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This paper derives from a study of Year 12 Australian History and Physics, 
which explored teachers' descriptions of their subject and their classroom 
practice.  It is one of three connected papers which focus on the role of 
the teacher in making curriculum.
This paper analyses some significant differences between teachers working 
to the HSC (Group 1) Physics syllabus and examination:  in some classrooms 
physics was predominantly an algorithmic activity, in others it was 
represented as a practice involving observation and calculation, and in 
others again students were called on to re-think their apprehension of 
physical phenomena.
The active processes of discussion, research and publication have been 
recognised as constituting intellectual traditions and academic 
disciplines; by contrast, teachers have been seen to have the task of 
transmitting agreed versions of the knowledge accumulated within these 
traditions.  In this study, teachers can be seen as active agents in the 
process by which knowledge is socially constructed across time.
The central idea in this paper is that teachers construct an object of 
study for their students.  I argue that teachers actually present their 
students with different objects of study, which embody different 
conceptions of what is to be studied.  In doing this, teachers are 
legitimate and necessary makers of curriculum.  I develop this idea in 
relation to the study of Physics in Year 12 classes in some Victorian high 
schools, but I believe that as a general proposition it yields insights 
into the teacher's role in curriculum and the transmission of culture.
The paper is based on a study of teachers' conceptions of physics, or 
rather their conceptions of physics as an object of study for Year 12 
students.  I interviewed eighteen teachers of the old HSC (Group 1) Physics 
course, and observed five of them teaching as part of a detailed case 
study.  I shall be reporting some significant differences in how these 
teachers talked about the study of physics, how they introduced their 
students to the study of a particular topic, and how they positioned the 
students in the class in relation to what they were studying.  
This project differs from conventional accounts of curriculum 
implementation, because it shifts the focus from the formal curriculum to 
the notion of competing conceptions of the curriculum.  Curriculum-oriented 
studies of what happens in the classroom have typically focused on how 
curriculum innovations have been implemented, using the formal curriculum 
as a reference point.  If we consider what the teacher does with the 
curriculum in the classroom from the teacher's perspective, however, the 
reference point is different.  The teacher's task is to give the curriculum 
shape and meaning in the classroom.  The teacher's initial reference point 
for this task is not the formal curriculum, but the experience, 
understandings and practices which s/he brings to the reading of it.
I distinguish this idea on the one hand from notions of how much teachers 
know about their subject, and on the other hand from images of the teaching 



and learning process.  
First, constructing the study of a discipline does not merely mean 
transmitting knowledge.  Shulman and his colleagues have investigated 
teachers' expertise in terms of content and pedagogic knowledge, focusing 
on the differences between experts and novices (see Shulman 1986, 
Gudmundsdottir and Shulman 1987, McNamara 1991).  Gudmundsdottir and 
Shulman describe an "expert" history teacher, for instance, as one who has 
extensive subject knowledge and a wide range of choices about how to 
structure the presentation of the subject.  What the teacher actually 
chooses to teach is not salient.  This approach suggests that there is a 
constancy and uniformity about the knowledge which experts have, and 
novices need to acquire.  If, however, we view knowledge as socially 
constructed, the structure and substance of the subject as it is introduced 
to students must be seen as problematical.  In Bourdieu's terms, a field of 
study is a contested terrain, a site of struggle where what constitutes 
knowledge is constantly redefined.  I see teachers as crucial players in 

this struggle.  In the classroom, the teacher determines what is to be 
known, by what s/he focuses on, what s/he counts as appropriate knowledge, 
where s/he draws the boundaries of each topic (see eg Walkerdine 1988).  
This is what I mean when I say that the teacher constructs an object of 
study for students.  Teaching involves both the construction of an object 
of study, and bringing students into some sort of relationship with that 
object of study.  The teacher's practice defines for his or her students 
what constitutes knowledge in the discipline, and positions students in 
relation to it.
This brings me to my second distinction.  The perspective I am adopting 
owes something to Schön's work on reflection-in-action (1983, 1987), Lakoff 
and Johnson's work on metaphor (Lakoff and Johnson 1980, Lakoff 1987, 
Johnson 1989), and insights in the teacher images literature (eg Russell 
and Johnston 1988), in that my focus is specifically on teachers' practice.  
In my interviews, I have asked teachers to describe their practice, rather 
than asking them for consciously theorised accounts of their subject.  In 
analysing these interviews, I follow the same line as researchers in the 
teacher images tradition, by examining the metaphors embedded in the 
teacher's descriptions of practice.  My purpose, however, is different.  
Within the teacher images literature, the metaphors embedded in teachers' 
discourse are usually explored for what they disclose of the teacher's 
image of the acts of teaching and learning.  My interest is in the 
relationships they suggest between the teacher, the student, and the object 
of study - not learning in general but the learning of physics in 
particular.  How a teacher speaks about his/her practice yields images of 
the project of teaching physics:  the relationship which the teacher 
develops between the student and the object of study.  
I am, then, choosing to focus on the particulars of individual teacher 
practice in the limited frame of reference of a single discipline area.  In 
each individual case, this task of implementing curriculum is experienced 
as a personal act.  Across a system, however, the various ways in which 
teachers implement curriculum take on and express cultural meanings.  I am 



interested in analysing what individual teachers say, not to throw light on 
how they develop as individuals, but to see what they contribute to the 
definition of their discipline, and how their cultural role in presenting 
curriculum can be understood.  Classrooms are seen as sites where teachers 
participate in the cultural definition of their discipline by constructing 
the study of it with their students.  In the classes I have observed, 
students were presented with different objects of study, and were 
positioned differently in relation to what they were studying.  
The problems of learning physics
There has been a great deal of research interest among educators and 
teacher educators in the teaching of physics over the past ten years.
In general terms, the problem which aroused this interest was the apparent 
lack of understanding among science students of fundamental physical 
relationships - indeed, the propensity of many science students to 
understand fundamental relationships in ways which were quite inconsistent 
with the tenets of Newtonian physics.
This situation was diagnosed in diverse ways.  There was an emphasis on the 
ideas which students brought to the science classroom, and "constructivist" 
research programs developed to investigate students' understandings, so 
that teachers would be better equipped to redirect them.  Sets of 
"alternative conceptions" of phenomena such as force, energy, heat, light, 
and the particulate nature of matter were identified by different 
researchers.  These were ideas about the world which children were likely 
to bring to their sciience lessons, and they were labelled "children's 
science".  It was argued that teachers should pay more attention to these 
ideas, and give their students time, opportunity and some stimulus to 
rethink them.  (See West and Pines 1984, and White 1988, for summaries of 
this research; Baird et al 1991, Driver and Oldham 1986 and Johnston 1988 
for examples.)
A related, but distinct, approach was developed by researchers in Ference 
Marton's phenomenographic tradition (see references under Marton, 
Laurillard, Ramsden, Renström and Säljö).  This approach is different from 
constructivism, because "conceptions" are seen as constructs of the 
researcher.  Individuals apprehend phenomena; they do not "have" 

