited journal issue (Fraser, 1980), an annotated
bibliography (Moos and Spinrad, 1984), several state-of-the-art literature
reviews (Anderson and Walberg, 1974; Chavez, 1984; Fraser, 1986b,
1987b, 1989c; Randhawa and Fu, 1973; Walberg, 1976; Walberg and
Haertel, 1980), including special purpose reviews with an emphasis on
classroom environment work in science education (Fraser and Walberg,
1981), in Australia (Fraser, 1981a), and in Germany (Dreesman, 1982,
Wolf, 1983). As well, the American Educational Research Association
established a Special Interest Group (SIG) on the Study of Learning
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Environments in 1984 and this group sponsors an annual monograph
(e.g., Fraser, 1986c, 1987a. 1988).

This classroom environment research builds upon and has been in-
fluenced by two areas of earlier work. First, the influence of the momen-
tous theoretical, conceptual and measurement foundations laid half a
century ago by pioneers hke Lewin (1936) and Murray (1938) and their
followers such as Pace and Stern (1958) is recognized. Second, Chavez
(1984) observes that research involving assessments of perceptions of
classroom environment epitomized in the work of Walberg and Moos
also was influenced by prior work involving low inference, direct obser-
vational methods of measuring classroom climate. Although recent class-
room environment work clearly has some historical antecedents in the
work of Lewin, Murray and others, earlier writings neither focus sharply
on educational settings nor provide empirical evidence to support link-
ages between climate and educational outcomes. Moreover, the epic
work of Pace and Stern (1958), although involving high inference
measures of educational environments, focused on higher education
institutions rather than high/elementary schools and assessed the en-
vironment of the whole college rather than the environment of specific
classrooms.

Research on classroom environment has produced a rich yield in just
20 years. Consistent and strong associations have been established be-
tween the nature of the classroom environment and student cognmve and
attitudinal outcomes (Fraser and Fisher, 1982; Haertel, Walberg and
Haertel, 1981), and these findings have practical implications about
how to improve student learning by creating classroom environments
which emphasize dimensions found to be empirically linked with learning.
Person-environment fit studies (Fraser and Fisher, 1983b, 1983c) have
shown that studcnt achievement and satisfaction are greater in classrooms
in which there is a closer match between the actual classroom environ-
ment and that preferred by students. The use of classroom environment
measures as dependent variables in evaluations of educational curricula
and innovations has revealed interesting differences between educational
alternatives when standard achievement criteria have shown no differ-
ences (Fraser, 1981b; Fraser, Williamson and Tobin, 1987; Levin, 1980).
Comparisons of students' and teachers' perceptions of actual and prefer-
red environments suggest that teachers commonly hold more favourable
views than do their students in the same classrooms, and that the actual
environment of most class,n falls short of that preferred by students and
teachers (Fraser, 1982; Fisher and Fraser, 1983). In addition to these and
other research applications, it is important to note that teachers have
successfully used student perceptions of actual and preferred classroom
environments as a prictical basis for improving their classrooms (Fraser,
1981c; Fraser add Fisher, 1986).
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Assessnwnt of Classroom avironnwnt

In this study of higher-level cognitive learning, use was made of sekcted
scales from the Individualised Classroom Envirounwnt Qutstionnaire (ICEQ)
(Fraser, 1989a) and the Classroom Environment ,Scale (CES) (Moos and
Trickett, 1987). In fact, an important feature of the design of the present
study was that these classroom environment dimensions were selected
qfter a certain amount of field work had been done and, consequently,
only dimensions considered to be salient for this research were selected
for inclusion. The dinwnsions were chosen after discussion among the
researchers during team meetings.

The ICEQ was developed to assess those dimensions which distin-
guish individualized classrooms from conventional ones. ICEQ scales each
contain ten items with the five response alternatives of Almost Never,
Seldom, Sometimes, Often and Very Often. The published version of the
CES consists of nine scales, each assessed by ten items of True-False
response format. As well as having an actual form, both the ICEQ and
the CES have a preferred form to assess the environment ideally liked or
preferred.

For the purposes of the present study, the four scales selected as
salient were Personalization and Participation from the ICEQ and Order and
Orsanization and Task Orientation from rhe CES. Students responded to
both the actual and preferred forms of each scale and also answered the
questionnaires on tw) occasions, once during the teaching of Vertebrates
and again during the teaching of Nuclear Energy. Also, for the two scales
from the CES, the original two-point (True, False) response format was
changed to the szme five-point response format as the ICEQ (Almost
Never, Seldom, Sometimes, Often, Very Often). Although the item
wording is almost identical in actual and preferred forms, words such as
'would' are included in the preferred form to remind respondents that
they are rating preferred environment. For example, the statement 'This
is a well-organized class' in the actual form of the Order and Organiza-
tion scale would be changed in the preferred form to 'This would be a
well-organized class'.

Table 7.1 clarifies the meaning of each of the four scales by provid-
ing a scale description and sample item for each scale. Also Table 7.1
provides data on the internal consistency reliability (alpha coefficient) for
each scale. Data are based on use of the class mean as the unit of analysis
for 150 junior high school classes for the ICEQ and for 116 junior high
school classes for the CES (see Fraser, 1986a). Reliability estimates arc
shown separately for the actual and preferred forms. However, reliability
data for the two CES scales were obtained using its original two-point
item respoiv _ format razhci dun the five-point response format used in
the present research.
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Table 7 l Scale description, sample item and alpha reliability coefficient for four
classroom environment scales

Scale Scale Description

Personalization Emphasis on opportunities
for individual students
to interact with the
teacher and on concern
for the personal welfare
and social growth of the
individual

Participation Extent to which students
are encoei aged to
participate rather than be
passive listeners

Order and Emphasis on students
Organization behaving in an orderly,

quiet and polite manner
and on the overall
organization of classroom
activities

Task Orientation Extent to wh,uh it is
important to complete
activities planned and to
stay on the subject matter

Sample Item

Alpha
Reliability

Actual Pref

The teacher takes a
personal interest in
each student. (1-)

The teacher lectures
without students
ask;ng or answering
questions (-)
P is a well-
organized class, ()

This class is more a
social hour than a
place to learn
something. (-)

0.90 0.86

0.80 0 75

0 90 0 86

0 72 0.65

ltvrns designated 1+1 were scored 1, 2, 3, 4 and 5, respectively, tor the responses Almost
Never, Seldom, Sometimes. Often and Very Often Items designated () were scored in the
reverse manner Omitted or invalid responses were scored 3

Class reliability data are based on 150 classes for Personalization and Participation and on 116
classes for Order and Organization and Task Orientation

Findings

The findings emerging from the use of classroom environment question-
naires are organized as assertions in three sections which deal with (1)
differences between student, teacher and researcher perceptions; (2) differ-
ences between the two classrooms in terms of average student percep-
tions; and (3) differences bccween the perceptions of individual students in
the same classroom.

20i

Differences Between Student, Teacher and Researcher Perceptions

Assertion 1: Students, teachers and researchers differed in their
perceptions of classroom environment.
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Figure 7 1. Researchers actual, student actual, reacher actual and student
preferred classroom environment profiles for Peter forVertebrates topic

Because the t-, o teachers and four of ..e researchers also responded to the
same classroom environment scales, it is possible to compare the percep-
tions of the same actual classroom environment held by students, teachers
and researchers. Figure 7.1 shows for Peter proffles of mean scores for his
31 students, of mean scores for four of the researchers and of the scores
obtained by Peter. Similar patterns of findings occurred for Sandra's
class, but these are not reported here.

The profiles in Figure 7.1 show two clear patterns. First, with the
exceptior of the Task Orientation scale, the teache: viewed the classroom
environment more positively than did the students in the same classroom;
this finding replicates past research in science classrooms in which
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teachers consistently viewed classroom climates more favourably than did
students in the same classrooms (Fisher and Fraser, 1983).

Second, the group of researchers perceived the classroom environ-
ment much less favourably on all scales than did either the teacher or the
students. These marked differences between the responses of the resear-
chers and both teachers and students are interesting and could reflect the
researchers' distinctive focus in the classroom during the study. That is,
the researchers were present in the classroom expressly for the purpose of
obser ing aspects of teaching, including those assessed with the class-
room environment instrument. In contrast, because both teachers and
students are busy with many things, they are not attending to and
conscioasly monitoring the classroom environment in the same way in
which researchers are able to do. Moreover, group meetim- provided
rest-iichs with a regular forum for the discussion of classroom environ-
m. and enabled them to reach a degree of consensus about what the
groz..? as a whole perceived to be the strengths and/or weaknesses in
Peter's and Sandra's teaching. In particular, because the researchers chose
the dimensions to be included in the classroom environment question-
naire after the study had been in progress for sonic time, it is not
surprising that the group of researchers held some strong views about
each teacher's strengths and weaknesses in terms of the dimensions of
classroom environment assessed in the study.

Figure 7.1 also depicts the profile of student mean scores for Peter's
class on the preferred form of the four classroom environment scales.
Clearly, students would prefer somewhat more emphasis on all four
dimensions of Personalization, Participation, Order and Organization and
Task Orientation than the emphasis perceived to be actually present.
Again, this finding that actual classroom environments fell short of those
preferred by students replicates results from past research (Fisher and
Fraser, 1983).

Differences Between the Two Classrooms in Temis of
Average Student Perceptions

Assertion 2: The average learning environment perceived by
students in each classroom was related to teachers' knowledge
and beliefs.

