on the aspects of mathematics for all outlined earlier since
these are glossed over by their teachers who regard these
topics not as an area of experience but as «bits» of knowledge pupils need to possess.
Teachers of mathematics, who themselves were mainly
an able minority, as well as pupils tend to resort to the way
they were taught mathematics. There is little change in the
methods used to teach the aspects of mathematics which
the able minority will learn compared with those aspects
covered by most pupils (including the able). The main
change consists in diluting, or what is referred to as «watering down» the content and presenting topics in small easy
steps with plenty of practice examples. The result is trivialising and makes mathematics meaningless for most
pupils. A large number of pupils, even those are able, tend
to lose interest and find little meaning in this activity and
hence lose confidence in the subject. There is also a tendency for teachers to teach topics on a syllabus, systematically, item by item and believe that if all the topics have
not been taught their pupils will suffer.
In order to ensure that topics are covered, it is possible to
rush these through in a narrow, restricted manner rather
than embedding them in a wider context allowing pupils to
reflect upon the use of the mathematics presented to them
and discussing the appropriateness of methods used by
them. Algorithms are often taught to pupils too soon, and
there seems to be an assumption that once taught they are
remembered. The Chelsea Report, Understanding Mathematics 11 - 168 points out:
«The teaching of algorithms when the child does not understand may
be positively harmful in that what the child sees the teacher doing is
‘magic’ and entirely ‘divorced’ from problem solving.» (Chapter 14)

Mathematics, in daily life, is not encountered in small packages as taught by fragmenting a syllabus or in the form of
the straight-forward command of the textbooks. It appears
in context in a variety of spoken or written language and
social situations. The Cockcroft Report proposes that its
Foundation List of Mathematical Topics (Paragraph 455)
should form a part of the mathematics syllabus for all
pupils. This list reflects situations in which people meet
mathematics in life, and the emphasis of the report is on
presenting mathematics in a context in which it will be
applied to solving problems.
12. «At all stages pupils should be encouraged to discuss
and justify the methods which they use.» (Cockcroft
Report, Paragraph 458)
The implications of the suggested changes in teaching
styles for teachers are great for those who have not worked in this manner. It would certainly call in question the
conventional method of designing curriculum in terms of
topics, concepts and skills. For example, it could mean that
a teacher would need to have a collection of «situations»,
problems and inves-

tigations to offer to pupils and the consideration of mathematical outcome of these in terms of content and processes for individual pupils would be a retrospective activity by the teacher. For example, consider a situation
where a pupil is presented with 5 pence and 7 pence
stamps and asked:
a. What totals can he make if he has as many of each as
he wishes?
b. Are there more?
c. Can he convince others?
d. What happens with other stamps,
3 pence and 5 pence?
5 pence and 9 pence?
Some of the outcomes of this activity, depending on the
levels at which individuals tackle this problem, could be
listed as follows:
Generalisation
and
Organisation of work
Pattern spotting

Factors
Multiples
Addition and
multiplication

Hypothesising and
testing
Formalising
Exclusion
Checking etc.

Algebra
Permutation
Combinations
Primes and composites
Triangles
Modular arithmetic etc.

For a confident and experienced teacher, this way of working could enable him to overcome the major problem of
not limiting a child’s attainment since the choice of rich starters would enable all pupils to become engaged in the activity and offer an opportunity for follow-up work in depth for
those who were interested and able to do so: This would
certainly help to overcome the problem of offering motivating, relevant and challenging mathematics without restricting pupils’ opportunities for taking any external examinations. Although the change in emphasis may appear
small, the solution is not as simple as it appears. Teachers
who are used to assuming the major control of their pupils’
learning find it extremely difficult to change their focus.
Pupils also become used to the idea that teachers will
always have the right answers and the right method for all
problems, and if they wait long enough these answers
would be provided by the teacher directly or through the
«bright» pupils in their group. Under these circumstances,
pupils do not find it easy to change their role and assume
responsibility for their own learning.
These changed perceptions of mathematics learning and
teaching need to develop in a climate of mutual trust and
confidence.
13. In her publication «Generating Mathematical Activity in
the Classroom»9 Marion Bird has used written records of a
class of 11-year-old pupils to demonstrate that it is possible
to teach in a way which encourages pupils to begin to ask
their own

_______________
8 Hart, K. M. et al. (1981): Children’s Understanding of Mathematics
11-16. John Murray.

34

________________
9 Bird, M. (February 1983): Generating Mathematical Activity in the
classroom. west Sussex Institute of Higher Education.

questions, to control the direction of their investigations, to
make conjectures and think how to test them to make and
agree on definitions and equivalences, to search for patterns, to make generalisations and to seek for reasons for
what seems to be happening.
One of our project activities has been to examine a large
number of case studies developed by teachers who have
been trying out these teaching approaches in the classroom and identifying general features which facilitate the
work and the mathematical activities and those features
which inhibit them. These «facilitators» and «inhibitors»
have been found very helpful by teachers attempting such
an approach in the classroom. We have been exploring
methods of involving teachers of other subjects in supporting these developments since their attitude can have a significant influence on pupils. We have also been exploring
simple but effective methods of sustaining networks of teachers who can offer each other support, encouragement
and stimulus - all important ingredients of bringing about
effective change. A collection of ideas and strategies which
would enable teachers to initiate a greater change of focus
in the control of learning in the classroom has been compiled. This has also provided some initial starting strategies
which have been tried out in several classrooms.
_____________________

10»The Mathematical Association Diploma in the Teaching of
Mathematics to Low Attaining Pupils in Secondary Schools» was
piloted at the West Sussex Institute of Higher Education, the
Mathematics Education Centre and at Bishop Grosseteste
College Lincoln.

We are also observing and developing case studies on
effectiveness of various strategies for inservice support,
e.g. teachers visiting each others schools, teachers released to work with other teachers in their own schools etc.
Finally, it seems clear to us that the most effective change
can come about by starting from the teachers’ own
strengths and building from there. This, in the time of great
pressure on inservice finance, can be an extremely slow
process. It would be counterproductive and a retrograde
step if we allowed ourselves to be seduced by short cuts
which entail offering crutches to support teachers.
The development of the Mathematical Association Diploma
in the Teaching of Mathematics to Low Attaining Pupils 10,
for which some teachers can be released for one day a
week over a year under a central government scheme is
already proving an effective agent for change. We need to
think seriously about the continuation of these developments undertaken by teachers who have completed these
courses and widening the means of supporting those who
are not able to have such an opportunity. The extreme importance and enormous benefits of teachers released from
schools to work with other teachers and the effective programs for such activities can be a theme for another paper!
Details available from:
The Secretary of the Diploma
Board
The Mathematical Association
259 London Road
Leicester LE2 3BE
England
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Universal Mathematics Education and its
Conditions in Social Interaction
Achmad Arifin

As far as I understand, universal mathematics education is
mathematics education having everyone in a society as its
target. Its objective is to educate the society to be more
intelligent in utilising the available resources or opportunities to improve their welfare and prosperity. What we need
is a mechanism to bring mathematics education to everyo ne in the society. This mechanism should have the ability
to disseminate the intended changes or improvements at
any time. School system should be in the mechanism. But
the school system alone cannot be made responsible for
bringing mathematics education to everyone or to carry out
improvements in mathematics education.
Improvement followed by another improvement, or change
followed by another change, will be the feature of mathematics education in particular as a consequence of the
rapid development of mathematics as well as that of science and technology.
The mechanism should be able to channel the needed
changes and improvements to the school system without
any disturbances, that is to say, as smooth as possible. For
a country with a large population the need in such mechanism can be very urgent.
In the implementation of universal mathematics education
the active participation of the community can contribute a
great deal in reaching the target.
In this paper I will try to describe how we should raise
community participation in carrying out universal mathematics education through looking at the aspect of interaction. In developing the mechanism the mathematics itself
and its process of development should be brought as close
as possible to the place where mathematics education is
going to be developed. Because the role of the mathematicians and their activities is also significant in initiating the
development of universal mathematics education.
1. Social Structure
Setting the ultimate objective of education as to develop
the society toward attaining a better standard of living
means that education should be the concern of everyone in
the society. To enable the society or the community to participate in the process of education a certain interrelationship has to be developed between the society and the
school system. Since interaction is a component which
basically supports the educational process, we may examine the interrelationship mentioned above from the
aspect of interaction. To pave our way to this purpose, we
generalise our examination by looking at the interactions
that happen in a society.
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Social structure in a society is understood to be the totality of interactions among people or groups of people.
Depending on its quality, social structure can influence the
survival and the development of the society. Through interactions the society improves its ability for continuing its survival by utilising the resources and opportunities that are
available in its disposal. These interactions are social interactions.
Let us direct our attention to the social interactions which
contribute to the improvement of people’s ability and refer
to this particular interaction as a positive interaction. Since
interaction can happen between people and their environment, social as well as natural one, we generalise the meaning of positive interaction as to include not just the social
one.
2. Positive Interaction
Looking at a particular society we may always ask whether
interactions happen among individuals in that society.
Assuming that interactions happen among them we may
further ask, what are the kinds of interactions and how
intensive they are. What we should identify are those interactions which have the effect on increasing individual’s
knowledge or skill, or individual’s ability in general.
On the other hand, someone may gain additional knowledge or skill through reading books or observing natural
phenomena. Can we say that someone gains additional
knowledge and skill through interaction between him or her
and the books he or she is reading or between him or her
and the natural phenomena he or she is observing? The
answer is yes, but this will depend on the way he or she
reads the books and observes the phenomena. Certainly
someone needs a certain ability in order to undergo these
kinds of interactions.
We generalise the meaning of positive interaction to include any interactions which contribute to the development of
abilities of individuals or groups of individuals. It can happen in various kinds and patterns between individuals and
their surroundings. This positive interaction is actually an
important aspect in the educational process. It provides
opportunities to individuals to improve their ability. With
their continually improving ability the people will have
opportunities to contribute to the development of their
social structure.
Positive interaction is expected to happen life-long for
each individual. Someone needs some knowledge and skill
to initiate positive interaction with his or her surroundings.
In particular, someone should be able to utilise information
to get some additional knowledge and skill, or to improve
his or her ability in general. Facilities like libraries or
museums which exhibit new developments, for instance in
science and technology, form resources of information.
These can provide stimuli to motivate positive interaction to
happen continuously with increasing intensity and quality
as to fulfill the needed ability.
Someone’s continual efforts for improving abilities, or
developing new abilities can be considered as the consequences of the rapid development in various sectors. The
developments in science and technology in particular crea-

te challenges in their utilisation. To cope with these challenges, particular abilities have to be made to exist.
Leaving the development of such needed abilities to individuals’ motivation and initiation, through their involvement in
positive interaction, might take a long time. Therefore, an
organised effort is needed to design positive interaction to
happen in a certain time period and space.
3. School Interaction
Someone needs to have certain abilities in order to be able
to get involved in a positive interaction. Someone needs to
know the language of the book he is reading, or perhaps he
needs some knowledge about the topics discussed in the
book in order to get some additional knowledge about the
topics. In general, someone needs some basic knowledge
and skill to draw additional knowledge from the book he is
reading, from the discussion with someone else, from the
observation of a natural phenomenon, etc.
To organise positive interaction to happen in a certain time
period and space is particularly aimed at providing individuals with some basic knowledge and skill. Positive interaction which is designed to happen in a certain time period
and space is an important aspect pertinent to what we
understand as school. I refer to this positive interaction as
school interaction or classroom interaction. The ability of
individuals in carrying out further development of their own
ability as well as that of their society independently is usually set as the main objective of school interaction. This further development of ability can be carried out through positive interaction.
A school is a place where people who have different backgrounds and come from different environments come together with the intention to learn. The people who come to
learn at a certain school constitute a society of students
with a certain characteristic, that is a certain level of readiness to get involved in positive interactions.
On the other hand, the school is equipped with a curriculum containing a series of programs of teaching and learning process as a means to achieve the objective as set in
the curriculum. In this junction where the interface between
student background and school curriculum take place we
expect the teachers to play their role; that is to manage the
school interaction to happen as to give an optimal result.
In managing school interaction we should pay attention to
the individual’s background as differences related to value
systems or behaviour patterns might occur. Referring to
those differences the teachers or someone else who acts
as a facilitator should manage the interaction so as to happen without disturbances.
Each of the three components: social structure, positive
interaction and school interaction should have the ability to
absorb some developments in mathematics that are relevant to the society development and to utilise them in educating the people in accordance with their respective role.
The parts of each component include:
- Social structure: To appreciate and support necessary
changes in school mathematics and create conducive
environment outside school for learning mathematics.