conceptions.  The conception is a second-order category developed to 
clarify the structural differences betrween the various ways in which 
people apprehend a particular phenomenon.  "Conceptions" are therefore 
analytical categories which can be derived from studying the different ways 
in which people apprehend a particular phenomenon.
Phenomenographic researchers have contributed to the investigation of 
learning in science in two ways, first by seeking to clarify conceptions of 
learning, and secondly by seeking to clarify conceptions of particular 
phenomena.
First, Marton argues that different levels of learning evince different 
conceptions of what is involved in learning itself; Ramsden argues that 
learning at the highest level invvolves the transformation of 
understanding.  This approach connects difficulties in the teaching and 
learning of science with students' and teachers' conceptions of learning.  



Changing students' understanding is seen as a qualitatively different 
project from transmitting information.  Teachers who seek to change 
students' understanding, and students who attempt to make connections 
between the elements of what they are taught, are seen as engaging in deep 
learning which is more likely to develop the student's understanding.
Secondly, phenomenographic researchers have sought to clarify student 
conceptions of particular phenomena, from acceleration and force to 
apparently simple addition processses.  Different conceptions of the same 
phenomenon are not seen as random, but as forming a coherent set.  The 
structural relationships between different conceptions of the phenomenon 
will, on this view, provide insights for the teacher who is trying to get a 
student to see the phenomenon differently.
Underpinning both constructivist and phenomenographic analyses is the 
notion that science teaching involves bringing students to some different 
understanding of the phenomena which scientific theory deals with.  The 
implied object of study here is a set of phenomena in the natural world; 
the project for the teacher is to get students to understand these 
phenomena in accordance with currently acceptable scientific theory, that 
is, differently.  
This seems to me to constitute a particular conception of science teaching 
which is actually far from universal.  Teachers have frequently been 
observed to speak of "covering the ground" and "getting through the main 
points", without particularly attending to the changes they may be inducing 
in their students' understanding.  We cannot assume the existence of a 
common object of study, or a common project of transforming the student's 
understanding.  If we are to understand the teaching that goes on in 
science classrooms, we need to find a positive way of characterising the 
objects of study which teachers construct.  I am thinking here of WA expert 
teacher studies, Calderhead re LISP, PEEL findings.  
Terry Eagleton (1990) has suggested that theory is invoked precisely at the 
point when practice becomes problematical, and perhaps it is appropriate 
that this research was understaken at a moment when a familiar curriculum 
was about to be displaced, at least officially, by a new approach to the 
teaching of Physics at Year 12.  Physics curriculum in Victorian schools 
has just been the object of a substantial re-think.  The new VCE Physics 
curriculum is presented as a new approach to the teaching and learning of 
physics.  It has been the object of critiques from some staff at Victorian 
universities, on the grounds that it may not prepare students adequately 
for first year tertiary study.  Less attention has been given to the 
demands it will place on teachers and how they will cope with the demand to 
re-think what they are teaching.
The research project
The research project I report today comprised three distinct phases:  
interviews with Year 12 teachers in a range of schools around Melbourne; 
classroom observation, over three terms in the course of a school year; and 
data collection from the students in each class at the beginning and end of 
the observation period.  In Physics, as I've said, I interviewed eighteen 
teachers and observed five.
In conducting this research project, I worked essentially from what the 
teachers told me and from what I observed in their classrooms.  My analyses 



develop categories from these data; I did not apply pre-constructed 
categories.  I was not at all sure what teachers would tell me about the 

study of physics, because I came to the project unfamiliar with physics as 
a discipline.  I sat in on a good many lessons taught by each of the 
teachers I observed, because I felt that to understand what they were doing 
I needed to become familiar with the sequence and content of their teaching 
over a fairly long period of time.  Attending as an observer over a long 
period had the additional advantage that I became virtually invisible to 
the class and the teacher.
Research findings
The notion of an "object of study", as I develop it, has two aspects:  what 
is to be studied, and how students are positioned in relation to it.  The 
two aspects are presented graphically in Figure 1.  The whole of the area 
labelled PHYSICS indicates the teacher's conception of physics as a field 
of study.  The intersecting area with the students, labelled Year 12 
curriculum, indicates the area within that conception of physics which is 
to be shared with the students.  I am suggesting that teachers have 
different conceptions of physics, construct different objects of study for 
their students, and position their students differently.  
Three representations of the study of physics were visible among the 
teachers I interviewed.  Broadly, they involved seeing physics as a means 
of understanding the natural world, as a body of theory, and as a process 
of managing algorithms.  Figure 2 summarises these three ways of 
representing physics as an object of study, and how students were typically 
positioned in relation to each of them.
I have emphasised that I am concerned with teachers' practice - what they 
do in the classroom.  In elaborating each of these three representations, I 
shall both quote from what teachers said about their practice, and also 
illustrate the process of constructing an object of study in the classroom.  
The examples I cite come from lessons given by three of the teachers I 
observed, introducing the study of simple harmonic motion.
Understanding natural phenomena
Some teachers focused on physics as a means of understanding occurrences 
and relationships in the natural world.  The object of study in these 
classrooms was the world of experience, which students were to come to 
understand in Newtonian terms.  These teachers talked about trying to get 
students to reinterpret their apprehension of physical relationships in the 
light of physics theories.  They emphasised the physicality of 
relationships in physics:
I try to involve the students in actually feeling circular motion - put 
themselves in the object going round, ask about the actual forces pulling 
them around.  (How?)  Hold each other’s hands and swing around the 
classroom...  I want them to get up and move around, touch and feel, so 
their ideas about Physics, their conception of force and acceleration, is 
something that can be felt.  You hear teachers say, it’s like when you go 
round a corner in a car.  I like to actually say, Let’s get into a car and 
do it.    (Michael, School 7)
These teachers spoke of teaching students to understand their experience in 