Figure 7.2 depicts profiles of mean actual classroom environment scores
obtained by averaging the individual scale scores of the thirty-one stu-
dents in Peter's class and the thirty-one students in Sandra's class present
at the time when the questionnaires were administered. These profiles
have been constructed separately for the responses given by students
during t' ,.: Vertebrates and the Nuclear Energy topics. This figure clearly
shows that, despite the existence of some small but systematic changes in
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Figure 7 2. Classroom environment profiles for two teachers for two topics

classroom environment between the two topics, overall there is remark-
able consistency between the shapes of each teacher's profile for the two
different topics. The two greatest student-perceivcd differences between
the teachers for both topics were that, relative to Peter's class, Sandra's
class was characterized by considerably more Personalization and less
Order and Organization. Moreover, two-way analyses of variance with
class and gender as independent variables revealed that differences were
significant at the 0.01 level of confidence for Personalization and Order
and Organization for both topics. All other differences were not signi-
ficant, with the exception that Sandra's class was seen as having signi-
ficantly more Task Orientation than Peter's class had for the Nuclear
Energy topic.

Students' perceptions of the learning environment within each class
are consistent with the observers' field records of the patterns of learning
activities and engagement in each classroom. In Chapter 6, Rennie analy-
ses the use of class time and clearly demonstrates important differences
between Sandra's and Peter's classes. Whereas Sandra devoted 75 per cent
of class time to interacting with students involved in individualized or
group activities, Peter used sonie type of whole-class, teacher-controlled
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activities (for example, whole-class demonstrations, question and answer
sessions, explanations of concepts using the chalkboard) for half of the
class time during both topics. The higI level of Personalization perceived
in Sandra's classroom (see Figure 7.2) matches the large proportion of
time which she spent in small-group activities 'luting which she constant-
ly was moving about the classroom interacting with students. Further,
when Sandra offered desists, they were often private and she was never
heard to use sarcasm or personal criticism in her interactions with stu-
dents. It is significant that, of the twenty-seven students of Sandra's class
intending to return to school the following year, twenty-four of them
expressed the wish to have Sandra as their science teacher again. The
lower level of Personalization perceived in Peter's class is associated partly
with the larger amount of time spent in the whole-class mode and the
generally public nature or Peter's interactions with students. He spent
much less time thlr Sandra did in dealing with students in quiet, small-
group situations.

The second significant difference between the learning environments
was the lower level of Order and Organization in Sandra's class com-
pared to Peter's class. Sandra's class was observed to be noisier than
Peter's was and the high levels of off-task behaviour, most of which was
social, are consistent with the students' perceptions of a less orderly class.
The physical arrangement of the classroom also contributed to the diffe-
rent levels of off-task behaviour in the two classes. In order to make it
easy for them to work together in groups, Sandra's students sat around in
tables formed by two desks. Unfortunately, this method of seatiLLE, mil.
only encoui aged social interaction, but also it hindered effective ,,,anning
of the class for management purposes. As a result, many students with
their backs to Sandra were able to carry on with their social agendas even
during her whole-class presentations. In contrast, Peter's classroom had
the desks in rows facing the front of the room, where Peter spent about
half of the lesson time using the whole-class instructional mode. This
seating arrangement facilitated management scanmng and Peter quickly
targeted potential noise-makers for effective public desists. As a result,
Peter's class was managed more effectively than Sandra's in terms of the
proportion of student-engaged time.

The differences in the classroom environments created by the two
teachers also can be considered in terms of the teaching metaphors
adopted. In Chapter 3, it was noted that Peter alternated between the two
teaching metaphors of the Entertainer and the Captain of the Ship,
whereas Sandra adopted the metaphor of the teacher as Resource. More-
over, our observations and interviews suggested that these metaphors
influenced the way in which Peter and Sandra taught.

For Personalization for Peter, for example, some students were con-
fused by being treated in a depersonalized way as crew during whole-
class activities (Captain of the Ship role), but treated in a very friendly
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way during individual activities (Entertainer role). Moreover, only some
students liked their personal interactions with Peter during individualized
activities because it was not uncommon for him to interact with boys in
a 'macho' way and w:th girls in a sexist way. Consequently, it is not
surprising that Peter's class on average perceived a relatively low level of
Personalization. Similarly, the very high level of Personalization per-
ceived in Sandra's class is also consistent with her metaphor of the teacher
as Resource. Her teaching approach almost exclusively involved indi-
vidualized work about 75 per cent of the time (see Chapter 6) and she
devoted great amounts of energy to moving around the class to give
students individual help.

The low Order and Organization perceived in Sandra's class is linked
with her commitment not to use whole-class teaching. Although she
appreciated that Order and Organization probably would have improved
in whole-class situations, her beliefs led her to concentrate on individual-
ized approaches. In particular, Sandra's time was monopolized by a group
of disruptive boys whom she tried to control through proximity desists
(that is, by moving physically close to these students). Of course, with so
much of her time devoted to these two groups, there was a natural
tendency for the other students in the class to be off-task and for the
average class level of perceived Order and Organization to be low. n
the other hand, Peter's management metaphor, especially his role as
Captain of the Ship, resulted in higher levels of perceived Order and
Organization than in Sandra's class.

The changes in each teacher's classroom environment between the
Vertebrates and Nuclear Energy topics, although relatively small, are
interesting and consistent (see Figure 7.2). For example, a higher mean
for student perceptions of Task Orientation in Sandra's class compared to
Peter's class during the Nuclear Energy topic is consistent with the
findings based on qualitative data.

It was noted previously in Chapter 3 that both Sandra and Peter
could be considered 'in field' during the Vertebrates topic. In contrast,
although the Nuclear 1:: nergy topic was less well related to the teachers'
main area of initial training, Sandra coped better with the content than
Peter did. Apparently Sandra's strong science preparation, combined with
her knowledge gained through years of careful lesson preparation, en-
abled her to exhibit a good grasp of the content of the Nuclear Energy
topic. In contrast, the researchers noted that Peter's classroom behaviour
reflected his relative uncertainty with the content of the Nuclear Energy
topic in that he used the workbooks more often and made more content
errors than he did for the Vertebrates topic. Moreover, Peter's apparent
knowledge limitations for the Nuclear Energy topic were associated with
a different approach to implementing the curriculum than the one that he
used during the teaching of Vertebrates. Generally, Peter taught in a less
confident and less expansive manner during the Nuclear Energy topic.
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Students were required to work from the workbook to a greater extent
than they did during the Vertebrates topic. Peter did not present informa-
tion in whole-class activities to the same extent, and he rearranged seating
so that students could interact more easily with him and each other.
Figure 7.2 shows a decrease in student perceptions of Task Orientation in
Peter's class from Vertebrates to Nuclear Energy. In contrast, Sandra
arrangcd the class the same way for both topics, and her knowledge and
confidence appeared high in both topics.

Furthermore, Sandra was interested and concerned about the feed-
back which she received on student perceptions of the learning environ-
ment during the Vertebrates topic, and she was determined to change her
classroom behaviour in ways which would lead to improvements in the
classroom environment. On the other hand, Peter dismissed the classroom
environment information for Vertebrates as irrelevant and, in all likeli-
hood, made no attempt to change his classroom behaviour. These
observations are clearly reflected in the profiles in Figure 7.2 which show
that Peter's classroom environment was less favourable for the second
topic than for the first topic on all dimensions except Order and Organ-
ization (for which differences were negligible), but that a small improve-
ment occurred between the two testing occasions for all environment
dimensions for Sandra's class.

Differences Between the Perceptions of Individual Students in the
Same Classroom

Assertion 3: Teacher expectations of and attitudes towards indi-
viduals were reflected in individual student perceptions of the
learning environment.

Whereas the class means of actual environment scores depicted in Figure
7.2 furnish a useful overall picture of classroom environment, they pro-
vide information neither about how an individual student perceives his or
her learning environment nor about a student's preferred environment.
Consequently, in this section, the learning environment profiles of some
individual students are discussed and integrated with other information
gathered using participant observation methods.

In Chapter 3, it was noted that Sandra was caring and interested as
she moved about the classroom assisting students. With few exceptions,
Sandra's projected images did not appear to influence learning in negative
ways. An examination of the learning environment data for individual
students indicated that only three students had relatively large discre-
pancies between the preferred and actual environment in the two topics.
Gain preferred greater Personalization in both topics, Jody preferred
greater Personalization in Vertebrates and Suzanne preferred greater Per-
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Figure 7 3 Classroom environment profiles for Jenny, Helen and Jeffrey for the
Vertebrates topic for Peter's class

sonalization in Nuclear Energy. For the remainder of the students, there
was surprisingly little difference between the preferred and actual class-
rcom environment in terms of Personalization.

The nature of Peter's interactions with individuals seemed to reflect
his preconceptions of them. From what he said and how he interacted
with students, it was evident that Peter favoured the more attractive
females in the class. Peter noted that he tended to interact with the
females in his class to a greater extent than with the males. He stated that
he preferred to interact with 'the most extroverted girls, those who knew
how to interact, were beautifully presented, had a beautiful smile, were
ready to interact and enjoyed interacting'.

In the case studies of individual students described below, different
student's actual environment scores are contrasted with each other and
compared with the class mean. Also, for some students, the contrast
between students' perceptions of the actual learning environment and
how they would prefer the environment to be is discussed in order to
provide insight into how comfortable students felt whet- working in their
classroom. When the quantitative scores on learning environment scales
are complemented by a substantial base of qualitative description from
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classroom observation, then a bettcr understanding of students' percep-
tions of the learning environment can result.