- Positive interaction: To set up facilities other than
schools that motivate and create opportunities for
mathematics learning.
- School interaction: To develop the environment in
school and the teaching methodology in mathematics
class as well as that for individual approach so to enable
them to inspire, to stimulate and to direct learning activities.
Referring to the roles of the components as described
above, we are not looking at them with their passive meaning; but with their active participation in providing opportunities and stimulation for mathematics learning. This justifies the purpose of the three-component functional relationship: social structure - positive interaction - school interaction, that is to provide opportunities and stimulation for
mathematics learning through interaction, aimed at everyone in the society.
4. MathematicsforALL
Once again, universal mathematics education is mathematics education for everyone in a society, so it is mathematics education for all. The school system is one of the
places where universal mathematics education can be
channeled to reach a part of the members of a society. In
other words, school interaction is one of the components
for reaching individuals in a society and to manage them to
get involved in learning mathematics. Since learning
mathematics at school is related to the development of a
society as a whole we also have to examine the components which can contribute in paving the way to make the
relationship really happen. These components are social
structure and positive interaction.
What parts of mathematics that a person learns at school
should be accepted and appreciated by the society as a
part of the society development process. On the other
hand, the school should be knowledgeable and be aware
of the needs of the society, particularly those concerning
the society development and those related to increasing
the individual’s ability.
From now on, we need to attach more operational meaning to positive interaction. That is, some facilities need to
be created or to be established in order to stimulate and
provide opportunities and means for positive interaction to
happen. In this connection, the targets are the society and
the school system.
From what has been explained above, we can see that
the interrelation among social structure, positive interaction
and school interaction enable the development of the
school system as well as the quality and the intensity of
social interaction continually. This will result in increasing
the ability of individuals. Furthermore, referring to the role
of individuals in increasing the quality and the intensity of
interaction the continual development of school mathematics teaching will, after all, result in increasing the ability of
the society itself. Therefore, taking also into consideration
the individual’s background during teaching-learning processes we can describe a functional relationship among
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social structure, positive interaction and school interaction as
follows.

This three-component functional relationship forms a
mechanism for developing the needed ability of a society in
coping with challenges. Therefore, it can also be utilised as
a means of transferring mathematics and its development
to everyone in the society, through various kinds and patterns of interaction.
This is aimed at achieving certain mathematical abilities.
This gives an idea as to how to carry out universal mathematics education. To initiate universal mathematics education it is therefore desirable that in any society the
three-component functional relationship can be identified.
In this era of science and technology development, the
intelligence of the people will contribute a great deal and
meaningfully to the society’s ability. Mathematics education
can play a role in developing the intelligence of the people.
But this will depend on the persons who have to make
opportunities to enable mathematics to play its role fully;
that is to create a conducive environment where mathematics learning can happen through interaction. Referring to
this, we are dealing with the following questions.
1. Which part of mathematics that can function as a developer of an individual’s intelligence?
2. Those parts of mathematics that have been chosen,
how should they be presented?
To learn mathematics through interaction can take place
everywhere and any time, not necessarily in a classroom
during a mathematics class. Therefore, those two questions are relevant to the school interaction as well as to the
other two components: social structure and positive interaction.
Referring to the purpose of developing a society,
we should apply the two questions to the three components: social structure, positive interaction and
school interaction equally balanced. The answer will
depend much on the existing cultural condition, for
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example, the average mathematical knowledge possessed
by the people in the society, the intensity and the quality of
interaction that constitute the social structure. Furthermore,
the existence of mathematicians and their activities related
to mathematics should provide some assets in seeking
answers to the questions.
In developing countries mathematics for all can be earmarked as universal mathematics education, that is mathematics education for everybody. The mechanism for carrying out universal mathematics education is the
three-component functional relationship. In developing universal mathematics education it is always necessary that
we examine the mechanism whether it is an appropriate
condition to carry out the new changes. Otherwise, we
have to develop the mechanism itself, that is to develop the
components or the interrelation among the components.
In developing countries the problems related to the development of universal mathematics education always are
concerned with the development of the mechanism
besides those of mathematics and its teaching. In developing countries with a large population, the problem will
mainly concern the development of the mechanism, to
enable it to function accordingly. This means that in carrying out universal mathematics education we have to pay
attention to the three-component functional relationship:
social structure — positive interaction —school interaction.
Its development includes the development of the components and their interrelationship.
The role of the mathematicians from the country concerned is to form a pool of expertise for the development of the
mathematical content and the way it should be presented.
This includes the development of the teaching methodologies as well as that of the mechanism, that is the
three-component functional relationship. Therefore, the
development of universal mathematics education will never
be free from the need to develop mathematical activities in
the developing country concerned and the willingness of
the mathematicians to take part in the efforts to improve the
intelligence of their people.
5. The Role of Mathematicians
The two questions related to what and how as mentioned
previously are: Which part of mathematics that can function
as a developer of an individual’s intelligence and how
should they be presented, always occur during the development of universal mathematics education. The development of mathematics provides us with many choices in ful filling the mathematical content, while the development in
technology provides us with many alternatives for presenting certain mathematical topics.
The questions related to what and how will always
be relevant from time to time. Therefore, what is more
important here is the availability of a mechanism
which is able to provide answers to the questions of
what and how in accordance with the needs and
conditions of the developing society or nation. T h e
mechanism should include the three-component functional relationship which carries out the universal

mathematics education and the local mathematicians who
provide information and expertise for the development of
the mathematical content.
On the other hand, the local mathematicians should be
actively involved in stimulating and upgrading the three
components that are aimed at developing the three-component functional relationship.
To fulfil this task the mathematicians need to keep themselves informed on the development of mathematics and
actively maintain their communication with mathematical
activities as wide as possible.
6. Conclusion
Referring to the role of mathematics education in developing individuals’ intelligence that is aimed at developing the ability of a society or nation, the role of mathematicians in providing information and expertise, the
expected active involvement of mathematicians in the
development of mathematics education, the fact that
mathematics and also science and technology are developing rapidly, the fact that the growth of education depends
on the cultural condition of the society, we may close this

paper with the following remarks:
1. Universal mathematics education can function as a
means for increasing the ability of a society or a nation
through developing individuals’ intelligence.
2. Universal mathematics education needs to undergo
continual development to maintain its function in a developing society or nation.
3. The three-component functional relationship can function as a mechanism for universal mathematics education to reach everyone in a society through the school
system as well as outside the school system.
4. The local mathematicians and their mathematical activities could be supportive to the continual development of
universal mathematics education including the
three-component functional relationship as its mechanism.
5. The development of the three-component functional
relationship as a mechanism and the supportive attitude
and activities of the local mathematician reflect the
effectiveness of the community participation.
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Alternative Mathematics Programs
Andrew J. C. Begg

Introduction
Whenever a group of high school teachers discuss their
mathematics programs they make certain assumptions.
They usually take for granted the way the programs have
developed over recent years, the available resources, and
the purpose of the programs. In this paper I want to suggest a number of questions that may cause us to question
our syllabi and teaching methods and consider alternative
programs. Before looking at these questions we need to
consider some aims, assumptions, and constraints that we
probably all share.
Aims
In mathematics education the three most common aims of
our programs are summed up as:
Personal — to help students solve the everyday problems
of adult life;
Vocational — to give a foundation upon which a range of
specialised skills can be built;
Humanistic — to show mathematics as part of our cultural
heritage.
These three aims imply that basics are necessary but not
sufficient, that we must present a broad-based course as
the future needs of our students will vary tremendously,
that historical topics and career information should be
included, and mathematics should be given a warm and
human flavour rather than a formal or logical one.
Assumptions
In my country we assume that universal secondary education, including mathematics for at least two years, and
usually for three or four years, is the right of all students.
This assumption varies in other countries and may make
some considerations less relevant.
The other assumption I would make is that for many students mathematics is not inherently interesting — indeed
they may have been turned off the subject. Usefulness is
not enough, we want motivation and fun, and our mathematics programs must build in this motivation so that students look forward to our classes.
Other Constraints
A huge variety of schools exist: large/small, urban/ rural,
traditional/alternative, wealthy/poor, academic/ technical
etc. In spite of this variety many places, including New
Zealand, have a national system of education that has one
syllabus for each year of schooling.
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Our yearly programs are based on 3 or 4 hours week of
mathematics. In New Zealand this used to be taught in 5 x
40 minute periods but is now usually 3 x 60 minute periods.
This change should cause significant movements in the
teaching of our mathematics program.
The third constraint is caused by the pressures on our
school syllabi. We are asked to cover numerous new items.
Computer education, careers education, outdoor education, health education, and multicultural education are
examples of areas that either require time from the total
school program or need to be integrated across the curricula and this includes the mathematics curricula.
General or Special Purpose Mathematics
It is usually possible to look at a group of students and see
some aim they have in mind, e. g. to graduate from high
school, to pass an external exam, or to prepare for employment or unemployment. When we look more closely we
can usually isolate a number of subsets of students with
differing needs. In the same class we find students who are
terminating their mathematics education, others who hope
to pass an exam and others who expect to take the subject
on to a higher stage.
In large schools it may be possible to separate these students into different classes which cope with their specific
needs, but in small schools this is not possible. Further, the
students may not be certain about their future plans and
needs.
In New Zealand I find that many classes contain students
requiring enrichment while others need remedial assistance, some are sitting one exam while others are sitting another, some expect to leave school for a job, others for
unemployment; yet generally students are not given alternative programs to cater for these needs. At the most
senior level in New Zealand we are looking at alternative
mathematics programs with a statistics or calculus bias
according to the student’s needs, but for the majority of
school leavers no basic course exists with significant elements of budgeting, tax, insurance, rents and the other
skills needed by school leavers. I believe alternative programs are needed where content decisions are based on
the needs of the participating students.
Teaching: Mathematics or Students
A mathematics program is part of a total educational package. As teachers and program designers we must consider the aims of this whole package and then adjust our programs to suit. These general aims would include the development of
- self-respect,
- concern for others,
- urge to enquire
and we would want to develop the skills of - communication,
- responsibility,
- criticism,
- cooperation.
If we wish to achieve some of these aims we must stress
cooperative learning, encourage project work

and displays of work by individuals and groups. We must
use discovery approaches and not try to shortcut this
time-consuming process by presenting results too quickly.
We must give all students success in their eyes, in their
peers’ eyes and in their teachers’ eyes. Here alternative
programs are needed as our present ones are not achieving these goals, and we must consider other teaching
methods as an important part of these programs.
Monocultural or Multicultural
Traditionally, our programs, both contents and methods,
reflect the traditions of European education. Many of us
have assumed this European background and the associated attitudes to learning. Now we find that mathematics
programs are required for monocultural groups that are not
European and for multicultural groups that reflect a broad
range of cultures.
In New Zealand the two main non-European groups are
Maoris and Pacific Islanders. Practically no research has
been done on their different views and attitudes to mathematics, nor to the way their language reflects different
views of the subject. What we are aware of is that many
Polynesians prefer group work and do not enjoy being ranked apart from their peers. This fact has obvious implications in designing a program that stresses group rather
than individual success.
Other problems experienced by groups from other cultures and in particular by new immigrants are the problems
associated with language. If teachers are aware of these
difficulties and modify their programs these difficulties can
be reduced, but it is difficult for a teacher to cope when a
very broad range of backgrounds occur at the same time.
In building self-esteem we must at least build respect and
understanding for the differences that our students reflect.
We can at least use names and subjects from other cultures in our examples, but we must be careful not to offend.
Assuming this cultural sensitivity, opportunities exist in
numerous areas to incorporate ideas from other cultures
and help students of all races appreciate the differences
between members of their communities. This two-way
appreciation helps our students «stand tall».
Streamed or Mixed Ability
Disregarding all other differences and factors affecting the
achievement of our students we all accept that students of
a particular age group vary from very talented to those of
low ability. One way of handling this variation is streaming.
The difficulty with streaming (or even broad-banding) is
that it is practically impossible to stream exactly, and when
one considers the factors affecting achievement (illness,
schoolchange, bad teaching etc.) one realises that streaming can never be perfect.
Many teachers believe that because of social factors it is
desirable to keep mixed-ability forms. Certainly mixed-ability forms mean we must offer alternative programs within
our classroom where with streamed groups it is easy to
think one program is suitable for all students when in fact it
is only suitable for the majority of them.

