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Editors’ Preface

The deas and perspectives discussed and analysc 1 m this book reflect the
accumulated experiences of five researchers from two contments. The
opportunity for two American researchers to spend a sabbatical leave at a
university i Coastal Australia™ provided the impetus for the reported
work. Initially, our work was defined as a short, specific study of class-
room interactior: patterns. As our team grew to the five authors m this
book (together with a sixth person who was mvolved in some classroom
observation), other mterests and perspectives came mto play and these
necessitated a longer and broader project. After our work was completed,
we reahzed that we had gone far beyond the usual research papers;
mndeed, we had a book-length manuscript. At that point, we had the
good fortune to meet witl Malcolm Clarkson of Falmer Press, who was
both encouraging and patient with us. Although we ali were together n
the classrooms of Dalton. we were separated when we returned to our
home msututions to reflect and to write.

The beok you are about to read is the result of a year or two of
writing, critiquing and synthesizing mformation. These activities occur-
red in four locations on two continents. Therefore, if anyone or anythmg
should be thanked or acknowledged by us. it 1s the marvel of electrome
communication!

A qualitative study records, mterprets and analyzes actual occur-
rences. In addition, the rescarchers try to place their syntheses m a theo-
retical framework. Our work mcludes both aspects. mdividually, 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
different colours of glass. That is, different aspects of the total classroom
are reported and interpreted in most chapters. Only Chapters 1, 2 and 8
mvolve & wholistic view of e classroom or the teachmg and learning
experience.

" To preserve the anonymity of the teachers and school mvolved. ficttious names are
used for the teachers, the school, the city and the State

. ix
.
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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-
cration, we would not have had the very special and rare opportumity to
learn about barriers 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
(mow renamed Curtin University of Technology) and a doctorate in
science education at the University of Georgia. For his first ten years as a
science educator, he pursued studies of teaching and learnimg science from
a process-product perspective. In the past five years, he has undertaken
programmatic rescarch in science and mathematics classroons using in-
terpretive methods  His work has been recogmzed with fourteen awards
from several professional associations, including the Raymond B. Cattell
award from the American Educational Research Association. Tobm has
published more than 100 papers, monographs and books m refereed
sources. Tobin's current rescarch mterests are focused on studies of
teacher enhancement and include investigations of the kuowledge, beliefs
and metaphors which teachers use to make sense of teaching and learning.
Presently he 1s Head of Curriculum and Instruction at Florida State
University, a Board member of the National Association for Rescarch m
Science Teachmng and North American Editor of the futernational Journal
of Science Education.

Jane Butler Kahle, an international scholar in the area of gender
issucs, began her career teaching high school biology m rural Indiana.
Purdue University’s inservice summer institutes allowed her to complete
a Master’s degree and a PhD in biology education. She 1s the author or
cditor of five books, as well as twelve chapters and numerous papers. In
the past, Dr Kahle’s work with preservice and inservice teachers has been
recognized 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 the Advancenent of Science, and 1s president of the
National Association for Research n Science Teaching (NARST). She s a
member of the National Research Council's Conmuttee on High School
Biology and of the Association of Amernican Colleges” Advisory Com-
mittee on the Undergraduate Curriculum. Kahle's research is focused on
factors affecting the entrance, retention and achievement of girls and
wonten in science 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.

X
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Barry J. Fraser taught high school science i Melbourne and coin-
pleted Ins PhD in education at Monash University, also in Melbourne.
His first two umversity positions in education were at Monash Unaversity
and Macquariec Unmiversity in Sydney. Currently he 1s at Curtin Uni-er-
sity of Technology mn Perth, where he 15 Director of a centre offerng
postgraduate education opportunities  for science and  mathematcs
teachers. As well, he 1s Director of a federally funded centre which aims
to improve the teachmg and learning of science and mathematics, espe-
cially for girls. He is author of hundreds of books, book chapters, joural
articles and conference papers and has won various awards for his re-
scarch. One of lus myjor research mterests 1s classroom environment, and
this provided a focus during lus mvolvement m the research reported in
this book.

Floyd H. Nordland taught high school biology in both rural and
suburban Minnesota. A coach and an award-wmnmg teacher, Dr Nord-
land also worked as one of the State coordnators 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 ar Purdue Unmiversity, where he also finished a PhD
degree m plant physiology. Since 1969, he has taught mechods 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 pedagogy. He has won an Ohaus award from the National
Science Teachers Association as well as the Aluma Teaching Award at
Purdue Umversity for his teaching excellence. Dr Nordland has served as
a consultant i science traming projects in the Philipoines and Nigeria.
His research interests are based on Pugetuan theory, and his role in the
tcam was one of content expert.

Leonie J. Rennie taught high school science in Perth and played an
advisory role to science teachers i raral Western Austraha, She has been
a cowriter m several science curriculum projects. Prior to taking up her
present position in science education at Curtin Unmiversity of Technology,
Dr Rennie taught and supervised programs tor preservice teachers at the
University of Westera Australia. Her prize-winning doctoral thesis at chis
University focused on the structure of attitudes m science education, and
much of her research contmues to be 1 this area. In the research reported
in this volume, she was particularly concerned with the affective aspects
of the students” and teachers’ behaviours in ther classrooms,

Kenneth Tobin

Florida State University, Tallaliassee, Florida, USA
Jane Butler Kahle

Miami University, Oxford, Ohio, USA

Barry J. Fraser

Curtin University, Perth, Australia

>
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Participating [eacher’s Foreword

“You won't mmd 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, 1t had become commonplace for pracusing teachers or young
graduate teachers to visit our school. spend time in a variety of our
classes, and examine the programs and materials developed by our hard-
working staff. We tend d to enjoy discussing our curricula and metho-
dology with these visitors, and we often picked up some new ideas m the
process.

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

In retrospect, the ‘horror’ was nore hke 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, ctc. More to the point, how
would the students m the class react? On the other hand, < group of
‘totally’ objective people, uot involved with the day-to-day routine of a
secondary school might come up with some mteresting observations and
interpretations of the class which could be quite different from mine. |
was awaie of how linolved one tended to become with school, teaching
and carrying out the administrative responsibilities of a seaior teacher.
Very casily, there could be activines, interactions or curriculum possibili-
ties that 1 was nussing out on, usually because of a lack of time.

I felt misgivings. All teachers like to receive praise, but how would !
react to the probable questioning of my classroom behaviours, my under-
standing of the class and my interpretaticn of the objectives, teachmg and
assessment? Certamly, this experience would be a challenge, perhaps even
to my perceptions of myself as a teacher. Yet, at the same time, 1 was
intensely curious. What do I do that 1s ‘rigis” and, of course, what do 1 do
that is ‘wrong’? (Perhaps 1 was a little less curious about the latter,

Xiit
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Participating Teacher’s Foreword

although 1t might be through that discussion that I learn to improve or
modify my own teaching behaviours.) Eventually, curniosity won out.
was keen to become involved, although unsure of the probable outcome.

The manner of the five or six observers became most iniportant once
the process had begun. All were determined to approach Peter and me
positively, ensuring that we were informed fully of wher: we all were
going We quickly learned that we were not going to be told of ‘nghts’ or
‘wrongs’ We participated in a discussion with at least three observers
each week, which was ofien tape recorded so that all observers could
discuss our replies at their own weckly meeting. In addition, Peter and |
reccived coprous “field notes’ from each class contact; these were photo-
copied from cach of the observer’s notes. Sometimes 1 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 Natale'. But,
somchow, those observations made less impact on me than those con-
cerning “off-task” behaviours. Fortunately, when we discussed the pre-
vious week’s obscrvations of classes, our mquirers were gentle on us,
essentially searching for the 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, rcter and | became more accustomed to the
rescarch procedure, and our students become quite blasé about the con-
tinuous presence of the researchers. The students enjoyed my discomfort
when wearing a mucrophone, as well as the importance attached to the
additional attention that they were recerving. In some cases, students took
the opportunity to question our observers while, iz a few mstances,
individual students became very attached to members of the observation
team and began to clicit specific advice and information relevant to therr
futures.

Meanwhile, 1 found the experience rewardmg as well as frustrating. 1
thoroughly enjoyed the challenge of our discussions centred on educa-
tional philosophy, curriculum directions and ideals. For many years, |
had resisted suggestions by colleagues to undertake further study, perhaps
in science education, believing that reducing the many hours of prepara-
tion and marking at home meant thar I would beconie less effective in my
teaching. My interviews with the observers, however, werc stimulating
and challengmg and 1 found myself wanting to read more about current
cducational theories and research.

At the same time, however, [ was consistently defensive m relation
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to my classroom management. In orgamzing the students into gro® p-
based activities, I was using a teaching model which I very much wantea
to ‘work’, but with which I'd had little previous experience. In earlier
years, | had tried out this teaching technique, in short two-three week
bursts, and had found that the classes responded very positively. 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, | 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 utudents in casual out-of-class situa-
tions, I was awarc of some of their out-of-class problems and telt quite
possessive of them Perhaps this awareness became my grectest dilemma
because, when >gnized that a few were ‘off-task’ in their classroom
behaviour, I found it almost impossible to sanction them in a public
manner in front of ‘strangers’. All too often, 1t 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 i1 my support.

I found that, towards the end of our ten weeks together, [ was
regretting the end of the study. While the consistent tension of accommo-
dating the non-teaching observationai team in the classroom would be
removed, I certainly would miss the friendship, honesty and stimulation
that the rescarchers had provided through our weekly interviews. Also, |
had re-evaluated some of my teaching practices and had become more
seusitive to the achievement of girls m science classrooms. These aspects
always had been pet concerns of mine, but now 1 had read and discussed
rescarch 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 ctudies in the field of science education — both in
classroom behaviour and in curriculum development and administration.
While I can maintain and extend the friendships made in those weeks, |
feel that I am now rmore aware and well mformed 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 research tcam has carmned my profound gratitude.

Sandra
Southside High, Dalton, Coastal Australia
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Chapter 1: Learning Science with
Understanding: Iz Search of the Holy Grail?

Kenneth Tobir, Jane Butler Kahle and Barry J. Fraser

Research Perspectives:
Windows with Differen¢ Coloured Glass

When members of our research group got together in Coastal Australia,
cach 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, albeit 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 taught and learned by rote memorization. We discussed a
study which mdicated that science teaching was failmg to help minority
youngsters develop cognitively. We analyzed the message behind the
reports that teachers frequently dircct higher-order questions only to a
few sclected students in the classroom. We argued about whether boys
and girls receive equal challenges in most science classrooms. Eventually,
we realized that, althcugh individually we would investigate differsnt
aspects of teaching and leannng w 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 hav
identified serious shortcomings in eie.. .ntary and secondary educativ.
and have proposed major reforrn.s in education (IEA, 1988; Office of
Technology Assessment, i988a, 1988b; Raizen and Jones, 1985; Weiss,
1987). In an age of technological application and advancement, where
business and industry have difficulty recruting employees with the neces-
sary knowledge of science, the evidence suggests that there is something
of a crisis in science education. For example, Weiss (1987), Tobin and
Gallagher (1987b), Gallagher (1989) and Huinrich (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
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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 Rescarch Council, 1989). Accoiding to the National Science
Board, ‘the age of technology is failing to provide its own children with
the tellectual 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. Secatwork 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 leaming 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
eraphasize higher-level cognitive learning, but m 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 uiey usually
involve students in a bricf search through the text for relevant informa-
tion and transcription of the information into their notebooks.

A considerable amount of resecarch in education has focused on
gender differences and school learning. There 1s concern n science edu-
cation that, compared to boys, girls have lower levels of terest 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 science achievement could
originate partly from differential opportunities to engage in acadenuc
tasks. For example, Kahle’s (1985) study of high school biology teachers,
which successfully encouraged girls to enrol in elective chemmstry and
physics courses, identifics specific teaching behaviours and mstructional
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 Hoiy Grail

and carcers. Her study suggests specific strategies which might improve
the learning 2nvironment for all students.

On the other hand, Kelly (1985) describes the social-cultural effect of
schools on girls’ intcrest 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 (Tobmn 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 mvolve males 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 mteractions. 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 settingr to mtroduce new content aad to pose key questioi », students
who are not target students can engage predominaatly only in a covert
manner on important parts of the curriculum. This pattern of male
students being more involved than females in whole-class mteractions is
apparent mn classes taught by male and female teachers.

There is little eviderce 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 rescarch suggest that most
teachers feel constrained to prepare siudents for tests and examinations
and cover science content from textbooks. This practice deprives many
students of opportunities to learn with understanding. Furthermore, 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-
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standing, use strategies to encourage students to engage in lugher-level
cognitive tasks and maintain a classroom environment conducive to
learning. Tobm and Fraser’s studies of exemplary practce illustrate that
intensive investigations of teaching and learning environments can pro-
duce knowledge co guide practice, policy formulation and research. How-
ever, 1t is not sufficient to know that higher-level learning is possible
in classes taught by exemplary teachers. In order to mfluence the quality
of science learning ir: all classes, it is desirable to develop a theory of
teaching and learning science that addresses questions concerming 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 facilizate
changes in science classrooms. The development of such a theory is a goal
of the research described in this book.

One distinctive methodological feature of our rescarch was the way
that quantitative information obtained by structured observation and by
administering classroom environment questionnaires was combmed with
quahtative information from the use of interpretive methods. This com-
bination of qualitative and quantitative methods 1s consistent with recom-
mendations made for educational research n general (Firestone, 1987;
Fry, Chantavanich and Chantavanich, 1981; Howe, 1988), although the
use of qualitative and quantirrtive methods together in learning environ-
ment studies is still the exception rather than the rule (Fraser and Tobm,
1989). The present research builds upon the success of combining these
methods m other recent science education research mvolving target stu-
dents (Tobin and Gallagher, 19872) 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 quantitatve data enabled greater
confidence to be placed m the findings and richer insights to be gamed
into classroom life.