Jenny and Helen
Jenny and Helen were chosen for the first case study because Peter
interacted with them so differently, and because they were representative
of two clusters formed when a cluster analysis was performed using the
actual learning environment scores. Students within a given cluster had
relatively similar actual environment scores, but the different clusters
varied from each other in terms of the pattern of mean environment
scores.* Jenny is representative of a cluster with scores consistent across
the scales, whilst the scores of Helen's group were more variable. Their
scores on the learning environment actual and preferred scales as mea-
sured during the Vertebrates topic are graphed in Figure 7.3.

Jenny and Helen both achieved at a little above the class average and
both were involved in frequent interactions with Peter. They also enjoyed
their science class and the company of other students. In response to a
question about what she liked best about the science class, Jenny said that
'I like this science class because everybody is pleasant. Peter is friendly
and I understand what he says'. Helen's response was 'I like the way that
the kids get along together and can work and still have tim together'. The
last parts of these students' responses give a clue tc their classroom
behaviour. Jenny was nearly always on task. She paid close attention
during whole-class activities, often responding to Peter's questions. Her
class notes were complete, well presented and consistently graded 'A' by
Peter.

In most respects, Jenny was a model student. She was attractive and
personable and she clearly was a diligent student who enjoyed her work.
In an interview, Peter described Jenny as 'mature, confident, bright,
beautifully presented' and on another occasio.-1 as 'pretty close to being
one of the brighter kids in that class ... in the top ten if not the top five'.
Jenny and Peter seemed to get along well together, and jenny's enjoy-
ment of her class was reflccted in her scores on the learning envitonment
scales. She scored around _ty on each scale, and the differences between
her perceptions of the actual environment and her preferred environment
were negligible.

Helen did not work as well as Jenny in class. She was off-task for

For both the Vertebrates and the Nuclear Energy topic, four clusters emerged for
Peter's class and five for Sandra's class. Cluster membership was similar, but not
identical for the two topics Tim majoi advantage of havmg the cluster analysis results
was that they ?rovided a non-arbitrary way of selecting for detailed discussion
individual students who differe. from each other in salient ways m terms of their
patterns of classroom environment perceptions.
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about 20 per cent of the time, compared to Jenny's 10 per cent, and her
classwork was somewhat incomplete, with some parts done well and
others not. Her work for Vertebrates was graded 'C' but, for the Nuclear
Energy topic, Helen's mark improved to 'B'. When Peter returned stu-
dents' marked classwork for the Vertebrates topic, he called each stu-
dent's name, followed by a one-word or two-word comment. An excerpt
from field notes reads;

Louise excellent. Jeffrey quite good. Mandy very good.
Gavin no wmment. Sally and Rhonda excellent. Helen
Please don't write with pencil. Jenny Excellent. Andrea
quite good. Craig very good.

Peter's comments were heard by all class members and Helen appeared
embarrassed by his comments, which were quite different for her com-
pared with other students.

Peter considered Helen to bc 'good but lazy' and suggested that he
had fallen out of favour with her. As well, Helen was overweight and
Peter had told the researchers that his dislike of overweight people had
coloured his views about Helen. He also taught Helen's elder sister, who
evidently achieved well, and Peter thought that Helen felt that he had the
same expectations of her. In Peter's final interview, he remarked that 'she
didn't do much in the classroom to impress me ... one of the few
students about whom I didn't write a favourable report'. In fact, Helen
did seem to be able in that she performed at the fully formal level on the
Separation of Variables Piagetian Task adminisr-red by one of the re-
searchers, whilst Jenny was rated on the same t..sk at the concrete level
(see Nordland's chapter in this volume). Both attained similar test scores
for each topic Jenny scored 76 and 82 on the two topic tests, respec-
tively, and Helen scored 75 on each test.

Helen's perceptions of the classroom levels of Participation, Order
and Organization and Task Orientation were similar to Jenny's; it was
only on the Personalization scale that there is a marked difference. Com-
parison of these scores with those for Helen's preferred environment
accentuate this contrast with Jenny. Whereas the preferred-actual differ-
ence for Jenny was only two points on the Personalization scale, for
Helen it was as `large as seventeen points. This contrast is especially
interesting in view of the fact that, during the observation period, Helen
and Jenny had the same number of interactions with Peter. However,
about three quarters of Helen's interactions with Peter were in a small-
group situation, where Peter also usually interacted with Sue, Mary and
Peta, who were Helen's deskmates in the back row. Jenny sat in the front
row, at one side of the room, and about three quarters of Jenny's
interactions with Peter were in the whole-class mode. The other interac-
tions were with Peter in a one-to-one situation and they always seemed
friendly. Peter's interactions with Helen and her friends (particularly Sue)
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were generally good-hunioured, but Helen seemed not to find the same
degree of friendship from Peter that Jenny felt.

The contrast between Helen's and Jenny's perceptions of the degree
of Personalization in the classroom is best summed up in their own
words. To a questionnaire item asking 'How would you like your science
class to change?', Helen wrote: 'Peter to be more friendly and help us
with our work more.' Jenny's response to this question was. 'In no way. I
like my science classes very much. I hope tLy will be as enjoyable next
year.

Jeffrey
Jeffrey was also in Peter's class, but his classroom environment profile
provides a stark contrast to those of Jenny and Helen. Figure 7.3 shows
that Jeffrey belonged to a cluster of students whose classroom environ-
ment scores were substantially lower than the rest of the class on all of the
four scales.

Jeffrey was very visible in class. He asked more questions (18 per
cent of the class total) and responded to more questions (13 per cent) than
did her classmates. Jeffrey was a 'target' student in that he was someone
who dominated verbal interactions during whole-class settings (see Tobin
and Gallagher, 1987). He seemed to enjoy arguing with Peter about
answers to questions.

In Chapter 6 of this volume, Rennie describes Jeffrey as able but
bored. His achievement scores were average for Vertebrates and above
average for Nuclear Energy, and the researchers' measures indicated that
he was able to use formal operations to solve problems. Yet, Jeffrey was
off-task for 35 per cent of the time for the first topic and for 23 per cent
of the time during the second topic.

Despite Jeffrey's ability and his high level of participation during
question-and-answer sessions, Peter held a negative view of Jeffrey and
his ability (although this did improve somewhat towards the end of the
year). Peter felt that Jeffrey was overly confident and that he was attemp-
ting to impress his peers by being the 'class clown'. Peter's disapproval of
Jeffrey and his attempts to quash Jeffrey were evident in the relatively
large and harsh verbal desists. These public rebukes were audible to the
whole class and could have led to Jeffrey feeling put down.

The most striking feature of Jeffrey's classroom environment profile
is the :onsistently low scores on all scales for both topics. For example,
Jeffrey's scores for Vertebrates ranged from 1.0 standard deviations below
the class mean for Order and Organization to 2.0 standard deviations
below the mean for Task Orientation (see Figure 7.3). Those low scores
across the board are consistent with the view that Jeffrey was bored and
not liked by Peter. In particular, the especially low Personalization score
reflects the absence of a positive relationship between Peter and Jeffrey.
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Figure 7 4. Classroom environment profiles for Wayne and Janda for the
Vertebrates topic for Sandra's class

Wayne

Figure 7.4 depicts the classroom er vironment profiles obtained by two
students, Wayne and Jamla, in Sandra's class for the Vertebrates topic.
These two students were chose!) for discussion because cluster analysis
revealed that they were typical of two clusters of students with very
different profiles of classroom climate scores. Like Jeffrey (Peter's student
described above), Wayne is noteworthy because he also viewed the class-
room environment noticeably less positively than did the class as a whole.
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Although Wayne was found to be capable of formai reasoning, both
his test marks and class marks were very low. He displayed little interest
in science lessons and was off-task for very large amounts of time (63 per
cent during Vertebrates and 76 per cent during Nuclear Energy). In
particular, Wayne often left his seat for social reasons and engaged in
attention-seeking, uncooperative and socially unacceptable behaviour.
There often was friction between him and other students (especially
Steven and Gavin). Sandra was worried about Wayne, especially because
he came from a family whe-e the father often was away. Wayne's
behaviour consistently distracted Sandra from helping other students
because she frequently moved physically close to Wayne to curb his
behaviour.

Wayne's lack of motivation is reflected in his actual classroom en-
vironMent scores which are shown in Figure 7.4. On all four scales, his
scores are consistently low and well below the class mean. For example,
his scores ranged from a little less than one standard deviation below the
class mean for Personalization to approximately three standard deviations
below the mean for Order and Organization.

Interestingly, despite the fact that Wayne's classroom environment
scores were well below the class average, his actual-preferred discrepancy
scores were comparatively small (between one and three raw scores
points) for the three scales of Personalization, Participation and Task
Orientation. This finding suggests a certain degree of apathy on Wayne's
part in that, despite the fact that he viewed the classroom as having low
levels of these three classroom environment dimensions, he preferred the
levels to remain low for three of these four dimensions.

Janila
Figure 7.4 also shows the mean score obtained on the actual form of each
classroom environment scale for the Vertebrates topic by Janila, another
student in Sandra's class. In contrast to Wayne, Janila belonged to a
cluster of students whose classroom environment scores were consider-
ably higher than the class mean for Personalization and approximately
comparable to the class mean for each of the other three scales.