terms of physics concepts.  Students were called on to make explicit how 
they construed their experiences so that the teacher could see if they were 
entering into the teacher’s set of meanings for these concepts.  These 
teachers described the enterprise of learning physics as intrinsically 
problematical, in that students were likely to interpret physical 
relationships in non-Newtonian terms.  Student apprehensions of physical 
relationships were salient.  This is close to the constructivist project 
discussed earlier.  
Typical questions in classes I observed were (Figure 3):
     What can you see?
     What is going on here?
     Why do you say that?
Let us consider how Chris introduced the topic of simple harmonic motion.  
I think we can see from this Chris constructs an object of study for his 
students, how he positions them in relationship with it, and some points at 
which tension can develop between the teacher’s conception of what is to be 
studied, and the students’ experience of it.
Chris comes in, uses the overhead projector to project a sketch of a girl 
sighing PHYSICS!, and sets up his equipment:  two springs and a runner on 
an air track at the front of the room.   There are already two weights on 

springs and a pendulum hanging over the front bench.  He sets them all in 
motion, moving to and fro, bobbing, swinging.  Then he says, 
4    You don't need to anything to write with just yet  - use your powers 
of observation - eyes and ears all tuned into your wonderfully powerful 
brains.
5    Up the front you can see a new form of motion.  There's a very strong 
connection between these and circular motion [which they have just been 
studying] - think about the similarities and the differences.  What can you 
see?
This lesson is my own first contact with the theory of simple harmonic 
motion.  Observing the masses bouncing on their springs, and not knowing 
what to look for, I’m not at all sure what I’m seeing.  I find it difficult 
to detect changes in velocity between top and bottom, and I feel I would 
need a stopwatch to know whether the period is constant.  Part of the class 
discussion, which lasts a good twenty minutes, goes like this:
12 S3     They all follow a cycle.
13 T OK - they're all repetitive.  That's a very good observation.  Both 
circular motion and all these are periodic, they repeat themselves.  That's 
one of the strongest similarities.  Any others?  You have the power to come 
up with a body of knowledge that tells us things about these motions - you 
need to link it back with what you've already learnt.
14 S2     They're all attached to something.
15 T What's that something doing?  What's the purpose of the string?
16 S4     Providing force.
17 T There's probably more we can get out of this.
18 S3     Are the speeds changing?  They seem to stop at the bottom, 
accelerate towards the top, stop at the top, and speed up again going down.
19 T Is that a similarity or a difference?



20 S3     Difference.
21 T Yes.

22 S12    Are they all accelerating?
23 T Do you think so?
24 S12    Yes.
25 T I'll say, you're correct, and you tell me why?
26   How can you answer the question if they're accelerating?
27 S3     There must be a net force
28 S99    Is this harmonic motion?
29 T Why do you ask that?
30 S99    That's the next topic.
31 T Why would you make good politicians?
32 S99    Answer a question with a question.
33 S99    We did it at summer school.
Two main things seem to be going on in this lesson.   First, students are 
asked to attend to the observable characteristics of the motion.  Secondly, 
they are encouraged to develop hypotheses based on their observations; they 
are repeatedly asked to voice their observations of the motion and to offer 
ways of describing it.  This process is given a considerable amount of 
time.  Chris does not name the motion they are watching until half-way 
through the lesson, and he specifically ignores any prior knowledge of this 
particular motion which his students may have.  At this stage he does not 
offer the class graphs or formulae to summarise the relationships involved; 
he mainly uses his theory notes to define terms.  The thrust of this lesson 
and the prac which follows it is towards getting students to characterise 
in some detail, and from direct observation, the motion under study.
Although Chris withdraws from directly interpreting the motion at this 
stage, he does frame the way his students are to interpret it.  He refers 
back to circular motion as their starting point; later on, he receives and 
modifies student suggestions.  Generally, the students seem to provide the 
kind of question he is looking for.  There are, however, points of tension, 
where their questions or comments are set aside or ignored.  Here it can be 
seen how Chris steers and controls how students are to use their knowledge, 
and what knowledge is admissible.  Heavily theory-laden terms like 
acceleration are turned back on the user, whereas “changing speed” is 
accepted.  When S99 says, “Is this simple harmonic motion?” (29), Chris 
interprets the question as evasive:  “Why would you make good politicians?”  
“Answering a question with a question?”.  S99 then says, “It’s the next 
chapter” and “We did it in summer school”, but Chris does not respond to 
either comment.  
Chris’s attitude to prior knowledge appears to be ambivalent.  On the one 
hand, he praises S3 for “building on past knowledge, careful observation, 
and now thinking” (39), but on the other hand, he does not let by words 
thrown in like “acceleration” (“Are they all accelerating?”... “I’ll say, 
You’re correct, and you tell me why” - 22-25).  His responses exclude prior 
theoretical acquaintance with the topic:  whatever students have made out 
of attending a summer school, or reading the next chapter, is to be set 



aside in favour of using first principles in relation to their 
observations.  The student Chris is constructing walks through the process 
of observation tentatively formulating hypotheses based on a small set of 
characteristics of motion.  
I’ve said that the teacher positions students in relation to the object of 
study.  It does not, of course, follow that students adopt this position, 
or even perceive the object of study in the way the teacher expects.  In 
this particular lesson there is a covert struggle, where Chris tries to 
rule out “observations” which are the result of knowing what one should be 
seeing, while his students try to make out that these observations are the 
happy result of naive intelligence.  They know there is a right answer in 
the next chapter, and that what they “discover” has to match what is in the 
exam.  The result is that students with some earlier exposure to the topic 
are pressed towards acting naive.  
While Chris positioned students in relation to the natural world, as the 
overt object of study, his project - the intersubjective task of the 
classroom - was to refashion students’ understanding of it in line with 
received theory.  It is, I think, important and interesting that even while 
they espoused a broadly constructivist point of view, teachers in this 
category did not dispute the objectives and assessment methods used in the 

VCE (HSC) Physics exam.  Those few teachers who characterised physics 
explanations as contingent, rather than absolute, did not see this 
characterisation as something they needed to teach.  They did not nominate 
the process of constructing physics theory as a central part of their 
message.  In relation to this, Chris said, 
With physics, what I am really doing, I want them to discover an 
understanding of the physical world, but I want that understanding to be 
consistent with what has been discovered by scientists over history - I’m 
not only interested in self-discovery.  I have discussions with humanities 
teachers about their approach, but in physics it isn’t as important that 
the individual finds out what she thinks and believes, I wouldn’t be 
satisfied if they discover what they think and believe about electronics, 
the discoveries have to be factually true.  
The conception of physics as “factually true” which Chris expressed here is 
at odds with the notion of students’ understanding as constructed.  In 
practice, his objective was to get students to re-interpret their 
experience in the light of “factually true” physics explanations.  
Given the context of the examination and the teachers’ own assumption that 
they are aiming to get students to discover what is “factually true”, it 
seems possible that students may understand the object of study offered 
here in rather different terms.  On the one hand, they are challenged to 
offer and evaluate their own interpretations of physical relationships, so 
that their understanding is under scrutiny.  On the other hand, the 
interpretations that they should ultimately achieve have been fixed; they 
are known to the teacher, they are recorded in the course textbooks, and 
they will define correctness in the exam.  Since students must be brought 
to approximate the understandings of classical physics, the notion that 
they are to study the natural world and achieve insight into it may look 