In smaller schools and in schools where option structures
affect mathematics we are forced to cope with mixed-ability classes and to design alternatives within the program.
These alternatives include enrichment and extension for
the more able students and more practice in basic skills for
the less able. These alternative programs need to consider
the appropriateness of topics according to whether or not
students are ready for the subject and whether or not they
expect to continue their mathematics education into the
future.
Class, Individual, or Group Programs
Traditionally, most of us taught our classes as one group.
More recently, with the advent of mixedability classes,
some of us have tried individual programs. Having tried
both methods, I would believe that neither a class approach nor an individual program is satisfactory if used all the
time, so again I look for alternatives.
Analysing the possibilities we have six main teaching
modes:
________________________________________________
Teaching Mode Work Rate
________________________________________________
Class teaching Same Same
Individual program
Individual program

Same Different
Same Different

Group teaching Same Different (between groups)
Group teaching Different
Different (between groups)
Group teaching Different
Different (within groups)
________________________________________________

No approach is necessarily correct and variation of style
throughout the program is probably the most desirable answer but within this varied program I think we need to use
groups to a much greater extent than at present.
Sometimes groups will be doing the same work at different
speeds, sometimes the same work at different speeds but
achieving the work at different levels, and sometimes different work. All these modes need consideration in our programs and obviously our decisions will affect the resources
we need for these modes of teaching.
Cooperative or Competitive Learning
I have mentioned the way some cultural groups prefer working in groups and how using groups may help overcome
some problems associated with aspects of whole-class
and individual programs. I want to suggest that a group
approach is the real-life approach to many problem-solving
situations and that our programs should reflect this cooperative and realistic approach.
I know that we all value excellence and feel that the student who ranks first in our class deserves praise and
reward, but I believe that this should not be achieved using
a competitive strategy which recognises one at the expense of ranking others in lower positions. It can be done with
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comments rather than with numbers. At the same time,
other students also do well in presentation or in attitude
while others improve in some facet of their work, and these
aspects need positive encouragement and praise too.
When a cooperative group is working together (whether it
is mixed ability, streamed, special needs or whatever) then
the whole group should share the praise and encouragement, and there is no need to separate out individual skills
to achieve our objectives.
Traditional or Alternative Teaching Styles
The teaching style of many of us still reflects the style of
many years ago, the way we were taught and even the lecture/tutorial system of traditional universities. Meanwhile,
our clients have changed, they represent a broader range
of backgrounds and abilities, their interest in mathematics
is different, and they are more sophisticated. Some teachers have altered their teaching styles and some have
tried discovery approaches. The new maths revolution had
some teachers trying more formal approaches and others
more intuitive approaches.
I believe that, in terms of our general aims, we need to
encourage open-ended approaches whenever appropriate,
through discovery learning and through project activities.
The important aspect here is that a variety of approaches
is needed, and it is often useful to have one group doing
projects while another group requires more teacher attention.
We sometimes talk of integrating mathematics with other
subjects in the curriculum. Science, economics, geography, technical drawing and home economics are examples
of subjects where obvious overlaps exist. From our knowledge of transfer of training we must assume that subject
overlap must be made explicit and that when we talk of
applications in mathematics, surely the most relevant applications are those ones which the students are at present
involved in with their other class work. This change must be
reflected in our programs and will vary according to the
other option choices of our students.
A final aspect of teaching style that worries me in New
Zealand is a result of the change in school structures from
7 x 40 minute periods each day to 5 x 60 minute periods.
In mathematics this has usually meant 3 x 60 minute periods replacing 5 x 40 minute periods. At the same time,
many teachers have not significantly adjusted their teaching style. I believe this 60 minutes should be split into at
least 4 shorter periods with a greater variety of activities
occurring during the hour. Maintenance should be built in,
the range of activity should include not only oral and written work, but also physical activity and a greater use of
visuals both in teaching and summarising. I believe this
variation should be built into our programs in recognition of
the short attention span of many young students. The need
to provide varied and interesting stimulation over an extended period is the only way we can avoid having our students bored.
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Text-oriented or Multi-media
Textbooks are the most commonly used resource in our
classrooms. They have usually been written for a particular
course and are the cheapest available resource. With the
advent of alternative programs we see the need to build up
numerous supplementary resources. With groups working
on different topics in the same classroom and with students
with reading difficulties, we see other reasons for more resources. Mathcards and worksheets are needed to direct
students into alternative activities such as games for maintenance work, project starters, and enrichment. Much of
the work on these cards could be self-motivating.
Computer-assisted learning has obvious applications to
remedial, revision and enrichment work. Films, slides and
videos all have their place in providing variation. Our
mathematics programs must «build in» these resources so
that within a school all the students are getting these advantages and not merely those in the classes of one or two
keen teachers.
Imaginative texts are still necessary, and we must remember that every student should learn to learn from a book
without assistance.
Logical or Humanistic Approach
Mathematics was taught very formally, then with the «new
math» we saw logical approaches, mathematical
approaches and psychological approaches. Some people
have tried more intuitive approaches, and I understand one
or two have used an historical approach.
What I would prefer is a humanistic approach, I mean an
approach that is student-centred and develops from the
students’ particular interests and needs. An approach that
links their work to real life and to applications that are relevant to them.
I want to see a warm approach that treats every student
as someone special, that works positively to avoid sex or
race stereotyping, and that builds self-esteem in our students. I am sure that once this self-esteem is present, teachers will be amazed at the progress students can make.

Conclusion
I know that schools have limited resources, that teachers
have limited time, and that numerous other constraints are
put on us by our schools, but I believe we can all introduce
more alternative elements into our programs. I know most
of us like to have a class start together, but we can still produce various endpoints, we can use group work, and we
can encourage more cooperative problem solving.
I am sure we must give students the opportunity to make
decisions that are relevant to their education and each of
us should be «the guide on the side not the sage on the
stage».
Program development will keep happening, it is our responsibility to make sure it helps our students achieve the
aims of education in general as well as the aims of mathematics education.

Part II:
Problems and Developments
in Industrialised Countries
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Arithmetic Pedagogy at the Beginning of the
School System of Japan
Genichi Matsubara and Zennosuke Kusumoto

In Japan the Emperor had held the reins of government,
although the Samurai held it for some time in Japanese
history. In the Meiji revolution in 1868, the Emperor took the
reins of government again and the new government in the
Meiji Era was born. To make the nation modernise, it made
great efforts to learn a great deal from foreign countries
and to adopt new educational policies.
About 110 years have passed since the elementary school
system was established in Japan. Here I’d like to tell something about arithmetic pedagogy at the beginning of the
Meiji Era in Japan.
Today everyone thinks it is the turning point in education in
Japan, so that to reflect on arithmetic pedagogy in the Meiji
Era will provide some suggestions on how to introduce a
new arithmetic pedagogy.

for business transactions in daily life. It is noticeable that
what was dealt with in it was just the same as what we
dealt with in problem solving, which was discussed all over
the world in the early 20th century. But teaching methods
were not dealt with in it. After many teachers of «Terakoya»
used it, the contents were revised and published several
times.
C. «Terakoyosho «
The content of arithmetic at that time was to learn the four
operations by using the abacus. The teaching materials
connected with daily life transactions were arranged in the
same way as in problem solving. There were many children
who were able to do division of two-digit numbers.
Graduating from «Terakoya», they went to another private
school where they studied the latter half of «Jinkoki».
Teachers of «Terakoya» taught them according to their own
philosophy. So, when the government introduced school
systems in education and build elementary schools,
«Terakoya» was one of the models in mathematical education. In December 1873, Director David Murray reported
to the Ministry of Education that the average standard of
education was very high.

I. Arithmetic Pedagogy at the Beginning of the
Meiji Era

II. Arithmetic Pedagogy After the Proclamation of
School Systems

First, I’d like to discuss the «Terakoya» (private schools) in
the age of the Samurai, since they played an important role
in forming the basis of arithmetic pedagogy at the beginning of the Meiji Era.

After the revolution of the Meiji Era, the Samurai reign was
replaced by the Tenno (Emperor) reign. Then the unified
Meiji government was born. One of the policies of the
government was to build elementary schools all over Japan
and to put an emphasis on the 3R’s. Prior to this, there
were already a few private elementary schools established.
But feudal clan «Terakoya» and other private schools exerted a great influence to make the new educational policies
possible.
In March 1869, the government ordered the building of elementary schools in every prefecture. The government promoted the new educational policy, so people were eager to
equalise ordinary education. After the Samurai Era passed
on to the Tenno reign, each local government took over the
policies. The curriculum of each school, similar to that of
«Terakoya», was as follows: The official age of enrollment
was five, but it was usually six. Almost all children could
understand basic addition and subtraction. In Tokyo
«Terakoya» was not admitted as a school, but later was
admitted as a private elementary school. In those days the
government authorised two kinds of schools.
(1) One was a school for people going into business after
graduation, which was established in each prefecture. By
establishing these schools, the government aimed at the
decentralisation of education.
(2) The other was a school for people going on to college and
the university after graduation. Then there were three kinds of
elementary schools considered from other perspectives.

A. Arithmetic in «Terakoya»
At the end of the Edo Era, the Samurai took the reins of
government in Japan. In order to educate the Samurai’s
children, each feudal clan had a school of its own. But they
did not take into consideration the education for ordinary
people. So they established their own schools to get a
minimum knowledge to go into the world—these were called «Terakoya». There were many «Terakoyas» but there
was no communication in terms of teaching methodologies
among them. Arithmetic in «Terakoya» was mostly concerned with how to handle abacuses. Many kinds of textbooks used at «Terakoya» were published in the Edo Era.
Among these publications, about 1,126 books were mathematics books such as UJinkoki-, «Sanpo zukai». These
were used as textbooks for children and teachers at
«Terakoya» or other private schools. Next I’ll introduce to
you something about «Jinkoki» to let you know the
contents of arithmetic pedagogy in those days.
B. «Jinkoki»
This is the book on abacuses written by the mathematician
Mitsuyoshi Yoshida in 1627. This was modelled after
«Sampotoshu» which was a manual for abacuses in China.
But the contents mainly consisted of how to use abacuses
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a. the national school — established by the Ministry of
Education; the attached school - established as the
preparatory course for colleges and universities; b. b.
elementary schools of each prefecture — established by
private funds;
c. the elementary school — established by feudal clans.

III. Proclamation of School Systems
A. Establishment of the Ministry of Education and
Proclamation of School Systems
When the Meiji government started, much thought was
given to educational policies. It established a kind of school
administration section in the government of Kyoto. Then
the capital was moved to Tokyo and the same section was
established in Tokyo. So, it was thought necessary to establish the Ministry of Education, which deals with educational matters such as making rules, building schools and
assisting financing. In September 1871, the government
decided to abolish schools for the Samurai and to establish the Ministry of Education.
The Ministry of Education had the task of making rules
about elementary schools and junior high schools and did
everything for schools. It made efforts to equalise the standard of education of every school in Japan. This made it
reinforce school systems in Japan.
In Japan the law on school systems was the first one that
was established for education. It controlled the systems
and the curricula of schools from elementary level to university level in Japan. To make the law, the government not
only gathered the materials from other countries, but also
established pilot schools to get data from them.
In August 1872, the outline of school systems was
decreed as follows:
a. the necessity of schools in terms of man’s development;
b. to study regardless of positions and sex;
c. to explain the mistakes of traditional learning;
d. to give everyone opportunities of learning;
e. to make parents responsible for children’s education;
f. to make parents pay money for children’s education;
The contents which children had to study were arithmetic
or abacuses. We can find in «Gakumon no susume»
(Encouragement of Study written by Yukichi Fukuzawa),
how to learn the angular style of the Japanese, how to write
Chinese characters and to drill using abacuses, to deal
with the balance etc. were indicated.
Now I stall summarise the school systems.
1) The large, middle and small districts
The Ministry of Education, which was responsible for
controlling and managing schools in Japan, divided all
areas as follows:
The large districts — the country was divided into eight. A
university was established in each large district.
The middle districts — each large district was divided into
32. A junior high school was established in each middle dis-
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trict.
The small districts — each middle district was divided into
210. A elementary school was established in each small
district.
So, there were 6,720 elementary schools in one large district and 53,760 elementary schools in all.
2) Schools
There were three kinds of schools - universities, junior high
schools and elementary schools.
The curricula were prepared in a special book.
3) Elementary schools
Elementary schools were considered to be the primary
stage of school education, so all the people had to go to
school by all means. Schools were generally called elementary schools, but there were several kinds.
a. Infant schools - preschools for children under six years
of age.
b. Private elementary schools - the man who had a licence taught in his private home.
c. Schools for the poor— schools for the children of poor
people who could not support themselves. The rich
contributed money to these schools.
d. Village elementary schools — schools in the remote
areas. The teacher omitted a part of curriculum or attended evening school.
e. Girls’ elementary schools — schools for girls in which
they were taught handicrafts and ordinary subjects.
f. Ordinary elementary schools — It was divided into lower
and upper schools.
4) The subjects of elementary schools
At first there were about 20 subjects. They were revised
soon and only a few of them remained. I’ll introduce something about arithmetic here.
Arithmetic — order and the four operations; they were
explained in the western style.
Geometry—the subject for upper schools;
Arithmetic was taught using a western-style method and
avoided teaching how to use the abacus.
In the lower elementary school systems, it was prescribed
that elementary education was compulsory. Since all the
laws had not yet been put in order, I think that the school
systems remained just a model which could not be followed
as an ideal at that time. Not all the children of school age
could go to school.
In 1883 the percentage of school attendance was about
50%. It was still a very low rate at that time.
In 1870 compulsory education started in England for the
first time in the world. Two years later the school systems
started also in Japan, so it may be interesting to note that
compulsory education started in Japan next to England,
but elementary school education was already spreading in
advanced countries.
B. The Elementary School Syllabus
Following the proclamation of the school system laws, the
elementary school syllabus was proclaimed.