Janila, again in contrast to Wayne, was very task-oriented in that she
asked questions and interacted frequently with Sandra. In fact, Janila was
one of the 'target' students in Sandra's class and she occupied Sandra's
time by asking probing questions. She was seldom off-task (two per cent
during Vertebrates and sixteen per cent during Nuclear Energy) and her
marks were high for both tests and class work, although tests of Piagetian
tasks revealed that she had not reached the stage of formal reasoning.

Janila's classroom environment scores (see Figure 7.4) reflect her
positive attitude to learning science. For each dimension, her scores were
higher than Wayne's and either close to or above the class mean. Her
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Personalization score was especially high (over one standard deviation
above the class mean) and the discrepancy between actual and preferred
scores was as low as two raw score points for Personalization. These
results for the Personalization scale are consistent with the positive and
frequent interactions which she had with Sandra.

Discussion and Conclusions

The combination of the quantitative classroom environment data with the
qualitative observational data led to complimentary views of life in the
two classrooms studied in this research. The field observations of class-
room activities and the student engagement data build the same kind of
picture that students reported in their perceptions of their learning en-
vironment. For example, Sandra's emphasis on group work, the physical
arrangement of the classroom and her personal management techniques
resulted in a classroom which students perceived as personalized but
disorderly. Sandra's efforts to increase on-task behaviour during the
second topic seem to have been reflected in the more positive student
views of the environment, but the off-task behaviour increased. It is
doubtful that further improvements in the order and organization of
her classroom could have occurred unless Sandra changed the seating
arrangement to deter social interactions among the students. Because of
her belief that students learn best by working by themselves, Sandra was
reluctant to make this change to her classroom.

Despite the fact that Peter began the study with the claim that he was
open to feedback on his teaching, he did not welcome any interpretations
that suggested to him that changes were necessary. In contrast, Sandra
requested feedback and acted favourably towards results which sucrgested
a need to make changes. For example, when both teachers rece:ved
feedback from the researchers based on classroom environment results
from the Vertebrates topic, Sandra was determined to 'thange her class-
room behaviour in ways which would lead to improvements. On the
other hand, Peter dismissed thi., information as irrelevant and, so, he
made no apparent attempt to change his classroom behavior. In particu-
lar, Peter disbelieved the feedback suggesting that students perceived a
relatively low level of Personalization in his classroom because he felt that
his attempts to entertain the students through his singing, quips, etc.
would have been associated with high Personalization. Although Peter
was keen about covering the content and being entertaining, he did not
attempt to enhance classroom Personalization .s a way of aiding student
understanding of the content. Peter associated his effectiveness with the
amount of time that he put into his work and he did not relate what he
was doing to whether or not students were achieving the goals set for the
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course. Accordingly, Peter regarded extra-curricular activities, such as
conducting field trips and science fairs, as more important indicators of
his probable effectiveness as a teacher than the feedback which he received
(for example, student pc- cotions of the learning environment, gender
differences perceived by the research team or researchers' observations of
an emphasis on learning facts from the textbook).

From a methodolozical perspective, the inclusion of classroom en-
vironment questionnaires among a range of data-gathering techniques is
noteworthy for several re. sons. First, the complementarity of qualitative
observational data and quantitative classroom environment data added to
the richness of the data base. Second, the use of classroom environment
questionnaires provided an important source of students' views of their
classrooms. Third, through a triangulation of classroom climate and
other data, greater credibility could be placed on findings because patterns
emerged consistently from data ot -ained using a range of different data
collection methods.

Furthermore, because we selected the scales of the learning environ-
ment instrument specifically to be salient in this study, the data were
relevant to what was observed in both classes. Statistical analyses were
undertaken to provide insights into questions concerning what was hap-
pening in the two classes. The results of the analyses of learning environ-
ment data were used in conjunction with other data sources to suryort or
refute assertions. The case studies of Jenny and Helen indicated that,
when quantitative scores on learning environmen: scales are com-
plemented by a substantial base of qualitative descriptive information
from classroom observation, then a greater understanding of students'
perceptions of the learning environment can result. Overall, this study
attests to the potential usefulness in science education research of combin-
ing qualitative ethnographic information and quantitative classroom en-
vironment data within the same study.

Finally, student perc ptions of the learning environment data show
that student mind frames are influenced by teacher mind frame-, through
classroom practices. The data were important for two reasons. First, the
quantitative data enabled us to use statistical analyses to support assertions
based on our qualitative data. Second, the findings showed that teachers
dealt with students in a,1 inequitable way on the basis of beliefs that were
unsubstantiated. Consequently, different stur'ents perceived the learning
environment differently, not because they erred in their descriptions, but
because different learning environments did exist for different students
within the sante classroom. Researchers need to acknowledge these differ-
ences and develop new instruments to provide quantitative insights into
the extent and nature of the different learning t..:vironmerts. Qualitative
analyses should be used in conjunction witt these instruments to provide
salient insights into aspects of the envirotinent which are not captured
quantitatively.
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Chapter 8: Conclusion: Barriers to
Higher-level Cognitive Learning in Science

Kenneth Tobin Jane Butler Kahle and Barry J. Fraser

When this study commenced, we held the view that the major problems
in high school science education were associated with the extensive use of
whole-class activities. This opinion proved to be far from the actual case.
Although an over-rehance on whole-class activities certainly was a prob-
lem in earlier research (for cxample, Tobin and Gallagher, 1987), im-
plementing activities with a better balance between small-group and
individualized instruction is no guarantee of success. The variety of
factors which combine to produce a milieu in which learnn.g occurs
include: factors associated with teachers' metaphors for specific roles,
associated beliefs and knowledge of what and how to teach; the curricu-
lurn that is planned and implemented; characteristics of students; sex-role
stereotyping in the classroom and the culture; the physical milieu in
which learning is to occur; and expectations associated with tradition of
the school and what has been done in the past. The major findings from
our investigations of Sandra's and Peter's classes arP discussed below in
relation to an emerging theory of teaching, teacher change and implica-
tions for research in science education.

Teachers Make a Difference

In our study, Peter was able to manage student behaviour in a variety of
activity settings (As Captain of the Ship and as Entertainer), but he did not
have a sufficient repertoire of discipline-specific pedagogical knowledge
to facilitate learning during either the Vertebrates or the Nuclear Energy
topic. In contrast, Sandra appeared to have a strong background in
science and had developed the specific pedagogical knowledge needed to
manage the conceptual aspects of each topic. But, because she did iv
manage student behaviour effectively, students did not benefit from her
knowledge and her effectiveness as a facilitator of learning was question-
able. These findings highlight the importance of two aspects of manage-
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ment. If teachers are to be successful facilitators of learning, they must
manage both student behaviour and the cues required to initiate and
sustain the cognitive processes associated with learning. Discipline-
specific pedagogical knowledge and pedagogical knowledge together are
seen as crucial ingredients of successful teaching. Neither is sufficient
alone, and each is required if students are to attain the elusive goal of
higher-level cognitive outcomes in science.

Sandra

Despite the school's advocacy for higher-level cognitive learning, and
a preference of Sandra for doing and understanding science, she im-
plemented the curriculum in a manlier that emphasized coverage of
content and learning of terms and facts about science. Sandra's decision
to move about the class, distributing the teacher resource as evenly as
possible, placed greater emphasis on the use of print resources and learn-
ing from peers in informally constructed small groups. Even though
Sandra had the knowledge that would have enabled her to emphasize
learning with understanding, as well as strong beliefs that this was what
ought to be done, she implemented the curriculum in such a way that
students mostly focused on learning facts.

In many respects Sandra was an enigma. Sandra's determination to
follow her beliefs about learning were commendable. She believed that
students learned best with small-group and individualized activities; she
also believed that whole-class activities were ineffective as far as learning
was concerned. Although students did not engage in the manner in which
she intended, and although the curriculum was not really suited to stu-
dent aptitudes, Sandra persisted with a learning environment that, from
our viewpoint at least, clearly was dysfunctional. We wondered why
might Sandra continued to implement the curriculum in that manner?
One interpretation could be that she did not have the pedagogical knowl-
edge to do otherwise. Such an explanation is implausible. Sandra was an
experienced teacher who had tried many approaches to teaching during
her career. She harl determined what worked for her and what did not.
On that basis, she had formulated a set of jeliefs associated with facilitat-
ing learning. Her beliefs all were consistent with her metaphor of the
teacher as Resource. As her beliefs were formulated, she discarded others
that she found inapplicable to her context or which she believed to be no
longer true. It seems that this was the case with whole-class activities.
Sandra's experience had convinced her that her students did not learn to
the desired extent in whole-class activities. We prefer this explanation of
Sandra's approach to teaching the observed class to an explanation based
on knowledge limitations.

Sandra's reluctance to use whole-class activities to control manage-
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ment problems was understandable. But that was not the only option
open to her. Although students were placed in groups of four to six,
there was little evidence of cooperative learning. Students had nor
accepted roles associated with facilitating the learning of others. In
groups, most students completed activities independently or copied
from one another. This organizational arrangement caused problems
of socialization, but it neither led to the benefits of learning from other
students nor assisted Sandra in dealing with problems encountered by
students as they completed their tasks. However, some students worked
collaboratively most of the time. For example, Sally and Janina had a
close working relationship and, although they did socialize as they work-
ed, they appelred to be task oriented most of the time. But the fact of the
matter was that most students did not work cooperatively in groups and
disruptive behaviour was a major problem. Why did Sandra tolerate so
much disruptive behaviour? And why was she prepared to separate con-
stant offenders from their groups and place them with groups that were
functioning well? Steven's presence in a group with Natalie, Sally and
Janila simply added a source of distraction to a group that was operating
well without Steven. Was this the price that students had to pay for being
a member of her class?