Past rescarch 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 leamming 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

4
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students of the same classrooms, and that the actual environment of most
classes falls short of the one preferred by students and teachers (Fraser,
1982, Fisher and Fraser, 1983). In addition to these and other resecarch
applications, 1t 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 111 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
sclected so that the potential exists for 1denufying promising problems
and secking solutions from which grounded theory can emerge or be
enhancea. In this study of higher-level cognitive learnig, we weie an-
xious to avoid schools of the type involved in carlier studies (for example,
Tobin and Gallagher, 1987b). What we needed was a school with a
tradition of focusmg 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.
Set in a fashicnable suburb of Dalton in Coastal Australia, the school had
a reputation for using mnovative practices to provide a curriculum that
catered for the needs of individuals. A study of teaching and learning at
Southside High provided a rare opportunity to mvestigate what happens
in a science program in which students do laboratory activities and learn
in an independent manner at their own pace. In contrast to other govern-
ment high schools in Coastal Austraha, where teachers are appointed
according to the needs of the statewide school system, teachers at South-
side High in 1ts carly days had been appomted on the basis of the
compatibility of their philosophies of education with the policies and
goals of the school. Furthermore, the school's open area design facilitated
team teaching and self-paced learning.

In the first five years of the 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
were prepared and used to provide students with independence, and
teachers focused on enhancing students’ self esteerm 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 particuiar topics. Some of the practices at Southside
High were somewhat unique in Coastal Australia. For example, students
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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
did not signal the end of class periods.

Ten years after 1ts foundation year the legend of Southside High
lived on Even though the practice of hand-selecting teachers was discon-
tinued after five years, many praciices 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)
m the USA and replicated by Tobmn 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 of scien-
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 collection, analysis 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 learnng 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 1t was happen-
ing, was likely to reveal new problems or at least frame famuliar problems
in different ways that would enable fresh interpretations to be obtained.
Because of the power of using qualitative and quantitative data m the
same study for the purpose of providing convicing evidence for asser-
tions, an early decision was made to incorporate a range of quahtative and
quantitative data sources into the design of the study.

For cach member of the research team, the study represented part of
his or her ongong rescarch into some aspect of teaching and learning
science. Yet, for cach of us, prior experiences were unique. When viewed
as a collection of scholars, the research team had diverse experiences m
terms of the questions mvestigated in carlier studies and the methods
utilized Despite these differences in background. there were philosophi-
cal consistencies i 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 rescarch team shared a constructivist epistemology and mterpreted
data from that perspective. Withinn the constructivist view, learmag 1s
defined as the acquisition of knowledge b, individuals through a process
of construction that occurs as sensory data are given meanmng in terms of
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prior knowledge. Learning 1s always an mterpretive process and always
involves individuals’ constructions (Novak, 1988; von Glasersfeld, 1988).
Constructivism 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 »ctivities are planned and im-
plemented, but does not influence the mechamsms involved n learning.
Von Glasersfeld (1988) predicts a dramatic change of teachers' roles
classrooms when a constructivist epistemolegy 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 traditional 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 m 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 scicuce curiiculum design and implementation.
For example, saence teachers who percerve science as a representation of
the truth about the physical and natural universe are likely to have that
type of emphasis in their science curriculuri. Siinilarly, if knowledge is
regarded as a fluid entity to be siphoned from the teacher to students,
activities mught be framed to facilitate transfer and distribution of science
knowledge. Salient beliefs about the nature of science include whether
science is perceived as. ‘truth sceking or the construction of explanatory
models that encompass mcreasingly 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 three pairs of perceptions
can be thought of as forming continua on which teachers’ beliefs can be
mapped, vith the planned science curriculum bemg dependent in part on
teachers’ beliefs pertaming to each of the contimua. What type of science is
appropriate for studerits m 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

7
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knowledge resembles that of scientifically hterate adults, teachers have a
responsibility to provide an environment which focuses experiences and
discusstons. If students are to learn content from a specific domam,
teachers will structure the learning environment to enswie that cach
student has appropriate direct experiences with specific phenonera and 1s
engaged in discuscions 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. Imtially 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 responsibility to understand what others m
the group are dong and the answers which they obtam. If a student has
an alternative answer, he or she 1s expected to disagree, to seck clarifica-
tions and justifications from others, and to provide explanations of his/
her own procedures and solutions. The teacher’s role 15 to monitor
student engagement «nd manage the learming environment 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 explaining 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 re2sons for what they say and that listeners should seek to
understand «ne rationale underlying what is proposed. The communica-
tion process should result n agreement about what has been learned and
what are accepted as plausible solutions to problems. This negotiated
consensus represents a viable knowledge domam which is understood and
acceptect by the participants. The process involves all participants in a
cognitively active manner and highhghts the necessity for teacher and
students to have clearly defined roles in class activities. The curriculum
must be such that students can engage in meanmgful problem solving
activities thz. erable them to learn with understanding rather than by
rote, students must understand what they are to do m small-group and
whole-class activities, and the teacher must adopt a facilitative role m
maintaining an environment conducive .o learning.

Research m science classrooms has not described activities or student
engagement of the type that occurs in the elementary mathematics classes
mvolved 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 bendfit from a
science program, it is essential that learning tasks are potentially mterest-
ing and challenging. For many years, science educators have been con-
cerned about whether the science curriculum 1s inappropriate because the
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concepts are too abstract and formal for learners, most of whom are at
the concrete stage of cognitive development. However, that was not the
scenario i the high schiool science classes described by Gallagher (1989),
Tobin and Gallagher (1987b) and Stake and Easley (1978). Learning tasks
were at a low cognitive level and appcarcd to promote rote, rather than
mmmngful learning. Are the activities m which students engage in high
school science classes lacking in challcnge and interest? Does that lack
contribute to the problems faced in science education?

Doylc (1983) argues that the reward structure operating within
classes is an important force that needs attention before the effects of
other instructional variables can be fully understood, Teachers constantly
me*ivate students by referring to tests and examinations This teaching style
focuses student attention on the content to be tested. If the teacher
emphasizes speaific knowledge or tasks as having relevance for the test,
students wend to coucentrate 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 m
this book. we wanted to examine the types of assessment used in classes
m which higher-level cognitive learming was valued. In such arcum-
stances, we wondered whether learning activities would reflect teachers’
goals for students to learn with understanding at thair own pace. Also,
would assessment tasks cncompass what students know and to what
extent they understand science phenomena?

In addition, we wanted to assess the epportumities which children
had to engage m higher-level cognitive activities. We were mterested m
how teacher-student mnteraction patterns aftcted cognitive outcomes, We
hoped to clucidate why boys dominate interactions m science classes.
Why are target students more likely to be male than female? Why de
boys get involved in laboratory activities to a greater extent than girls?
Why do more boys than girls enrol in the physical sciences? Thece are just
a few of the persistent qucsnons that we hoped to address m this ivwensive
investigation of interactions in science classes. We knew that the answers
would not be obvious because the problems had been present for some
time. Perhaps we would find that the teachers involved in the study used
teaching behaviours and instructioral strategies which muinuzed gender
differences. In addition, by selecting teachers regarded as better than
average, we nught find patterns of behaviour and beliefs that allow
teachers to transform, rather than to reproduce, the mascaline miage of
science.

Why do teachers do what they do? In the first place, teaching
involves cliange on an incremental and daily basis. If something does not
work out well, the teacher often can put things night by nmkmg shght
adjustments to the manner in which the curriculum is unplunmtui
Those adjustments are both possible and successful if a teacher has a Ligh
degree of pedagogical content knowledge (Shulman, 1987). We nad

9
Q t:y,l"\r:‘
RI1C 4




Kenneth Tobin, Jane Butler Kahle and Barry . Fraser

reason to believe that the experienced teachers in our study possessed
such knowledge and such skills.

Reconstructing the Classroom: The Remainder of the Book

Qur 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 « 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 cortains a descriptio~ of the methods used mn the
study and presents background information about Southside High. In the
third chapter, Tobin examines characteristics of the two participating
tea hers (whom we refer to as Sandra and Peter throughout this b yok)
and of the implemented curriculum. Specifically, teachers’ beliefs associ-
ated with specific roles, their conceptualization of certam teaching roles
an¢' their understanding of the content taught are described. Those
characteristics, then, are related to what happens m 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 m
the classroom.

Chapter 4 discusses the two classrooms from the perspective of
gender differences. Kahle explores the manner m which each teacher
interacts with male and female students. In addition, she discusses the
effect of ditferent teaching techniques and the unconscious acts of teachers
which reinforce society’s sex role stercotypes.

In Chapter 5, Nordland discusses the cognitive demands of the tasks,
materizls and tests in relation to the cognitive aptitudes of students. His
analyses involve the cogpitive level of the learning tasks as well as the
cognitive fevel 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 m each
class, as measured by a standard Piagetian task and in termis of a tas,.
developed frem an activity implemented in Peter’s class.

In Chapter 6, Rennie utilizes quahtative and quantitative data to
nvestigate 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 moiivation to learn ud the extent to which different
activities facilitated overt student engagement m learning tasks in each
class.
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Fraser provides a view of classrooms through the students’ eyes by
reporting student perceptions of the classroom environment m Chapter 7.
He relates quantitative data about student perceptions with quahtative
data about teachers” beliefs and mictaphors and the views of individual
students. The final chapter contains a synrhesis of the findings and pre-
sents implications for further research, for teachmg and learning m 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 aalyzed mteraction
patterns, texts and materials and as we collected teacher mterviews,
classroom anecdotes and student comments, we looked for patterns
across our ficld 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 rescaich questions. For example, our observations and
data were tested agamst a constructivist philosophy as well as analyzed
for evidences of pedagogical content knowledge. Last. we 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 aUie to 1gnore (or casually accept) our
presence The daily and accumulative record of the teaching, learning and
socializing that went on in these classrooms provided windows mto
science classrooms.
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Chapter 2: Methods and Background

Kenneth Tobin

Methods Us  in the Siudy

The Classes Involved

Twe science teachers, Sandra and Peter, from an urban high school m the
aty of Dalton, Coastal Australia participated m 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 rescarch team, both of the
nominated teachers agreed to participate in the study.

Peter’s class contamed cleven boys and twenty girls. According to
Peter, his class consisted of approximately ten top students, with the
remamder being mtermediate in abihty. He explamned that students clect
to be in this ciass by choosmg to study more chenustry m grade 10, Peter
noninated eight students whom he regarded as the most able ia the class
and also named the bottom five students. Each group contamed approx-
imately equal numbers of males and females.

Sandra’s grade 10 class consisted of fourteen boys and cighteen girls.
In spite of the fact that all of the class members had been placed in this
‘advanced’ class, 1t was clear that they varied considerably in ability and
attitude. Sandra explamed 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 the rest were less able and less
monivated. When Sandra was asked to nominate the most able students in
her class, she readily nominated four females and two males. She went on
to sclect two females and two males as bemng among the low achievers
her class. While some students were contemplating lcaving school at the
end of the school year, others were planning which subjects they would
study m grade 1. Many udents also had responsibihities outside school.
For example, one female 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 was abseit for sevenieen of approximately forty-four days
during the study.) Other students had part-time en*ployment including
workmg 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 schiool 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 1s a significant difterence between the two teachers
which is highlighted in later chapters.

Design of the Stuly

The observation component of the study took place over a ten-weck
period from August to November of 1986. During the first five-wecek
period, both teachers taught the topic of Vertebrates and, during the
second five-week session, the topic of Nuclear Energy was taught. An
terval 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 scheduiv for the first topic was arranged so that cach
rescarcher observed each teacher for a mintmum of six lessons m the
five-week period. Eighteen lessons were observed by at least one of the
rescarch team and two observers were in cach classroom. One lesson for
cach teacher was not observed.

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 au
least one member of the research team. Jane Butler Kahle puisued the
question of gender-related differences, both at Southside High and m the
broader educational commumty in the city of Dalton. Floyd Nordland
concentrated on the cognitive developmental level of the students in both
classss, explored the extent to which students understood the content of
several of the activities in which they engaged in class, and gathered
mterview data concerming 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 lessHns each. Rennie quantified students’ attitudes to science durmg
cach topic and the extent to which students engaged in learning tasks. She
then related the quantitative data to mtensive quahtative obsecrvations
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which focused on student interactions in each class. In contrast, Tobm
focused on the teacher and the manner in which the program was im-
plemented.

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 with them 1 depth.
Feedback from the teachers about the wrtten reports of :he study was
used as another data source.

Data Sources and Data Collection

Participant observer data coilecting 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 assessments of student performance.

Th. » presence of members o the rescarch team in the classroom for
such a I ng time undoubtedly influenced tiacher 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 1s, for
more than three minutes). in any event, the famihar 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 ntermittent engagement
which appeared to be well established in both classes.

When the field notes were written, we gave them to the teachers so
that they would net feel anxious about what we were wrnting 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:

[ handed Peter the field notes and he cagerly read through them.
He was impressed with the detaill. ‘Did I do all of that?’ he
exclaimed. As he read the field notes he explained that Britta likes
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 thmk my pre-
sence in the classroom had made any difference to the way that
the class behaved after the first few mmutes.
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Sandra’s reactions to the presence of the research team and to receiv-
ing the field notes were described clearly in an mterview at the conclusion
of the Vertebrates topic. She was pleased to receive the field notes and the
feedback on her teaching. However, she 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 vahdaing
data. For example, at team mectings, deasions were made aboat the
content of interviews, who would conduct interviews, who was to be
interviewed, which learning environment scales were likely to be most
salient m the two classes, and which items to incorporate in the student
attitude inventory. In addition, deasions were taken to assess the cogni-
tive developmental level of all students, determme the extent to which
students were able to understand difficult problems and concepts encoun-
tered in the course, and assess the reading difficulty of the texts. Care was
taken to ensure that data were obtamned from a variety of sources and that
multiple perspectives were represented in the data obtained from re-
searchers, teachers and siudents.

Interviews usually were non-structured. Before cach interview, the
team decided what iformation it would like to have but, during the
mterview, the goal was to allow Peter and Sandra to speak without
nterruption and to avoid leading questions and comments. When ques-
tions were pre-planned, it was not unusual for most of them to be
replaced by other questions because of the direction n which the mter-
view ultimately headed  For example, in one of the carly mterviews with
Sandra, only half of the followmg ple.med questions were asked:

What science studies have you done in the past?

What 1s 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 m yout 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 Hayley 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 west on Vertebrates?

What would you change m the content if restructurmg were pos-
sible?

The following extract of Sandra’s earlier interview, m which specific
key questions were not pre-planned, 1s 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 actually dissect a heart during your university courses?