like sleight of hand.   
Finally, two representative comments from Chris’s students as to what it 
was all about:
[What would you say your Physics course this year has been about?  what has 
your teacher most wanted you to learn?]
It has been about different types of motions of objects put in different 
situations.  Forces have been a major part of the course that cause the 
different  motions.
We have learnt about wave motions and the energy of objects.
The bulk of the course is closely related to forces and energy that result 
in different motions of the objects involved.  (Student 2)
To understand everyday things and the basic principles of how they work.  
(Student 14)
Physics as a practice
Teachers whose views fell into the second category focused on physics 
theory as an explanatory system.  They emphasised its power, economy, and 
coherence, and talked about inducting students into scientific practices of 
observation and experiment.  
(Could you tell me how you go about introducing a new topic?)
Sometimes I start with a little demonstration, then go back to the 
beginning.  I’d say, Let’s look at some examples of physical phenomena - 
not worry about why - just look at them and think That’s surprising and 
amazing.  Or I’d say, There’s a whole set of concepts (say speed, 
acceleration) which you can use to solve some rather interesting problems.  
Sometimes you need to expand the basic concepts first, say before you can 
look at satellite motion, why Jupiter has the period it does rather than 
some other period...
(How much do you see it as your responsibility to make sure they 
understand?)  It’s a lot of my responsibility to try and see that the 
fundamental concepts, the physical laws, get across to them, for instance, 
the law of conservation.  If a student doesn’t understand what that means, 
I haven’t made it clear.  Applying the law of conservation of momentum to a 
particular situation in a test is a different thing - but I need to make it 
very clear what the laws are and what their consequences are.  (Jeffrey, 
school 1)
Another teacher said, 
Why does nature work in this way rather than in some other way?  Many many 
things in physics are not obvious - for instance, if you think about how 

long it takes a ball to get to the top of its flight, and how long it takes 
to come down, it’s not obvious that the two times have to be the same, one 
journey could take longer than the other.  So in teaching say Mechanics you 
have to ask students what they think, then, Why did you get it wrong?  What 
does a physical law tell us that means we can get it right?  If you build 
up the physics, sort out the problems, you can see why it happens the way 
it does.  Physics theory takes you beyond your first superficial try.  If I 
hadn’t bothered to go further than that commonsense reaction, I wouldn’t 
have got the correct result.  (Alistair, school 1)
Although they talked in general terms about the usefulness of the concepts 



of physics in explaining events in the physical world, they represented the 
application of theory as relatively unproblematic.  “If you build up the 
physics... you can see why it happens the way it does”.  Understanding, as 
described by these teachers,  involved grasping the concepts of physics.  
When Brian said
It's hard for them to get their minds round.  If they understand it doesn't 
mean they believe it - it's important they believe it (Brian, school 7)
the contrast between “understanding” and “believing” suggests that he was 
aiming at more than mastery of an abstract system.  What students were to 
understand and believe, however, was physics theory; he was not talking 
about how his students understood or interpreted the natural world.  This 
reading is consistent with his attitude to prac results:  he was one of the 
teachers who had no objection to students rigging their results (“they get 
as much out of it backwards as forwards”), because it meant they worked 
through the observational implications of the theory.  
Another teacher spoke of the models which physics offers for everyday 
events:  
I want them to recognise situations that have been described to them and 
apply a model.  Physics is about modelling, they have to be able to see 
that a car going down a hill is equivalent to a block going down a plane.  
(Mike, School 13)
Here the student is asked to abstract the essential features of the natural 
world in the context of solving a physics problem.  The focus has shifted 
from the natural world to the pared-down model:
Say they have a problem in circular motion, they have to work out how fast 
the bucket has to move for the water not to fall out as it goes overhead.  
They come up with complicated pictures showing the rope, the sides of the 
bucket - I’m flabbergasted, it’s too complicated.  We’re not interested in 
the sides of the container or the surface of the water.  The problem is, we 
want the floor of the bucket to be in contact with the water at all times - 
so we need the forces between the water and the bucket.  I don’t draw the 
water as a circle (I could, but that would confuse them), I make it look 
slightly waterlike, and I draw it a little away from the floor of the 
bucket so that you can see clearly the origin of the forces in the 
picture...  You need a schematic diagram so that in the midst of the 
confusion they have something familiar - one thing pushing on another.  
(ibid)
Another teacher emphasised the simplicity of relationships in physics:  
If you draw a graph, and it doesn’t show a fairly simple relationship, 
something’s wrong - either the observations from which you generated the 
graph were inaccurate for some reason, or there was no relationship between 
the variables.  (Ray, school 10)
Although they drew on their students' experiences to illustrate the 
principles they were teaching, these teachers did not see it as their task 
to identify their students' understanding of the everyday world.  Mike says
If they do it wrong there’s usually a whirlpool of ideas going round and 
round in circles, I never try to work out what they’re thinking, I try to 
get them to think about it the right way.  It’s best not to stir those 
muddy waters.
If we look at how Mike introduced the topic of simple harmonic motion, we 



are immediately involved in measurement.  Typical questions in this class 
are:
     We want an overall result.
     What do you expect?
     What will the relationship be?
     When we double the mass, is it halving the time?

Mike begins by leading the class into a laboratory and handing out 
stopwatches.  (He says to me later, “They may be big boys, but if you give 
them a stopwatch you’ve got them in the palm of your hand.”)  He takes some 
time to set up the air track, and the boys wriggle and chatter.  At last 
he’s ready, and begins by telling them what they are to look at.  He 
focuses on clarifying the essential elements of the motion which the 
students are to observe, so that their observations are framed for them by 
his questions:
14  T     The motion we're looking at is vibration - simple harmonic 
motion.  It's called simple because it's as simple as you can get, with 
simple springs.  It's called harmonic because it's a back and forth motion.  
Just look at the motion.  (He sets glider going)
16  T     Now, we wanted to get rid of gravity, then all you can see is the 
forces making it move.  Why does that move like that?
17  S27   No friction - when it goes that way it has a spring pulling it 
back - the force gets less as that gets greater - and so on on the other 
side.
18  T     Dead right, I couldn't have put it better myself.  You have to 
pull it back to start it, then it overshoots because it's moving, it slows 
down, stops, then moves back again, and again it overshoots.  The middle is 
the equilibrium position, and it eventually does end up there.  The motion 
is complicated, it gets bigger, smaller, stops - you couldn't analyse it 
with a ticker timer.
These remarks begin to get at the detail of the motion:  the effect of 
force (mentioned by S27) on velocity (as developed by Mike).  He rules this 
area off for the time being as too complicated.
19  T     We’re just going to look at it in a simple way, the frequency and 
period, not its speed - we want an overall result, how rapidly does it 
vibrate.  We’re going to keep everything on the level, we’ll change the 
mass and vary the spring - we won’t make that too complicated, we’ll just 
double and triple the springs.

