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In 1991 I was Head of the Mathematics Department of a 
13-18 comprehensive school Pupils came to us at age 13 
from several different schools and brought with them 
records, constructed by their previous teachers, which pur
ported to show the mathematics they "knew and could do" 
This was the first year in which these records had to be 
based on the legal requirements of the relatively new 
National Curriculum. We would be required to produce 
our own assessments of the achievements of individual 
pupils, who would also be assessed using national tests the 
following sururuer. At the time the plan was to publish all 
the results locally and nationally so that schools could be 
compared There was also the possibility that different 
classes within schools could be compared 

In addition the records would ensure continuity of teach
ing and learning when pupils transferred between schools 
and therefore we ought to be able to use them to decide 
what each pupil might be able to learn next 

The records, therefore, had several purposes: monitoring 
individual progress, recording achievement surnmatively, 
providing infOrmation for teacher, parent, school, and gov
ernment The added pressure of national testing, with 
which these records would inevitably be compared, made 
it urgent that we should understand what they meant and 
devise ways of using them to enhance learning, or reject 
them as useless. We had extra difficulties if we did not 
accept the implication that mathematics was necessarily 
learnt in a prescribed order 

It was immediately clear, however, that some of the 
records were about what had been taught rather than what 
had been understood For instance, all pupils from one 
teacher's class had exactly the same "record of achieve
ment" Others showed more variety but some were detailed 
and dense as if every bit of mathematics the pupil had ever 
done had been fully understood and recorded. Others were 
only partial and tentative as if the teacher was unwilling to 
commit herself to any definite statements 

In 1983, which was a long time ago in terms of British 
educational change, Alan Bishop and Marilyn Nickson had 
said: 

Ihere appears to exist o great need for a study of 
teacher judgements of pupils' mathematical potential 
It would also be of interest to compare the bases for 
these judgements, and their validity, between primary 
and secondary teachers 

Looking at these records, which consisted of quite detailed 
statements, I felt no wiser about their smuce or their mean
ing in terms of achievement or potential 

In order to make sense of these records I felt it was 
important to know how the judgements about what a pupil 
could do might have been made I met and talked with about 

a dozen teachers of 10 to 13 year-olds from a variety of 
schools and types of school, including our "feeder" schools 
The stories they told me about their decisions were enlight
ening and informative. There was a variety of issues and 
strategies involved and a sense of several levels of aware
ness at work, as these quotations from the teachers show: 

You think someone knows something and then you 
discover they don't, through enor;s, or a question they 
ask. Usually it's something verbal no sometimes 
it~s what they've written 

How do we all know that we are as.sessing the mme 
things? The commitment isn't there and we have to 
find our own time to meet after school 

If it's on paper I get really cross with mys·elf if they 
haven't divided properly and I know that they grasped 
that at the end of the previous term 

Parents like to have concrete evidence in the form of 
a test Tesult 

I was still a full-time teacher at the time and needed to 
devise a way of working with diverse records very soon. 
Nevertheless, within the limitations of my time and 
resources, I soon became aware that the stories I was hear
ing were worrhy of some analysis beyond immediate prag
matism 

All the quotations in this article, unless otherwise stated, 
are from the teachers with whom I talked 

The teachers largely conformed to the model which has 
been described as "evidence gatherers", who collect evi
dence of various kinds from normal classroom practices, 
with occasional bouts of being "systematic planners" for 
particular aspects of mathematics assessment [see McCal
lum et al, 1993] Several teachers combined the two 
approaches by using a published scheme, adopting the 
intentions and plans of the scheme but recognising other 
aspects of mathematics which could be incorporated and 
manifested during work on a particular topic My main 
concern here, however, is about the nature of the evidence 
rather than its collection and manipulation. 