It was a little similar to the course of study which was introduced from the USA after World War II. But it was just the
syllabus before World War II, or the one which was used in
countries except the USA.
The syllabus is as follows:
The elementary school was divided into two stages — an
upper and a lower one. The lower one was from the age of
6 to 9. The upper one was from the age of 10 to 12. So the
children studied for eight years. The course of the lower
elementary school was divided into eight grades. The term
of each grade was six months. The contents of each grade
were given in this period. But as it was only a model, it was
recom mended to revise and to use it in each prefecture.
Next, I shall introduce arithmetic only. I can only find in the
eighth grade the same course of study of arithmetic as
today’s. But I cannot find it in the first grade to the seventh
grade.
- the 8th grade: 6 months, 5 hours a day, 30hours a week,
except Sunday; Western-style arithmetic: 6 hours a
week; Using textbooks, the teacher wrote the Arabic
numbers, order and the fundamental calculations of
addition and subtraction on the blackboard, and the children wrote them on their paper. Children practised the
calculation of figures and mental arithmetic every other
day. When a teacher made the children do mental arithmetic, children could not use paper, and only answered
questions on the blackboard. The questions which were
answered in exercises the day before remained unerased on the blackboard, and the next day, all children
were made to do the exercise again.
- the 7th grade: 6 months; arithmetic: 6 hours a week; to
teach multiplication and division as in the 8th grade, and
to do exercises on calculation of figures and mental
arithmetic every other day;
- the 6th grade: 6 months; arithmetic: 6 hours a week; to
teach multiplication and division;
- the 5th grade: 6 months; arithmetic: 6 hours a week; to
study the application of the four operations, and to do
the exercises on the calculation of figures and mental
arithmetic every day;
- the 4th grade: 6 months; arithmetic: 6 hours a week; to
teach the four operations with compound numbers;
- the 3rd and 2nd grades: 6 months; arithmetic: 6 hours
a week; to teach fractions;
- the 1st grade: 6 months; arithmetic: 6 hours a week; to
teach fractions and proportions; review of each subject:
2 hours a week; to review all subjects studied before.
After passing the test, children went to upper ele- v o l u me mentary schools. Children who could not pass the test
studied for six months more in the 1st grade.
The lower elementary school was more modern ised compared with the schools of the clans and «Terakoya». But
the Ministry of Education did not consider the unification of

teaching methods all over Japan soon.
In the syllabus of the lower elementary school, arithmetic
consisted of teaching western-style arithmetic and not teaching how to use the abacus. But at that time there were
few who could teach westernstyle arithmetic, so the
government took the measure of making plans to train teachers. There was a big objection against only teaching
western-style arithmetic and not teaching to use the abacus.
There were few books about western-style arithmetic till
«Shogaku sanzitsuyo» was published by the Ministry of
Education. So it introduced «Hitssan kunmo», «Yozan
sogaku» as textbooks, and explained a little about the teaching methods. I do not think all the teachers could teach
the children. In the Ministry of Education there occurred
discussions about it. In 1874 it gave a notice, «We do not
intend to use only western-style arithmetic, but we will let
the children study the abacus, too.»
Arithmetic in the syllabus of elementary schools did not
limit the size of numbers for each grade. Today it is said
that each teacher determines the limit of numbers according to the children’s ability. It is not necessary to show the
details. At that time, not everyone knew about the modern
school, so it could not be helped. It might be unavoidable
when the development of children was unknown.
Geometry was the subject for upper elementary schools.
Measurement was only thought as the adaptation of calculation. Now I shall introduce to you «Hitssan kunmo» to
show how it was taught at that time.
It was published in September 1869. The writer was Meiki
Tsukamoto — a geographer. He was a talented man who
played an active part in the navy and bureaucracy. He was
the first writer who offered arithmetic in a systematic and
modernised textbook,» said Kinnosuke Ogura. It was
because he studied western-style arithmetic from the
beginning — he was not a man of the abacus. This book
was published as a primer, but it was of high level.
This book was the first that showed the style of the subjects
as it is common now.
- The first stage is a general explanation.
- The second stage is a detailed explanation of the
methods with examples.
- The third stage are exercises of calculations.
- The fourth stage are exercises of applications and problems.
The book contained four volumes. For each volume
existed another book which contained formulas and answers.
- the first volume: number, four operations; the second
volume: fractions;
- the third volume: proportions;
Now I shall introduce to you a part of the first
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1) Number
The number in Chinese character
The large number (larger than 10)
The decimal number (smaller than 1)
The cardinal number
The notation
the number placing and notation of the decimal
system
2) The four operations

Addition:

the method of calculation of figures, the
addition of numbers of 4 or 5 figures; the
number divides 4 figures; applied problems
Subtraction: the same way as addition
Multiplication: explained as addition; the calculation
Division:

with 10 to 12 is added to the fundamental
multiplication table; to explain multiplication
of the number of I or 2 figures to explain the
method of division when the divisor
consists of I or 2 figures

C. Upper Elementary School Syllabus
- the 8th grade: arithmetic: 6 hours a week
- the 7th grade: arithmetic: 6 hours a week
- the 6th grade: arithmetic: 6 hours a week
to teach proportionate distribution
drawing: 2 hours a week
to draw point, line and regular
polygon
- the 5th grade: arithmetic: 6 hours a week
to teach proportionate distribution
geometry: 4 hours a week
to teach regular polygon
drawing: 2 hours a week
the same as the 6th grade
- the 4th grade: arithmetic: 6 hours a week
to teach proportionate distribution
geometry: 2 hours a week
to teach line, angle and triangle
drawing: 2 hours a week
to draw plain, straight line and
volume
- the 3rd grade: arithmetic: 6 hours a week
to teach square and square root
geometry: 4 hours a week
to teach circle and polygon
drawing: 2 hours a week
to draw plain, straight line and
volume without shadow
- the 2nd grade: arithmetic: 6 hours a week
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to teach the calculation of interest
geometry: 4 hours a week
to teach comparison with each figure
drawing: 3 hours a week
to draw arc, line and volume
- the 1st grade: arithmetic: 6 hours a week
to teach series and logarithm
geometry: 4 hours a week
to teach practical use
drawing: 4 hours a week
to draw a map and others
«Sokuchi ryaku» was the appointed textbook for geometry.
It was written by Tora Uryu in 1872. It was for the measurement of land. So part of the book is used for the text. The
contents of it were almost definitions and their explanation.

IV. TeacherTraining
Positive educational policies of the Ministry of Education
were to build schools, to arrange syllabuses and to train
teachers.
To get rid of defects of traditional education, it was necessary to adopt western-style training and to train teachers by
foreign teachers.
In September 1872, the normal school was built in Tokyo
and lectures began. The following April, the attached elementary school was established. This was the first attached school for the pupils of the normal school. It was used
not only to practice teaching but also to investigate teaching methods. Then it developed into the research center
of the normal school and the model school for all prefectures. At that time, the contents of teaching in normal
schools were mainly concerning teaching methods. In June
1873, it adopted academic subjects of study. Until then the
term of the school year was not determined, so pupils
could graduate according to the results at any time. They
were dispatched to each prefecture as teachers. The term
of the school year for upper and lower schools was determined to be two years and each grade was divided into two
stages.
As schools were built in each prefecture, there arose a
problem of shortage of teachers.
In general, people thought that the contents of elementary schools were three subjects: reading, writing and abacus
just like in «Terakoya» and other private schools. So teachers of punctuation, writing and abacus were employed
for special subjects.
At that time it was easy to get teachers from «Terakoya»
and other private schools. The Ministry of Education made
efforts to train prospective teachers. In 1874 each prefecture established teachers’ training schools without permission of the Ministry of Education. About 46 of this kind were
built all over the country.
Many books on education were published by the Ministry
of Education. It thought that it was of no use only to teach
teaching methods, but it was neces-

sary to explain to newly appointed teachers in detail the
book of «The Primer of Elementary Schools».
Then the principal of Normal School, Nobuzumi Morokuzu
published «The Required Manual for Elementary School
Teachers», and many other books of this kind were published.
On the other hand, M. M. Scott taught carefully the teaching method of modernised schools, not through the
books. The students who graduated from the schools went
to provincial normal schools to teach the teaching
methods. But as the percentage of school attendance
increased, the number of schools increased. So there was
a shortage of teachers for a long time.
It was necessary not only for teachers but also for the
people to have knowledge about modernised schools —
«What is education? Explanation of the mission of the
school, the system and management of modernised school
and teaching method in details.» I introduce one of the
popular editions of the book, «The Required Manual for
Elementary Teachers» written by Nobuzumi Morokuzu in
1873.
In this book he explained the important duties of teachers
in three items - «The teachers arrange the seats of pupils
according to their results. They move to upper classes after
the test. Where does the teacher stand in the classroom?
How are the desks arranged? etc.»
This description was easy to understand for teachers. It
may have been difficult to teach the style of modernised
school lessons and to get rid of the «Terakoya’s» teaching
concept.
Now I shall introduce a part of arithmetic education.
The 8th grade: arithmetic
To show the picture of numbers; it was necessary first to
know how to read the numbers and to teach Arabic numbers. Teachers wrote both numbers on the blackboard and
asked the pupils to read them or teachers read them themselves. Then children wrote on their slate board.
Afterwards, some of them wrote on the blackboard.
Teachers checked them and said to the children, «Raise
your right hand if it is right.»
The 6th grade: question and answer
Using pictures about shape, volume, line and angle, teachers taught shapes and surfaces of material or the kinds
and names of lines etc.

V. «The Book of Elementary Arithmetic»
The Book of Elementary Arithmetic was chosen as the textbook for the elementary school syllabus of the normal
school and the elementary school syllabus of many prefectures. It was written by the Tokyo Normal School and published by the Ministry of Education. It was a progressive syllabus compared with the textbooks of other subjects at that
time. It was considered to be one of the best books on
arithmetic education in the country.
The textbook was much influenced by W. Colburn — his
thought was based on the «intuition» of J. H. Pestalozzi.

In this edition the main editors were M. M. Scott and C.
Davis. It was used in many prefectures. It was excellent,
but it was doubted whether it was actually used by teachers.
In March 1873 the first volume was published; in April
1873 the second volume was published;in May 1873 the
third and fourth volumes were published; in September
1876 the fifth volume was published.
I introduce a part of it.
The first volume
«The Elementary School Syllabus» of the normal school is
taught in the 6th grade. In the 7th and 8th grades, the primer of elementary school — numbers, the memorisation of
the calculation tables of addition, subtraction and multiplication were already taught.
Japanese numbered
Arabic number
Explained in two pages, the first edition of the book written
by W. Colburn was published in 1821; it was used for 60
years with several revised editions. The last version of ‘84
was published after his death. The Book of Elementary
Arithmetic was, although it was published in 1873, similar
to the hook of ‘84. Material selection and explanation of the
problems were like that of ‘84. Considering the fact of M. M.
Scott’s coming to Japan, it may have been modelled after
the book of ‘63. In the first volume, children study addition
- example: add 1 to 1-10 and 2 to 1-10. Question and answer were just as in the book of ‘63.
So, how did M. M. Scott see the Japanese? Recently, the
following letter of M. M. Scott was found at the Griffis collection in Rutgers University. A part of his letter to Griffis is
cited below.
«You ask me what I think of the Japanese after thirty-five years’
experience of them. I may say that I always had a very high opinion
of their intellectual qualities but had some misgiving as to the practical application of what they could so easily learn.
Those misgivings have been completely brushed away from my
mind. They have proven themselves great in nearly every department of human effort and I predict for them even in the near future
greater achievement still. When I left Japan it was with much regret
at what I thought then to be disserverance of a ten years’ acquaintance much appreciated by me, but I have had now twenty years’
experience with a large number of Japanese in Hawaii, with a different class indeed, but still with their able and amiable official here.
You are quite right in thinking this country a very interesting one. I call
it ‘a museum of ethnology’. It would pay you to take a vacation and
come here in the near future, and with your powers of observation
and your slashing pen you could show us to ourselves as others see
us. Pray do come. l will give you a welcome.»