A model of the motion is emerging.  The frequency of the glider's 
oscillation is to be considered in relation to its mass, and the force 
exerted by the springs.  Before the students time the motion, Mike asks 
them what they expect will happen.  
20  T     What do you expect the effect of increasing the mass to be?
21  Ss    It will slow it down.
22  T     Yes, it will be more sluggish to accelerate and decelerate.
23   What about doubling the spring?



24  S27   It’ll make it faster.
The effect is to be quantified.
25  T     We don’t know if it will double the speed, but it should double 
the acceleration.
But first, the possible effect of the size of the swing is to be got out of 
the way.
26  T     First we’ll look at how the size of the swing affects it.
27  (S    (mutters)   It doesn’t.)
28  T     (tells story of Galileo)
The sotto voce comment of the student at 27, like the ready description of 
the motion by S27, earlier (17), suggests that these students have already 
formed some ideas about the motion, although Mike is speaking as though it 
were all yet to be explored.  
The story of Galileo is important, and characteristic of Mike's teaching:  
he repeatedly reminds students that their investigations follow, and in a 
sense are modelled on, those of earlier scientists whose findings they are 
replicating.
29  T     Now, I’m going to give it a small displacement.  Can you see what 
Galileo saw - big swings are the same as small ones?
30  S     It’s a constant mass and constant everything else.
31  T     Yes, if you double the amplitude you double the force, the 
acceleration, the speed - it covers a bigger distance, but it goes faster, 
so it might be exactly the same time.
The student at 30 is speculating that the constant frequency, or period, is 
predictable, because there has been no change in the experimental 
conditions ("constant mass and constant everything else").  Mike's "yes", 
at 31 is like his "couldn't have put it better myself" at 18; it is 
followed by a considerable modification of what the student has to say.  
Although the mass is constant, he says, the force is not constant, because 
the spring has been extended further.  He wants students to reach the 
conclusion, which he has already suggested in his Galileo story, that the 
amplitude is not important, but he points out that this is not because the 
conditions of the experiment are unchanged (as the student is suggesting) 
but because one change has caused another.  
Mike says very little about how his students understand his subject, but a 
good deal about what they need to be able to do.
I want them to be able to look at something, some sort of problem they 
haven’t seen before, and make some intelligent deductions - how it works, 
whether it’s the sort of thing which is likely to work in a particular way.
In the sixth form we teach a sample of the kind of things that can happen - 
at the same time they’re learning some more subtle skills - how to be a bit 
sceptical, make a first guess at calculating something (how long does it 
take the moon to turn round the earth?) - to have some way to make a kind 
of guess.
Where Chris focuses on how his students apprehend physical relationships, 
Mike presses his students to recognise them - to detect the same structural 
features in a variety of different situations.  “Physics is about 
modelling, they have to be able to see that a car going down a hill is 
equivalent to a block going down a plane.”  Ideally, this is not simply 
applying a formula to a problem, but identifying essential features of the 



situation which the problem describes, and matching the formula to them.  
I want to get them to a satisfactory stage, where they can recognise 
situations that have been described to them and apply a model.
The critical point is not whether the students trust the formula, but 
whether they can use it.  
When Mike introduces a new concept, then, he expects his students to begin 
to work with the relationship almost at once.  He describes the stages by 

which he introduces an idea  - say circular motion - as being fairly 
stable, though the sequence may vary:  a plausibility analysis, in which he 
reminds them of what they already know and goes on to expound the basic 
principle; an experiment, and finally a mathematical exposition which is 
the prelude to some time spent solving related problems from the text.  The 
turning point of the lesson is when his students “have an idea of the 
relationship they’re looking for” and “start talking about how to measure 
the force required”.
I start off talking about it in a very general way, I talk, they listen - I 
draw out the idea that circular motion isn’t natural, I take a constant 
force, I use ideas from the previous year (without friction things go at a 
constant speed in a straight line - I remind them of this); then I point 
out that there must be a force that holds the object in the circle.  It 
requires a fair bit of persuasion.  I don’t name the force, some people do, 
but I refer to it in terms of the actual force involved, say friction, or 
the tension in the string.  Then after I’ve persuaded them, the next step 
is doing an experiment - they won’t all have understood it - to show that 
you need a bigger force for a bigger object or a tighter curve.  Once they 
have an idea of the relationship they’re looking for, once they start 
talking about how to measure the force required, say to swing things round 
your head, we get some relationships with speed, mass, the inverse of the 
radius.
The experimental stage is then basically confirmatory:
The major function would be the verification of some sort of relationship 
which they’ve learnt about…  In the 60s they were expected to stumble on 
the laws of physics, but mostly if you leave them to do the discovering 
they discover the wrong things… Playing the scientist takes time, it’s an 
inefficient teaching strategy, we need to present them with the theory and 
the data - there’s a large body of knowledge that you have to get across.
Two important features of the relation Mike constructs between his students 
and the study of physics emerge from this description.  First, how students 
apprehend the relationship between the force and the motion is not 
inspected - as we have already noted, the emphasis is on how they use their 
knowledge of it.  Secondly, the student is represented as active in getting 
hold of this knowledge.  The project is a joint effort (“we get some 
relationships with speed, mass…”).  Mike speaks of his students as would-be 
scientists, whom he is inducting into the practices of science.  
It’s often said that most people aren’t going to be scientists, but I hope 
quite a number would be scientists, or at least do a science related thing, 
so I want them to have the relevant experiences of being scientists.
This idea underpins his description of other elements of the course.  He 



says of the Extended Empirical Investigation option, which all his students 
do:  “Experiments are an important part of science, and we make them into 
scientists for a while, make them sweat it out.”  Other features of 
scientific activity he picks out relate to the wearisome details of 
hypothesis-testing.  Scientists have to “collect a lot of boring data”, so
I sometimes get them to collect a whole lot of data.  I take the 
meteorology option, and I get them to track a balloon with home-made 
theodolites, they go out every morning to track it and measure the 
temperature…I also get them to collect data on different radio-active 
sources, I get them to read the count rates every minute for ten minutes, 
then add another layer of lead, and repeat; they’d collect three or four 
pages of notes.  I don’t think you should protect them from the boring 
repetitive part of scientific observation, though they seem to enjoy it 
(laughs).
He makes a point of insisting that the data they collect is accurately 
observed and recorded, and any discrepancies investigated and explained, 
rather than concealed:
I  insist they plot the points in ink - I don’t want to see any dots of 
liquid paper - they must record their actual observations.  They’re not to 
blame for what the observations are, it can be the vagaries of the 
equipment, but their task is to see what they can do with them and 
construct the best relationship they can.
Mike’s construction of his students as scientists parallels his treatment 
of their relationship with the body of knowledge he wants to get across:  
his primary concern is with his students mastering the skills involved, 