Teachers would show me their record sheets or other 
evidence-recording devices and I would try to encourage 
them to return to the scene and attempt to reconstruct the 
moment, the interaction, or the behaviour which led to a 
particular record being made. Sometimes teachers would 
remember specific lessons and at other times a more gener
al answer would be given 

Chantelle had the idea of not only counting squares 
but also putting half squares together. Helen was 
working with her but I don't think she was quite at the 
mme stage 

For the Learning of Mathematics 15, 1 (February 1995) 

16 FLM Publishing Association, Vancouver, British Columbia, Canada 



Rachel knows+ and- and can use these in stories. I 
know that she knows how to present things in a math
ematical way 

My aim was to get teachers to talk quite specifically about 
single incidents with one pupil and describe what had 
informed their judgements 

Types of evidence used by teachers 
There was a large measure of agreement about the types of 
evidence available to the teacher, but the relative weight
ings given to the types by different teachers varied Some 
of the types conformed to descriptions of evidence in, for 
instance, Conner [1991], but others do not seem to be 
recognised in the literatlue as evidence, though it is clear 
from my interviews that teachers use them The methods I 
identified are: 

Oral evidence from the teacher overhearing conversa
tions or commentary by pupils, or through formal and 
informal pedagogic dialogue; 

Written evidence in the form of exercises, tests, rough 
work, notes, or writing about mathematical explo
rations; 

Actions observed by the teacher while watching the 
pupil do practical activities or other work; 

Voluntary use of mathematics while working on other 
subjects or in some other context; 

Evidence based on knowledge of the pupil as a learner 
or in other respects; 

Evidence based on the teacher's own view of mathe
matics, 

Observation of behaviour and body language 

Ihe first four are widely recognised as clear and legitimate 
sources of evidence The last three are more problematic, 
requiring interpretation and prediction based on experi
ence, on the models the teacher has constructed hom her 
experience, and what is variously described as "subjectivi
ty" or "professional judgement", and so on 

I shall write briefly about each type, with quotations 
from the teachers chosen to illusnate from the whole set of 
conversations 

Oral 

Shape is a talky sort of subject anyway 

.he wasn't writing much down and then when I got 
to talk to him about it he would actually come out 
with "Well, if I do this one this is going to happen" 
He was making predictions, but the written work was 
very slow and not at all methodical 

I would say, "How did you come about that answer?" 
It's quite fascinating how they come about them zn 
different ways Some would make adult short cut kinds 
of approaches, others use very safe strategies and 
won 't make any of their own 

I sometimes .sit and work with them and listen to what 
they are saying to each other 

I believe linguistic ability is not far from mathemati
cal ability 

Alongside these statements of relative certainty ran com
ments about lack of time to manage oral communication 
effectively with all pupils Some teachers mentioned that 
they Could not always be there when, for instance, two 
children were discussing mathematics in a revealing way 
They recognised time lags between the pupil being able to 
do some mathematics practically or on paper, talk about 
what they had done, and then write about it For some 
pupils this was perceived as an inability rather than a time 
lag. There is usually no permanent record of the oral inter
action and the teacher, if she is pressed to provide evi
dence, can only talk of an unrecorded conversation When 
and if her judgements are held up to wider scrutiny, or 
compared to test results, the teacher can feel vulnerable 
Nevertheless it seems to be the most common way-apart 
from observed actions-in which pupils reveal their 
knowledge to teachers in primary schools It can be prob
lematic in several situations, such as where there are lan
guage difficulties, or where the pupil's perceptions of the 
power of the teacher engender fear, or where elaborate 
forms of language are not encouraged and supported at 
home For instance, where else but in school is a child 
expected to "Tell me how you did that"? Nevertheless the 
ability to "tell back" the mathematics to the teacher in the 
pupil's own words is regarded as a powerful indicator of 
understanding 

The last quotation above is from a teacher who recognis
es a link between language and the learning of mathemat
ics Mainly, however, the oral evidence teachers referred to 
was obtained from reporting or explaining some mathe
matics which had already been "done" The use of lan
guage in concept-formation or in the mental processes 
involved in doing mathematics was not raised as a source 
of oral evidence 

Written work 

Although I think that marking a test is useful it's not 
the he-all and end-all 

Her written work is good a,s well .. she can write 
down what she's done, which helps. Since September 
she has been continually surprising me with her com
ments and her written work and just the way it shows 
she has gone about tackling things 

Damien couldn't pick out which numbers were in the 
units or tens columns. If you had asked me before the 
written assessment ifwould he be able to do that I 
would have said "Yes" 

