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CLASSROOM ORGANISATION
IN PRIMARY MATHEMATICS
TEACHING:
THE CHALLENGES OF DIVERSITY

Readership: primary

Julia Whitburn reports on new research comparing the results
in mathematics of primary pupils according to whether they
are taught in mixed-ability groups or are ‘set’ by ability. One of
the greatest problems in teaching mathematics arises from
the diversity of pupils’ attainments. In recent decades, primary
class teachers in England have managed this by adopting an
approach of within-class grouping or ‘differentiation’. With the
introduction of the National Numeracy Strategy, however, an
element of whole-class teaching is expected in the teaching of
mathematics.  Acknowledging the pedagogical difficulties this
presents for teachers, the response from many schools has
been to adopt a policy of ‘setting’ by attainment in order to
reduce the range of attainment within each class group and
thus make whole-class teaching more manageable. Earlier
studies have suggested that ‘setting’ for the teaching of
mathematics has benefits for pupils’ learning, especially for
higher-attaining pupils. Recent research by the National Institute
of Economic and Social Research (NIESR) (based on changed
teaching practices influenced by continental schemes)
challenges these earlier findings and draws on recently available
data which indicate that the attainments and progress of pupils
in mixed-ability classes are at least equal to – and possibly
slightly better than – those of pupils ‘set’ by ability.

INTRODUCTION

We know from a variety of research studies that children in
the early years of primary schooling develop mathematical
understanding best through pedagogy that uses an interactive
whole-class approach.i The advantages of such an approach
may briefly be summarised as:

● All children have the same opportunities for
learning.

● Teacher–pupil interaction is maximised in a whole-
class setting.

● Each new concept can be explained fully by the
teacher and discussed with the whole class.

● Misconceptions can be clarified through
questioning and discussion of pupils’ answers.

● Children can learn from the responses and
explanations of other children.

● Children can be confident that they are making
similar progress to others – this, in turn, develops
their self-confidence in mathematics.

● Children can see that they are not alone with any
difficulty that they might have.

● Children can hear mathematical vocabulary being
used correctly in a variety of contexts.

● There is a minimum standard to be achieved by
the whole class.

● Children can be encouraged to help and support
one another in their learning; this has important
implications for class unity and cooperation.

MANAGING DIVERSITY
But effective interactive whole-class teaching requires a
significant level of pedagogical skill, especially in classes with
a diversity of pupil attainment. Approaches used to ‘manage’
this diversity in the teaching of mathematics have varied over
time; for example, following the Hadow Report in 1930 on
primary schools, most schools adopted a policy of streamingii

by ability, which was widely used during the 1950s and 1960s.
There were many critics of the policy of streaming, believing
it to be unreliable and inaccurate in the early categorisation of
children and having adverse social effects. With the publication
of the Plowden Report in 1967 advocating a greater emphasis
on a child-centred approach to learning, the practice of
streaming quickly disappeared. It was replaced by an approach
in which teachers sought to provide children with tasks and
learning appropriate to their individual needs, which led to
grouping by ability within mixed-ability classes. Class
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management became far more complex, with teachers needing
to prepare several lessons to accommodate the different groups
within the class setting; inevitably little time was available
for direct instruction or discussion of mathematical concepts
as teachers spent the majority of their time in organising
activities and monitoring the progress of children.

With the introduction of the National Numeracy Strategy
(NNS) and its associated requirements into all primary schools
from September 1999, a major change in mathematics teaching
has again occurred. All teachers have been expected to change
their teaching style to accommodate the NNS lesson structure
and to include an element of whole-class teaching in every
mathematics lesson. The effective introduction of change into
any educational system depends not only on the goodwill and
support of the teachers, but also their capability for
incorporating the required changes into their classroom
practice. In 1999 the development of expertise in interactive
whole-class teaching was largely an untrodden path for primary
teachers, who had neither experienced it as a model themselves
in their own learning nor had learned the skills during their
initial teacher education. Hence the ‘cascade’-type NNS
training – quickly implemented before September 1999 –
served to inform teachers regarding the new expectations, the
NNS Framework and lesson structure. However, the new
pedagogy requires an understanding of whole-class dynamics
and how to maintain the focus of all pupils. Successful whole-
class teaching also involves establishing cooperative and
supportive behaviour from all pupils, including knowing how
to listen and answer questions. Pupils’ awareness of the needs
of other pupils is also a prerequisite; this becomes even more
crucial when there is a diversity of attainment within the class
or among pupils being taught together.