learning what to do and how to do it.
Again, quotes from two students:
Introducing us to Physics.  Ignoring a lot of reality.  NOT telling us much 
and keeping it basic.  (S19)
Examining waves, light, moving particles, atomic theory, physics history 
etc to gain a greater understanding of how things happen and how we can 
expect them to behave.  (S21)
Physics as calculation
Finally, a third category of teachers focused primarily on mathematical 
relationships and the manipulation of variables.  They talked about 
students' ability to manage formulae and apply them to experimental 
results.  The relationship between physics principles and the natural world 
was irrelevant to this activity.  In pracs, for example, one teacher said 
of a circular motion experiment:
They had a weight on the end of a string and they were trying to measure 
how long it would take to go round, whether it spun horizontally above 
their heads or at an angle.  They had a table of results to fill in and 
they were asked to measure certain things and use the results to develop 
some relationships.  (I asked:  And did that work?)  (He said)  For some 
kids, yeah.  (What do you do when it doesn’t?)  I usually get the kids to 
try and explain in their report why they think it doesn’t work.  (And what 
sort of explanation did they come up with?)  Well - a lot of kids rig their 
results so that they do work - so - (What do you say when they do that?)  



Well, if they’re smart enough to rig their results so as to make the thing 
work, they know what they’re talking about.  (Simon, school 12)
Here, the task of discerning relationships is contained within the table of 
results; observation of what has actually happened has become relatively 
unimportant.  Another teacher said,
I don’t want them to trust it and expect it to teach them everything and 
them to chuck out their own way of thinking, in fact I don’t suppose they 
could do that - they can keep what they know themselves and what they know 
in physics in two separate compartments, and if they want they can build 
bridges between them, establish links - otherwise it would be like joining 
a religious sect.  (Blair, school 5)
Some of these teachers seemed to define understanding in terms of 
remembered formulae:
One case showed he didn’t understand what he was saying, looking at the 
relationship between acceleration and force, you had to know that 
relationship to answer the following question, but he got one question 
wrong and the other right, he had to have been using his prior knowledge.   
(Debbie, school 7 - my emphasis)
The student’s lack of understanding is defined as not knowing the formula 
F=ma.  The study of physics is disconnected from the student’s own 
understanding of the world.
Let us consider Angie introducing the study of simple harmonic motion.  
Typical remarks here are:  
     We need to know about velocity - so how do we do it?  The way we find 
the velocity is using the energy stored in the spring.  We know that it is 
half kx squared.
     And how do we work out kinetic energy?
     Half mv squared.
     So just equate the two.
I missed the beginning of Angie’s lesson, because it followed some private 
talk with the class about how they were progressing.  When I came back into 
the room there was no evidence of a demonstration, but there was a heading 
SIMPLE HARMONIC MOTION on the board with a drawing of a glider between two 
springs beneath it (like the one I show in Figure 3), and a definition of 
the motion.  Angie is saying,
33  T     And because we’re looking at a glider and springs, we’re also got 
a restoring force - we know from our work on springs last week that
34   F=kx where k is the spring constant, and x is the extension.
35   (Writes)
36   F=kx

37   k is the spring constant
38   What direction do you think the force acts - where does the spring 
want the glider to stay?
39 S1     In the middle
40 T So we can say, and the force acts towards the centre - that makes 
sense - because it wants the glider to stay in the middle.  Once again, for 
simple harmonic motion, if you’re given an Fx graph - one that’s a straight 



line rather than a curved line - how would you find k?
41 S The gradient.
42 S1     Rise over run.
43 T Rise over run.  From an Fx graph, k is given by the gradient, rise 
over run.  So if you don’t have k, and as you know we usually need k to 
work out things, the Fx graph gradient gives us k.
44   All right.
45   And that’s about where we got to last time with springs.
Angie focuses on developing a set of equations, of which F=kx is the first 
- this is one the class met the week before, when they were considering 
energy changes in springs.  In Angie’s class these equations are 
domesticated.  The spring has agency (38:  “where does the spring want the 
glider to stay”), the calculations follow familiar routines (“rise over 
run”).  Although the class is watching a drawing of a glider, not an actual 
glider, they are asked to picture what is going on.  
Next, Angie moves to the energy analysis which provides the formula for 
calculating velocity.  Again this is connected with the work the previous 
week, so the students have fairly recently used the formulae which are 
needed.  She does almost all the talking, they take down the notes.
46  T     Now we need to know about velocity - it’s all very well have zero 
velocity and maximum velocity and depending on the extension something in 
between, but we should be able to work out the velocity - so how do we do 
it?
47   So put up a heading, Finding velocity.
48   Looking at the same k graph, the same extensions, at this point the 
extension is x and at this point the extension is R.
49   The way we find the velocity is using the energy stored in the spring.
50   We know the area under the Fx graph is the potential energy stored in 
the spring.
51   For potential energy Pot E=area under graph.
52   We also know that it is = 1/2 kx2.
53   In this case, we want to know the change when the mass moves from 
extension x to R - to get the thing to move you have to move away from x - 
so instead of x we’ll put x2 minus Rsquared.
54   So we get 1/2 k(R2-x2)
55   Right.
56   (Ss copy this down.)
57   And if there’s a change in potential energy, what will that correspond 
to, a change in what?
58  S1    Kinetic.
59  T     Right, kinetic energy.
60   And how do we work out kinetic energy?
61  Ss    1/2m
62  T     1/2 mv2
63   At the moment that looks pretty horrible, but in a moment we’ll get it 
into a nice equation, well, not nice, horrible, but we can use it.
64   We need v, and we know that the kinetic equation has a velocity value.
65   We can work out the change in potential energy so we can work out the 
velocity.
66   So just equate the two.