When students are working on a disscction, suppose a student at
Table 1 asks a question which you answer Presumably the question
will come up again?

Then one mught ask, why not call the class to attention and go over
this point with al} of them?

What I'm really trymg to get at, of course, 1s why you handle things
as you do.

Is there somethmng about chemustry that 1s different from when you
were doing the Vertebrates unit?

Another thing that we talked about 1s the way that these students are
good on a one-to-one basis, buat they have a tendency to socialize.
Some people watchin, vour class might think there is an excessive
amount of off-task time. Would you just like to talk about that in
genceral?

How would you describe the support system at Southside High? Jf
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 were compiled into written
ficld notes which were circulated among members of the research team.
Team meetings were scheduled three mes a week and occurred prior to
visits to the school. Team meetings were used mamly to discuss the data
and 1ts mterpretatons. On the basis of the results, data collecting
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strategies were formulated with the mtenuen of gathering additional
information to support or refute assertions. Throughout the study, asser-
tions were formulated, modified or rejected The findings were orgamzed
as a sct of assertions together with supporting evidence, exceptions and
illustrative vignettes.

Assertions about gender differences in Peter’s class are provided 1s an
example of the changes which occurred n assertions as the study progres-
sed. When we began the study, we fele that gender differences nught
occur in the manner described by Tobin and Gallagher (1987). who found
differential mvolvement of males and females m whole-class scttiugs and
m 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 m interactions or work patterns’. By
the end of the second week, however, evidence from observations and
mterviews led to the following assertions about gender-related differences
in participation in Peter’s class:

Durmg individualized activities the teacher mteracts with some
students more than others.

There are no gender differences m pubhe interactions.

(+1s participate in mdividualized activities to a greater extent than

boys do.

After three weeks, a pattern of gender-related differences in mteractions
with the teacher had been cstablished to support a hypothesis of he
following form: ‘There are gender differences in Peter’s class in whole-
class interactions and m seatwork interactions with the teacher’. Thus, 1n
a period of three weeks, an assertion of no discernible gender-related
differences in engagement patterns was reversed and differentiated m the
form of three asseruons which were supported throughout the remamder
of the study.

A smular 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 1s 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 mvolved i social discourse,

More females move around the room and visit other tables.

Fimally, by the end of the Vertebrates topic, a third assertion became
cvident to the research team:

Sandra’s management style enabled three to five female stud_nts
to monopolize her time when 1t suited them.
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Background Information About Peter

Peter was an enthusiastic teacher who 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 sausfied 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 scheol 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 saence by
answering the questions and discussing them with their peers and the
teacher. However, the workbooks ccnstrained the curricalum mn a man-
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 2 number of rooms at Southside High. Because of that policy, he was
reluctant to change the arrangement of desks in the room i which we
observed him teach. He noted that:

One of the things that really gets me here is that I'm seldom m
the same classroom. This year I'm in seven classrooms [ 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 tn Coastal Australia, Peter regarded the
more specialist courses offered to students m grades 11 and 12 as more
interesting, demanding and 1mportant. During 1986, Peter was teaching
biology and human biology to grade 11 strndents. These teaching assign-
ments were demanding i 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 most 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 weck. Thus, his role as cacher confiicted with his
other roles, particularly as a family man. Pcter stated that:

20




Methods and Background

I go home at mght and the demands of the family are un-
believable. ... About one hour of marking a: home per mght.
I don’t get a lot ot time for other things. Even on the weckends
I'm locked away in a room marking and I resent that sometimes.
Marking is horrendous; every night we are constantly assessmg.

The demands of teaching five dasses necessitated compromises 1
terms of Peter’s 1deal for the teaching and Larning 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 referrng them to their workbooks. In
addition, because the workbooks were written so as o utilize a wide
range of resources, the teacher could implement the curriculum without
taking an active role in presenting and sequencing science content. In
other words, 1f time demands were such that compromises 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
carcer goal to science teaching, his interests m the outdoors and physical
cducation were ever present. Peter was an enthusiastic teacher who
emphasized field trips and encouraged his students to be involved m a
variety of excursions. When talking with Peter about science, his strong
interest in field work was evident. Obviously he valued learning m a field
environment and he ook steps to ensure that students had every oppor-
tunity to learn in that way. Peter adopted an encrgetic 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 lunchame science
conipetition in conjunction with Science 1 Schools Week. These addi-
tional activities were a further burden on the time avalable 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-
tence in admunistration by making him responsible for grade 1) students
m 1987, In addition, he was clected by his colicagues to the School
Board.

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

I am different. I tend to wear a collar and tie a fair 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
tic. And I tend to be conservative and probably authorit rian in
some ways. ... I'm a very different sort of individual I suppose.
My mnterests are very difterent from the average teacher. [ enjoy
the opera and stuff like that. 'm comnutted to classical music and
stuff like that. Next weckend P'm takig 30 kids away on a
weekend camip.

Background Information About Sandra

Sandra lad a background of employment winch included periods of
workimg as a scientist and teachmyg n three states of Australia. Despite the
fact that her father and mother were snccessful teachers, Sandra did not
consider teachmy as an mital career. She completed a saience degree with
majors in chemistry and biochenustry and subjects in mathematics, scien-
ce, physics, chemistry and biology. Sandra felt that her success in saience
had to do with a high mterest mn science subjects when she was at school.
After completing her degree. she worked for a year as a bactenologist
when she partiapated m a rescarch 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.m when it became apparent that she could not pursue a career m
science. She noted that one of the strong pomts about her program was
that she spent about two days a weck for the entire year m schools.
During this period of mducthon mto teaching, she was assigned to a
seuior science teacher who allowed her to ‘do her own thing' Durmg thns
program, Sandra observed a range of teaching styles and concluded that
there 15 not just one optimal style of teaching, but that there are many
styles that might be suitable in a given set of circumstances. When she did
ner training, discovery teaching was m vogue, but Sandra found that at
did not work well for her. However, she was not really m favour of a
teacher-directed approach either. Sandra noted that, 1f students could
move through the acnvities efficiently and aclieve the objectives and be
accurate n 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 mterested in taking
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science, Sandra azrecd that it was. She remarked that, in a recent exerase
ir which students had to indicate the carcers in which they were -
terested, she founa that two of her most capable girls were intending o
pursue a career in preschool education. Sandra gave some ncn-verbal
signals that she disapproved of their choice and indicated that some boys,
who were less capable, had opted for carcer 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 secemed
secure with the workbooks. They could see what students had to do and,
as they worked through the activities, they could keep track of therr
progress.

Sandra taught in two separate school systems before commg 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, m
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 metropoltan high school mn
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 ume 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
clective 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 in optional parts of the courses and m
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 m which Sandra organized
learning acuvities 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 1t was leained through her high school biology course and by
teaching the topic in other schools. Each time that she taught the topic,
she retained a hittle 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 ‘information «hanges with
time’ and she learned new things as the years went by. She relt that the
Web of Life biology course also had mfluenced 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 retaned by John, the
first head of the science department at Southside High, and by mterview-
ing former and present school staff. The three staff who provided the
information used in this chapter are: John; Gerry, a staff member who
taught at the school for 1ts first ten years; and Dennis, the head of
vhysical sciences.

Philosophy and Crrriculum Organization

Southside High commenced in 1977 as a school with numerous differ-
ences from traditional high schools n Coastal Australia. The foundation
staff of the school were selected on the basis of their plulosophy 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 scnool 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 1ts goals and objectives’,
consisted of ten statements which are summarized below:

+ Children are active participants m their own learning.

+ Each student has different interests, propensities and abilities;
cach will respond differently and will express different needs. It
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1s 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 seck, explore and discover
through their learning programs.

Learning 1s something that students do: it 1s 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 the functionng 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 community, rather than
the school, is the learnmng environment and community in-
volvement should be accepted as ar 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 mter-related components,
formally referred to as subjects. The school accepts the holistic
concept of knowledge and orgamzes courses and programs
using integrated approaches, relating the separate disciples to
broad themes or ideas.

The teachers at Southside High were encouraged to be mnovative

and were prepared to try new approaches and evaluate their cffects 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 [ 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 1t was the best
thing to do, but the interesting thing was to try it.... We also
tried background music because 1t was supposed to be student
centred ... It didn’t work but it was interestmg to try ...

The staff of the school translated the school philosophy mnto organi-

2 4()

zational and operational procedures. Initially 1t was deaded to follow the
development of themes across subject arcas. As a consequence, new
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Table 21 Themes and related science topirs for Grade 8 in the imtial five years at
Southside High

Theme Sciznce Topic
Who am I? Tuning in with the senses

Mice and men

txplonng the near environment Science of music
The chemistry of food
Skin and “lothes
Electnic circuits

Explorati. ~ Plants
Minerals and crystals
Places and people

curricula were developed and existing curricuia were 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
development of student independence and individual deaision making
was valued highly. One of the geaeral aims of the school was.

Southside High ... will ulumately 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 hae to be educated to accept this respon-
sibility. He said that ‘... this can only be done by gradually placing
students m positions of self discipline and providing supportive guidance.
We must accept some failure as part of the learning process. The result of
this 1s that the va_t majority of grade 10 stt Jents show a degree of self
discipline m this arca that far exceeds that which [ have seen in an other
school’. In addition, recognition of the diverse nature of student abihties
and interests led to a system which enabied students to learn at their own
rates and study science topics in which they were mterested. Thus,
students were given considerable auto..omy m selecting when to study
particular topics, for how long to study specific topics and which to1cs
to study. In order to provide students with this degree of mdependence,
workbooks were prepared to enable them to work mdependently of oue
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 mto ability groups.
Individual differences were catered for within the printed matenals by
allowing students to progress at their own rates and permitting them to
select topics suite their abili*". According to John, the advantages of
not strcaming seen in high mouvation of students and positive
social attitudes. viore able students could progress further than m con-
ventional schools because of the self-paced nature of the program and the
availability of additional topics to study. Students were timetabled for
science m 100-minute blocks, which enabled a variety of activities to be
undertaken in a flexible manner. Students were responsible for their own
time keeping and there were no sirens or bells to signal the end of «'ass
time.

Another consequence of adhering to the school philosophy of educa-
tion was that there was Lo 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 1t. 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 we
vrere 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 ight. They didn’t do it because the teacher wanted
them to do it, but they saw that domg homework was a way of
achieving something for themselves not for the teacher.

The staif set out to establish a relationsnip i which teachers and
students were partners m learning and the image of teachers being ‘aloof
professionals’ was avoided. A tfeature of the relationslup was the first
name basis on which staft and students addressed one another.

An innovative open-area design was incorporated mto the school
buildings Classrooms were separated by a movable 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 ' metabled for science with two or
three teachers. This enabled innovatie approaches to teaching to be
utthzed. 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 techmque with many advantages but was abandoned
partly because of the difficulties that some staff had m adapting,
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but mainly because of the difficulties which some students had m
coping with the open area . . .ation.

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 well 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 ¢1l types were
avoided. Instead, teachers adopted a positive approach to problem stu-
dents by providing encouragement and counselling. Buased on the same
philosophical point, teachers avoided makmg 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 cach objective. The acuvities were mcorporated
mto student workbooks. John said that the approach underlymg the
workbooks was not related to discovery learning which, m his view, 1s an
inefficient l¢ rning process when science content is to be learned. He
described the approach as individualized and expository, because erther
the content to be learned usualiy wa. in the workbooks or students were
told where to locate relevant information. Students were provided with
workbooks and sets of textbooks were available as resources to be used m
class. John described the philosophy of the workbooks mn the followmg
terms:

The ultimate philosophy in some of these books is that, if you've
got something boring to do, the students hike dong 1t better *¢
they do 1t themselves than 1f you tell them 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 mnto 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
uccided to copy this paragraph down, and there’s no real piessure
as to whether they do it in one minute or two mmutes; 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 consequence, the themes were modified 1n 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 thematc 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-
tmued, the new units which were wrntten 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 oniginal 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 mn the school. They understood the rationale for what was being
attempted and they worked hard to ensure that the curriculum was
implemented as intended. However, the influence of new staff became a
problem immediately after the first year of operatron. In many cases, new
staff, who had not been mmvolved in the initial decisions, wanted to teach
differently. This lack of cchesion 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 mducted into the system as 1t stands and they must
initially accept the views of the muajority. It is too easy for an
individual teacher to reject what hay been established over many
years by many people mvolved in i:ours of discussions.

The Second Five Years

Dennis was asked to describe the factors associated with the last ten years
at Southside High which influenced the science program at the school.
Dennis explamed that, followmg the departure of john, chere was a
two-year period when strong icademic leadership was not cvident in
science. This lack of leadership influenced the quahty of the workbooks
and resulted in a run-down of laboratories and equipinent. Dennis com-
mented that the quahty of the workbooks had dechined 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 materals based on a self-paced plilo-
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 catalyst for further change. New staff tended o be
more diverse and had ideas of how the curriculum should be mm-
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
learmng. 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-cent=2d learning. The approach to
teaching became a matter for the professional fudgement of the teacher
and the tcam approach, which had characterized So athside High in the
past, diminished rapidly.

Some aspects of the student-centred approach to teaching and learn-
ng were retamed. The most notable of these was use of the workbooks,
which in the past had faalitated 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 *modtfied workbooks superficially’. Very few topics
ran for more than one or two years without revision. However, the
relatively large number of teachers mvolved 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 topies were student-centred and matenals-centred.
Ge, y noted that several topics ended up ‘being quite mediocre’. As a
consequence, the workbooks evolved from beng very materials-centred
towards bemng 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 exaniple, Flowering Plants,
Vertebrates, Invertebrates) were prepared and introduced into the curri-
culum. In a parallel mamner, physical science topics, such as Nuclear
Energy, were produced. Gerry described Nuclear Energy as a reai ‘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’” m the quahty of workbook matenals over
the years:

You could tell the carly ones because they were very much 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 1s 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 2arlier. 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 matenals 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 areas and to work
at rates commensurate with their abihties. 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 m 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-abilty
students. (p. 15)

An integral part of the science progr.m was the workbooks which
were developed for every topic of study in lower school science (that is,
grades 8 to 10). The workbooks facilitated the kind of ndividualized
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 tc teaching varied from the policy
which was adopted uniformly in the initial years of Southside 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 substanually 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~ 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 carlicr 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 feur walls. Yet, they
shared a wall through which sound easily penctrated. 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 learning, 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 aifficulties,
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 1n 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 an
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 science facts and algorithms to solve quantitative
problems. Teachers were concerned mainly with covering the course
content 1n the tix  rhat was allocated. Students also were concerned with
getting the work done, obtaming 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 examinations and teacher tests, both
of which emphasized recall of science facts and the solving of quantitative
problems. These tests and examinations 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 a2 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 activitics prescribed by the teacher constramned the
opportunities that students had tc learn during class time. Students were
placed most often in a sitnation m which they listened to the teacher or a
peer, copied down notes or worked from the textbook. Opportumties to
clarify and test understandings were hmited, as were opportunities to
claborate, evaluate, synthesize, resolve conflict and reflect on what was
being learned. Similarty, laboratory activities usually were not mtended
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 carlier in the course.