Ihis was certainly regarded as a safe, reliable, and robust 
form of evidence because it is permanent and can be held 
up to scrutiny It seems to take two different forms 'The 
first is the traditional list of examples correctly or incor
rectly done, perhaps as a test, the second is a more discur
sive record of explorations into mathematics. The first 
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often offers no clues about what is understood 01 misun
derstood even when the teacher has encomaged pupils to 
"show their workings" 

for division I asked them how they'd done it and 
the ones who seemed able to show how they'd got to 
where they'd got could all explain it Others looked 
blank 

Often they can't show their workings and say "I just 
did it" 

Sometimes I insist that they give an explanation of 
how they got there but I don't always follow what they 
put, and some of them don't put anything 

1 he second often makes language demands in excess of 
the pupil's current linguistic power and hence may not 
truly reflect the maths that was done The classroom norms 
of written work can affect the pupil's pre-editing of what is 
written If the desired finished product (that it should be 
neatly written in columns, fOr instance, or decorated for 
later wall-display) does not easily relate to how the pupil 
actually wmked on the mathematics, much can be lost in 
the attempt to conform. Olwen Macnamara has written 
about the inevitable selection and reduction involved in 
writing accmmts of mathematics and explores the reasons 
[1993] There is also the faitly common phenomenon of 
pupils putting up some kind of barrier to writing, possibly 
based on a fear of exposing error in a way which has not 
been helpfully dealt with in the past 

Observed actions 

She was having problems with the basics of measur
ing, getting one metre and parts of a metre she 
could manage halves but was having problems with 
fifths and tenths . when I asked her with the metre 
stick to calculate how many centimetres she could 
give to each of five children she could do it 

Clair was unpicking cubes made with joined squares 
to find different cube nets She began to be systematic 
by detaching one square and moving it along the sides 
of the other5 without going to the trouble of re-attach
ing it each time 

Some of the practical skills you've got to be there 
with them 

This provides no permanent record, unless an artifact is 
produced, and may depend on the teacher's interpretation 
of what is going on inside the head of the learner A timid 
pupil who prefers to sit and watch, or one who prefers to 
work in the abstract or with mental imagery rather than 
with materials, might not be assessed this way. A rmming 
commentary may help, but only if the teacher is near 
enough to hear it Unless there is a commentary it is possi
ble to assmne one thing is being thought when in fact it is 
another 
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I really thought Mel understood multiplication until I 
asked her to explain all the little marks in the margin 
of her work. They turned out to be tally marks and she 
wasn't even adding, she was counting 

When he was counting he was touching all the coun
ters but telling me the wrong an.swer. When he said 
the number words out loud I could tell, to my horror, 
that he did not know it had to be one number word 
per counter{ He was survived until now by learning 
addition facts without knowing what they mean 

Conner [ 1991, p 47] comments that: 

The process of observation is going to be one of the 
major ways in which teacher5 will gather together the 
evidence upon which to base their judgements about 
children's progress 

and yet most of the teachers I talked with commented that 
they did not have enough time to assess through observa
tion in general In mathematics they were not happy to rely 
on observation alone, particularly on isolated incidents 
The looked fOr repetition in similar circumstances, repeti
tion in different circumstances, and some kind of lan
guage-based supplementary evidence 

Voluntary use of mathematics 

I asked them to work out some ages, and some of them 
used their heads, other;s wrote out sums, others used 
calculators or counter:s 

When teaching them for every subject I could see 
much more how they used what they learnt in other 
situations 

It's always a relief when shown they can apply it in 
practical situations but I wouldn't use thos·e to say 
they couldn't do it hadn't internalised it . if they 
hadn't applied it 

Apparently this gives teachers a very sound way to tell if a 
pupil has understood, has intemalised, and can manipulate 
and draw on the concept in unexpected situations The dis
advantage is that waiting for voluntary use to "happen" for 
every bit of mathematics is unrealistic, and there is usually a 
time lag between knowing about and being able to use a 
concept Teachers can plan as many openings for this to 
happen as possible. I was left with the impression that some
times teachers deliberately offered an open-ended activity 
and were prepared for anything to happen, but at other times 
they hoped one particular aspect of mathematics would be 
used, without prompting, by the pupils. Some of those who 
talked about time-lags dming which pupils might not be 
able to apply knowledge, and after which they might have 
forgotten it, offered anything hom "two or three weeks" to 
"about six months" as realistic time-scales fOr planning pur
poses. Others talked about pupils forgetting what they knew 
drning the holidays, however long the holidays were 