How did Sandra's beliefs about important concerns such as manage-
ment and assessment affect her roles and effectiveness? Sandra's beliefs
(which she articulated in the repertory grid exercise and subsequent
discussions) were closely related to one another. Possibly she had
reflected on her beliefs and had modified them to form a set that was
internally consistent. The belief set suggested that Sandra assigned
greatest value to beliefs about facilitating learning. Consequently, her
beliefs about management were consistent with those associated with her
role as facilitator of learning.

Why didn't Sandra make changes to her management strategy when
it was evident that F. u d en t s were spending a great deal of time being
disruptive and dealing with their social agendas? It was apparent to
Sandra and to the research team that the manner in which students were
organized, and the way in which Sandra chose to interact with them, led
to many management difficulties. Yet students were able to complete
their activities and achieve reasonably well on the end-of-topie tests. The
evidence suggests that the tasks were too easy for most students and that
Sandra's expectations might have been too low. The fact of the matter
was that students could complete their activities (often at home) and
achieve at a satisfactory level, while socializing for more than half of the
allocated time.

Sandra's tendency .o circulate around the room at a rapid rate, using
proximity desists to yuieten off-task students and monitoring what stu-
dents were doing, minimized her effectiveness. The manigement of
learning tended to be left to the workbooks, ,vhicll focused on learning
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science facts. Little attention was given to constructing understandings
and interrelating new and old knowledge. Students had access to Sandra,
but ,the time usually was not quality time. Usually, there was only
sufficient time available for Sandra to answer a question, check the work
quickly and move on to the next group of students. In-depth discussions
between students or between teacher and students were rare. The im-
plemented curriculum focused on the activities in the workbooks.

Why did Sandra interact with students on an individual basis? Was it
possible for Sandra to deal with the needs of so many students? Because
of the way in which class was organized, she was unable to ascertain
whether or not students were on-task, she couldn't quell disruptive
behaviour before it got out of hand, and generally she was unable to
monitor the extent to which students understood the concepts on which
they were working. Sandra's beliefs about managing student learning led
to a situation in which she could not emphasize student learning with
understanding. Her beliefs about management appeared to mediate her
beliefs about what students should achieve in the course. It might be
argued that Sandra's strategy of managing student learning might have
worked if smaller class sizes were involved. However, the task of moni-
toring the understanding of even nineteen learners on an individual basis
would be demanding if the responsibility was left entirely to the teacher.
On the other hand, if students assumed some of the responsibility for
assisting one another to learn and for negotiating meaning through col-
laboration, Sandra could have assumed a more reflective role and focus on
the consensus arrived at in the groups. Further, whole-class discussions
could have been used to obtain a consensus of understanding for the class
based on the consensus of each of the groups. An alternative approach to
managing student learning would recognize students as resources for one
another and wol Id transfer responsibility foi learning to individuals and
groups of individuals.

Sandra's beliefs about the nature of science also were salient in
determining how she managed her class. Because, in large part, Sandra
viewed science as a process of creating knowledge, she felt that students
should experience science at first hand, preferably through elective activi-
ties. This view of science did not impact directly on the implemented
curriculum because of Sandra's decision to use the workbooks. She grud-
gingly used the workbooks while maintaining that there should be a
greater elective component and more laboratory work. Howe%er, her
way of grouping students for work did provide students with direct and
personal forms of engagement.

Why did Sandra feel that she should use the workbooks? Evidence
suggests that the two workbooks were inappropriate in many respects.
Gerry, the teacher who had been at the school since the beginning,
viewed the workbooks for both topics as below standard and Dennis, the
head of science, mainoined that he would not use either of them and that
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the staff should not feel compelled to use all, or any, of the workbooks.
Sandra maintained that she would have preferred to use curriculum
materials based on cards to communicate activities to students. She had
implemented successfully programs using that system before and prob-
2bly would use it again in the future. However, her beliefs about her role
as an administrator gave high priority to giving staff a voice in decisions
and abiding by majority decisions. In this case, she used the workbooks
because she felt that most staff wanted to use them in order to make it
possible for all teachers to use the same end-of-topic tests to assess
student learning. Thus, Sandra's views about what a good administrator
should do took precedence over her views about the nature of the curri-
culum. That decision had a direct, and possibly deleterious, effect on the
implemented curriculum.

However, Sandra did not always allow conventions or views of
colleagues to influence what she did in her classroom. For example,
although Sandra accepted the convention of students interacting with her
on a first name basis, she did not accept policies associated with restrict-
ing homework. In that case, she adopted her own standards, though
some of her colleagues such as Gerry were vocal critics of assigning
homework. Sandra's actions appeared to be the result of a complex set of
interactions between beliefs associated with her roles as a school adminis-
trator and as a facilitator of learning.

Peter

In Peter's class, the curriculum emphasized learning , : facts mainly be-
cause of the manner in which he endeavoured to communicate with
students. He represented his science knowledge in verbal form as lectures
which often were augmented with terms and sketches on a small chalk-
board. Peter perceived science to be a collection of facts and tended to
represent it in that manner to his class.

During this study, Peter h3d to teach five different classes in four
different content areas. Consequently, he bad four preparations ok. lost
days as well as five sets of students to assess. The task of teaching so
many different topics at the one time was too great for Peter. Those
responsible for assigning teacher workloads should give careful attention
to the knowledge required to teach the assigned courses. The assumption
that any teacher can teach any part of a general science course was not
supported by the results of this study. Peter did not nave the background
to teach without extensive planning in the Vertebrates and Nuclear Ener-
gy topics. However, there was insufficient time available to plan for the
two grade 10 general science classes which he taught. In addition, he had
three grade 11 and 12 classes for which he had to plan activities and assess
students. Beu ,se Peter regarded his grade 11 and 12 teaching as more
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important than teaching his two grade 10 classes, he gave priority to
planning for and assessing the grade 11 and 12 curriculum. If financial
constraints prevent a reduction in the number of classes taught by a
teacher, then it is important to consider reducing the number of different
types of courses being taught. For example, Peter might have been better
able to prepare for his teaching if he had taught three grade 10 classes and
two grade ii human biology classes. Some provision also should be
made for teachers to teach only the components of a general science
course for which they are qualified to teach. For example, perhaps Peter
should not have had to teach the Nuclear Energy topic without additional
education.

Peter's failure to assess student activities for accuracy and completion
raised questions about the work undertaken by students in his class. On
the ore hand, it could be applaudcd in the sense that students should have
some opportunity to practise learning without fear of getting wrong
answers. On the other hand, students did not receive feedback about the
adequacy of their responses. There was a distinct possibility that any
understandings which they had at the time of completing the workbook
activities were not ,retained throughout the topic. At the very least, a
gleater incidence of cooperative learning or opportunities for students to
negotiate a shared meaning would have been beneficial and might have
contributed to enhanced learning with understanding.

Learning Resources and the Cognitive Demand of Tasks

The print resources made available for small-group, individualized and
self-paced learning in both classes represented science as a set of products
or truths about the universe. To know science was to know these facts as
unchanging truths. Both teachers used print resources extensively despite
the fact they did not have a high regard for the quality of the activities
represented in the workbooks and the manner in which the textbooks
were written. The teachers commented on the attempt of the textbook
authors to incorporate a low reading difficulty level into the texts, but
they did not criticize the low cognitive level represented in the science
content in the texts or the questions at the end of each chapter.

To be successful in either dass, it was necessary to perform well on
tests that required recall of science facts or to answer questions from the
workbook that required students to locate specific factual information
from the textbook. In all cases, these resources were constructed or
purchased in previous years. It appears that they were used because of the
inconvenience of having to prepare new resources to use in their place.
Sandra had alternative materials that could hax c been used in her classes
and, had she been at Southside High for a longer time, she might have
taken the initiative to create alternatives to the workbooks and the tests.
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Her preference was to try the approach that was in operation at the school
for at least a year before making changes. Whereas this decision couldn't
be understood readily in terms of being perceived as a fair-minded leader,,
it was regarded by the research team as deleterious to the learning of
many of the students in her class. Peter's decision to use the workbooks,
tests and texts probably was based on the inconvenience of having to
prepare alternatives. He had to teach a number of different classes, and
felt that he already was committing too much of his personal time to
schooi work. However, even if he had prepared alternatives, it is unlikely
that the tests would have differed appreciably in cognitive level or that
workbooks or substitute resources would have given emphasis to higher-
level cognitive learning. What happened in Peter's class was explained
readily in terms of his beliefs about the nature of science and what
students should learn.

Equity Issues in the Classes

An issue which clearly emerged in the study was the inequitable treat-
ment of boys and girls. Well-known differences in both the achieve-
ment levels and retention rates of boys and girls ,,an be understood when
one observes and identifies different teacher expectations and different
student-teacher interaction patterns for girls -Ind boys. Although they
radically differed in their beliefs, both Sandra and Peter used some
teaching strategies which disadvantaged girls.

An increasing body of literature addresses equiro le teaching be-
haviours and instructional strategies. Prospective as well as practicing
teachers need to be aware of and able to use those techniques. For
example, girls prefer a cooperative rather than a competitive classroom
environment. Questioning techniques must involve all students, and
teachers need to require students to raise their hands before responding.
Girls, as well as boys, need to be required to use the equipment of science
and to perform scientific experiments. Science must be presented as an
acceptable career for both girls and boys, aild teacher examples and
exemplars must go beyond the world of sport.