Tobin and Gallagher (1987b) suggested that most science teachers
have a eultural 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 tcacher in
whole-class settings and respoud 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 leaming probably would be swtable for learning facts an-.
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 influerce teacher plans for implementing
the curriculum include the beliefs of teachers, metaphors used to concep-
tualize teaching roles, know’edge 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 chapter is to consiser teacher mind fram=s
and interpret themn from the perspective of, first, what was observed to
happen in the two science classrooms involved in this study and, second,
what opportumties 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) dge drives routines which 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 students 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 world view and self-concept. As a consequence,
individuals almost always perceive new information in a manner that
conforms to their present world view. One explanation of why indi-
viduals are so steadfast in mamtamning present orientations, conceptions
and perspectives in the face of contrary evidence 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 cognitive disorder
that would scem 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 1s 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 mquiry. Power (1977) also emphasized the relationship be-
tween teachers’ beliefs and the implemented curriculum:

Teacher’s behefs 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 1s 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-
stadings ascribed to 1mportant concepts about teaching and learning.
When a teaclier considers whether or not a particular role 1s appropnate
for use 1n science teaching, one of the considerations which is brought to
bear on the decision is the teacher’s personal epistemology (that 1s, 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
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perspective are incompatible, e role might be considered mappropriate.
Thus, beliefs about how students learn can have a direct influence on the
roles utiized by teachers.

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

Beliefs About Teaching and Learning

Philosophers (for example, Fenstermacher, 1986) and anthropologists (for
example, Stefflre, 1965) define a belief as a proposition, or statement of
relation among things, accepted as true. To accept a proposition as true 1s
to value it n 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 rowards
it (Eisenhart, Shrum, Harding and Cuthbert, m press). For example, the
belief that students learn science by listcing to the teacher and rea.ing
books could link positive attitudes (such as rewarding and graufying
feclings) 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 mferred. 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 cach 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 Southside 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 with 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 ecach 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 classifyimg 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 n the
appropriate group. The twenty-two events described by Peter are pre-
sented in Table 3.1 and the nine grouping criteria are listed n Table 3.2.

The twenty-two events were hsted as the rows of a matrix and the
uine grouping criteria comprised the colummns. Peter then was asked to
enter data into the matrix by ndicating 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 explam 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 1t became apparent to Sandra that she
inadvertently had missed them.

When Sandra grouped the twenty-four events, she used four criteria
whi Y1 she described as what students come in with, resources which are
needed, management of the program, and student involvement (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 critena,
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 criteria which varied (that is, what
students come in with, resources which are needed and management of
the program) indicated that what students come in with and management
of the program are similar to one another and to student involvement
(which had a constant rating of 3).
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Table 31 Events which Peter identified using repertory grid techmque

Event No. Event
1 Rapport with students
2 Questions from students
3 Teacher-student interactions
4 Students on-task and involved
5 Teach in same classroom
6 Go off on tangents
7 Lessons are sequenced
8 Rounding off lessons
9 Interact with groups
10 Interact with individuals
1 Challenge students
12 Use different techniques
13 Challenge students to think
14 Get students out of classroom
15 Student-student interactions
16 Write with pens
17 Pages ruled up
18 Work done on time
19 Challenge more-able students
20 Expository approach
21 Hands-on activities
22 Students produce a paper

Table 3.2 Cnteria 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 4,1

D Creating 2 stimulating learning 6,12,13,19
environment

E Teaching technigues 20, 21,22

F Classroom management 7.8

G Convenience for teacher 5

H Total change of learning environment 14

| Relating to siudents 1
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Table 33 Rotated factor pattern coefficients for a four-factor forced solution for
Peter’'s data

Fector Patterr Coefficients

Grouping

Criterion Factor 1 Factor 2 Factor 3 Factor 4
A (interactions) 083 001 0.24 -0.24
B (Standards) -0.06 -006 0.67 0.67
C {(Motvation) 0.77 0.24 -010 -010
D (Stimulating environment) -005 088 -010 -010
E (Teaching technique) 020 075 -0.00 0.01
F  {Classroom management) 0.37 045 016 0.31
G (Convenience) -005 -0.01 006 039
H (Total change; 096 -on -021 0.13
I {Relating to students) 0839 010 0.02 001

Table 34 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 hypothess for testing
4 Each student would have some input
5 Set up a controlled experiment to test hypothesis
6 Have equipment avallable
7 Use equipment to solve a problem
8 Collect and record results in a reasonable form
9 Generate further quest.ons to investigate
10 Use additional resources to investigate the problem further
" Students report to the rest of the class
12 Students question to require justification of result
13 Teacher centred activity 10 set up the initial problem
14 Write up a report on the investigation
15 Prepare summary versior. 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 investigations in another
20 Siudents are motivated and heen

2 Problems are interesting

22 Students achieve all objectives through this process

23 Students have prerequisite knowledge

24 Teacher monitors student progress
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Table 3.5 Cntenis used to group events identified by Sandra

Group

Identification Criterion for Grouping Event Numbers

A What students come in vath 1,4, 20,22

B Resources which are needed 6,7.10

C Management of the program 13,16,17,18, 21,24

D Student involvement 2,7 5,89 11,12, 14,15
22

Perr’s Beliefs

The results of the factor analyses for Peter’s data (see 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 t* tors were named learning, teaching, standards and convenience
Sor the teachet. The factor pattern loadings contained in Table 3.3 indicate
that interactions, motvation, wotal change of learning environment and
relating to students were the criteria most strongly associated with the
learning factcr (that is, factor 1). The secevd factor (teaching) was niost
strongly associated with changing the * 5 -avironment to be stimu-
lating, with teaching techniques and with, ¢ is..oom management. Stan-
dards was the only criterion associated vith the third factor. The fourth
factor was defined by convenienze 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 1s little
wonder that it loaded on three of the four factors, as management of the
implemented curricahi.a is clearly related to learning, teachmg and the
conve.tience of the teacher.

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

Learning

Peter emphasized the importance of striking up immediate rapport with
students. He noted that this usually happened in the first sixty seconds of
a lesson and might involve something totally unrelated to :he lesson (for
example, a joke). Usually the basis for establishing rapport was common
ground between the teacher and students, 2ad this might have taken the
form of a comment directed to a number of students.
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Enmphasis also was given to the need to interact wath students and to
encourage them to mteract with one another. In tlus sense, Peter said that
he badgered students to interact and to ask questions. He stated that he
‘did not like students who are passive and just want to write. 1 don't see
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 which he had been
coaching several students to improve their science:

If there are just three of you sicting 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 sn a classroom situation because
of the peer group pressure and what have you.

P'eter noted that he liked to see students on-task and mvolved m an
mtense way. He stated that ‘I get a real euphoric surge when kids really
get involved in the activity and work to suclt an extent that your . csence
in the classroom is no longer required — as if you put the plane ~n
automatic pilot’.

Peter also was critical of the aporoach used at Southside High where-
by students were required to do an enormcus amount of wrting and
‘were not given much time to sit and think about what they’re doing’.
Peter hoped that there were opportunities for students to mteract with
one another and the teacher i his classes, but acknowledged that Ius
students were forced mto a situation in which they had to learn by rote
for tests. In addition, Peter was not enthusiastic about the workbook
approach wlich restricted students to reading and writing and provided
them with a ‘crutch’ which as not available in grades 11 and 12. The
requirement to use the wornoooks was a constramt which reduced the
amount of time which Peter bad for interacting with students.

Peter was enthusiastic about the importance of interactions in pro-
motimg student learning. He noted that he rarely sat behind the front bench,
and that he preferred to be amor 1 the students and feel that they could
relate to him. He talked disparagmgly about the tendency of some
teachers to walk mnto the class, pile their books on the front bench and
teach from behind the teacher’s demonstration beacli. ‘The more inter-
action the better’, he noted. Durning an mterview during the Vertebrates
topic, Peter commented that:

I guess a lot of my teaching reflects that I want to mteract with
the kids. A lot of people would condemn me because 1 try and
mteract 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-
trolla e urge to ineract with them ... get them away fiom
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those workbooks because I'm not really sold on the workbook
approach.

[ 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 [ guess as an observer from the
outside you'd find that I tend towards those kids who mteract
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 ve.y
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 aitention 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 providss 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 irrclevant but, when you can
specifically relate things to them and to people in their class, |
think it’s a much more meaningful learning experience. That’s
why [ 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 ke working with.

Peter’s beliefs also were ifluenced by his own experience as a high
school student when he discovered that leaming was meanmgful when 1t
was related to personal life experiences. Peter stated:

From my educational experiences as a kid in the classroom, the
things that [ 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 mtimate detail about whether the fish has got a three-
chambered heart or whatever and stuff like that just goes by and
by. Some 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 beheved that there was some need for the expository approach m
science lessons, although he was quite clear about the futility of too much
time being allocated to lectures. He noted that lectures 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 1 a laboratory situation to be able
to impress students by displaying your skills by the use of a microscope
or somethmg hke that’. This quotation provides evidence of Peser’s need
to gain the respect of students by impressing them with his science-
reated knowledge and skills.

Some additional insights into Peter’s beliefs about teaching and learn-
ing were gleaned from several interview comments which alluded to
teachers that he did or did not admire. For example, he greatly respected
the teaching of Martn, his first head of department, who was a strong
‘traditional’ teacher who was able w0 assist grade 12 students to perform at
the highest lever on exterral exammations. 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 the necessary experience for
the job, that she spoke in a high-pitched voice which was ridiculed by
students, and that her mode of teaching was to go nto the classroom and
cover a part of the textbook. Acrording to Peter, she lectured from
begimnmg to ¢ind of the lesson and there were no discussions, no labora-
tory activities, no slides, no hbrary work and no films. The pace of
learning was lockstep and, at the end of the work in a chapter, the
students learned by rote for the test.

The above viewpomts were consistent with values which Peter de-
monstrated in his teaching and m interviews conducted throughout the
study. Peter thought that the teaching of biology and human biology to
grades 11 and 12 students was more important than teaching general
science to grade 10 students, and he valued external examinations and the
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 the teacher, use
of audiovisual aids and use of the library.

Much of what Peter said during mterviews suggested that lus own
teaching style was shaped by his experiences as a high school student.
Peter noted that, while at school, he was not regarded as one of the
brightest students 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 mamtam concentration beyond thirty mm-
utes. Peter’s beliefs are encapsulated m the comments provided below:

How I think that a lot of kids learn is sumply from the interaction
that occurs between fellow students When [ was i school,

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 then I'll stop and allow
them twenty mmutes, particularly for interaction in small groups.
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For exaniple, in the mteraction between Rachel and Nicola,
Rachel is the bright student and Nicola is not so bnght. Nicola 1s
very dependent on Rachel and I see that as a good thing. It's not
hindering Rachel and 1t’s helping Nicola immensely. That’s why 1
favour them sitting where they want to sit and organizing them-

selves ... and allowing a tremendous amcunt of mteraction
bctween individuals who obviously enjoy working with one
another.

Despite Peter’s behief that students learn best as a result of mteracting
with peers, he regarded ‘lock-step’, whole-class teaching as providing a
means of monitoring student understanding. Peter noted that:

I must confess that I find 1t difficult to have a class that's workmg
at 1its 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, 1 suppose. 1 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 msisted 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 behieved 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
ncater The final event which Peter associated with standards was the
need to submit work on ime. 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 commienced that fewer laboratory activities were bemg 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 relatvely long distance over which equipment had to be trans-
ported, his inclination was to adopt other methods of covermng the work.
Scheduling his program mto more than one room also influenced the
manner in wlich the curriculum was implemented m other ways as well.
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For exaniple, he noted that b2 did not set up aquaria and displays and that
reorganizing furniture for alternative groupmyg arrangements was mcon-
venient 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-
ng of students. How_ver, when Peter completed the grid, he appeared to
broaden the defimtion of management to mclude management of stu-
dents. Thus, events such as keeping students on-task and mvolved,
tcaching in the same classroom, interacting with individuals, using diffe-
rent siraegics and challenging students to think weie all rated as bemg
strongly associated with classroom management. The use of the broader
definition probably expluns why the criterion was moderately associated
with three of the four factors.

Sandra’s Beliefs

During the repertory gnid acuvity, Sandra began by describimg how
students would be grouped for science. From that moment on, she
fc-used on student mvolvement in acuviues related to designing and
implementing solutions to given problems. The essence of Sandra’s be-
liefs about learning is contaned in the following comment:

If kids do something for themselves they remember 1t better. The
way to learn best 1s by doing it, writing it in their words,
discussing it with the person next to them, asking a question or
explaming 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 perceved the purpose of the resources to he the facilitation
of learnmg, which clearly was concerved of in terms of student mvolve-
ment. In Sandra’s ideal class, students would identify problems, design
controlled investigations, use equpment to collect data, record the
findings of the investigation, report the findings to peers and justify the
conclusions. When describing her 1deal class, Sandra said that, 1f students
could move through the activiues efficiently, achieve the objectives and
be accurate in their work, she wonld arrange for them to have small-
group discussions m which they could go over the 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 materal once but, if they explain 1t to scmeone else, they
must really understand it”. Students would not have to undertake every
investigation because Sandra believed rhat they would learn from one
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another as they shared their findings in an environment characterized by
debate and questions requirmg explicit evidence to support findngs. In
this manner, all students learned as a result of their own investigations
and those of their peers. Although this type of learning was scen as bemg
better than rote learnmng, 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.
Durmg an interview, Sandra commented that:

The optional acuvities are excellent. The actwvities 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 umportant.
But you've also got to give them content. And you don’t want to
disadvantage the kids at the end of the year. They need to kncw
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 activitiecs. And every now and then |
think 1t would be better to take three weeks and ‘chalk and talk’
them through the content and give yourself two weeks to do the
options. | haven’t quite got to that point yet, but I'm workmg
towards it.