Knowledge of the child 

Parents are concerned about her~ she's a day-dream
er She sucks her thumb and this prevents her holding 
her book in place S'O she doesn't record her work 

My opinion of him has changed this term due to his 
own confidence and the relationship we've built up 
the talks have built my confidence in his ability 



She always thinks she can't do things, she needs a lot 
of help and encouragement to get going. Maybe she 
can't go further with algebra on her own but working 
with some others she could 

The importance of knowing the pupil was referred to many 
times. It seems to be about seeing him do so many things 
that the teacher can constmct a model of how that pupil 
leams flam which predictions can be made with confi
dence. The predictions also depend on some idea of how 
mathematics is put together, so that the teacher's view of 
mathematics (whether it is linear, hierarchical, a network, 
and what m der, if any, it has) and the model of how the 
pupil learns (particular ways of working and reasoning) 
link to tell an overall story which the teacher can use to fill 
in the gaps in her own observed knowledge. This relates to 
what we mean in everyday life by saying we "know" peo
ple: we can predict how they might act and what they 
might think about something and what we can safely say to 
and about them. However, the extensive literature on the 
effects of a teacher's expectations on a lemner 's achieve
ments suggests that we should be wary of being too com
fmtable with this approach At the very least it is limited 
by the teacher's own model of mathematics (which is often 
a deficit model in the case of primary teachers) and her 
knowledge of the pupil in the classroom situation. Never
theless when I asked teachers to tell me about the mathe
matics a particular child knew and could do, they invari
ably started with a description of the child's general emo
tional state, ways of wmking, and behaviour 

If you see what they do in a variety of situations it is 
sometimes easier to stand back and see them a bit 
more 

Views of mathematics 

I use stories to see if they understand or not, and it 
helps me unravel errors. I try to ask them a question 
with a slightly different slant 

Learning is not a stTaight line that everybody does 

There's so many avenues and so many things they 
say, which are all valid, or if they're not then they're 
ambiguous. You've got to listen to what they say 

Most of the work looks like consolidation and practice 
because the steps forward are so small that children 
accept them easily. For instance, the step from using 
1 em to be one unit on an axis to it being 2 units. I 
have to be aware of the step they're making 

I think it always has to be logical. For instance I 
teach subtraction by decomposition because it is logi
cal, but I always do it the other way myself, particu
larly if! am in a hurry 

There was a variety of views and levels of confidence 
about mathematics among the teachers I worked with. 
Some saw mathematics as a prescribed linear hierarchy of 
small steps. Some saw it as a mystery in which they did 
not feel initiated and hence relied on the ordering of a pub
lished scheme. Some saw it as a totally practical subject 

and likely to crop up anywhere and everywhere. Others 
saw calculation as a "basic" which had to be learnt in a 
"right order", but everything else could be flexible 

One teacher engaged her pupils in conversations about 
the inverse of a concept in order to test their understand
ing .. It was an integrated part of her practice and I saw her 
using it several times. She called it "turning the question 
round" when I described it to her For instance, she had 
wanted to check whether a pupil had understood 54/6 = 9 
by asking about 6 X 9 and 54/9 and expecting an explana
tion using apparatus or a story rather than just an answer 
She would sometimes ask questions like, "What if we 
wanted the answer to be so-and-so?" or "Will it always 
work out exactly?" to get oral evidence of understanding 

This is not the place to go into the full effects of these 
differences but there was not, from this small sample, any 
observable relationship between beliefs about mathematics 
and choice of assessment styles. All teachers used all the 
kinds of evidence I am writing about, although the weight 
they gave them and the confidence with which they used 
them differed 

Behaviour and body language 

The way they sit, the way they look at you, they nod, 
eyes are bright, they seem as if they're with you 

I can see her face there just smiling like she always is 

He says he can't do it and he has regres·sed in terms 
of attention seeking and avoidance tactics 

You can tell whether they're concentrating and quite 
often, if they're not, it's because they don't under
stand. You look for contentment. 