Vl. The Situation of Arithmetic Education at the
Beginning of the School Systems
A superintendent visited schools throughout Japan.
How did he feel?
A. The report of the superintendent D. Murrey
He said, «There remains traditional style of education.» But
he
thought that
it was better to
change
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only slowly. I think he understood that making gradual progress was better for Japan. He held the same opinion
concerning the abacus.
B. The situation in the country
Over a short period of time, each prefecture established
training centers and normal schools to lessen the shortage
of teachers. Each prefecture devised the method of a circuit teaching independent of the school administration.
Developing school systems in the Meiji Era meant fighting
against poverty. They were hard pressed to pay money for
education, but realised the value of education gradually
and became interested in it.
All the heads of the Ministry of Education made a tour of
inspection. It was because people complained of the
school systems, and also because there arose a tendency
of revising the syllabus of schools.
The school buildings were temples or people’s houses.
The shortage of teachers was a crucial problem. So the
excellent children who left elementary schools with an
excellent score were adopted as teachers. The children
aged more than 15 years were adopted as assistants. The
children aged more than 13 years were adopted «leaders
in the lesson». Their ability was just the same as the 6th
graders of today.
As the subsidy of government and prefecture was very
small, the money for school was expanded for the elementary school district. Farmers and fishermen in those days
were so poor that they could not afford it.
There was a time when there were no blackboards and
notebooks in the classrooms. Children wrote the numbers
and words on trays which were filled with sand or rice bran.
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Some of the teachers were not competent to handle the
four operations with calculation figures and did not understand why the product of the decimal was less than the multiplicand. When a child learned the Arabic numbers, he
asked, «Is number 6 just like the shape of the nose?»
There were a few regular teachers who began to study
themselves in each prefecture.
C. Promotion and examination
In elementary schools, pupils had to pass the examination
to go up to an upper grade. They took the examination for
each grade, and one who succeeded in the examination
could go up to the higher grade.
When the pupils left the elementary school, the middle
school and the university, they had to take the examination
to leave school.
Each prefecture established «the test of the elementary
school». There were many books on teaching methods
which were published by a private company. I found the
background and the method of pedagogy in them.
D. Conclusion
The leaders of the Meiji government were overwhelmed
with civilisations of foreign countries. They thought that
there was not a moment to lose to equalise the standard of
education to catch up with the advanced countries.
The government made efforts especially to establish elementary schools compulsorily, and also to let children go to
school, but they did not know people’s opinion on education.
The government intended to change the existing system
to develop modernised schools in Japan.

On the Value of Mathematical Education
Retained by Japanese Society as a Whole

2. Purposes

We would like to talk about «On the Value of Mathematical
Education Retained by Japanese Society as a Whole».
This is a research on how school mathematics, which students learned at junior and senior high schools, has been
retained by them when they grew up into society. The purpose of the study is to try to get a fundamental viewpoint
for the organisation of curriculum for the department of
mathematics in the future.

The purposes are classified into the following three.
The first purpose is to examine the following: Do they
remember or understand mathematics contents which
were learned at junior and senior high school?
The second purpose is to examine the following: What
kind of contents of mathematics are useful to their work?
The third purpose is to examine what may be called formal discipline. In the first stage of the history of mathematical education in Japan, formal discipline was emphasised
and Euclidean geometry took a great part as formal discipline for a great guiding principle.
So, we examined what impression was made on them.
From the examinations mentioned above, we try to get the
mathematics contents which are retained by Japanese
society, and we would like to use their knowledge to organise the curriculum for the department of mathematics.

1. The History of Mathematical Education in Japan

3. The Way of Examination

We think that the history of mathematical education in
Japan may be divided into the following six stages:
The first stage
This stage was the period of about 40 years of the Meiji
Period (1868 — 1911) through the Taisho (1912—1925) to
the beginning of the Showa Period (from 1926). In this
stage, the main objectives in mathematical education were
to get skills in calculating, to train thinking power and to
gain practical knowledge.
The second stage
This stage was the period of about ten years in which
mathematical education was seriously affected by the
Perry Movement. The main objectives were to develop the
concept of function and to foster one’s power of space
observation. World War II took place during this stage.
The third stage
This stage was the period of about ten years after World
War II and was influenced by the USA. The method in
mathematics teaching was focused on daily life experience. In this stage, the six-year term of compulsory education
was extended to nine years.
The fourth stage
This stage was the period of about ten years which was a
period of review of the former stage. Mathematics teaching
was taken as the matter of mathematics systems seriously. And Japan’s economic growth began in this stage.
The fifth stage
This stage was the period of about ten years in which
mathematical education was seriously affected by modernisation. The percentage of the number of students going
on to high school was over 90%.
The sixth stage
We are now in this stage, the period of about ten years
which is a period of review of the modernisation efforts.
And efforts are made in mathematics curricula to meet the
differences among the students.

The examinations were carried out twice.
(1) The first examination
This examination was carried out in 1955. The time was
during the fourth stage of the history of mathematical education in Japan.
a) Participants
The participants are members of society who learned
mathematics before the third stage. They have contributed
to economic growth in Japan, more or less. The number of
participants was 976 and they were sampled from the
whole society according to their occupations: technologist,
teacher, specialist, administrator, office worker, farmer,
fisher, seller, etc.
(b) by Content
They were asked to solve problems connected to the follo wing contents:
1 Calculation (including positive and negative
number, literal expression)
2 Round number, percentage
3 Proportion, reciprocal proportion
4 Fundamental figure
5 Solid of revolution
6 Scale
7 Projective figure
8 Word problem (equation of the first degree)
9 Congruence and similarity of triangles
10 Statistics (graph)
11 Pythagoras’ theorem
12 Trigonometric function
13 Coordinates
14 Word problem (simultaneous equation)
Furthermore, they were given the following questionnaires
corresponding to the problem: «If you understand the
content related to this problem, is it useful to your work?»
(2) The second examination
This examination was carried out in 1982. A part of the
result of this examination was presented at the

Takashi Izushi and Akira Yamashita
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ICMI-JSME Regional Conference in Mathematical
Education (1983, Japan).
a) Participants
The participants were graduated from a senior high school
belonging to a national university. This senior high school
is an eminent school for the graduates going on to college.
The 62 persons of the object were chosen corresponding
to the years they were in senior high school, 19 persons
from the years of the third stage, 18 persons from the years
of the fourth stage and 25 persons from the years of the
fifth stage. Their occupations were technologist, scholar,
doctor, etc. and they contributed to the improvement of
technology and science in Japan, more or less.
b) Content
They were asked to solve problems which were mainly
related to elementary geometry, because we wanted to
make a study of formal discipline.

4. The Outline of the Examinations
(I ) The result of the first examination

Table 1 : Correct Answer (%)

a
b

specialist and administrator (218 persons)
office worker
(219 persons)

Table 2 : Answer That is Useful to Your Work (%)

a
b

specialist and administrator (218 persons)
office worker
(219 persons)

(I ) The result of the second examination

Table 3 : Correct Answer (%)

a
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specialist and administrator (218 persons)

The problems were connected to the following contents:
I
questionnaires of elementary geometry
II 1 perpendicular of line and plane
2 parallel
3 sum of internal angles of triangle
4 projective figure
5 equivalent transformation
6 condition of triangle construction
7 congruence and isosceles triangle
8 measurement
III logic
IV axiomatic method
V non-geometric model of the axioms of the affine
geometry

(3) The outline of consideration
a) Knowledge
Simple mathematics knowledge which was learned in
junior and senior high school is well remembered by every
person, though many years have passed since they learned it.
In these tables (Table 1, Table 3) only a, b are displaced,
but the persons of other occupations answered also more
than 40% of the problems correctly.
It is not suprising that a gets higher percentage of correct
answers than b. But the difference is not so much.
The problems in which a relatively differs from b in percentage, are connected to proportion and reciprocal proportion. As for the problems of calculation, b is better than
a.
The response about the problems of calculation, round
number, fundamental figure, and congruence and similarity of triangles, shows high percentages for each person.
On the other hand, the problems of projective figures and
trigonometric functions, show low percentages. This is a
consequence of the times in which they learned. We cannot find any differences between the results of the first
examination and that of the second examination.
In the second examination, the objects were chosen
concerning the years of graduation from senior high
school. We find that knowledge, such as of perpendicular
line and plane, which may be observed in daily life are forgotten as the time passes after they learned them.
b) Usefulness
The number of persons who agreed to the questionnaire «If
you understand the content related to this problem, is it
useful to your work?» is smaller than the number of those
who answered the problem correctly .
The contents judged relatively useful for the persons of
both a and b are scales and statistics. The contents of proportion, reciprocal proportion and fundamental figure are
thought to be more useful by the persons of a.
Many persons answered correctly the problems of calculation and solids of revolution, but few persons thought that
these contents were useful. And many persons judged that
content of coordinates not useful to their work.
The persons of a more than b think that the contents of
proportion, reciprocal proportion and fundamental figure
are useful.
c) The way of thinking
It is examined here whether the attitude of deductive thinking which was obtained by learning elementary geometry
is still in their mind or not.
IV and V of the second examination are the problems
which need deductive thought. V is a problem of a
non-geometric model of the axioms of affine geometry.
The result of examinations is satisfactory. It has been a

long time since they learned, but they have not forgotten
the attitude of thinking deductively.
The result of examinations about equivalent transformation is satisfactory too. The result of examinations about
logic is satisfactory.
Y ounger persons replied that they used mathematics
knowledge.
But older persons replied that they judged by common
sense, though they might use mathematics knowledge
unconsciously.
Many members of Japanese society judge that thinking
and reasoning powers are developed by learning elementary geometry. And they judge that knowledge of elementary geometry is useful to their daily life, but not to their
work.
From these findings, we may conclude that formal discipline is supported by Japanese society as a whole.
What was mentioned above is the results of our examinations, but it can show a viewpoint on what school
mathematics should be.
5. Examples of Problems
(I ) Problems of First Examination
1. Proportion and reciprocal proportion
Mark an x if the following statement is false: A train can
travel 100 km/h. The distance traveled
is proportional to the time traveled.
( )
2. Calculation
a) (+12) - (-7) + (-15)
b) (0.15 - 3 : 4) -0.3
c) 4a2b x 2a2b4
3. Fundamental figures
Mark an x if the following statement is false: For three
lines 1, m, n in a plane, if 1^m and 1^n, then m//n. ( )
4. Congruence and similarity
Which of the following are congruent or similar triangles?

a) ( ) and ( ) are congruent triangles.
b) ( ) and ( ) are similar triangles.
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5. Projective figures
Mark an x on a projective figure which expresses
true length.
(a)
(b)
(c)

( )

( )

( )

6. Scale
Find the actual distance using the scale:1 :50000
a) 3 cm

b) 4 cm

c) 14 cm

7. Solids of revolution
What are the following solids of revolution?
a)

b)

8. Coordinates
a) Give the coordinate of point P.
b) Find the equation of the line PQ.

(2) Problems of Second Examination
Problems of perpendicular line and plane
Describe the definition of the following word.
a) A line is perpendicular to a plane (in a space).
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b) A plane is perpendicular to another plane (in a space).
2. Problems which need deductive thought IV Assume the
following premise about the organisation of roads and bus
stops.
- There are at least two bus stops.
- For every two bus stops, there must be one and only
one road which is through them.
- There is one and only one bus stop on the intersection
where two roads cross.
- All bus stops don’t go along one road.
- For each road and a bus stop (not along this road), there
is one and only one other road which doesn’t intersect
the first road and goes through the bus stop.
According to these assumptions, show in the following
order that there are at least four bus stops.
Ql. There are at least two bus stops.
Why? Let these bus stops be named A and B.
Q2. There is only one road which goes through A and B.
Why?
Q3. There is at least one bus stop (not along the road in
Q2). Why? Let it be named C.
Q4. There is only one road which goes through A and C.
Why? Let the road be named b.
There is only one road which goes through B and C.
Why? Let the road be named a.
Q5. There is only one other road which goes through A
and does not intersect the road a in Q4. Why?
There is only one other road which goes through B and
does not intersect the road b in Q4. Why?
Q6. Two roads in Q5 certainly intersect. Why?
Q7. There is only one bus stop at the intersection in Q6.
Why?
VA’s family go on a journey. Assume the premise about the
organisation of cars and passengers.
- There are at least two cars.
- For every car, there are at least two passengers.
- For any two passengers there is only one car containing
both passengers.
For every car show in the following order that
there is a passenger who is not in the car.
1)
There is another car which differs from car or. Why?
Let the car be named b.
2) A is in car b. Then there is a member other than A who
is in b. Let the passenger be named B.
3) Both A and B are not in car a. Why? So there is a passenger B who is not in car a.
In addition to these, the following assumption holds good.
- For each car and a passenger (not in the car), there is
one and only one other car containing this passenger
but not containing any passenger in the first car.
For each car, there are at least two passengers who are
not in this car. Why?
For each passenger, there are at least two cars which do
not contain this passenger. Why?