67   So 1/2 mv2 = 1/2 k )R2 - x2)
68   We end up with   v=√k/m(R2 - x2)
Having set out the formula, Angie checks that students recall the referents 
for the main terms. 
70  T     v = k - what is k?
71  S     Constant
72  T     Spring constant.  M?
73  S     Mass

74  T     Mass - if we’ve got a glider oscillating back and forward, it’s 
the mass of that.
75   x is the distance it’s stretched to.  R is the extra distance.
76  S     Miss, is that just for simple harmonic motion?
77  T     Simple harmonic motion with springs.  If you’re told an object is 
oscillating from this to this, use this.  
78   I’ve got some like past exam questions to do where you have to apply 
that equation to find velocity.
79   It looks horrible but when you use it it’s okay.
We can see here that the formula is presented as a means of solving 
problems for the exam; it is particularised to one specific context (77:  
“simple harmonic motion with springs.. If you’re told”).  Again the problem 
is domesticated, transformed into something to be handled “a nice equation 
- well, not nice, but we can use it”.  The variables for which equations 
are needed are considered separately.  In particular, acceleration (the 
rate of change in velocity) is considered quite separately from velocity, 
and might well be thought an independent quantity.
80  T     We have to get acceleration too, acceleration is easy to work 
out.
81   (Writes)
82   Finding acceleration
83   Because this is mechanics, we’re always thinking back to Newton.
84   We know a=F/m
85   We’re talking about springs, and we know what F is equal to in 
springs.
86  S     kx
87  T     kx.  So a=kx/m
88   That’s it - okay?
89   Once again, you might think, why not F/m - but we know the force is 
always changing, the force depends on the extension.  If we know the spring 
constant and the amount it’s extended that gives you the force, and you 
divide by m and that gives you the acceleration.

Again Angie focuses on how familiar formulae can be used to derive the new 
formula wanted to find the necessary value.  
Finally, they turn to equations for the motion of a pendulum (not actually 
on the syllabus), and Angie offers the formula k = f(mg,l).  A student 
asks,



128 S1    Where’d you get k=mg/l?
129 T     I don’t know, it’s an equation - we’ve got length then there’s a 
component of weight mg.
130  There we’ve got stacks of equations.  We can do a summary of them.
This passage confirms Angie’s focus on developing “stacks of equations” 
whose function is to help in solving problems for particular unknowns, 
rather than to elucidate relationships.  Questions about how these 
equations are derived, like S1’s question, 128, are set aside (129:  "I 
don't know, it's an equation"), but the situations in which the equations 
can be used are carefully specified (121:  “We don’t have a spring, we have 
a string”).  In other lessons Angie talks about them as “our little 
equation for” whatever is needed.  Equations make problems familiar and 
solvable, and they become comfortable with use (79:  “It looks horrible but 
when you use it it’s okay”).
In the remainder of the lesson students begin work on some problems using 
these equations, with Angie moving around talking to them.  There is no 
further discussion of force, velocity or acceleration in relation to the 
motion.
Angie here constructs the study of physics for her students as a process of 
becoming familiar with abstract representations of phenomena, and using 
equations to solve problems related to them.  Significantly, the glider and 
pendulum are represented on the blackboard, rather than being observed in 
operation.  The terms being considered are treated as elements in 
equations, rather than as related aspects of the motion which equations 
depict (velocity and acceleration, for instance, are disconnected). These 
equations need to be accumulated so that the student has a supply which 
will make it possible to solve the likely problems on the exam.  The 
dominant metaphor for the relationship between the student and the object 
of study here is “use” - handling and applying the equations.  Angie’s 
student is shown the equations, and helped to become familiar with the 
schematized contexts which prompt their use.
Again two students:
This year this course is made up of basically knowing many formulas and 
applying them to work out lots of different problems.  (S55)
It has been about practical problems that occur in real life situations. 
for example, what heppens when objects move in certain directions with 
certain velocities etc.  It does not end in class, physics can be related 
to wave properties, nuclear reactions etc.  (S60)
The significance of practice
It is easy to assume that we all have, or ought to have, the same view of 
what is to be studied.  Analyses of the learning of science have tended to 
focus on the learning, rather than on the science, as if the science to be 
learnt is common ground (see for instance Johnston 1988).  It is exactly 
because this assumption is so commonly made that I think it is worthwhile 
to challenge it.  The teachers I interviewed were following the same 
curriculum, they generally used the same textbook, and they were preparing 
their students for the same exam.  Yet they described the study of physics 
in different ways, and in the classrooms I observed they constructed 
different objects of study for their students.
This is significant in relation to the students, the teachers, and the 



discipline itself.
First, in relation to the students, it means that the discipline into which 
they were being inducted was represented differently in different 
classrooms, and they were positioned differently in relation to it.  From 
the students’ point of view, and of course subject to their previous 
experience and expectations, the physics they are offered in the classroom 
is physics.  It is their window on to the discipline.  Students leaving 
these classrooms took with them different views of what physics involved.  
Secondly, in relation to the teachers, the notion of an “object of study” 
provides a handle on what is taught.  It makes visible differences which 

have been invisible, or least disregarded (cf Goodson 1990), and makes it 
possible to discuss them.   It makes differences between teachers 
intelligible.  Both Chris and Angie emphasised that they wanted their 
students to use the physics they were learning to make sense of the natural 
world:  Chris focused on students’ understandings about the natural world, 
while Angie focused on the use of equations to represent it.  Their 
different representations of the study of physics do not merely constitute 
different readings of what needed to be learnt in relation to the 
particular curriculum of VCE (HSC) Physics; they express different ideas of 
what science teaching is about.  In this sense, published curriculum 
documents should be seen to contribute to an ongoing debate in which 
teachers have a determining responsibility.  The process of curriculum-
making extends into the classroom.  
It is quite possible that there will be rather little difference between 
teachers in the way they construct the curriculum where the curriculum, or 
at least the culture of a particular discipline within it, has persisted 
relatively unchanged over a long period - where it has been sufficient for 
teachers to construct for students what they themselves were taught.  In 
the context of substantial, and accumulating, curriculum change, the role 
of the teacher is more salient and less predictable.  Teachers, like 
students acquiring new understandings, are asked to amend their practice in 
the light of new ideas.  How they will do this, and what they will make of 
the declared curriculum as they shape it for the classroom, is not 
necessarily predictable on the basis of declared curriculum documents.  The 
decisions involved in teaching a particular subject mean that the teacher's 
work embodies a position within a contention of views about what the 
subject is, and how it is best learnt.  If teachers are to do more than 
read a new text with old glasses, they must have time and opportunity to 
explore and evaluate what is being proposed. 
Finally, in relation to the discipline being studied, the concept of the 
teacher’s role in creating an object of study provides a way of describing 
how the cultures of different subjects are constructed and reconstructed at 
diverse points within society.  As a final gloss on the possible 
significance of these differences, I will note that Chris taught in a high-
status girls’ school, Mike taught in a high-status boys’ school, and Angie 
taught in a high school where the students were overwhelmingly from working 
class migrant backgrounds.  