What sounds like a very human-based approach to identi
fying confidence in a child, and watching for signs about 
how far you could or could not go, is sharply thrown into 
focus by the following comment from a very highly
regarded teacher whose class is about 50% Asian Muslim 
children from largely uneducated backgrounds The rest of 
the class are predominantly white middle-class children 
from educated backgrounds. 

I don't feel the same pressure to get it right with white 
children because I know more about their cultural 
backgrounds Ihe Asian children may think different
ly, their constructions might be different, their experi
ences have been different. I am always trying to 
examine my attitude. I've just realised that the white 
children look at me but the Asian children don't. I 
have assumed that because they're not looking they 
haven't taken it in. 

The "it" that the teacher wanted to get right was her assess
ment of what they had leamt and could learn She was sen
sitive to much of the research about underachievement by 
particular ethnic groups in this country and eager not to 
limit her own expectations. All the materials she used had 
been examined for bias and she ran her classroom in a way 
that offered as much equality of opportrmity as she could, 
given some language difficulties By exanrining what she 
looked for in her pupils she was able to recognise that the 
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actions she expected flom pupils, and her interpretations of 
them, were based in her own culture. She therefore became 
aware that if she reacted intuitively to body language and 
facial expressions of pupils as part of her assessment of 
them there was a built-in bias against her Asian pupils 

She went on to say: 

I find it easier with white children to say what they 
know, because they are more likely to voice their 
understanding I asked Shamila "Do you under
stand?" and she said "Yes" but later I could see her 
struggling alone and she hadn't undastood at all. 

Although body language, facial expression and behaviour 
were mentioned by all the teachers I talked to as indicators 
of understanding, particularly when I asked them about 
specific individuals, I remain unaware how much this 
affects the judgements they are prepared to pass on to 
other teachers or otherwise "go public" about The ques
tion of how these casual judgements affect the pupil's day
to-day experiences in school and learning in general is an 
important and well-researched one and it needs to be asked 
in the context of teachers' assessments of pupils' achieve
ments too However these ephemeral indicators are what 
teachers appear to use as part of assessing pupil progress in 
the classroom when oral, written, or observed actions are 
not available as evidence or do not appear to give the full 
picture of understanding 

Although many teachers mentioned that written tests 
made them more confident about what pupils could do, 
there was also a general willingness to draw on memory 
and impression if the rest of the evidence seemed to fall 
short of their own judgement 

I think about the child and the .sort of conversations 
we have had and the sort of things they have volun
teered to do 

At the end of each term I have to write a review of 
each child in each subject, it takes me half-an-hour 
per child and I do it from my head 

An answer on a test sheet doesn't mean proficiency to 
me, it's more a gut reaction when they say something 

when they go into detail 

This tension was elaborated on by one of the mathematics 
coordinators: 

Teachers want to feel that children are making 
progres.s You want to be pasitive and encouraging 
and you transfer that to actual record-keeping it's 
wishful thinking sometimes. You can be coloured by 
your previous experience of that child. We are human 

When I asked teachers explicitly about possible bias they 
generally talked in terms of this kind of judgement only 
being additional to other evidence, or that they would take 
account of positive reactions but would not regard lack of 
positive reaction to mean lack of understanding 

Conclusion 
Each of the approaches I describe could lead to differences 
of opinion and interpretation Some may serve to perpetu-
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ate class and racial differences in achievement, particularly 
if they are used to assume potential. I eachers' own pre
conceptions and expectations run through them It is hardly 
surprising that we ended up regarding the information sent 
to us by feeder schools as at worst partial and at best 
eruiching rather than hard, true and incontrovertible 

We also had to face up to the fact that our own assess
ments of pupils could, and probably did, involve the same 
kinds of evidence and range of judgements, including bias 
and omission 