An Evolution Towards Mathematics for All in Upper
Secondary Education in Denmark
Ulla Kürstein Jensen

1. Upper Secondary Education in Denmark
A description of the evolution in the teaching of upper
secondary mathematics in Denmark would be built on sand
without a few introductory remarks about upper secondary
education in Denmark.
The traditional Danish upper secondary school called
gymnasium is a three-year education based on nine years
of compulsory education that contains mathematics throughout. Nevertheless, many students choose to postpone
their start in the gymnasium until after the optional tenth
year offered by the schools where they receive their compulsory education and originally meant for those who want
to increase their qualifications without going to the gymnasium.
The gymnasium consists of two lines, the languages line
and the mathematics line, each of which is divided into
several branches. Mathematics is compulsory on all
branches and is taught at three levels in the gymnasium.
The lowest is the one for the languages branches, and
there are two for the mathematics branches.
The branching doesn’t take place until after the first year,
and the maximum number of mathematics lessons per
week on a branch is six whereas the minimum is three. The
standard timetable on each branch comprises about ten
subjects all of which are compulsory.
In 1983 about 20,000 students finished the gymnasium
and about 12,000 of these came from the mathematics
line. Nearly 4,000 students finished another academically
oriented education, the so-called HF-education. Under certain conditions the HF-examination offers the same opportunities for advanced studies as does the «studentereksamen» the final examination of the gymnasium.
Mathematics is a compulsory subject in the first year of the
HF-education.
In 1983 a total of about 24,000 students, which is approximately 40% of a year of Danish students, completed an
upper secondary education with some mathematics.

2. The Evolution that Started in 1961 and a Step
Towards an «Upper Secondary Mathematics for
All» Course
When describing the evolution in the teaching of upper
secondary mathematics it is natural to start in 1961 when
new curriculum regulations for the upper secondary school,

the gymnasium, were signed. The regulation for mathematics was penetrated by the new-maths-wave and intended
for a small proportion of the students, but it was to be
applied by a rapidly increasing number of students during
the next 20 years. It is important to notice that it restored
mathematics as a compulsory subject for the languages
line students after a pause of a decade. This turned out to
be a small step towards mathematics for all.
The purpose of mathematics for the language students
was to give the pupils an impression of mathematical way
of thinking and method and to provide them with mathematical tools that could be useful in other subjects at
school and during their future activities, so it wasn’t only
aiming at university studies.
The topics to be taught were: the concept of a function,
elementary functions, infinitesimal calculus, computation of
compound interest, combinatorics and probability theory.
The first textbooks were very theoretic and the whole
course nearly failed completely, but it was rescued by a
new textbook at a suitable level.
When the HF-education, that is a type of further education meant as an offer to everybody who wishes to qualify
for more advanced theoretic education, came into existence, it was but natural that the purpose of the mathematics
regulation 1967 was nearly the same as the one for the languages line students. The course was to be more elementary though, for instance, it shouldn’t comprise infinitesimal
calculus, but the textbooks included chapters from the textbooks for language students. After a short time, it became
evident that fundamental changes were necessary in order
to change this compulsory one-year, five lessons per week
course to a success.
In the revised mathematics regulation for HF it was mentioned as the first goal to provide the students with mathematical knowledge that could be useful in other subjects
and in their daily life, and as the second, to give them an
impression of mathematical method and way of thinking.
Theoretical algebra and group theory were removed from
the curriculum and statistics, probability theory, and binomial test were entered. The so-called free lessons meant
for cooperation with other subjects or for elaboration of previously treated material appeared in the curriculum. A textbook for the course was written on the basis of an experiment. This textbook comprised many examples connected
to everyday life and it encouraged the pupils to find others.
The style of it made it easy to understand also for many
who had earlier given up mathematics as too difficult or as
uninteresting. It contained few proofs, but it was very good
at helping the students to create relevant concept images.
The text encouraged the teacher to let the students spend
much of the lessons working in groups of three to five persons solving and discussing problems. In this course,
mathematics was no longer a terrifying subject.
In retrospect, the new HF-curriculum together with the new textbook
and the applied methods of teaching seem to have served as a catalyst
for the succeeding evolution. The course was the first course
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that might be called an upper secondary mathematics
course for all.
The HF-mathematics that at the beginning had been heavily influenced by the mathematics curriculum of the languages line now in turn influenced this curriculum little by
little. Among the reasons for this evolution should probably
be mentioned that the increasing number of students not
aiming at university studies or similar advanced studies
created difficulties for the mathematics teachers, especially when they were teaching the languages line students,
and the fact that teachers often feel more free to experiment when teaching these students than when teaching
those on the mathematics line because the former have
only an oral exam to pass whereas the latter have to pass
an oral as well as a written exam, the latter being centrally
set by the Ministry of Education. So the teachers tried
consciously or subconsciously to remove some of their difficulties in the mathematics lessons for the languages line
students by using ideas or methods from the teaching of
the HF-students, and during the last half of the seventies
an increasing number of teachers chose an optional
mathematics syllabus for their languages line students.
The above mentioned optional curriculum had for some
years been used by 90% of the classes when in 1981 it
became regulation. Let me state a few remarks in order to
characterise it. The objectives are:
The students should acquire:
- some mathematical knowledge which can be of use in
other subjects and in their daily life,
- a knowledge of the framing and application of some
mathematical models,
- an impression of mathematical methodology and reasoning.
It is noteworthy that it is now explicitly mentioned in the
objectives that the students should acquire some mathematical knowledge that can be of use in their daily life and
a knowledge of the framing and application of some mathematical models. It is also remarkable that differential calculus in this syllabus may be substituted by another coherent
material of the same extent and value if the teacher and the
students so wish. Another interesting feature is the so-called free lessons. These approximately 25 lessons can be
used for going deeper into the compulsory topics, for working with new topics, for instance some that are connected
to other subjects or for providing an introduction to electronic data processing and its role in society. The teacher and
the students choose how to use these lessons.

3. Drafts for Courses in Advanced Mathematics that
Are at the Same Time Worthwhile Courses for
Students Not Intending to Go to University
The evolution on the mathematics line accelerated later.
During the last ten years, the number of students choosing
this line has increased from about 7,000 to about 12,000,
but at the same time the percentage going to university or
similar advanced education has dropped considerably. As
a result several booklets written by teachers as most text-
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books are and offering alternative and often more intuitive
and less formal approaches to many topics have appeared
during the last five years. The majority is intended to be
used either the first year in the gymnasium or at the lower
of the two levels. The booklets represent a new interpretation of the regulations. The evolution in HF-mathematics
and mathematics on the languages line have inspired the
authors of the booklets.
A new interpretation of the old regulation isn’t enough to
take into account the change in the students’ qualifications
from their preceding schooling as well as the growing
influence of computers and the fact that for the majority the
mathematics course in the gymnasium isn’t just a kind of
an introduction course but the students’ final mathematics
education. Therefore, the Ministry has just issued a draft
for a new curriculum for mathematics for each of the
branches of the mathematics line.
The intentions leading to the construction of the draft for
the curriculum common to all branches but the one on
which mathematics is taught at the highest level, the
mathematics-physics branch, were to create a curriculum
that:
- within some central mathematical fields shows mathematics as a subject with its own essential values,
- permits an all-round elucidation of the interaction between mathematics and other subjects,
- allows time for absorption in major concepts and correlations,
- allows time to meet special wishes from the class or the
school,
- encourages that the content of the lessons should be
influenced by the teacher and the class to a greater
extent than before,
- guarantees that the student has received an all-round
mathematical education with perspective and width,
- prepares the students for a wide range of types of further training for which a foundation in mathematics is
required.
Both drafts live up to these intentions by comprising not
only a list of topics to be taught but also a list of aspects
that are to be brought into the teaching, and various comments on ways and means of teaching. The following
objectives, topics, aspects and comments are included in
both drafts.
Objectives:
The students should acquire insight into mathematics as a
form of cognition and as a means of description.
Topics:
1. Integers, rational and real numbers
2. Plane geometry
3. Functions
4. Infinitesimal calculus
5. Statistics and probability theory.
Aspects:
i) Through suitable examples the students should experience how an algorithmic approach throws new light on
the mathematics they work with, and they

should acquire a knowledge of the practical application of
electronic data processing.
ii) The students should acquire knowledge of parts of the
history of mathematics and of mathematics in cultural,
philosophical, and social context.
iii) The students should obtain knowledge of formulation
of mathematical models as idealised representations of
reality and get an impression of the possible applications of mathematical models and of the limitations in
the applications.
iv) The students should learn about mathematics, they
should be aware of mathematics as a form of cognition
and as a language.
Comments:
As to the comments, I have chosen to include just the following:
- The choice of methods of work is to be adapted to the
students as well as the mathematical content, and the
students should be acquainted with several methods of
work so that they can take part in the choice.
- As to the use of textbooks and texts, it is desirable that
the students, apart from reading ordinary textbooks,
become acquainted with texts about mathematics. It is
also desirable that the students try to read a mathematical text in a foreign language.
- Topics should be approached from different angles.
There has got to be deductive sequences as well as
intuitive ones. Also, the students should become increa-

singly familiar with the language of mathematics including symbols and concepts from set theory and logic.
- When planning the lessons, respect should be paid to
subjects where mathematics is applied.
The draft for the curriculum for the branch with the highest
level of mathematics, the mathematics-physics branch, differs from the previously mentioned by including, for instance, some numerical analysis, induction, mathematics from
an algorithmic standpoint and recursion that should provide the students with a general theoretical background for
future work demanding and involving the use of computers.
It also comprises a considerable amount of free lessons,
the content of which has to be chosen by the teacher and
the students, and it requires a more elaborate treatment of
some topics. Among the additional demands on this branch I should also like to draw attention to the fact that the
students should learn to express themselves precisely and
clearly orally as well as in writing, and to the fact that the
students should acquire an understanding of the deductive
nature of the subject by working with proofs in connection
with which they should also get the opportunity to construct
proofs of their own.
Teachers who want to cooperate and increase experience
by testing the drafts, thereby helping to formulate other
concepts of them, are going to use them now. Drafts for
textbooks are also being published. On the basis of these
efforts, curriculum regulations beneficial to many, not only
to future mathematicians, should appear in a couple of
years.
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Fight Against Academic Failure in Mathematics
Josette Adda

In France in recent years, studies on the rate of academic
failure have revealed the fact that the education system
functions by a process of successive elimination of pupils
from the normal streams at each level of orientation.
In the appended diagram, an extract from (12), it can be
seen that among children born in 1962 in France there
remained at the «theoretically normal level» only 72.2% at
age 7, 59.5% at 9, 44.1% at 11, 34% at 13, 21.9% at 15
and 16.1% at 17 (the remainder having repeated years or
having been put into marginal-type classes).
Moreover, it appears that, on the one hand, these eliminations concern more selectively children of socio-culturally deprived families and, on the other hand, that the responsibility of «the teaching of mathematics» (and not
mathematics themselves) is essential in these orientations,
which have the effect of confirming social inequalities.
In order to evaluate this «inequality of opportunity» as far
as mathematics are concerned, it has been noted that, for
1976—77 (cf. (2)), 52% of the children of upper executives
in the corresponding age group were following the
C-stream (i. e. a course with a predominance of mathematics), the rate being 6% for the children of workers; their
chances of reaching that particular class being respectively 91% and 23%. Thus, entry to these classes was far from
being equal for all and the «socio-cultural handicap» was
2.2 times more disastrous for the C-section than for all the
classes.
An examination of the socio-professional category of the
family head for students at the Ecole Polytechnique in
1978—79 (cf. (2)) reveals that, out of the 602 students, 422
come from the category of «liberal professions and upper
executives», (or 70%), whereas this category represented
8.3% of the French population for the age group under
consideration.
As for the final year mathematics specialists of the Ecole
Normale Superieure of the same year, one notes that, out
of the total of 21 students, 12 had at least one parent who
was a teacher.
What a lot of «wasted intelligence» (to use the expression
of M. Schiff)!
We shall sum up briefly some research carried out at the
University of Paris 7 which aims to analyse why certain
children fail and others succeed and how the process of
failure works, so as to find what changes should be made
in teaching to remedy the situation.
In order to analyse the phenomenon, it is first of all necessary to be aware that children are not normally in direct
contact with mathematics, that be coming familiar with
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mathematics is achieved by the intermediary of «mathematics teaching», which in fact plays the role of a simple
intermediary for only a minority but is rather a filter for the
majority. A study of its workings is thus indispensable.
Classes are essentially carried out, of course, not in
«mathematical language» but in natural language, and so
create numerous external difficulties of linguistic origin (on
the semantic level rather than the lexical or syntactic levels
as is often thought). These difficulties have been analysed
at length by D. Lacombe (cf. his lectures at Paris 7).
However, the purely linguistic explanation is still insufficient, and it is also in the pragmatic and the rhetoric of the
discourse of the mathematics teacher that we must seek
the sources of faulty comprehension and misunderstandings.
First of all, being abstract, the objects of mathematics that
are treated, the properties and the relations that are studied can never be seen (in contrast, for example, with the
objects studied by the physical and natural sciences) and
so the distance between the signified and the signifiers
plays here a role that is more crucial than for any other type
of discourse. Signifiers such as mathematical symbols, diagrams, graphic representations are necessary and yet are
the source of poor comprehension of the mathematical
objects signified (cf. (1), (4), (6), (8)). By studying the
«misunderstandings» brought about by this confusion between signifier and signified we have observed the responsibility they bear not only in a very great number of errors
but also in the impossibility of acquiring the concepts themselves. For example, for many children (and teachers!)
there are no sets without a string and numerous adolescents affirm that 2 is a whole number but neither decimal
nor rational, 2.00 is decimal but neither whole nor rational,
and 4/2 is rational but neither decimal nor whole!
Another way of representing mathematical concepts is the
use by teachers and textbooks of metaphors (cf. (14)) that
are supposed to refer to the experience of the student.
Almost always far too simplistic really to conform to any
recognisable reality, they are nevertheless still too complex
not to be burdened likewise with numerous extraneous
meanings that block access to mathematics.
Instead of seeking to show through appropriate exercises
the abstract and generical nature of mathematical
concepts, one type of pedagogy has sought for some years
to «make mathematics concrete» through the method of
teaching: an absurd enterprise and as such inevitably
bound for failure. The initial idea that starting with real-life
situations and anathematising them can be a form of motivation in early stages was in itself quite reasonable. The
constraints of the school system, however, led to presenting mathematical questions rigged out in «disguises» that
were extremely artificial, pseudo-concrete and the source
of misunderstandings, becoming thus extramathematical
causes of errors in problems claimed to be «mathematical». Even problems of the type «Mummy goes shopping, she buys (...)» are not really natural and the expenditure calculated is often very different from that of actual
purchases (unrealistic prices, proportions out of line with