Furthermore, because teacher analysis of classroom interactions re-
veals both subtle and overt sexism in the classroom, both prospective and
practising teachers need to be skilled in observational assessment skills.
Often, as in the case with Sandra, subtle differences are due to demands
of management and are totally unconscious. Other teachers such as Peter
might overlook more overt sexism and define it as part of a socially
acceptable role, namely, teacher as scientist. In order to alleviate both
overt and covert sexism in science classes, teachers neee to confront i..e.
issue directly and to learn to model and practise teaching behaviours
which work well for both girls and boys.
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Student Involvement in Science Activities

The efforts of teachers to establish a particular type of learning environ-
ment are important. but Rennie's chapter reminds us that the efforts of
students are of equal or even greater importance. For example, Sandra
placed the onus on students to find answers to questions from the work-
books In addition, her style of teaching made it difficult for students to
eavesdrop on conversations which she had with others. By circulating
rapidly around the class, she felt that she could monitor what students
were doing and ensure they did the work for themselves. However, some
students were determined to minimize their task involvement. Con-
sequently, they wasted time and then produced the required written
products by copying from others.

A situation that led to a number of problems in each class was that
tlys activities lacked challenge for students who were able to attend to
their social agendas, complete their assigned tasks and succeed on the
end-of- topic tests. In both classes, it was possible for students to get
reasonably good grade with minimal effort. This was attributable to the
relatively low cognitive level of tests and exercises ant: to the easy pace at
which students were required to complete activities. The fact that the
tasks did not challenge the more able students diminished the potential
interest for them Lack of challenge and low interest, combined with a
tendency to deal with science concepts in a superficial manner, distorted
the students' exposure to science. Not only was science presented as facts
to be learned by rote, but also studisnts in both classes perceived at least
some aspects of science as just a matter of opinion.

The students in both classes demonstrated reasoning patterns that
suggested that they were capable of solving challenging science problems.
These students could have engaged in activities in which they constructed
and explored science knowledge from historical, philosophical and so-
cietal perspectives. With few exceptions, the learning activities in which
students from both classes engaged were lacking in cognitive demand.
The students rarely were challenged to use their thinking skills to analyze
and synthesize as part of their learning of science. When students in
Peter's class asked questions that demonstrated they were thinking about
the content, their questions often were put aside as the teacher pursued
his agenda of covering content and completing one topic so that they
could begin the next. Sandra answered all questions that were asked of
her and she responded positively to students who showed interest in
science. Despite these desirable teaching qualities, the students still en-
gaged in low-level cognitive activities provided by the workbooks and
texts.

The effOrts of students determine whether or not they attain higher-
level cognitive understandings of science. The tasks ..1 which students
engage are dependent not only on the tasks prescribed by teachers, but
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also on the motivation of students. Rennie (Chapter 6) demonstrates that
students with similar engagement profiles had quite different levels of
achievement and different types of motivation to learn. Students with
relatively high abilities and mastery-orientations might not have been
challenged by the tasks in either of the classes involved in this study. Put
simply, the work was too easy for them. Some students such as Sally
used her spare time to socialize with others, while other students such as
Jeffrey and Jenny endeavoured to increase the challenge by asking Peter
questions in whole-class interactive activities. Our study revealed that the
type and degree of motivation to learn influenced the tasks in which
students engaged and thereby influenced achievement. Learning also was
influenced by the disruptions of others. Students such as Gavin and
Wayne disrupted the class in a somewhat wilful manner whereas others
disrupted peers by engaging them in social discourse. In both instances,
the actions of students interacted with the learning opportunities of
others.

The distinct types of motivation identified in both classes suggest
that teachers should be more aware of these differences. It was apparent
that some students were highly motivated to learn with undeestanding
because of an intrinsic drive, whereas others were driven to succeed with
the minimum possible effort. These students often were motivated by
external factors such as tests and rewards of various types. A third
category of student was motivated by a need to sustain his/her ego. These
students used the classroom to maintain their self-image and self-esteem.
A most interesting case was Gavin, who publicly announced his failing
test scores to his class mates, but ensured that they knew that he had not
tried on the test. In this way, he could maintain his reputation of not
being a good student but, at the same time, not experience a lowering of
self-esteeni because of his insistence that he had not tried. His poor
performance therefore was attributed to lack of effort, not to lack of
ability.

On the basis of the findings of this study, other cognitive factors
associated with students are identified as potentially povverful. For exam-
ple, what are the salient roles for students in science classes? How do
students conceptualize these roles? What metaphors underlie these con-
cTtualizations and how resilient are the associated belief sets? Although
this study did not address these questions directly, the parallels between
teacher and student actions are alluring. Is it, possible that students come
to science classes with specific roles, each defined by metaphors and belief
sets? Is this an explanation for why students behave differently in diffe-
rent contexts? Arc student metaphors and belief sets context dependent)
Is it possible to assist. students in changing their approaches to learning by
assisting them to acquire new metaphors for given roles in specific
contexts? These questions and many more define a research agenda that
demands attention. Researchers and practitioners should not ignore the
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potential of assisting students to forge new learning strategies in science
classrooms by reconceptualizing their roles in terms of new metaphors
and sets of beliefs.

Towards an Emerging Theory of Teaching

Teachers have many sets of beliefs that are appropriate for a given
teaching role (for example, management) in specific contexts. The rele-
vance of beliefs and role conceptualizations are dependent on factors such
as the physical milieu in which learning is to occur, the age and ability of
students, the time of day, the extent to which the teacher possesses the
pedagogical content knowledge needed to implement the curriculum, the
other subjects to be taught on a given day, and other within-school and
out-of-school factors. Roles are conceptualized in terms of metaphors and
are defined by beliefs which influence what teachers endeavour to do
during classroom activities. Both the metaphors and beliefs associated
with a given role are context dependent and can be 'switched' as the
teacher perceives that different courses of action are warranted by the
context. It is presumed that experienced teachers conceptualize roles in
terms of more than one metaphor and associated sets of beliefs. As a
consequence, experienced teachers are able to change their teaching
strategies as the contexts of learning change. Whether a teacher is success-
ful in a given context depends on the appropriateness of the strategies
selected and the extent to which the teacher succeeds in facilitating learn-
ing.

What form must be taken by the metaphors used to defme roles take?
Mast they be verbal? Is it possible for visual metaphors to influence what
is done in class? From a constructivist perspective, learning is a mind-.
body endeavour in which sensory data are interpreted in terms of what is
known already. Consider the sensory input of teachers throughout their
lives. As teachers sit (as young students) in elementary, middle and then
high school classes, they obtain myriads of relevant data by seeing and
hearing. Day after day, week after week, month ^fter month and ycar
after year, the images of teaching are engraved in the mind. What comes
to mind when a person is first asked about his/her best teacher? Images of
the teacher in action enter the mind and wo r,.! are then sought to dcribe
what it was that made this pet.,un so special. In th15 study, Peter ei ojected
images which can be described as visual metaphor He had made scnse of
being a science teacher first by presenting himself as a scientist base,' on a
stereotypic image of what a scientist looked like (a laboratory coat and
safety glasses). He also felt the need to look like a teacher by wearing a
tie. Similarly, Peter projected himself as masculine, macho, trendy and
appealing to females.

Is it possible to identify the visual images that have been honed into
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the mind and now influence what teachers do in the classroom? And,
associated with these images, are there non-verbal beliefs that drive
actions in the classrom& Is it possible that self-analysis Ji videotaped
segments of teaching could sensitize teachers to the images which they
project and to the visual metaphors that underlie what they do in class-
rooms. Will it lead to verbalization of the beliefs associated with tacit
actions and interactions? Was Sandra projecting an image of a concerned
mother? Did some students ident; with this rele and take advantage of
Sandra's concerned and gentle manner? Were the misbehaving and often
disruptive students following a script that was stimulated by familiar
images of the home in a classroom context?

Peter's teaching behaviours provide insights into the complexity of
teaching and the evaluation of teaching. He had obvious concerns for
out-of-school activities, and he worked hard as a teacher. He wanted to
be regarded as a professional and he had a need to be recognized by
students and colleagues as competent. Yet, Peter did not welcome feed-
back that reflected negatively on his worth as a teacher. He was vulner-
able, and the science knowledge which 1-,; possessed relevant to the two
topics studied during this investigation was such that he could not be
successful by taking an active role as a facilitator of learning. In the
classroom, he had to be reliat,t on other resources available to assist him.
Consequently, he had to use the workbooks and texts to introduct
students to science (..o md to provide them with activities from
which they could lt_.. , maintain his self-esteem, Peter needed to
identify other things ti:at would occupy his time and allow him to work
hard in his job. Consequently, he organized the science fair and con-
ducted excursions. Thc.,..e visible activities attracted recognition from stu-
dents, colleagues, school administrators and parents. In the year follow-
ing our classroom observations, Peter was rewarded for his efforts with
administrative responsibilities which involved one less class to teach and a
pnsition of authority.