Our conclusion, as a department, was that we should 
accept the records as the authentic attempts of fellow-pro
fessionals to record what pupils knew and could do We 
would try not to use them as statements about potential or 
as defmitions of some sort of innate ability. We could add 
to them as pupils worked with us on mathematics but 
decided we would not remove anything from the records, 
no matter how sceptical we might feel. In fact, we harmed 
scepticism and talked of "having regard for the judgement 
of professional colleagues" instead. In cases where the 
pupil had been assessed as achieving more than we 
believed to be true then it was up to us to construct activi
ties involving reinfOrcement, review, or revision alongside 
progress to new knowledge. The records which appeared 
to be based on what had been taught rather than what had 
been achieved were more credible and hence more imme
diately useful but, of course, could not be used then as evi
dence of achievement or potential. 

We had, as a school, been involved in a pilot project 
using 100% moderated teacher assessment for public 
exantinations and had found this to be hugely motivating 
for pupils and teachers What I find disturbing is that, 
although I still advocate teacher assessment and welcome 
the current moves towards it in the UK, in Southern Aus
tralia, in Portugal and elsewhere, I now have to question 
afresh the fairness and bias inherent in the process 

Problems stem from a s·ystem which ananges for 
evaluation on behalf of other:s to be made. [Wheeler, 
1968] 

In 1968, when this warning was published, the teacher was 
identified as evaluating on behalf of the pupil Since then 
the audience fOr teacher evaluations has grown to include 
parents, government, employers, the next teacher and, still, 
the pupil. Only one of the teachers talked about any form 
of self assessment 

Sometimes we do a pre-topic assessment where they 
tell me what they think they already know. 

If teacher assessment of mathematics is the way, as I 
believe it is, to provide holistic stories of pupils' achieve
ments, then there should be awareness of its complexities 
and potential for bias. These are the same sources of bias 
which have been so well documented as disadvantaging 
girls, poor children, and those from racial minorities in our 
education systems in the past. 
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"'objectively" about such "contexts" '"Context problems"
that is the point And yet, there are similarities between 
realism and RC. Children's ideas can be used in order to 
create education. They can indicate a path towards a cur
riculum. "The bright ones can lead the class. These similari
ties are based on great communal respect for the iudividual 
with his or her own ideas, both iu RC and realism 

4·. Notes 
[1] This ftmction, by the way, is not only applicable to mathematical 
theories; a curriculum, too, is capable of justifying the placement of a 
topic Only in the unit entitled "Mecca", for instance, do great circles 
appear in the new mathematics program for Dutch schools [see: Team 
W12-16: Background to the new mathematics curriculum 12-16, 1992] 
And yet they do belong in the program as a whole. They constitute a topic 
within spatial geometry, and they belong with "cross-sections", '·sight 
lines", "place determination" and "calculating in geometry", that is, with 
the other units that make up the curriculum For this reason, great circles 
and other topics in spherical geometry can be expected to receive more 
attention in the future. 
[2] Freudenthal [1971aJ: "Definitions are not preconceived to derive 
something from them, but more often they are just the last element of 
analysis, the finishing touch of organizing a subject Children should be 
granted the same opportunities as the grown-up mathematician claims for 
himself'" (424) But he warns: 'Geometrical axiomatics cannot be mean
ingful as a teaching subject unless the student is allowed to perform these 
activities himself" (426) 
[3] For instance, by going in search of the shortest distance between 
two points on the earth (following a great circle) without needing to 
change course (following a ''loxodrome"). Some of the students' sugges
tions were: ·'Following a meridian?", "Following the equator?", ·Follow
ing an almucantar'?'' 
[4] We observed the students' tendency to weigh up their "definitions 
of great circles (which is the best?, which is the most comprehensive?) as 
is the case when formalizing a mathematical system. Johan formulated 
two separate definitions, "The circle that goes straight around the earth" 
and '"Where the earth is the thickest", but he did not choose a' ·best one" 
Peter formulated spontaneously, 'A great circle is a circle straight 
through the middle of the earth that comes back at the same spot" He for
mulated a complex definition of an intersecting circle through the 'three
dimensional" sphere and the line straight across the two-dimensional 
"sphere's surface" 
[5] A helmsman once told me: 'First I draw a straight line on the cylin
drical projection map That's a great circle I then transfer the intersec
tions with straight lines, which are loxodromes on the mercator projec
tion So I navigate loxodromically towards the points of a great circle We 
call this a composed track " 
[6] Mathematics is an empirical science-whether one is researching 
axiomatics or developing a model of the world using great circles and 
suchlike 
[7] In the United States, radical constructivism is the focus of a great 
deal of controversy; many criticisms are being raised, and certain aspects 
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are consequently being emphasized and expanded upon (socio-construc
tivism, social constructivism, didactic constructivism, etc.) 
[8] In physics, too, the world (reality) is viewed from various perspec
tives, resulting in a diversity of theories (Newton's world view, theory of 
relativity, quantmn mechanics) 