commercial usage .. .). Moreover, this variable «Mummy»
(each pupil supposedly feeling involved) introduces an
emotional factor that is not necessarily positive: for
example, when the mother has financial difficulties, has little time to do the shopping, is sick, far away or deceased .
. . (cf. (3)). Reactions in the face of these academic
«situationproblems» are very different from those of students to whom one can give the opportunity to «mathematise» a real-life «situation» problem: doing the shopping
themselves, for example.
F. Cerquetti has shown that when pupils in an apprentice
class for baker-pastrycook have to do all the calculations
for purchases necessary for making croissants and for selling them, considerable success may be noted, whereas
the same students react against all the artificial «word»
problems put to them in textbooks and prefer and succeed
better in purely abstract games with numbers (cf. (9)).
Young children have a potential for abstraction which is
not exploited. The fact that primary school teachers are
often recruited from the students who have the least positive feelings towards mathematics is very worrying in
France. It sets up an interlocking process of failure (cf. (8))
and declining performance is one of the most distressing
phenomena of our educational system (cf. work in progress
by F. Carayol and M. Olvera in particular). For example, the
use of clear symbolism is perfectly well allowed as a simplification by young children (cf. the well-known experiments
of Davydov in the USSR), but certain ways of introducing
badly understood formalism are rejected by students in the
secondary system: in fact, when one seeks the causes of
rejection in the teaching of mathematics, one almost
always finds that it is a question of notions, the presentation of which has been carried out in an inconsistent way,
with inner contradictions .
It is important to stress also that class use of questions
«disguising» mathematics, a method fraught with errors
because of the outside influences that are introduced, is
not «socially neutral» and this constitutes a further factor of
selection (cf. (5) and (10)). At the beginning of this century,
exercises referred above all to a rural universe of landowner adults who exploited their holdings, transmitted inheritances, invested their savings, and so on. Today, there is
an attempt to involve the child more and so school exercises refer often to children but these are children living
in towns or cities (often the capital), receiving lots of presents, making journeys, and so on. Thus, not only can certain children not be familiar with certain of the elements
necessary to understand the questions but, above all,
these «disguises» contribute to giving many of them the
idea (immigrants or not — some speak of «home-grown
foreigners»!) that they are foreigners in this world, this universe of schoolroom problems that they believe to be (the
ultimate mistake!) the universe of mathematics. It is striking
to see the archetypes that certain pupils propose when
they are asked to invent the text of a problem (cf. (3) for
example).
Questionings used in evaluation do not so much reveal

inequality but create it (cf. (7)). The formulation and the
presentation of mathematical problems present the same
sort of bias as those (denounced for years now) of IQ tests.
Moreover, poor results have an all the more disastrous
influence in that the present school system sets up a loc ked-in process of failure through the «Pygmalion effect»
(self-fulfilling prophecy) and above all by the irreversible
streaming off towards poorly thought of types of classes.
The struggle against academic failure in mathematics is
not a question of change in curriculum. It requires a
concerted attack on the true basic problems, for otherwise
all the sources of difficulty can recur, in a more or less
serious form, on any chapter of mathematics. The
«reform» of recent years has been a good example of this,
with the result that all the criticisms expressed at the time
of the survey on teaching carried out by the review L
‘Enseignement scientifique in 1932 are easily transposed
into the present situation.
Teachers must become aware of those aspects of their
teaching practice which create misunderstandings and lack
of comprehension; they must not only have a solid knowledge of the mathematics that they have to teach but also
be capable of understanding how these are to be transmitted in the mathematics class and study the ethnological
features of that universe where, in the interrelationship between teacher, pupils and mathematics, communication is
threatened by interference which can be called «socio-logical» (according to P. Bourdieu).
In order to give all pupils access to mathematical culture
with its own specific features, it would be necessary, as for
physical culture, to offer to all the pleasure and the opportunity to carry out exercises (here intellectual and abstract
ones) (see for example (11)). Above all, let us not forget
that we are talking about an integral part of the cultural
heritage to be transmitted and that theorems are also
works of art: Pythagora’s theorem is a classic on the same
plane as a play by Shakespeare or a painting by Leonardo
da Vinci, and there is in it an aesthetic wealth that we must
try to offer to all. Contrary to those who want to confine
underprivileged children to «useful mathematics» (in the
sense of creating minimal automatic responses with no
practice in deductive reasoning), I think that we must
attempt to allow all children to exercise a right to abstraction (for which mathematics teaching offers the best opportunity), the formative element in the loftiest activities of the
human mind.
Certain mathematicians, conscious of the collective responsibility they bear for the harm done by misuse of their
discipline, recognise that it is their duty to react. Academic
failure at the present time is no longer solely the failure of
pupils, it is the failure of the whole educational system,
and, if teachers fail in their struggle against this failure, the
responsibility will fall on those whose mission it is to train
teachers, in other words, those working in tertiary education. The mathematical community must conscientiously do
its duty towards the school system through the initial training of teachers and inservice training (with
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special emphasis on recent research on mathematics teaching) for practising teachers, as well as by the development and improvement of the forms of support
necessary for all those for whom it cannot be provided by
the family context.
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EQUALS: An Inservice Program to Promote the
Participation of Underrepresented Students in
Mathematics
Sherry Fraser

Mathematics has been called the queen of the sciences.
She could also be called the gatekeeper to the job market.
Too often, students who might find job satisfaction in a
scientific or technical field are unable to enter that field
because of inadequate preparation in mathematics. Why is
it that students, especially female and minority students,
stop taking mathematics in high school, as soon as it
becomes optional to do so?
Many women and minority students don’t see the relevance of mathematics to their future lives. This perceived
lack of usefulness of mathematics contributes to the high
dropout rate. If students don’t see the need for math they
do not take the elective mathematics courses and effectively screen themselves out of many potential careers.
Another factor in students dropping mathematics is their
lack of confidence in their ability to be successful in doing
mathematics. Traditionally, mathematics has been seen as
a male domain. In the United States it is socially acceptable, especially for girls, not to be good in math. Unless
the student feels competent and confident in doing mathematics she or he will not continue on when the courses
become optional.
Students need support from their teachers, counselors,
parents, and peers if they are to continue on in their mathematics education. Intervention programs that develop students’ awareness of the importance of math to their future
work, increase their confidence and competence in doing
mathematics, and encourage their persistence in mathematics have the best chance of success. Thus, EQUALS
uses these strands - awareness, confidence and competence, and encouragement in its programs.
EQUALS is a mathematics inservice program at the
Lawrence Hall of Science, University of California,
Berkeley, serving teachers, counselors, administrators,
and others concerned with keeping women and minority
students in mathematics education. It focuses on methods
and materials for the kindergarten through twelfth grade
level that will help attract and retain underrepresented students in mathematics. Since 1977, 10,000 educators have
participated in EQUALS programs. Six national sites have
been created to disseminate the program throughout the
country.
The EQUALS program includes multiple approaches to
the issues of access and retention. At first, EQUALS
mathematics instructors—all former public school teachers—set out to sharpen the participants’ awareness that
disproportionate numbers of women and minority students
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decide not to continue on in mathematics in high school
and are thus unprepared to enroll in vocational or college
programs requiring quantitative skills. To develop a commitment to recruiting and retaining students in mathematics, participants must have an investment in the issues. So
we ask participants to investigate specific conditions indicating their schools’ performance in bringing women and
minorities into mathematics (such as comparing math course enrolments of males and females or surveying students’
career aspirations). The participants then become the
experts on the situation in their schools. They begin to define the problem and are ready to work on solutions with
others.
Secondly, EQUALS provides teachers with learning materials and methods that engage them in doing mathematics
with competence and enjoyment. EQUALS participants
encounter logic, probability and statistics, estimation, geometry, and nonroutine applications of arithmetic for problem solving. These are areas of mathematics that are
relevant for mathbased occupations and in which women
and minority students tend to lag behind males and majority students in achievement tests. The learning environment must be one that is cooperative and non-threatening.
EQUALS models the kinds of teaching approaches we
hope to encourage in the classroom, such as providing
time for people to work together on math problems and
other new materials; minimizing the fear of failure and
encouraging risk taking; providing manipulative materials
to use in making abstract math concepts concrete; and
helping people develop a range of problem-solving strategies that suit their style of teaching and learning.
Recognizing that a number of people must have a stake
in such a program of change, the EQUALS approach has
been to build, where possible, coalitions of administrators,
teachers, and parents who will work cooperatively to
spread EQUALS through their schools. EQUALS participants are strongly urged to teach fellow teachers and
parents the math activities they’ve learned in the program,
as well as some of the startling statistics about women’s
and minorities’ disadvantage in employment and earnings.
They bring to their classrooms or schools women and
minority men who work in math-based professions or
skilled trades. These people serve as role models and
encourage students to think about their futures in terms of
necessary and realistic work.
These activities help teachers convince themselves and
co-workers at school of the importance of EQUALS goals
and generate support for the often difficult task of inserting
EQUALS into a text-and-test dominated math syllabus.
The activities also reinforce the idea that EQUALS participants are collaborators in the effort to make mathematics
meaningful and productive for students who otherwise may
be filtered out of a wide range of occupational choices.
During the year-long program, EQUALS participants keep
journals of their experiences using EQUALS in the classroom. The journals reveal that many EQUALS participants
identify strongly with the math-avoiding students for whom
the program is designed. Again and again the program is

experienced as a breakthrough for the teachers themselves. A feeling of personal achievement perhaps contributes as strongly as the practicality of the curriculum and
the vitality of the workshops to the program’s unusually
high evaluations — mean scores of 4.5 and above on a
scale of 5 in teachers’ ratings of the workshops, and findings that at least 84% of participants apply EQUALS
immediately and continually in their classrooms. Schools
sending teachers to EQUALS report that in two or three
years they observe increased enrollments of previously
underrepresented students in advanced mathematics
classes and more favorable attitudes about mathematics
among all students. Most recent pre- and posttest data
indicate that EQUALS teachers and their students are
improving in their problem -solving skills as well.
Because of the need expressed by teachers for more
experience with computers, and its usefulness as a tool in
the mathematics curriculum, EQUALS in Computer
Technology was developed and offered for the first time
this year. Whether they have participated in a math or computer workshop, EQUALS teachers experience astounding
growth, particularly in leadership skills, because they are
encouraged to speak up, make presentations, and deliver

ideas. Small victories are quickly acknowledged. As the
person grows, his or her commitment to the program and
the people who fostered that growth remains. As a result,
we have advocates everywhere, whose support, in turn, is
crucial to us.
What we have learned from the thousands of teachers
with whom we have worked is renewed respect for the difficult work they do each day without the public support they
so desperately need. Many elementary and secondary
schools are alienating environments where teachers are
placed in adversary roles to students, parents, and administrators. When they come to a program like EQUALS,
which provides a non-threatening, supportive environment
where they can take risks, make mistakes, and learn new
skills, their response is one of gratitude and enthusiasm.
What this tells us is that there is little opportunity for cooperation and creativity in their own schools.
Our task then, as math educators, is to remember and be
sensitive to the many difficulties facing teachers as they try
to strengthen their mathematics programs and to provide
them with the respect and resources they need to accomplish their goals. As teachers grow in their confidence and
competence in mathematics, so will their students.
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FAMILY MATH

in new books and activities they’ve found to share with
other class members.