Tradition at Southside High

An important component of the context in which teaching and learning
occur is the tradition of a school. The tradition of Southside High was
communicated through written documents, through die behaviours and
beliefs of teachers and students and through characteristics of the physical
plant The original philosophy of Southside High was enshrined in the
original buildings, policy documents and the tools of teaching. As far as
Peter and Sandra were concerned, the tradition of Southside High was a
strong factor in determining how they implemented the grade 10 science
curriculum. The extent to which tradition constrained the teachers was
dependent on their beliefs an(' associated v,lues. For example, Sandra's
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preference for having students work individually or in groups was consis-
tent with the school's lung-standing tradition of emphasizing self-paced
learning. Thus, her beliefs about facilitating learning were reinforced
by other contextual factors operating within Southside High. The
architecture of the rooms was such that student-centred learning was
favoured to a greater extent than what might have been the case in most
other high schools in Coastal Australia. There were no chalkboards
suitable for presenting notes to an entire class, and provision for use of an
overhead projector was not entirely satisfactory. Consequently, it was
not convenient for either teacher to write extensive notes for students to
copy down. This constraint was more of a problem for Peter, who
adopted a more conventional style of teaching which was based on
whole-class activities and which incorporated the use of the chalkboard.

Although both classes were studying the same topic and had students
with similar aptitudes for science, the concertina door which separated
'.he two classrooms was closed throughout the study. Neither teacher
appeared to contemplate team teaching seriousl,, even though instruc-
tional strategies based on use of the workbooks wou'd have enabled the
convenient implementation of team teaching. In the circumstances de-
scribed in this bouk, team teaching would have benefitted both teachers.
However, their very different beliefs about management would have
required some compromises on the part of both peter and Sandra. As it
was, the concertina door simply transmitted noise between the rooms
and, rather than being an advantage, it was a mild inconvenience.

Changing Teacher Behaviour

Sandra's colleagues regarded her as one of the better teachers of science in
Coastal Australia. Undoubtedly their view was based on their knowledge
of Sandra as a person, on what they had heard from students and on the
professional attributes which she possessed. However, none of her col-
leagues had obsi, ved her teaching on a regular basis. What did Sandra's
colleagues mean when they said she was a good teacher? Student percep-
tions of the learning environment indicated that some dimensions were
conducive to learning and that others needed to bc improved. Those
results suggested that, when students say that they like a teacher and
would like to have her the following yearis was the case with Sandra's
class, they probably were not giving a testimonial to her effectiveness.
Among colleagues, students and researchers, there was no dispute con-
cerning her professional attributes. The research team regarded Sandra as
knowledgeable about science, innovative in terms of designing activities
for her students, ell organized and generous in sharing her ideas with
colleaguesis well as always being friendly, approachable and interested
in what others had to say. Mi of ,hesc attrii:utes made her amenable to
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suggestions for change, and any of these attributes might be associated
with being an effective teacher. Yet, over a period of three months,
Sandra was not an effective teacher with the grade 10 class that we
observed.

An implication is that conclusions concerning the effectiveness of
teachers should be based on intensive and broadly based data which
include some observadons of teaching and learning processes. Effective
teaching is defined commonly as good management and it is related to
time on-task. However, Shulman (1987) suggests that issues concerning
what the tasks are also affect teacher effectiveness. First, how well does
the teacher's understanding of content relate to how well the content is
taught? Second, how does teaching vary betwem situations in which the
content to be taught is well understood and those in which the content to
be taught is not well understood? Sandra had adequate content know-
ledge in both topics and she provided examples and exemplars which
indicated the adequacy of her content knowledge for teaching both effec-
tively. However, many of the activities prescribed in the workbooks did
not lead to higher-level learning. Her effectiveness, therefore, was cir-
cuinscribed both by the level of the tasks and by her management
techniques. Peter, on the other hand, was less effective during the Nuc-
lear Energy topic, compared to the Vertebrates topic, and this situation
clearly was related to his limited knowledge of nuclear energy.

Although both Peter and Sandra claimed that the) welcomed feed-
back on their teaching, only Sandra reacted favourably to results which
suggested a need to make changes. For instance, when teachers received
the classroom environment results. Sandra was determined to change her
classroom behaviour in ways which would lead to improvements, where-
as Peter dismissed the information as irrelevant and apparently made no
attempt to change his classroom behaviour. Peter disbelieved the feed-
back suggesting that students perceived a relatively low level of Persona-
lization, instead believing that his attempts to entertain the students
would have been associated with high Personalization. Also, Peter re-
garded extra-curricula activities, such as conducting.field trips and science
fairs, to be more important indicators of his probable effectiveness as a
teacher than was the feedback which he received from the researchers
concerning learning environment, gender differences, etc.

Peter was not open to feedback about his teaching. He seemed
insecure and would have welc,med good news, but did not want to
discuss any shortcomings which he might have had. From the outset, he
looked for ways to interpret feedback from the research team in the best
possible light. He did not have the mind set that changes could be made
to benefit the learning of students. In this respect, his attitude was in
marked contrast to that of Sandra. Whereas Sandra questioned the re-
searchers in an endeavour to mak(' sense of the data provided, Peter
challenged the validity of the teacher performance assessment measures
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and of the scales which assessed student perceptions of the learning environ-
ment. When he was provided with reports of our observations, he did
not comment at all on them. On the other hand, Sandra gave a thought-
ful and considered reaction,to the initial reports and helped us incorporate
her perspectives into the final report.

What was it about Peter that made him so resistant to receiving
feedback about his teaching? One interpretation was that he had (oncep-
tualized teaching in a very different way than the way in which the
research team and many of his colleagues viewed it. He felt isolated from
and different frt. m other teachers at Southside High, and that perception
might have influenced his conception. It is possible that Peter defined his
roles in such a way that he could be successful and feel good about his
work. Consequently, he emphasized his work with grade 11 students as
well as the planning of science fairs, field trips and alternative topics for
which his knowledge was stronger.

In his grade 10 class, he adapted his role to cope with a relatively
weak background in science. The work needed for him to overcome his
content deficit was too great to enable him to be prepared and do the
other things necessary to be both an effective teacher and family member.
Consequently, he used the workbooks and textbooks extensively. At
times, he adopted the role of assisting students to make sense of parts of
the text and, at other times, he elaborated on the information in the text
using other text sources to do so. Teaching upper school science was
valued by Peter, even though the time costs associated with learning the
content to be taught were great. In his opinion, benefit occurred from
teaching upper level science because of the importance afforded to it by
colleagues and students. From Peter's perspective, he was working hard
at his job, probably harder than many of his colleagues. Administrators in
the school recognized his hard work by giving him additional administra-
tive responsibilities as the teacher in charge of grade 10 students during
the year after the study. What Peter did not acknowledge, however, was
that his content preparation for teaching was inadequate. In order to be
successful, he needed to plan and learn science content to a greater extent
than did some of his colleagues, such as Sandra who could concentrate
her efforts on planning for effective implementation. Given his science
credentials, it was easy to understand why Peter defined his roles in such
a way that he would be regarded as a successful and valued professional.

Sandra was regarded by almost _veryone as a first-class person and a
first-class teacher. Her colleagues perceived her to be talented, hard
working, knowledgeable and conscientious, and her students -egarded
her in a similar vein. For example, a senior colleague desci ibed Sandra as
'almost the ultimate teacher'. Yet, in the classroom, Sandra floundered
because she did not manage student behaviour effectively. To be sure,
Sandra made conscious decisions to teach in the way in which she did,
and she knew that students were off-task frequently during small-group
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activities. However, she also knew that students became disinterested
during whole-class activities. Consequently, she argued that student
learning opportunities were at the very least no worse in small-group
activities than in whole-class activities. For that situation actually to be
the case, Sandra would have needed to develop and implement new
strategies and routines. Sandra's challenge was to develop knowledge
which actually affected the way in which she taught.

Sandra might have known how to manage the students in her class,
but she had not developed routinized procedures for effective classroom
management. Is it possible that Sandra's emphasis on facilitating learning
and her use of the metaphor of teacher as Resource contributed to her
problems in managing the class? Is it possible that a change of metaphor
for facilitating learning would have resulted in changes in what happened
in her classroom? The findings from Peter's class suggest that such a
change might have resulted in a different learning enviionment.

What was so interesting in Peter's teaching was the quite distinct
teaching style associated with each metaphor for managing student be-
haviour. As Peter switched metaphors, a great many variables changed as
well. That finding raised the possibility that teachers might be assisted in
acquiring new metaphors for specific teaching roles as a possible means of
assisting them to improve the learning environments in tht lassrooms.
The metaphors which Peter and Sandra used as a basis for co ,ceptualizing
their teaching roles appeared to be influential in defining tilt; roles which
they adopted during instruction. Peter's ability to manage the class in
distinctly different ways according to Captain of the Ship and Entertainer
metaphors raises the possibility that he might be able to improve his
teaching by using different metaphors. For example, if Peter could under-
stand teaching in terms of a gardener nurturing tic..w seedlings, would it
be possible for him to attend individually to the learning needs of the
students in his class? Would students then perceive the class to be more
personalized? Could Peter teach, as Sandra did, according to the
metaphor of teacher as a Resource? The answers to those questions have
interesting implications for science teacher educatton. If teachers concep-
tualize their teaching roles in terms of metaphors, then the process of
teacher change might be initiated by introducing a variety of metaphors
and reflecting on the efficacy of basing teaching and learning strategies on
each of them. By focusing teacher education programs on metaphors
underlying teaching and learning science, teachers might be provided
with a conceptual base upon which teaching strategies could be built.