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

It's a difficult topic because there 1s just so much factual mforma-
tion that was outlmed m their objectives. And the really good
kids can learn that all off by heart and the less able kids are gomg
to learn the factual information, bur they nught not be atle to use
it and might just give 1t back to vou. So I look for diffcrent
things. 1 accept that they will learn a certain amount of factual
things but, given five weeks and given that mode of working m
groups, 1t's not as efficient m terms of learming lots of httle facts.
In the long run, [I expect them to learn] that there are naturally
occurring atoms and 1sotopes which produce radation, and that
cither using naturally occurring 1sotopes or making our own can
lead to beneficial use of radioisotopes. The domumant view about
nuclear energy 1s that 1t’'s wrong and 1ts dangerous. If nothing
else, T would like them to come out of 1t recogmzing that there
can be neutral purposes and there can be beneficlal purposes of
our knowledge of nuclear eneigy.
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Sandra was critical of the time which students spent writmg during
saence lessons. In an cvaluation of the Nuclear Energy topic, she said:
‘They did all that writien 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 understand the concepts taught
in the topic because there was too much to learn in a five-weck 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
i1s, 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 fiftcen years or twenty-five years your
kids nught 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 1t should happen all the
time, but 1t’s something 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 opportumities to
develop understandings about science, Sandra frequently provided stu-
dents with direct experiences m the form of teacher demonstrations and
laboratory activities. Sandra perceived her role m terms of monitoring
student progress, assessing learning, providing resources when they were
requested and assisting students to synthesize findngs 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 1 the one week.

Sandra responded:

The reason is to get the kids more involved in handling and less
nvolved in copymg down. And I really think thatm the long run
it should mean that students remember difficult information 1f
they have actually gone through it themselves rather than writing
it and memorizng 1t ... When I was a student, when 1 actually
did 1t myself, T 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 1 . ated
that she firmly believed that students should pregress at their own rates m
their 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 terms of monitormg student progress and helpng
cach student to learn by answering questions and providing mformation
as cach student recognized the need. Even though this procedure resulted
in Sandra answering most questions many tmes, she was prepared to
defend her approach to teaching and learming and she intended to use this
style of teaching again when she next taught Vertek,atss and Nuclear
Energy. During an interview she was asked why she didn’t answer
questions just once for the whole class. Sandra rephed:

The students who were ready would have asked the question.
Other students would be asked to stop when it's not really
relevant to them. The students who aren’t up to that pomt won't
absorb the information as they aren’t able to relate to it. You find
that, twenty munutes later or the next day. it will come up again.
Or you will find that they have put down a slightly disjomnted
version because they’ve heard 1t but, because they haven't
covered the preceding information, they will have a hard time
following 1t. So that’s why I wouldn’t do it all tagether.

During her teacher education program, Sandra had opportunities to
observe a range of teaching styles. “There 1s no one style of teaching; . ..
there are many styles’, 1emarked 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 m
both topics, and had used whole~class activitics predommansly m topics
such as Chemistry, she did not believe that students learned effectively
with them. In an evaluaton of her teachmg of Nuclear Energy, Sandra
commented on the extent to which a few students were able to monopo-
lize her time m individualized activities as they endeavoured to anderstand
concepts such as half hife. She went on to say:

You can do 1t as & whole-class thing, but I think the same kids are
going to get the same out of it ... By domg the whole-class
thing you're not really helpmg because they’ve got a shightly
different misconception and a shghtly different way of looking at
it. ... Then you go around and stll find that kids have other
misconceptions that [ hadn’t covered until I talked to them.

Thus, Sandra’s preference to avoid whole-class activities was based
on the value that she attached to students’ anderstanding of their work.
She realized thar each person constructed his/her own pezsonal under-
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standings of science concepts and, because of this fact, 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 mdicated that learnmng in whole-class

activities was often a passive artair. In a discussion with 1 member of the

rescarch team, Sandra cominented on the extent to which students had

grasped the concept of half-hfe. She noted that:

I'm not sure that ! got enough of that through. I don’t think that
there was much of 1t in the book. When I mention 1t orally half
the class hsten sufficiently and the other half sort of listen, but 'm
not really sure how mucn they're listening reaily. You can have
them quiet bur I'm not really sure whether they really take 1t 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 flud. Her somewhat
frustrated comment seems to suggest that whole-class teaching is an
approach which she has tried with iittle success. The comment reflects the
value that Sandra attaches +o students being overtly mvolved m problem-
solving activities and progressing at their own pace.

Sandra’s beliefs about teaching and learnig were of a constructivist
nature She valued students being itvolved in activities from which they
would learn and perceived her teaching role m terms of facilitatng the
process of learmmng. Her behefs 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 mvolved m
the processes of science, develop the mtellectual 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 mfluenced what and how she taught.

As a head of department, Sandra recogmzed that she had opportum-
tics to modify the curriculum to accord better with her beliefs about what
ought to be m the saience curriculum. However, Sandra also recogmzed a
need for the school to have a consistent policy about rhe curriculum and
she valued democraue decision-making within the science department. As
a consequence, she recogmzed that the majority of the science staff
wanted to teach m the manner which had become the tradition at South-
side High. This tradition involved the use of workbooks and a style of
teaching and learnimg that was essentially self-paced. Clearly these behefs
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 mfuence the implemeuted 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 mteractions between
students and with the teacher. Both teachers refcrred 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 ro 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 umes, 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
manuer and solving problems which had personal relevance to them.
Under these 1deal 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 1deal curriculum also would have involved students working
with materials to solve problems which had relevance to the world
outside of the classroom. Concrete evidence of Peter’s 1deal curriculum
was the Science of Sailing topic which he designed and implemented as
an opron 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 saience
content was emphasized to the detriment of science processes, he did not
use this viewpomt to justify the level of emphasis m his ideal or 1m-
plemented curriculum. He appeared resigned to allowing his science
lessons to remam the way that they were. Observations of Peter’s lessons
during Vertebrates and Nuclear Energy mdicated that the implemented
curriculum concerned learning of science content and that little emphasis
was given to acquiring or applying process skills.

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

The Metaphorical Nature of Teaching

Lakoff and Johnson (1980) emphasized the importance of metaphor m
providing partial understanding of one 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
mechanism fc: understanding. Lakoff and Johnsorn stated that:

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

Metaphors Underlymg Peter’s Teaching

Peter’s teaching behaviour was influenced by metaphors that he used to
conceptualize teaching Peter described his teaching role m terms of two
metaphors. the teacher as Entertainer (in that ‘teaching is hke acting;
you're hike an actor on a stage and you’ve got to sell your performance’);
and the teacher as Captamn 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 m a particular
activity”

[ think of teaching pretty much as performing. ... I do love
mteracting with students. It was my way of stoppmg the class
and pulling about eight kids out of the class, to do an activity
which mvolved these students and also the entire class, that had
me, I guess, as the sort of the captam of the ship out the front and
directmg. ... I get a lot of the adrenaln surge out of teaching. [
am the kind of teacher who does love to direct and donunate.

The observations and mterviews suggest that these metaphors in-
Auenced the way m which Peter percerved his role and the way in wlich
he taught. In a particalar activity, Peter appeared to teach according to
the metaphor that he used to conceptuahze teaching at that particular
time  For example, when he was entertaming the class, he was humor-
ous, mteractive and amenable to student rowse 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, durmg a discussion on uranyl mtrate, 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 commut you to a fate worse than death’. Immediately the
students began to chant. ‘Peter, Peter, Peter'. Peter said ‘No, 1 only know
love songs and I'm not going to do that here’. Peter as Entertamer
quipped his way through whole-class activities and socialized with stu-
dents during scatwork 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 m charge of the class and emphasized whole-class activities in order
to maintain control of a teacher-centred and teacher-paced learning en-
vironment. While Peter was Captam 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 histened and participated m 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:

The teacher has to be m charge, in control. Different teachers
have different abihities 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 1t once. So it’s all tied up
with the maguetism, 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 m the classroom, T wouldn’t
dream of doing on a Friday afternoon because it’s Friday after-
noon. You let them go and you're gone. You've got 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 m the reins
and you hang on for the rest of the session. A lot of it 1s your
perceptions 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 couceptualize teaching. Considerable
rescarch needs to be done in order to idenufy other metaphors that
science teachers use regarding te-~hing and learning and the science
concepts that they endeavour to te. .. In this study, we observed that
Peter taught in quite different ways which were 1 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 varicty of metaphors for
teachmng.

A Metaphor Underlying Sandra’s Teaching

Sandra’s teaching was mfluenced by the metaphor of Teacher as Resource
i 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
clanfy the schedule or provide details related to the admunistration of the
program. Of particular note was Sandra’s non-mmtiating role as she
moved from one individual to another throughout each lesson. Her role
usually was responsive and reactive rather than nitiating. 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 the scicuce 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 if
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:

[ 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 scen them yet. They stay on-task, 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 $0,
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 mcovement
during the Nuclear Energy topic (sce Table 3.6). Sandra wisited cach
group on at least onc occasion and visited three of the groups on seven
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Table 36 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 Undezstanding 3 Understanding
5 Management 2 Management

8 Management 1 Understanding
3 Understanding 2 Management

5 Management 4 Management

separatz occasions. The pattern represents one of constant movement
around the class. Even when Sandra visited a group, she usually in-
teracted with two or three of the students at the table on an ina. 1dual
basis. Few wisits to groups exceeded thirty seconds in durac.

Sandra’s asseruve and resourceful role m the classroom ¢ vwell iHlus-
trated m the followmng transcript of several mmates from a lesson on
Nuclear Energy. After a brief three-minute mtroduction m which she
reminded students of their working schedule, Sanura began moving
about the classroom, wssisting students who had theirr hands raised and
movmg close to students whe appeared to be restless or off-task.

Male student.  How come there are no smoke stacks?

Sandra:  Why do you have smoke stacks mn these?

Male student.  Because you're doing 1t by heat, coal or whatever you
call it.

Sandra:  So you're burning a fucl.

Male student: Yeh., And this one? That's heating 1sn't 1t?

Sandra: ... and 1t's heaung, bat is there any burnming?

Male student:  Uh uh [chakes his head].

Sandra:  Any carbon dioxide produced?

Male student:  So aomg it by a reactor mstead of 4 ...

Sandra:  Yeh Yeh.

Sandra then dealt with a management matter relanng 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 which starts a
chain reaction.

Sandra:  Good.

Lemale student.  This lots out cnergy.

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.
Iu an atom bomb you want a big enough cham reaction that is
uncontrolled.

Female student:  Rught.

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.
Sandva:  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 1s that
borderline value. Below the critical mass you'll get your chain
reaction but 1t fizzles out.

Female student:  Yep.

Sandra:  Above the critio»] mass it keeps going in an uncontrolled
way. So with your bomb you start with two masses separate . . .

Female student:  Yep.

Sandra: ... both ess .han the critical mass.

Fer.ale student: U ul..

Sandra:  When the bomb deronates you put them together. At that
stage 1t bece =5 started off and it v.ill become uncontrolled.

Female student.  When it’s over the critical mass?

Sandra: Yes. Over the cntical mass. That critical mass 1s the critical
word.

At that Sandra walked off with a laugh. She ¥ alt with two management
matters and then moved to Wayne who had ms hand raised:
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Wayne:  When do you find out all of this information?

Sandra: It’s really just asking you to thik about what you already
know.

Wayne:  Nothing.

Sandra:  In which case you have a 1uce essay to do for me by Friday.
That little essay topic which asks you to rescarch or find out more
about nucicar testing and . .
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Wayne. 1f 1 knew about this 1 wouldn't be here learning about 1t

Sandra:  You what?

Wayne. 1€ 1 knew abouw this T wouldn't be here learning about 1t
now.

Sandra. 1f you knew about the science of providing nuclear energy
you wouldn't be learning abourt 1t. But this 1si't just the scwence.
This is general knowledge, current affarrs, 1sn't 1t?

Wayne:  Not for me ...

Sandra:  This 15 relating to argument

Wayne:  T've done that then

Sandra:  Your ideas.

Wayne: That’s all 1 know.

Sandra:  Then you put down

Wayne:  That’s all my 1deas

Sandra:  No 1t's not ... You do have 1deas, hke 1t or not. You
think. You make some 1deas between now and when you finsh
this topic. Se you've got some 1deas of how things work

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

Male student: What could be .. .7

Sandra: ' What can start moving?

Male student- Yeh. 1 don't know.

Sandra.  Think about anything that moves m the kitchen. That
moves then you use 1t 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 domng?

During the above five-mmute segment of the lesson, Sandra dealt
with four questions related to the Nuclear Energy topic. In cach case, she
avoided a temiptation to give the students an answer that they could
ramember and write directly mto ther notebooks. Instead, she en-
deavoured to get thews to speak and thmk about the quesuon. Her own
questions and explanations were designed to channel student thimking
a‘'ong productive lmes. In the case of the female student askmg about the
atom bomb, Sandra ascertamed that she knew about a cham reaction, but
probably had not grasped the concept of entical mass. Havig allowed
the student to explaii now the cham reaction was mvolved m the bonb,
Sandra claborated on the answ er m a mauner that was understood by the
student, who was then able to write the answer to the question m Ler
own words. The discussion mvolving the source of movement erergy
provided an example of a student 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. I a sense,
Wayne was challenging Sandra’s role as a sumulator of thinkmg. Essen-
tially Wayne was requesting Sandra to adopt a different teaching role. He
regarded humself as an ‘empty vessel i 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 m firm terms how he should
make a start.

Discussion of Metaphors for Teaching

Peter and Sandra both used metaphors to conceptuahze their teaching
roles, and these conceptualizations had a strong bearing on the way m
which the curriculum was mplemented. However, other cognitive fac-
tors also mfluenced how Peter and Sandra taught. Routmes associated
with moles associated with life outside of the classroom also appeared to
be influenual.