5 .. References 
Brink, F J van den [1989]: Realistisch rekenonderwijs aan jonge 

kinderen (Realistic arithmetic education for young children) Utrecht: 
OW&OC 

Brink, F.J. van den & M. Meeder [1991]: Mecca, Mathematics Teaching, 
!37:20-23 

Brink, F J van den [1994]: Spherical geometry lessons, Mathematics 
Teaching, 147:26-33 

Brink, F J. van den [1994]: Meetkundeonderwijs te midden van theo
rieen, Tijdschrift voor didactiek der beta-wetens'(.happen 12,2 (mei): 
130-149 

Cobb, P., E. Yackel & I Wood [1992]: A constructive alternative to the 
representational view of mind in mathematics education, .Journal for 
Research in Mathematics Education 23(1): 1-53 

Freudenthal, H [1971a]: Geometry between the devil and the deep sea, 
Educational Studies in Mathematics 3:413-435 

Freudenthal, H. [1971b]: Zur Geschichte der Grundlagen der Geometrie, 
Nieuw Archiefvoor de Wiskunde 4(5): 105-142 (About the history of 
the foundations of geometry) 

Glasersfeld, E von [1982]: An interpretation of Piaget's constructivism, 
Revue Internationale de Philosophie, nos 142-143: 612-635 

Glasersfeld, E von [1983]: On the concept of interpretation, Poetics 
12:207-218 

Glasersfeld, E von [1991]: A construaivist:s view of learning and teach
ing. Bremen 

Hiele, P M van [195'7]: De problematiek van het inzicht, gedemon~ 
streerd aan het inzicht van schoolkinderen in meetkunde-leerstof 
(Problems of insight, demonstrated on the insight of schoolchildren in 
geometry) Amsterdam 

Hiele, P M van [1986]: Structure and insight. a theory of mathematics 
education, Orlando (etc), Academic Press 

Lewin, P [1994]: Constructivism and paideia: a paper prepared for a con
ference in honor of Ernst von Glasersfeld, Atlanta, Georgia, April 2-3 

Parreren, C F van [1978]: Niveau.s in de ontwikkeling van het ab.stra
heren (Levels in the development of abstraction) Utrecht 

Streefland, 1 [1993]: Ontwikkelingsonderzoek negatieve getallen 
(Developmental research in negative numbers) In: R de Jong & M 
Wijers (eds.) Ontwikkelingsonderzoek (Developmental research) 
Freudenthal Institute, Utrecht: 111-130 

Streefland, 1 [1994] Theoretiseren in ontwikkelingsonderzoek (Theoriz
ing in developmental research), Tijdschrift voor Didactiek de beta
wetenschappen (Utrecht) 12:21-34 

Stroik, D. J [1980]: Geschiedenis van de wiskunde (History of mathemat
ics),Het Spectrum, Utrecht 

Team W12-16 [1992]: Achtergronden van het nieuwe leerplan wiskunde 
12-16 (Background to the new curriculum mathematics for 12-16 year 
aids), 2, Freudenthal Institute/S10, UtrechtjEnschede 

McCallum, B., et al Teacher assessment at Key Stage One:· Research 
papers in Education, Vol 8, p 306, RKP, London, 1993 

Macnamara, 0., in Mathematics Teaching 142: Association of Ieachers 
of Mathematics, Derby, 1993 

Wheeler, D H, in Examinations and ass·es.sment. Association of Teachers 
of Mathematics, Derby, 1968 