References
F8  Baird J, Fensham P, Gunstone RF and White RT (1991), “The importance of 
reflection in improving science teaching and learning”, Journal of Research 
in Science Education 28(2):  163-182
Driver R and Oldham V (1986), “A constructivist approach to curriculum 
development in science”, Studies in Science Education 13:  105-122
Eagleton, T (1990), The significance of theory, Bucknell Lectures in 
Literary Theory, Basil Blackwell, Oxford
Entwistle, Noel, and Ramsden, P (1983), Understanding student learning, 
Croom Helm, London
Goodson I (1990), “Studying curriculum: towards a social constructionist 
perspective”, Journal of Curriculum Studies 22(4):  299-312
Gudmundsdottir S and Shulman L (1987), “Pedagogical content knowledge in 
social studies”, Scandinavian Journal of Educational Research 31:  59-70
Johnson, Mark (1989), "Personal Practical Knowledge Series:  Embodied 
knowledge", Curriculum Inquiry 19:4, 360-377
Johnston K (1988), “Changing teachers’ conceptions of teaching and 
learning”, in Calderhead, James (ed) (1988) Teachers’ professional 
learning, The Falmer Press, London:  128-145
, which describes same sequence of lessons taught by two teachers with 
different agendas.  Looks at QR sequences, numbers of questions, teacher’s 
own reflections on what happened, quotes extracts.  Teacher B saw major 
problems because of diversity of pupil views, Teacher A was satisfied that 
major points had been drawn out of what pupils said.  Quotes Osborne R and 
Gilbert J (1985) “Some issues of theory in science education” in Osborne R 
and Gilbert J (eds) (1985) Some issues of theory in science education, 
Science Education Research Unit, University of Waikato, Hamilton, NZ  “all 
teachers have views of learning, which are implicit in their practices, but 
are rarely articulated even to themselves”.  Concludes that changing 
teaching practice may involve restructuring teachers’ beliefs, which is 
problematical and potentially both threatening and timeconsuming.(195)
Lakoff, George (1987), Women, fire, and dangerous things:  what categories 
reveal about the mind, University of Chicago Press, Chicago
Lakoff, George, and Johnson, Mark (1980), Metaphors we live by, Univ of 
Chicago Press, Chicago
Laurillard, D (1989), "Phenomenographic research and the design of 
computer-based learning programs".  Paper delivered at the Third European 
Conference for Research on Learning and Instruction, Madrid, Spain, 4-7 
September.  Mimeo.
Marton, F (1982), "Towards a phenomenography of learning:  II  Experience 
and conceptualisation".  Göteborg, Dept of Education.
Marton, F (1988a), "Phenomenography - a research approach to investigating 
different understandings of reality", J of Thought 21:  28-49
Marton, F (1988b) “Phenomenography and ‘the art of teaching all things to 
all men’”.  Revised version of invited address entitled “Revealing 
educationally critical differences in our understanding of the world around 
us” presented at the annual meeting of the American Educational Research 
Association in April 1988, in New Orleans, LA.  University of Gothenburg.



Marton, F, and Neuman, D (1989), "Constructivism, Phenomenology and the 
origin of arithmetic skills", in Steffe, L (ed) (1989), Transforming Early 
Childhood Mathematics, Lawrence Erlbaum, NY
Marton, Ference, and Säljö, Roger (1976), "On qualitative differences in 
learning:  I Outcome and process", Br J Educ Psychol 46: 4-11
Marton, Ference, and Svensson, Lennart (1979), "Conceptions of research in 
student learning", Higher Education 8: 471-486
McNamara D (1991), “Subject knowledge and its application:  problems and 
possibilities for teacher educators”, Journal of Education for Teaching, 
17(2):  113-128
Ramsden, Paul (ed) (1988), Improving Learning:  new perspectives, Kogan 
Page, London
Renstrom, Lena (1988), Conceptions of matter:  a phenomenographic approach, 
Acta Universitatis Gothoburgensis, Göteborg Studies in Educational Sciences 
69.
Russell, Tom, and Johnston, Phyllis (1988), "Teachers learning from the 
experience of teaching".  Paper presented at the Annual Conference of the 

American Association for Research in Education, New Orleans, 5-9 April.  
Mimeo.
Säljö R (1982), Learning and Understanding:  a study of differences in 
constructing meaning from a text, Acta Universitatis Gothoburgensis, 
Göteborg Studies in Educational Sciences 41
Säljö R (1989) “Learning and mediation:  understanding and reading a 
table”.  Paper presented at the Third European Conference for Research on 
Learning and Instruction.  Madrid, Spain, September 4-7, 1989.  Cyclostyled 
working draft; forthcoming as revised version in BJEP
Säljö R and Wyndhamn J (1988) “Cognitive operations and educational framing 
of tasks.  School as a context for arithmetic thought.”  Scandinavian 
Journal of Educational Research 32:  61-71
Schön, Donald (1983), The reflective practitioner, Basic Books, NY
Schön, Donald (1987), Educating the reflective practitioner, Jossey-Bass, 
London
Shulman, Lee S (1986), “Those who understand:  knowledge growth in 
teaching”, Educational Researcher February:  4-14
Solomon J (1987), “Social influences on the construction of pupils’ 
understanding of science”, Studies in Science Education 14:  63-82
Tobin, Kenneth, Kahle, Jane, Fraser, Barry (eds) (1990) Windows into 
science classrooms: problems associated with higher-level cognitive 
learning The Falmer Press, London
Walkerdine, Valerie (1988), The mastery of reason, Methuen, London
West, LHT, and Pines , AL (1984), Cognitive structure and conceptual 
change, Academic Press, New York
White RT (1988), Learning Science, Blackwell:  Oxford
Young M (1977), “Curriculum change:  limits and possibilities” in Young M 
and Whitty G (eds) Society State and Schooling, Falmer Press, Lewes.  
Acknowledgements
This paper is based on work towards a PhD, in which I have had the good 
fortune to be supervised by Dr Paul Ramsden.  I thank him for his 



encouragement and support.
I would also like to thank the teachers and students who allowed me into 
their classrooms and gave me their time and interest.
SuperPaint!CT Physics data:AARE VENN - DIAGRAM 1!Paint(0,0:576,720)

SuperPaint!CT Physics data:AARE Diagram 2!Paint(0,0:576,720)
SuperPaint!CT Physics data:AARE Diagram 3!Paint(0,0:576,720)

  Angie retains this formula in the form F=kx, not F=- kx.  The negative 
sign does not appear in the lesson and the reason for it is not discussed.