Images Projected by Teachers During Instruction

Teachers have lives outside of the classroom ad, as well as assummg the
role of teacher, they also assume roles in busiuess, social, sporting, fammly
and political facets of their hves. Images projected m these various roles
evolve over the years and become a part of a person’s ‘self’. As a teacher
moves from one activity to another throughout the day, mmages which
are projected consciously during one activity nught be suppressed in
another or mught be evident but less promment. In other mstances, a
teacher conscrously might project an image from another role n order to
gain the respect of colleagues, students or idividuals.

During an interview, Peter sad that he hoped that students percerved
him as a person not just as a teacher, and that they saw him as approach-
able and someone with whom they could talk. He wanted them to see
him m different roles, such as a father and as a person mterested in
photog aphy. As he taught, Peter projected these and a multitude of
other images such as. an outdoors type of persun, someone appealing to
women; a fanuly man, a scientist with expertise n biology/anatomy, an
entertainer, a leader, one of the boys; an important teacher in the school,
an anti-nuclear advocate, a person n control, and a person who 1s ‘with 1t’
and can bridge the genetanon gap. In contrast, Sandra projected muages
which were more consistent with nurturing learnig,.
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Itmages Projected by Peter While Teaching

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 rescarcher arranged for Peter to
ask his grade 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 agreemg with
them. I left the appealing to women until last — there was 2 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 becween
Mike and feffrey. The seat wobbled as he sat on it. Immediately he
sprang to his feet, grasped the chair by the legs, wrenched one leg irom 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 furniture. 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 fanuly life and his appearance during
lessons. He mentioned his wife and young children and told students of
incidents associated with his previous teaching appomntments, particularly
his teaching appomtment 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 abont life mn 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 hus work at umversity and his major in anatomy. Such references
seemed to be designed to enbance his credibility and gam the respect of
students Peter associated knowledge of science facts with bemng a scien-
tist and, durmg the Vertebrates topic, he appeared to try to umpress
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 saithng. On this occasion,
he projected limself as a capable scientist who had designed his own
science curriculum.

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

When Peter moved around the classroom during scatwork activities,
he mteracted with female students to a greater extent than he did with
male students. He regularly took time to speak with eight girls whor he
described as bemg vivacious. At nmes, Peter seemed to project himsett 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 gigghng and sniggering on the part of students. Several of the girls
in the class appeared to anticipate such comments and they looked for
opportumties to nusinterpret 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 inadent, Nicola continued to laugh and reiterate
that his comment was disgusting. Although Nicola’s behaviour in this
instance was immature, having nusinterpreted Peter’s mitial question,
Peter ‘played along’ m lus follow-up response and did nothing to discour-
age her continued remiarks about the comment. Nicola’s behaviour be-
came increasigly dizruptive, not only to her own work, but to the work
of other students as well.

On other occasions, Nicola was the target for behttling remarks
from Peter. As she endeavoured to answer a question m 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 surprismgly, 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 secemed to draw attention to himself. For
example, when commencmg a review lesson on Nuclear Energy, he
remarked: ‘Don’t start clapping slowly will you. You'll have to throw
money before I start taking mv clothes off.” Later in the lesson, Peter
started to sing (‘I wanna bop with you baby all mght long ...’) as he
approached Diane. He then retorted “It's all night Diane, don’t get ea-
aited’. Other students, such as Britta, Rachel, Danielle and Christine were
also the targets for some risque mteractions mvolving 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 atutudes to some of the female students swhom he
taught:

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

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

Interviewer:  Nicola, yeh.

Peter: ... and Nicola’s a ratlier gorgeous kid. If I was Greg I'd be
down there every second five mmutes too.

Interviewer:  Uh huh ... that’s right. I remember that one too.

Peter: 1 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.... [I'd say to
Greg] that, if [ was your age I wouldn’t want to be dnfting 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
hke hell. ... But really I'm trying to say to him that [ don’t think
it’s on. [ 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 m the school occupied senior positions in
science education and had authored science textbooks, State Education
Department curriculurn matenals 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 m 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 1n class,
particularly to female students, could represent attempts at bridging the
generation gap.

Images Projected by Sandra while Teaching

Sandra was sincere, caring, interested, scientific and authoritative as she
moved about the classroom and provided assistance to students. She
listened m 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 situations and
became hesitant to demand too much of them. At the same tme she
realized that she should not lower her expectations berause it was better
to have high expectations so that students could rise to the challenge and
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achieve at a lugher level. Sandra always appeared to know what she was
domg and exhibited an artay of attitudes such as an inquiring and open
mind.

Constraints to the Implemented Curriculum

A thread which permeated the mterviews with teachers was a belief that
teaching in schools 15 a matter of making the most of constraints (that 1s,
the cognitve censtructions of teachers which prevent them from doing
what they believe they ought to be domg). Factors which constramed
Peter and Sandra from domng what they believed they should be dong are
discussed in this section.

Despite Peter’s desire to make science content relevant, to allow
students to learn frem their mteractions with others and to allow them to
work at their own pace from the workbooks, his lessons were charac-
tenized by teacher controlled mstruction and an emphasis on rote learn-
ing of facts. Apparently, the constramts of teachng at Southside High
School, particularly the need to use workbooks, resulted in a curriculum
which differed from his 1deal. 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 m 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, tion actwities intended by him. From the outset of cach 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 lagged belund 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 m 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 1s that the tme has just fallen away
on us. And [ didn't realize. I'm in my first year in the school and
I'm teaching these topics for the first tume, because the work-
books are all specific to a particular school and I maintam that
a teacher really doesn’t know what’s in the workbooks until he
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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 1s based on.

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

[I 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 sce 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 n the way in which he taught because of the
design of the classrooms at Soutiiside High School. Because the original
design did not mcorporate chalkboards as « promment feature of the
science classroom, Peter attempted to use the overhead projector to
replace the missing chalkboards. Interestingly, the lack of chalkboards did
nor prompt Peter to change his approach to teachmg in fundamental ways
as had been the case when Southside High was established. Probably his
beliefs about teaching would have resulted in self-paced jearning 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 1ts own pace. 1 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 1s at i the class.

On numerous occasions, Peicr mdicated that he was not mmple-
menting the curriculum in the manner that he considered 1deal. The
constramts that Peter felt are well illustrated in the following quotation
from an mterview:

It would be my dream, 1if I ever got away from the shackles of
a big science department like I'm in here at the moment and 1f [
got mto 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 constramed from
implementing  the curniculum i a way that she considered ideal.
Throughout the repertory 3nd activity, Sandra focused on describing her

~3
~J




E

Q

Teacher Mind Frames and Science Learning

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 appropriace and
moved continuously 2bout the classroom. However, students did not
engage in the manner envisaged in Sandra’s ideal classroom. The acti-
vities iz the workbooks were not challenging enough for the majority of
the students as most activities involved recalling factual in>rmation and
copymg information from a textbook or reference book. In addition,
several students were not mouvated to learn science, othe:s did not
possess rerequisite knowledge and skills, most did not have i1 put into a
group problem-solving process and nearly all students had a social agend .
to which they attended 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 ume 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 vorkbook 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 cach lesson, most were
at a low level of cogmtive demand. Almost all of the questions were
initiater] by scudents 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 studunts with higher-level cognitive questions. Her nme
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 .hat 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 feit that such changes couldr’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-
paced learming and most of the experienced teachers used workbooks and
advocated therr use. Furthermore. because of uncertainties 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 m relation to
homework policy as well: ‘I 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 mvolve different content. Traditionally, Southside High had not pre-
scribed homework for students. The remnants of this policy were sull n
evidence at Southside High during the study, mainly because one of the
foundation staff membeys sull taughe 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 curricalum in the manner
that she regarded as ideal. In this instance, her implemented curriculum
did not contain as much homework as she would prescribe m 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 1deal 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 origmal
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 ('80) reported that the richest source of planning was the
mental planning that teachers did. Few teachers developed written umit

plans Indeed planning in the teacher’s *planbook’ was described as a
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routme which teachers used to ‘jog’ thetr memories about the substantive
mental plarinmg which had occurred at an earher time. The notes 1 the
planbook consisted of hists of activities, page numbers in the textbook or
teacher’s ginde 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 writing the entries in therr planbook was judged by
teachers to be the essence of planning. On some occastons, 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
rchearsal of the lesson. This mental dialogue often encapsulated reflection
on what had happened in sinular lessons in the past.

The value of this approach to planning is supported in the writings
of Schon (1983) and Dewey (1922). The teachers mm 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 incorporating theory into the plaunming of teachers, most
teachers did not do so. Instead they tended to reflect on practical prob-
lems associated with getting through the day, maintaming order, obtam-
ing the needed materials and resources and allocating time to activities.

Peter’s Planning

Peter noted m «nx mterview 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 n grade 10 the work to be
done was set cut mn the workbooks and that tests and examinations were
focused on that work. Peter stated that:

[ do not plan content at this stage of my career.... Again with
this workbook apprcach much of 1t 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 through it. And again they rise
and fall on how well they do on that content exammation.
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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 1t 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 n terms of my teaching career I've gone beyond that
now and I'm more into reading things that are of personal interest
tome.... | was going to other teachers to make sure that [ 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 parucularly problematic. In fact, he
rationalized his lack of knowledge and disinclination o prepare before
cach lesson with the following comment:

I sometimes wonder whether people worry too much about the
content. Science is a content dominated subject arca 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 cx-
perimental design). How do you teach kids to be involved in
something like that? Because 1t’s difficult to do, we pay lip service
to 1t.

Frequently, Peter had not planned mn sufficient depth to teach the
science content and laboratory activities. In terms of content planning
(especially in Nuclear Energy), Peter typically used scatwork activities as
opportunities to pour over a reference or student text immediately prior
to introducing specific content m a lecture. In addition, during both
topics, be 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 some cvidence that Peter commenced lese  with a plan
of what to cover, but he exercised flexibility m 1imp cmenting the plan.
The flexible approach was most evident in the Vertebrates topic. During
an interview durmg 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 scart
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 [ 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 deasion 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-oi-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 time with his wife and young family,
Peter was keen to restrict the amount of time aliocated to school work
after 5 p.m As a consequence, he muminnzed the tine for planning and
marking student work for the grade 10 general science classes and maxi-
mized the time for biology and human biology, which were percerved 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 Planning

Sandra’s plannmg and preparation were detailed and nore than adequate
to prepare for teaching. In her role as head of the science department,
Sandra had responsibility for coordinating the course, planning equip-
ment 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 planncd her own topics thoroughly and
anticipated the amount of time that she expected to allocate to core
actvittes 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 niaterials were on hand at the beginning of
the lesson and there was 1o 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 technictan who assembled the necessary
equipment on a tray and sometimes assisted in the classroom.

When asked 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 activity and examined the textbook to
see if it contained the juformation needed to complete each qu-stion or
task. She then estimated the rime needed for esch actvity. T: : time
schedule was .oviewed on a weekly basis as students 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 .otes and the
like. A brief note on a sheet of paper was sufficient for ker to recall the
necessary content. Furthermore, becaus the major resources 1r Sandra’s
classes were the workbook and the textbook, most of the questions and
directions were pre-planned. Consequently, Sandra vaas able to concen-
trate ¢n prteang sor the management of acuvities. However, Sandra’s
planning for student engagement did not appear to take accouat o major
problems that occurred 1 her classroom eah day. Certainly she thought
about her problems, and worried about them too, yet during the two
topics she did not implement strateg, s to overcome major difficulties.
Day after day, she taught i the san.e way, des; te the fact that student
learning opportunities were not optimal.

Discussion of Teachers’ Planning

The differences between Sandra and Peter were most eviuent in their
planning to teach. Sandra planned with student learning in m'..d. She
prepared laboratory and learning experiences that would allow Jtudents
to develop an understanding of the science being studied. Both teachers
were reliant on the workbooks to pre.cribe 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 nnt
appear to plan 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
away from the student text. Instead, Peter spent a significant amount of
time mn 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 manver and films were used as a form of entertainment
during the course. During Nuclear Energy in particular, Peter often used
the workbooxs to get the lesson started and did nis planning during the
lesson. As a consequence, it was often necessary to leave the classroom
several times per lesson to obtain materials and books which were
needed, and during instruction Peter sometimes made content errors and
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faled to develop the science content m a manner which would facihtate
student understanding.

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-
uesses exhibited as he taught the content of both topics were a feature of
the implemented curriculum m lus 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 managenient, 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) m 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 knowledge, or pedagogicat content knowl-
edge, was inferred from interviews and observations of teaching. During
interviews, we endeavoured to focus our discussions on specific mstances
which were observed in the lessons and, as a consequence, we were able
to probe particular classroom events.

The Impiemented Curriculum in Peter’s Class

Peter taught quite differently in cach of the topics, but careful analysis of
the data from each component of tue study indicated that lie had limuta-
tionis in pedagegical content knowledge in each topic. In an important
serse, his limitations in pedagogical content knowledge reflected his
limited science teacher education and his lack of substantive plansing
before lessons.

Peter perceived his main role in terms of kno' vledge dissemin.tion.
He familiarized himself with the content to be learned and vresented it to
the class in a form which he fel. could be memorized. Thus, the role of
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students m Peter’s class was to histen intently, to copy what Peter svid or
wrote on the board and, at a later time, to complete activities from the
workbook.

Peter regarded himself as m-field when he taught Vertebrates and
out-of-field when he taught Nuclear Energy, and his approach to
teaching the two topics refacted 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 mformation and frequently referred to knowledge gained from
his anatomy courscs at university. Peter's teaching was focused on the
acquisition of low-level cognitive outcomes and hrtle emphasis or value
apptarcd to be attached to learning with understanding and using the
facts that were presented mn order to develop concepts. Science was
presented as a body of facts and m so doing Peter was vulnerable because
of lus 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:

[ 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,
[ basically wanted to cover the work in those workbooks and 1
didn’t want to extend beyond that.

Peter taught in a less confident and less expansive 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 explana-
tions of key concepts such as nuclear instability and half life. Instead, he
focused on the social aspects of nuclear encrgy n his whole-class activities
and provided students with much more time to work in an individuahzed
manner. Consequently, m the Nuclear Energy topic, students were much
more rehant on the workbooks and rextbooks than was the case during
the Vertebrates topic.