Virginia Thompson
Participants
Parents learn about FAMILY MATH from their children’s
teachers or principals, at PTA or school site council meetings, through newspaper articles or church bulletins, or
from radio announcements. Classes are offered in the
afternoon or evening at schools, churches, community centers, community colleges, or the Lawrence Hall of Science.
Background
Several years ago, we were asked by teachers in our
EQUALS inservice program to think about ways to provide
parents with ideas and materials to work with their children
in mathematics at home. Many parents had expressed
frustration in not knowing enough about their children’s
math program to help them or in not understanding the
mathematics their children were studying. In 1980, the
EQUALS program received a three-year grant from the
Fund for the Improvement of Postsecondary Education
(FIPSE) of the U. S. Department of Education to develop a
FAMILY MATH program for parents and children to learn
math activities together that would reinforce and complement the school curriculum. Although the activities are
appropriate for all students, a major focus has been to
ensure that underrepresented students — primarily
females and minorities — are helped to increase their
enjoyment of mathematics.
The 12- to 16-hour FAMILY MATH courses provide
parents and children (kindergarten through 8th grade)
opportunities to develop problem-solving skills and build
understanding of mathematical concepts with «hands-on»
materials. Parents are given overviews of the mathematics
topics at their children’s grade level and explanations of
how these topics relate to each other. Men and women
working in math-based occupations meet with the families
to talk about how math is used in many occupations; other
activities are used to demonstrate the importance of
mathematics to future fields of study and work.

Impact of the Program
Evaluation shows that families can and do use FAMILY
MATH activities at home and that they have become motivated to continue their exploration of mathematics.
Teachers and principals find that FAMILY MATH creates a
positive dialogue between home and school and a way to
involve parents in their children’s education.

Course Content
Materials for each series of FAMILY MATH courses are
based on the school mathematics program for those grade
levels and reinforce fundamental concepts throughout that
curriculum. Topics include: arithmetic, geometry, probability, statistics, measurement, patterns, relations, calculators,
computers, and logical thinking. The activities included in
this FAMILY MATH sampler illustrate how math topics are
approached. A career activity is also included. In any given
class, four to six activities are presented for parents and
children to do together. They then talk about how they solved the problems and how these activities help with school
mathematics. Families are then given these and other activities to continue the help at home. Often, parents will bring

Growth of FAMILY MATH Classes
in San Francisco Bay Area
______________________________________________

64

The Future
During 1983 — 84, the FAMILY MATH staff will be offering
workshops to help parents and teachers to learn how to
establish and conduct FAMILY MATH classes; the full curriculum will be published; and a film will be made of the program to help disseminate its philosophy and approach to
communities outside of the San Francisco Bay area.
If you would like to be on the FAMILY MATH mailing list to
receive notices of available materials and workshops, please send your name and address
to :
Virginia Thompson and Ruth Cossey
FAMILY MATH/EQUALS
Lawrence Hall of Science
University of California
Berkeley, CA 94720
We welcome your comments and suggestions for
future FAMILY MATH activities.
Appendix

Year
Offered

No. of No. of
Classes

No. of Total No. of
Sites
FamiliesParticipants

______________________________________________
1981 -82
1982-83
1983-84
(to date)
Total

6
11
16

3
8
12

46
136
345

67
197
654

33

23

527

918

______________________________________________

FAMILY MATH Trainer-of-Trainer Workshops
at Lawrence Hall of Science
______________________________________________
Year
No. of % Educators% Parents (w/o
Offered
Participants
direct educational
responsibilities)
______________________________________________
1983
115
77%
23%
1984
133
85%
15%
Total
248
______________________________________________
Evaluation of the courses, through observations and a follow-up questionnaire, evidences a high level of math-related activity undertaken by FAMILY MATH participants.
Over 90% of the 67 parents who attended classes regularly during the first year have played math games with their
children and helped them with their math homework; over
80% have talked to their children’s teacher about their
mathematics progress. Parents have also taken actions for
themselves, including getting a math puzzle or game book
(50%); a math refresher book (27%); or taking another
math class (18%). These numbers compare favorably with
the implementation levels observed during the FAMILY
MATH sessions. It appears that the math-related activities
that are begun during the class are sustained.

In October 1983 and February 1984, we conducted two
2-day FAMILY MATH training sessions for interested
parents and teachers. The response to these workshops
was overwhelming: 140 applied to the October session and
164 to the February one. The logistics of handling that
many people for two days, 6 hours each day, was formidable. Yet, because we could call on the entire EQUALS
staff of 9 mathematics educators, we were able to organize people into groups of 30 and take them through the concepts and activities of the 12-hour course. Evaluations of
these training sessions indicate extreme satisfaction and
high enthusiasm for the organization and conduct of the
program. Further, participants were asked how they would
use the training by means of a FAMILY MATH Planning
Sheet. From the October session, 51% indicated that they
would establish or team teach a FAMILY MATH course this
academic year and, according to our information, 22% of
them have already done so; an additional 16% have firmly
scheduled a class to begin this spring. In the February session, 53% stated they would offer a FAMILY MATH course
either over summer 1984 or during the 1984-85 academic
year. The majority of trainees who did not intend to conduct
classes said that they intended to use the materials in their
classrooms or at home with their children, at faculty and
school board meetings, at church, or at community meetings. Project staff will conduct a follow-up of all trainees in
late spring 1984 to determine the extent of these dissemination activities.
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Mathematics for All is No Mathematics at All
Jan de Lange Jzn.

Examples
1. The first example is meant for children of about ten
years of age.

Under the influence of Prof. Freudenthal’s Institute IOWO
(Institute for the Development of Mathematics Education)
Mathematics for ally has been a much discussed item in
the Netherlands for the last decade. Since 1971 lots of
materials were developed for primary education by the
Wiskobas department of IOWO and since 1974 Wiskovon
developed texts for secondary education.
It is not easy to characterise mathematics the way it was
developed during that period, but some of the much-used
slogans were:
Mathematics as a human activity - Everyday-life mathematics Mathematics in the world around you.

During the initial years it was not clear how big the influence of IOWA was, but recent research (1984) carried out by
Rob de Jong showed that the influence of the
Wiskobas-group is very large as of this moment. As de
Jong stated:
«The lOWO-Wiskobas paradigm for math education can be characterised as realistic which means among other things: connection with
informal strategies of children, using inspirmg contexts and aiming at
the comprehension of fundamental concepts. «
«The results of the research: Wiskobas characteristics have been
traced to a large extent and in correspondence with the original intentions in five series of textbooks taking 35% of Dutch primary school,
and increasing.»

Question: «Which camera presents the picture shown?»
2. Another one, for about the same age-group:
A map of part of the Island of Bermuda is presented:

«Moreover: about 80% of the materials used in teacher training can
be characterised as IOWO-like.»
«Finally: when teachers are considering a new textbook, 4 out of s
take a ‘realistic’ method.»

This kind of primary mathematics for all may be illustrated
by the following examples:

Question: «Which drawing shows the situation as it is
seen on the Bermuda?»
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3. At a somewhat higher level are the following examples
(11— 13 years) about straight lines. A very simple problem: «How can you place three cubes on a straight line»
is illustrated in the following way

During the last minutes he sees them like this:

Assignment: «Draw the route of the last few miles on the
worksheet.»
In a discussion it becomes apparent that the children are
capable of understanding the principle. Some of them are
even able to place themselves in the position at sea and
can translate horizontal information (the L1, L2 line) into
vertical information and make the right conclusions.

A ship is finding its way on a river with numerous shallow
spots. To make navigation easy, a number of signs have
been placed on the border. Now you have to sail Jon the
straight line» formed by two of these signs that form a pair.
As soon as the next two signs are collinear, you change
course. This idea is also used when entering harbours.

For lower secondary education quite a number of experimental texts were developed by IOWO. Some 20 booklets,
mainly of a geometrical background, were the result of five
years of experimenting, observing and evaluating. Some of
this can be found back in one of the biggest and most
influential series of textbooks in the Netherlands. Some
continuation of the project — that had to stop when IOWO
terminated all activities in 1980 — takes place at the Foundation of Curriculum Development, especially in the field of
global graphs.
It is interesting to note that the reactions of teachers to
IOWO-like material that is part of an established series of
books is at present more favourable than to the original
material eight years ago. Via those textbooks they sometimes rediscover the original IOWO-material.
Most reactions are like «Mathematics can be fun» and this
seems to surprise teachers even more than students.
Some examples from the original IOWO-Wiskivon materials:
5. The closer you come, the less you can see. That is also
the problem of the lighthouse man.

The man walks towards the lighthouse. Behind the tower
rabbits are playing in the grass. At home the man tells his
children: «When I approach the light-thouse, I get closer to
the rabbits. Although they don’t run away I see less rabbits
when getting closer. Why?»
Here we see a map of a harbour. Ll and L are lights. Ll is
much higher than L 2.
The tugboat Constance and its tow are reaching the harbour at Perry. The captain of the Constance estimates that
they will pull into port in about 15 minutes. He watches the
harbour lights very closely, especially L l and L2.
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6. Question: «Is the tower higher than the bridge or not?
Explain your answer!» Without proper preparation this is a

It is obvious that for each student the height h will be different (and more or less the same for one student) and that
the distance flown will vary. Let’s compare two planes:
Plane 1 :

_____________________________________
h
90
90
90
90
90
_____________________________________

very difficult problem. Everybody knows the phenomenon,
but very few people are aware of what really causes it. The
designer hoped that a side view would arise more or less

d 450
400
360
500
480
_____________________________________
Plane 2:

_____________________________________
h 120
120
120
120
120
_____________________________________
d 600
550
620
550
580
_____________________________________

spontaneously, but this was not the fact. But as soon as a
side view was suggested the pupils were able to say some
sensible things. Although these problems presented to 12to 13-year-olds still offer many difficulties.
7. Question: «How do you know the earth is a sphere?»
Answer: «Because when you are at the beach and a ship
is approaching the coast, you first see the upper part, and
only later the whole ship.»
Now this answer may not be completely correct, but the
next one is quite sophisticated: «When you see a picture of
the earth from a satellite, you see a circle.» The teacher:
«But then it can be a flat pie?!» «No, because wherever the
satellite flies, it always is a circle .»

It looks like some more experiments with plane 1 are
necessary to make conclusions about the distance flown.
Plane 2 behaves very decent. One might say it flies
around 580 cm, when launched at 120 cm.
Some additional flights with plane I make it fair to say that
plane 1 flies 480 cm when launched at 90cm.
The question arises: «Which plane is the best?»
This leads right into numerous aspects of ratio, proportions, fractions, angles and percentages.
A rather simple way of solving the problem in a geometrical way is by making scale drawings, cutting them out, placing them on to each other and comparing the «glide
angles».

8. Ratio and proportion, as well as the introduction of

The smallest angle gives the best plane! Why?
angles can be done with shadows, as indicated above. But
there are, of course, other possibilities. One of them is
experimenting with flying model paper planes.
There are numerous plans to build a successful paper
model plane within 15 minutes. This activity alone has, of
course, some interesting geometrical aspects. But the
planes can be used for further experiments. It is necessary that they fly reasonably, that means more or less in a
straight line.
Interesting is to compare this performance of the planes.
This can be done by observing how far each plane flies in
relation to the height it was thrown from.
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Finally, some remarks on mathematics for all at upper
secondary level. Since 1981 experiments were carried out
that will lead to a completely new curriculum for mathematics from August 1985 on. Applications and modelling play
a vital role in this curriculum for Math A, aiming at students
who will need mathematics as a tool. Math B is for students
heading for studies in exact sciences.
Math A seems to be very successful: Applications and
useful mathematics starting in reality seem a fruitful
approach even for students who are poor at «traditional»
mathematics.
More than 90% of the students at present choose mathematics at upper secondary level which is up from 70% in
previous years.
During the experiment 20 booklets were developed for
use by the students.
Many of the ideas from these books are to be found in the
well-known textbook series in the Netherlands: once more
the influence of OW and OC (the research group that can