Methodological Implications

The students' perceptions of the learning environment were extremely
useful data to have in tbis study. We pushed existing instruments to their
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hinits, but did not realize their full potential in a study of this type. The
instruments were not developed for making an assessment of how an
individual perceives his/her own environment; rather, items had been
designed ro tap an individual's perception of the class as a whok. Yet,
from a constructivist perspective, the individual's perceptions are precise-
ly wl-at mediate learning. In this study, we selected scales from two
different itstruments to ensure that environment dimensions were salient
for the lasses that we were studying. We wanted to know how indi-
viduals and small grorps of individuals perceived various dimensions of
the psychosocial learning en ironment. Clearly, such information pro-
vides invaluable insights into the context in which learning occurred for
individuals.

Despite the limitations of existing scales to provide data of the type
we needed, the data we obtained still were very useful in providing
quantified pictures of life in the two classrooms. These pictures com-
plemented those obtained by observation and interview and encapsulated
the differences in the classrooms in a parsimonious way. Not only was it
possible to show how the climate in Peter's class differed from that in
Sandra's class, it also was possible to compare the students' perceptions of
the learning environments in each class for the two topics of Nuclear
Energy and Vertebrates. Statistical analyses were undertaken to provide
insights into questions concerning what was happening in both classes.
The results of the analyses of the learning environment data were used in
conjunction with other data sources to support or refute assertions. The
case studies of Jenny and Helen indicated that, when quantitative rnea-
sures on learning environment scales are complemented by a substantial
base of qualitative description from classroom observation, a greater
understanding of students' perceptions of the learning environment re-
sults.

The use of scales to assess students' perceptions of the learning
environment is a valuable research tool in studies which probe teaching
and learning. However, new instruments are needed to explore the con-
texts in which learning occur for individuals. Instruments are needed to
probe die individual student's perceptions of the social and psychological
factors that influence how he/she learns. What we want is a new genera-
tion of classroom environment instruments that will provide insights into
how individuals construct the context in which learning occurs. Such
instruments are likely to facilitate future investigations of the role of the
student in classroom learning.

Rennie's quantitative ,analysis of student engagement (Chapter 6)
highlights the difficulty of measuring time on-task using direct observa-
tion techniques. The quality of engagement, and hence the tasks in which
students engage, cannot easily be inferred by observing students. Because
task engagement is a cognitive act, methods of measuring engagement
necessarily should invok:. efforts to monitor the cognitions of learners. It
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is possible that insights into student engagement can be obtained through
the use of projective techniques (for example, scenarios, vignettes, epi-
sodes) in which students respond orally or in writing to hypothetical
situations, paper-and-pencil instruments to assess student perceptions of
the learning environment (of the type described above), and journal
entries in which students record what they are thinking throughout the
lesson. The use of these techniques offers the potential of obtaining rich
data to augment information obtained through the more conventional
method of interviewing students.

As was the case in earlier research (Tobin, Espinet, Byrd and Adams,
1988), the current study graphically demonstrates alternative perspectives
of effective teaching. Is good teaching in the eye of the beholder? Perhaps
it is. We had differences of opinion within the research team, with the
participating teachers and with co:leagues teaching at Southside school.
The most significant of the disagreements concerned Sandra's teaching
behaviour. Although most members of the research team agreed that
Sandra had a major management problem, one member did not concur
and maintained that Sandra elected to focus on the more important rCe of
facilitating independent learning. Therefore, she arguecl that Sandra elected
to allow students to engage in the manner observed. Her interpretive
framework examined the data from the perspective of the teacher. She
argued that Sandra could have changed the classroom climate at any time
if she chose to do so. In contrast, the other members of the research team
interpreted the data from the perspective of student learning. Constant
disruptive behaviour on the part of many students in the class was
interpreted as a management problem which Sandra tried to solve
through the use of proximity desists. Even though Sandra agreed with
the interpretation of the majority of members of the research team, the
issue was not resolved within the team. The difference of opinion raised
questions concerning the role of teams in educational research. Is it the
purpose of a team to obtain consensus on all assertions? Or is it of greater
value to retain the multiple perspectives in the written accounts of the
study? We favour the latter position and recommend that research teams
bc formed to include members with alternative interpretive frameworks
so that different accounts and theories can be obtained for the environ-
ments and cultures under investigation.

Conclusions

Many factors militate against higher-level cognitive learning in secondary
science classes. For example, girls were disadvantaged by practices used
by Peter, in particular, and by Sandra, to a lesser but nonetheless signi-
ficant extent. In addition, both teachers indicated that there was too much
content to be learned for each topic, and that the tests used to assess
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student learning emphasized recall of facts. Generally speaking, the
teachers, the workbooks and the textbooks underestimated the cognitive
aptitude of students. Although most students were able to use formal
operations to process data, the teaching methods, the textbooks and the
workbooks emphasized low-level cognitive learning. The tradition of
Southside High also proved to be an impediment to higher-level cogni-

tive learning. Although the practice of selecting high-calibre staff to suit
the school philosophy and approach was no longer adopted, Southside
High still adhered to a philosophy of student-centred, self-paced learning.
Consequently, teachers with little or no experience in curriculum de-
velopment, and with differing philosophies concerning what ought to be
included in student workbooks, prepared materials which were used in
both classes.

The present findings highlight important aspects of teacher mind
frames as well as their poteivial efEcts on the way in which the science
curriculum was conceptualized and implemented. We also linked student
perceptions of the learning environment to the metaphors, beliefs, knowl-
edge and practices of teachers. This led to several implications of the
research for science educators. We went to Southside High with an
expectation that we would find exemplary practices which would illu-
minate previously obscure teaching and learning strategies associated with
higher-level cognitive learning. That our expectations were not fulfilled is

yet another reminder of the importance of basing judgements on the
quality of teaching and learning on direct experience rather than hearsay.

Perhaps the most important finding of the study related to the
question of teacher change. Science educators often seek to change prac-
tices associated with teaching and learning science through research and
development as well as through courses for prospective and practising
teachers. The findings of our study suggest that the knowledge which
teachers require to undertake effective science teaching is nested within
their teaching roles. Courses should ensure that teachers are given oppor-
tunities to construct the knowledge that they need to teach both present
and future science courses. Knowledge of the content and how to teach
the content are both extremely important. Teachers probably will require
specially designed courses of study which address both needs. Further-
more, the findings related to the use of metaphors to conceptualize
teaching roles raises the possibility that significant changes in classroom
practice are possible if teachers are assisted in understanding the roles of
science teachers in terms of new metaphors.

Fmally, data describing student perceptions of the learning environ-
ment showed that the ways in which students framed the context in
which learning occurred were influenced by the ways in which teachers
conceptualized their roles, by their associated belief sets and knowledge,
and by the maimer in which the curriculum was implemented. The
combination of quantitative and qualitati ?. data was important for two
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reasons. First, the quantitative data enabled us to L. , statistical analyses to
support assertions based on qualitative observation. Second, the findings
showed that teachers dealt with students in an inequitable way on the
basis of their own unsubstantiated beliefs about the classroom environ-
ment. Different students perceived the learning environment differently,
not because they erred in their descriptions, but because there are differ-
ent learning environments within any classroom. Researchers need to
acknowledge such differences and develop new instruments to provide
quantitative insights into the extent and nature of the different learning
environments. Qualitative analyses slicL.L1,d be used in conjunction with
such instruments to provide salient insights into aspects f tile environ-
ment which are not captured quantitatively.

Our study was intensive and rewarding; firm friendships were de-
veloped among the researchers and with the teachers. Each of us, perhaps
in different ways, learned more about the teaching/learning process.
Those of us who had been out of high school teaching (although not
away from secondary school and classes) were reminded of the incredible
effort and stamina requircd of teachers. Daily, we watched Sandra and
Peter cope with a multitude of demands. Weekly, we discussed with
them their dreams and hopes conceri.:ng teaching. Over the ten weeks,
we came to know each as a dedicated, concerned science teacher.

We also learned much about the constraints of schooling and learn-
ing, including the arrangement of rooms and furniture, teacher schedules,
teaching in nniltiple locations and school prescribed (or suggested) curri-
cula. Indeed, we came to realize that Sandra and Peter were not free
agents; rather, each worked within the sociology of the school and its
community. In addition, we realized that Peter and, to a lesser extent,
Sandra were not change agents. They accepted and reproduced some of
the mores of the community and school rather than trying to transform
them Both accepted and used a curriculum with shortcomings. Peter also
reproduced within his classroom the prevalent sex-role stereotypes of his
culture.

As researchers we changed too. Some of our biases were exposed as
we developed and rejected assertions. Previously .accepted procedures
were shown to be superfluous and were rejected. For example, we now
think that only sustained observations clarify and identify teacher effec-
tiveness. Therefore, previously-accepted short-term observations are
questionable at best. That knowledge might enable us to improve future
evaluation procedures for both student teachers and practising teachers.

All of us became aware of the effect cf inadequate curriculum mate-
rials on student learning. Bright students learned by rote and demons-
trated their knowledge on tests designed to measure rote-learned facts of
science. Students did not have the experience to appreciate the differences
between cookbook activities and scientific experiments. They did not
have to sharpen their minds to analyze complex problems. Largely, they
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were unchallenged, and they did not know that they were being short
changed. As science teachers, we were all frustrated at our inability to
warn the students that there was more to science than the information in
the texts and workbooks. We could not disturb their complacency; we
could not challenge their knowledge. As researchers, our roles were to
describe and construct an explanatory framework for what we observed.
Hopefully, our explanations, questions and concerns will stimulate fur-
ther inquiry from researchers, lead to changes in the practices of teacher
educators, and challenge concerned science teachers to establish and main-
tain classroom environments which stimulate learning for all of their
students.
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