During the Nuclear Encergy topic, P"tcr appeared to avoid the science
content involved in the topic by emph- o social and affective aspects
of nuclear energy. For example, Peter an the nuclear energy topic
with the comment that: ‘I must confess that Nuclear Energy is not a
favourite topic of mme’. He then explained that there was no future for
nuclear energy n the state or the nation. He noted 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
how 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 decisiows that Austra-
lians would need to make in the future, and how people n 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 intradw_tion, Peter began to tell
students about gamma radiation. Although he related gamma radiation to
other forms of electromag..tic 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 piimarily
with providing an answer to the question that he had asked:

Peter:  What does 1t say about the radioactive substance?

Diane:  1t'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 1 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 activities 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 furmshed 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 that minute, there were several instances
of student miisunderstanding; however, Peter continued 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 m pre-
senting content and his pcdagogical content knowledge was madequate m
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 frequent
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 1s a helium atom which contains two neutrons, two
protons and two electrons. So, in the conversion of radium to
radon, 88 1s changed to 86. And s the answer is 86 and that’s
} v you should derive that answer.

The above response only gave the answer and did not provide
students with suffiaient breadth to understand the changes associated 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 sovrce. Through-
out the lesson, Peter did not inform students of the properties or sources
of alpha, beta and gamma radiation, even though he .cad an extract from
a text which indicated that an electric field could be used to separate the
three types of radiation.

Frequent crrors of fact were undoubtedly an impediment to learning.
However, a tendency to avoid reteaching after an error had been made
and was detzcted was a problem that was of greater importance. During
one lecson, 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
the atmosphere. He then explained that the equilibrium was upset when
‘we cease to live’. Needless to say, the students demonstrated cons:der-
able confusion zbout the carbon dating method. However, Peter was
unable to resolve or diagnose nmisunderstandings. Diane asked about the
source of carbon-14, but Peter simply repeated what he had said carlier
concerning the sun and carbon-12 being converted to carbon-14.

One week later, during a review lesson priot 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 1t was exposed to the sun.
Peter immediately said *No’ and called on Jeffrey who affirmed Robert’s
response. Peter then stated:

In fact 1t is nitrogen as a result of cosmic radiation that converts
or 1s converted to carbon-14. Nitrogen is converted to carbon-14
and then carbon-14, through natural decay will form carbon-12. 1
mean that there 1s an enormous amount of carbon-12 anyway and
1t’s just the radiation of nitrogen that gives you carbon-14.

Later in the lesson, he noted that ‘carbon-14 loses & couple ot neuatrons
and becomes carbon-12". He gave the class a new set of facts to replace
the other mcorrect information, bat did not point out that there was a
difterence and he did not explain 2ny of the processes mnvolved in the
nuclear reactions.

At the end of the review lesson, Peter explamed to members of the
rescarch team that he reahized lus error about carbon dating when he
taught the process m a grade 12 human biology course. He did not
reteach the facts to his grade 19 class because he did not regard learning
facts to be as mmportant as learning process skills. The irony of this
remark was that there was no evidence of an emphasis on process skills in
any of Peter’s lessons during the study.

At the end of the Nuclear Energy topic, most students were still
confused abeut the carbon dating 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 mstabihty, alpha, v:ta and gamma
radiation, neutron enussion and the role of photosynthesis in carbon
datmg.

Peter behaved in a similar manner when other errors were made
class. Two of these involved anithmetic and the concept of half-life. In
order to obtam the answer to a problem involving half-life, Peter had to
multiply 3 X 47 x 10° years. After considerable thought, Peter wrote 141
X 107, 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 ro 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, he 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 gencrally. During an interview, he noted:

Ididn’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 planming 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 arrane» their own
scating 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 mteractions with peers ensured that ther.
were ample opportunities in each lesson for students to interact and learn
frcm 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 contamed errors.
For example, Greg, one of the top students in both topics, had defined
respiration incorrectly and had not completed the sections on digestion or
the circulatory system. Failure of students to complete the activities n 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, Peter 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. During 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 2 outine manne;, tests and assignments were marked by students in a
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whole-class activity which was closely supervised by Peter. Thus, they
received feedback on the correct and incorrect answers to questions
included 1 tests and assignments. However, the fimal exammations which
concerned all work stuzied in the topic were not discussed with the class.
As a consequence, students were provided with a measure of their general
performance on cach topic, but were not given feedback or specific
understandings and misunderstandings.

The Implemented 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 chemstry.
Sandra noted that she had gained the pcdagoglcal content knowlcdgc
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 front 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.

Sand.a 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 charactenistic of Southside High for
many years. She cimphasized sinali-group and individualized aciivities 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 2 knowl-
edge level. Most questions were imitiated 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 ssist students to learn in a meaningful way, almost all
of her time was oc-upied by answering questions raised by students
attempting to complew: workbook activities which Sandra regarded as
lacking cognitive demand. From a student perspertive, the work was at a
knowledge level because the answers were either available in the book or
previded 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 doimng?

Female student. 1 don’t know.

Sandra:  Read that. What are the control rods doing?

Female student:  Absorbs excess neutrons.

Sandra:  They take up excess neutrons. Keeping m mmd that 1t'c
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 yor re got no control
rods m your reactor what does it do to your number of neutrons?

Female siudent:  1t's gomng to get bigger.

Sandra:  Bigger. If you've got more neutrons, what’s it domng to
your fission? Your rate of reaction?

Female student:  1t's gomg to get slower.

Sandra: If you’ve got more neutrons. More neutrons'

Female student:  Faster.

Sandra:  Faster. OK.

Through questioming, Sandra endeavoured to have the students under-
stand that control rods absorb neutrons and, therefore, by immersing the
control rods mto the reactor, more neutrons would be aksorbed so that
fewer would be left to imtiate fission reactions. Initially the student was
rhle 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 quesion when she
interacted with students. In almost all cases, she asked a string of ques-
tions and allowed students to get mvolved in responding *sually she
initiated an intecaction m 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 claborate 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 kncwledge of the content being studied. At
times, her responses to student questions and difficulties obviously were
unrehearsed and, .5 she moved to subsequent students and answered
similar questions, the quality of h:r explanations and questions improved.
At other times, she maie content errers which might have contributed to
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<tudent nusunderstandings. Such occurrences were rare. For example, in
espounse to @ question by Craig about what is meant by critical mass,
Sandra responded. ‘It’s the speafic size of a specific mass of uranium. If
the mass 1s bigger then what happenss You get a? ... a chain reaction’.
The unrehearsed nature of Sandra’s explanations was evident n the
following responses to student questions concerning nuclear fission.

Sandra. It gets absorbed by the nucleus and the extra neutron in the
nucleus makes 1t very unstable. And when it gets unstable the
energy to repel becomes stronger than the energy holding 1t
together. So it pulls apart. When 1t pulls apart that’s what you're
getting.

The one goes in and 1t’s slow enough ... oh fast ... but 1t’s stll
enough that you've got your big nucleus and it takes 1t up. So 1t
takes 1t up and makes 1t very unstable And 1t becr mes very
unstable ... and it doesn’e split wiv rwo. It splits into one. two,
three, four, five. Just littde bits.

So what particles come out of ti... spht? What are the particles that
came out? You started with uranium-235.

Female student- Hm.

Sandra.  Took up one and became tremendously unstable and 1t
splits. You know it rocks.

Girl- Ha. Ha. Ha.

Sandra:  Well that's an easy way to think of it. It sphts and you get
five things. So that’s what they mean. As well as the energy, what
particles are they? Don’t say what elements these are because it
varies depending on how it splits.

In some mstances, Sandra’s attempts to  <plamn complex phenomena
simply trailed off and she did not pursue the 1ssue of whether cr not the
students understood the concepts. For example, m an attempt at explam-
ing fusion, she stated that ‘... 1t creates excess energy that 15 lost because
the hehum nacleus requires less energy to hold 1t together than each of
the two hydrogen requires. OK? So 1t’s more stable’. Sandra then moved
on to deal with a question from another student. By so doing, she
avoided the issue of whether or not the concept of binding energy per
nucleon was understood by the student to whom she had been spezking.

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

Female student:  Why are power stauons built differently?
Sand.a:  Um. What comes out of power stations?
Female student:  Nuclear energy.
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Sandra:  Good. And that's what we use them for But what clse
comes out that we don’t necessarily want to come out?

Female student.  Waste.

Sandra:  What kinds of waste?

Female student. Radoacuive.

Savdra. ... From a nuclear power station your biggest waste
would be radioaciive. So you've got vour thick walls of concrete
-+~ In the case of your other power stations, like your coal and
your gas and your ol stations, what 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 therr
brg 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 the observed lessons.
Sandra moved about the class and worked with students. assisting them
to complete the activities from the workbooks. In most mstances, the
interactions were extended in nature, providing opportunities for students
to respond, to formulate auestions of thetr own, and to think about the
work that they were doing in a broader context than was presented m the
textbook or the workbook. However, as is evident from the above
interactions, many of the student responses were at a low level of cognt-
tive demand. Efforts to assist students to understand were largely depen-
dent on teacher Guestions and occasional teacher explanations. Student
responses tended to be short aud recalled from memory or read from the
textbook.

Durmg mstruction, Sandra provided constant encouragenient for
students to produce high quality work. She always scemed able to find
something poritive to say to students about their efforts or thetr work.
She was never heard to be sarcastic or negative. As she moved about he
room, she provided students with procedural information about what
work was due, when 1t was due and the 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. She noted that there was too much to do in five
weeks and that she would hke to reduce the content and provide students
with more time to think about the concepts. She zlso criticized the
emphasis on copymg from the textbook that the current approach -
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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 work of a different kind to that prescribed by
the workbooks. However, she did not regard whole-class activities as an
alternative.

Knowledge flow m 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 orgamzation, students were placed mn 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, thz iex.
book had been written with low ability students in rund. The teadiuy
difficulty had been minimized, sentences were short and complex issues
were avoided. Thus, for these more advanced learners, the textbook was
too ecasy. In most instances, students only had to locate key words or
phrases and copy them from the textbook m order to complete a task in
the intended manner. The secynd problem was associated with the types
of questions posed in the workbook. 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 unplication that the answer in
the textbook was certain (as distinct from tentative) and that there was
only one suitable answer. For example, one question was: ‘Why is the tail
of a human much smalle than that of a kangaroo?” The question implied
that the answer was known and that the answer in the book was correct.
Discussion of the degree of speculation and plausibility of alternative
answers 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 and the only feedback that students received was
from Sandra’s written and oral comments.

Sandra assessed student work consistently and thoroughly. Her feed-
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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 adwvised.

Sandra had organized students into work groups with the mtenton
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 1ssue 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 effecuvely 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 gave 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 quict voice to a single student. She was very diagnostic on such
occasions and searched for student understanding. While she was assisting
astudent 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 requestitlg 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 greup of girls was particularly
Fdve in obtaining assistance in this manner. Natalie, Sally and Janila
were able to monopolize the teacher’s attention for disproportionate
periods of time 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 4 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 made the effort to understand the science content
were 1eadily given assistance by Sandra and, whereas this was helpful to
the students concerned, others in the class were at a relative disadvantage
and resorted fo rote learning procedures.

At times during the Nuclear Energy topic, Sandra demonstrated a
concem for assisting those who were prepared to make the effort to learn.
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For example, she spent a considerable amount of ume with the five
female students who sohated her assistance and stie made a spectal effort
to belp Gavin who had been uncooperative but had resolved to catch
up Sandra was able to provide these students with extra assistance only
by der.ying quakty ume to others m the class. In an mmportant sense,
Sandra’s style of conducting activities made her teachmg eftectiveness
questionable  She seemed to be rushed almost all of the time and.,
although she was cager to assist students in the learning process, was
unable to manage the class eftectively.

Sandra’s attempts to implement a self-paced approach to learnmg
were unsnecesstul for two reasons. First, several boys m the class (Gavin,
Wayne, Nigel, Francesca and Martm) were mvolved regularly m socally
unacceptable behaviour. This pattern of uncooperative behaviour con-
stantly diverted Sendra from her goal of teaching for understanding.
Sandra was always on the lookout for disruptive behaviour from these
boys, and she arculated around the room in order to control therr
misbchaviour by “emg physically close to them. As well as contnually
arculating around the room. Sandra always was scannmg the class for
misbehaviour, and it was evident that this practice distracted her from
oftening tire Ingh quahty personahized assistance that she believed should
be provided

A second management problem was assocuted with soctally accept-
able disruptive behaviour. Almost everyone n the class took advantage of
the manner m which the students were grouped to sociahze. At a given
moment, as many as seventy-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 arculanng about
the room. Thus, she constantly monitored students for on-task/off-task
behavieur as she quickly moved around the room. Her constant move-
ment about the classrcom cnabled students to seck assistance as required.

Sandra acknowledged that she had management problems with her
grade 10 class during botl: topics. At least some of the problems can be
attributed to Sandra’s relative inexpenence of teachig students n sniall
groups for such a high proportion of the time and to the presence of
observers in the classroon:. Sandra explamed that carher m the year she
had scated students in rows, but had decided to organize them m groups
because the content-ortented topics of Vertebrates and Nuclear Energy
lent themselves to group work uunlizing the workbooks. Under normal
arcumstances, 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 m case they would be inconvenienced.
Also, she noted that managing the class was sinmlar m some respects to a
family visiting telatives. The children m the fanuly are not disciplmed for
nusdemeanours during the visit, but when the family returns home ‘you
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give them a thump'. In an analogous way, Sandrz did not want to belittle
the constant oftenders n her class, such as Wayne, in the presence of the
rescarch team. Thus, the observers constrained lier from taking discipline
measures that ordinanily she nught have adopted. The following excerpt
froni an interview provides an indication of Sandra’s level of concern for
management in her grade 10 class:

Intervicwer.  Another thing we talked about is that this group that
you 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 oft-task time. Would you
Just like to talk about that in general?

Sandra.  1t’s something that worries me and it goes up and down. It
depends a lot on what is happening in class [ 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, 1 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 Tl get over that very soon.

Interviewer. My mnpressions were that a lot of these kids can ‘goof
off” half of the time and still get their work done. Is that reason-
able?

Sandra: Yes. What they tend to do if they find that they are falling
behind 1s to spend two nights making sute that they are ahead.
They borrow the books at night and they catch up.

The above comments indicate that Sandra was aware of both types
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 n an inter-
view that, at the grade 10 level, it was important for students to enjoy
themselves in their science classes and that it nught not be desirable for
them to have to work hard throughout the entire period.

During laboratory actwvities, the students m Sandra’s class were
involved, particularly the boys. However, their mvolvement was not
scientific in many instances, Most often they messed about with the
equipment as 1f they were playmg with toys. For example, in the Verte-
brates topic, two boys mtermittently fought a mock duel with scalpels for
two class periods. During an activity on alternative 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 materials only occur-
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red for a small number of the more able and nterested students 1 the
class.

Discussion of the Implemented Curriculim

This study provided a context in which two very different teachers could
be studied in an intensive mannér. Because of this school’s science depart-
ment policies and the arrangement of furniture i classrooms, Sandra and
Peter were constrained to teach n a manner which differed from how
they would like o teach. For example, the science department produced
workbooks to facilitate self~paced learning, prescribed teatbooks and
provided other text vesources to be used n 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 desks m her classroom
mto a formation of eight clusters that allowed up to six students to sit
together in groups. Although the configuration of furniture m the room
could be oftered as an important reason for the differences in the way m
wlach Peter and Sandra managed mstruction, fundamental differences
in the cognitive charactenstics of the teachers were probably more 1m-
portant.

Sandra and Peter differed profoundly in terms of: the metaphors used
to conceptualize the teacher’s role in science teachg; the images they
presented during instruction; the pedagogical content knowledge avail-
able to teach general science; and their behefs about what ought to be in
the curriculum, how students learn and how teachers should teach. These
differences resulted in the curriculum being implemented 1n charactensti-
cally different ways in their two classrooms.

During terviews, both teachers explained that they had obtamned
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
ncluded having worked as a scientist, mcluding being a producer of
scientific knowledge. Possibly, as a resuit 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 possible
extent it 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) findg 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 arca 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 mto 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 tle extent
to which Sandra could explain science content in a2 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 wid: demonstrations and other teacking aids. Similarly,
she was able to use questions to diagnose the extent to which students
understood science concepts and could listen to student responsss and
explanations and follow up m an appropriate way. Peter was »zaable to do
most of these things, and frequently he did not even atrz.npt to do them.
For example, his teaching tended to consist of prosenting facts and, m
many instances, his explanations were flawed.

Sandra’s inability to suscain an effective learming environment in her
class highlights the importance of classroom management. Even though
Sandra had exceptional discipline-specific content knowledge, she was
unable to use her knowledge to the genceral advantage of students. It
appeared that Sandra too had knowledge limitations. Her major problems
were associated with pedagogical knowledgs Her efforts to conduct
effective small-group actwities were unsuccessful day after day and her
only suggestions for improvement were associated with the use of whole-
class activities. Yet the mam problem was that Sandra was too busy.
Because she spout a considerable amount of time monitoring for mis-
behaviour and for off-task behaviour, there were few opportunities for
Sandra to reflect on her practuce 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 hnuts 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
substantiaily, students would need to accept more responsibility for their
own lcarning, thereby frecing Sandra to teach in a more censidered and
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reflective manner Sandra could not cater for the needs of cach student in
her class. But, class size was not the major problem m that a reduction of
four or five students probably would not have led to substantial improve-
ments i the learming environment.

Throughout this study, it was apparent that a major driving force on
the implemented curriculum was completing the content m the allocated
time. The school had scheduled five weeks for the completion of cach
topic and 1t was necessary for cach teacher to complete the core material
m e allowed tune so that therr students had covered the content before
taking the topic test. Thus, prime i nportance was given to completing
the work in the scheduled time and, within that constraint, lzarning was
emphasized. Sandra was particularly concerned that, although the best
science was contained m 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 te the relationships among the content areas
dealt with m cach topic and to obtain most benefit from laboratory
activities, there is little doubt that less content would have to be covered.
However, 1f less content were mncluded in the course, there is no guaran-
tec that the teachers would tweach differently. The evidence from thus
study suggests that teachers need to be educated before they can sustain
activities that would promote meanmgful learning. Tlus outcome of the
study presents a substanual challenge for teacher educators who have
largely ignored the development of pedagogical content knowledge and
have concentrated on information dissemination and leaming 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 she did, and she knew that students
were off-task frequently in small-group activities. However, she also
knew that students become disinterested in her whole-class activities.
Consequently, she argued that student learning opportumties were at the
very least no worse in small-group activities than in whole-class activi-
tic . Ior rhis actually to be the case, Sandra would need to develop and
implement new strategies and routmes. Such changes would require a
commitment on her behalf and a change in beliefs about learniiig. She
would need to be convinced that the postulated changes would reap
tangible bencits in student learning. Possible benefits arising fiom
alternative changes in teaching strategics could be discussed with Sandra
as a result of feedback sessions i 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 Sandra’s case, the challenge was how to develop knowl-
edge which actually affected the way m which she taught. In a verbal
sense, Sandra might have known how to manage the students in her
class, but she had not routimzed vrocedures for effective classroom man-
agement and did not appear to have a repertoire of active pedagogical
knowledge to ddress the problems which arose mn her class. Additional
research is needed to understand hew teachers develop knowledge which
can mfluence teaching behaviour.

Conclusions

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

The metaphors used by Peter when he taught related to lus manage-
ment role m the classroom. No doubt Peter had metaphors for lus role of
facihtaung 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 associated with each
management role. When he was Captam of the Ship, one set of beliefs
mnfluenced how he acted in class and, when he was the Entertainer,
another quite distinctive set of beliefs guided his behaviours.

The Eutertamer mode of management was more mformal than the
Captain of the Ship mode Consequently, this management style enabled
a good many ot Peter’s projected images to mteract with students. Peter’s
projected images drew attention to lumself and. as + consequence, were
mteractive. Some students appeared to hke these images and others did
not. In many ways, Peter seemed msecure with people and tried to
project himself as a person who was successful, self assured, comp..ent
and able to relate to others. In some cases at least, the projected images
shifted the focus from the learning agenda to other ractors associated with
Peter the person. For example, his custom of interacting with females
who were more attractive, often in a nisque manner, might have been to
the long-term detriment of some females in the class. This question 1s
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 margm was
ruled on the page and whether or not there were external exammations.
These standards did not deal with the adequacy of students” understand-
ing of what they were learning or whether they were 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 cquated 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-ise, his actions suggested that this
sct of beliefs had a major irfluence on how he planned and implemented
the curriculum. Peter did nor plan for cither 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 Peier did the things that
appealed to him, not necessarily the things that were most closely associ-
ated with improving student learning. Instead of organizing excursions
and science competitions, Peter could ha-. oeer marking student work or
planning his activities for grade 10 students. ““he reasons given for not
allocating time for planning usually were relzted to the need to spend
time with his family. Although this is a worthwhile goal, 1t clearly
indicated Peter’s prionti-~e

More information about Peter’s roles as a teacher and his behefs
associated with cach role could have enhanced our understanding of why
he did what he did. We know that he emphasized management of
students and the curriculum. Although he talked a lot about the 1deal 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 ead-of-
topic exammation. Greater value was attached to covering the content
than to ensurmg that students understood it. The rationale for that
emphasis probably was that students could take the time to develop
understanding at home. What was not clear was the rationale for covering
the content without due regard for whether all students understood what
they were covering. Despite the fact that Peter believed that students
learned best by working together and mteracting with the teacher, stu-
dents simply were not given enough time to work together n 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 exaraple, 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 fel he had no choice but
to use the workbooks. An assertion that is consistent with the data is that
the workbooks enabled Peter to impleme . each topie without having to
prepare something as an alternative,
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Peter’s planned and implemented curricula can be explamned m terms
of his metaphors, beliefs, values and knowledge. Although we have
learned a great deal about Peter’s use of metaphors to conceptualize hus
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
mformation about these beliefs because, at the time of the study, we were
not examining beliets in relation to specific roles in a conscious manner.
Ongoing research in classrooms has highlighted the value of examining
beliefs and metaphors m 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 mterpretation of the data for this study.
Becausz of Peter’'s unwillingness to cooperate further in the rescarch after
the observation period, we 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 mam question
that arises from our mvestigations of Sandra’s teaching mvolves the
reasons why she was so unsuccessful in managmg her grade 10 students?
Her beliefs about teaching and leaming appcared to be internally consis-
tent, and she umplemented the curriculum exactly in the manner which
she thought appropriate. Yet management problems made it difficult for
students to learn. Stronger actions agamst students who disrupted the
work of others, penalties for students who failed to accomplish a reason-
able amount of work m a class period, and disincentives for copymng the
work of others were factors that Sandra might have considered. Similar-
ly, activities that incorporated individual engagement and whole-class
engagement might have been used as a source of variety, to control
student misbehaviour and to allow students to engage in a different
manner

Sandra’s shortcomings with students at the grade 10 level were
associated with students’ unwilhiagness to accept responsibility for their
own learning. A lack of motivation to learn and a willingness to deal with
their social 1gendas, led to a sitaation 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
indicatea that whole-class activities were not an acceptable altemative
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 managemen and her beliefs about facilitating learning. To
Sandra, it made no sense to manage students in a way that was incon-
sistent with her beliess about how they learned. Quite possibly, her
approach might have been more successful over a longer time mterval.
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She was concerned for individuals and constantly encouraged them to
accept responsibility for their own learning. 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 equahize each student’s share of the teacher
resource, there were thngs that nught have bee 1 done to improve the
learning environment. Fewer circuits of the classroom and more reflec-
tion m 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, 1t 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 m
which new: content is mtroduced nught 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, ecach
question is in some ways unique and, as a consequence. cach response is
largely unrchearsed. Therefore, not all responses might provide the cues
needed to stimulate learning in the desired manner. This situation mmght
not have been so bad if students had been given the time to discuss the
issues at length wit;s Sandra. But most interactions were fleectng 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 curriculum 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 them. In this mstance, her belief in being
a democratic head of department was stronger than her belief that the
workbooks probably were not condncive to learning. Sandra also allowed
otner constraints associated with the learnmg environment to influence
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, Sand:a 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 cither of these constraints. Her role as an academic leader was
non-assertive and she permiited the constraints to mfluence the im-
nlemented curriculum. In contrast, Sandra made her own decisions about
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homework. Despite opposition by some of her colleagues, Sandra sct
homework regularly, based on a betief that some homework is desirable.
An assertion that fits the above patterns of behaviour is that Sandra 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 m 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 smce [ went to high school. Now, a
lot of that 1s 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 sdll 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 n lus laboratory coat and
carrying a stack of reference materials and equipment. Intent and
business-like, he deposits his load on the front demonstration table and
arranges a dissecting pan and a few instruments. He turns and faces the
now quict 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 teaching 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
applics 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 1s ready to teach. After a few instructions concern-
ing schedules or procedures, Sandra allows the students to work n the
groups or individually. During the hour, she never raises her voice and
she tirclessly answers the same knowledge-level questions asked by va-
rious students. Sandra 1s 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 system at the time of the study.
She 1s concerned about students individually and collectively. However,
what students learn or don't learn n her class depends to a large extent on
the students themselves.

This chapter first explores both Peter’s and Sandra‘'s teachng in
terms of their educational and cxperiential backgrounds, of the orgamza-
tional and social aspects of their schools, and of their teaching tools, texts
and workbooks The principies guiding Peter’s teaching, and their effect
on learning by his students. are constrasted with those guiding Sandra’s
instrucdon. Next. what actuaily happens mn Peter’s and Sandra’s classes
is compared and contiasted with observations from other high school
science classes and with data collected in simular schools. Last, the
chapter focuses on gender issues in science, in school and m Western
society.

Peter’s Principles

Peter’s observed grade 10 general science class consists of twenty girls and
cleven 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 Entertamner. 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, regardle.

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 are. Problem Solver, which involves a high frequency of teacher
questions and a low frequency of pupil imtiated or maintained activities:
Informer, which uses teacher delivery of facts and a.. infrequent use of
questions except to recall facts; and Inquirer, which uses pupil initiated
and maintained experiments as well as inferring, formulating and testing
hypotheses.
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Peter’s Traching 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. On the
other hand, the Inquirer style 1s preterred 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 Informer 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-
mforced by their lower self=concepts, resulting in reduced participation
n 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 princip'~s 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.ars — using rapid questioning
and calling on non-volunteers — create an atn H>sphere of comyetition and
encourage students who display risk-taking behaviours. Neither the com-
petitive nor the high-risk atmosphere ic preferred by most girls (Meece,
1987).

There were dailly 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
actwvities, namely, whole-class non-interactive, whole-class interactive,
individual, smail-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 voluntecred to answer). Second, his reinforcing
comments tended to b2 more frequent for boys’ than for girls’ responses.
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Table 41 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/o:. estions
Indivtdual (ind) 4 8 Complete ::otebook
Small group (sm) 0 0

Transition (trans) 9 18 Obtain equipment

Total 50 10

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

Cognitive 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
it (NHU) 7 4 1 3 2
Chorus 6

HU  ‘hand-up’ (students volunteer)
NHU ‘mo 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, Dianc.

Come on, Robert, we need brilliant young minds.

Robert, can we goo on with it? [ realize, Robert, that Peta is
disturbingly alluring. We have to ignore disturbances in life ...
maintain our equilibrium.

Each comment is innocuous in itself, but cach one suggests that science 15
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. (Sexismt is defined
as using traditionally sex-role stercotyped examples, humour, roles or
bchaviour within the classroom setting.) Both types of behaviour —
calling on non-volunteers and reinforcing male answers — sct a certain
type of classroom chimate, namely, one which supports the behaviour of
the more assertive, and usually male, students.
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However, during the observauon 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 1s 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; cvery 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 [ had a chat. Mary vas
right there and we chatted away, and it was obvious that the
mum has this -a~ ¢ love-hate relationship with her own daughter
that [ do. I ¢ .bed 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 fummg but she didn’t say a word,
so she will square that one off with me 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 woula take over, I think.
She certainly dominased the kids in that row, and 1t was rathes
good that she put herself