It is hardly surprising that in the face of the complex demands
of whole-class teaching to a diversity of attainment, teachers
have taken a pragmatic view to meeting the demands placed
upon them. While no detailed data are available on the extent
of the practice, from informal reports it seems that primary
schools are increasingly choosing to narrow the range of pupil
attainment in the class group that is actually taught by adopting
a policy of ‘setting’ by attainmentiii for the teaching of
mathematics. In schools where the pupil intake is reasonably
consistent from year to year with two or more classes of 30, it
is now common practice for pupils to be ‘set’ for the teaching
of mathematics into similarly sized groups; occasionally, if
staffing permits, an additional group may be formed in order
to reduce the class size, or an additional small class for pupils
with special educational needs may be formed. In schools
where the intake fluctuates considerably from year to year, or
there is a single-form intake, pupils will often be set across
two year groups to form equally sized groups of reasonably
homogeneous attainment. This clearly helps to make a teacher’s
task more manageable – although when teachers and schools
were consulted about their reasons for choosing to ‘set’, these
were more likely to focus on the perceived benefit to pupils;
for example, ‘Because it is better for the children’ or ‘Because
we can give more attention to the weaker/stronger children
if they are together in a group’. Although the practice of
‘setting’ widely adopted today is only a faint echo of the
earlier practice of ‘streaming’, since it is single-subject
based, it can be perceived as more damaging to the
‘community’ of the class group.

HOW CAN WHOLE-CLASS
TEACHING BE SUCCESSFUL IN
A MIXED-ABILITY CLASS?

One project that has had notable success in promoting
interactive whole-class mixed-ability teaching is the
Improving Primary Mathematics (IPM) initiative, a
collaborative project between the London Borough of Barking
& Dagenham (LBBD) and the National Institute of Economic
and Social Research (NIESR). Beginning with a pilot project
in 1995, and much influenced by successful classroom
practice and pedagogy observed in primary schools in
German-speaking cantons of Switzerland, the initiative
quickly spread to include almost all the primary schools in
LBBD, together with some in Leeds, Rochdale, Kirklees
and Clackmannanshire. In order to develop skills in whole-
class teaching which were seen as an essential part of the
pedagogy, detailed teachers’ manuals were written, providing
carefully sequenced lesson-by-lesson teaching plans, questions
and explanations, with supporting pupil materials and
extension activities. Programmes of INSET delivered at the
beginning of each term by inspectors and advisory teachers in
LBBD focused on developing the key aspects of interactive
whole-class teaching – asking questions, probing, encouraging
the active participation of all children and developing pupils’
skills in oral explanations to the whole class. All the teaching
materials and lesson plans were designed to be used in classes
where pupils covered the whole range of attainment.iv

The success of the IPM initiative is described in greater detail
elsewhere (4); it is of relevance here, however, to note that as
part of the monitoring process of the IPM project, participating
pupils were tested at the end of each term. Although the
materials were designed to be used in mixed-ability classes, a
few schools preferred to ‘set’ their pupils for mathematics
lessons. This provided an opportunity to compare the
attainment and progress of pupils using the same teaching
materials and with the same teaching methods but with
different classroom organisation.

Comparisons made here relate to the performance of pupils in
three schools (about 200 pupils in a year cohort) using a
‘setting’ organisation for mathematics teaching with that of
pupils in 15 schools (about 1,000 pupils in a year cohort) using
a mixed-ability class approach. It was not possible to make
the two groups more equal in size since the decision regarding
organisation of teaching rested with each school; however, the
study was strengthened by the fact that analysis was made of
the attainment and progress of pupils in three consecutive year
cohorts each of the same size.v Comparisons of the schools’
characteristics showed that there was a greater proportion of
pupils eligible for free school meals (often taken as an indicator
of social disadvantage) in the schools teaching in mixed-ability
groups than in those ‘setting’. The figures were 28 and 21 per
cent respectively.

Analysis of test data revealed that, contrary to the expectations
of schools who had adopted a policy of ‘setting’, pupils taught
in sets had not made faster progress than those taught in mixed-
ability classes. For example, in the first cohort, the scores of
the pupils in the mixed-ability classes were just 0.5 of a point
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greater on the first test than those pupils in ‘set’ groups.vi By
the later test, this difference had increased to more than four
points.vii There were similar findings for pupils in each of the
three cohorts where data were analysed.

Results were also analysed according to the different attainment
levels of pupils. Previous studies of pupil performance in
mixed-ability/set classes have suggested that high-attaining
pupils benefit significantly from being taught in ‘set’ classes;
there was no evidence, however, to support this view in the
current study.

There are clear difficulties in expecting hard-pressed primary
teachers to cope with the pedagogical demands of mixed-ability
whole-class teaching, especially in the context of widening
diversity of attainment. The IPM project, however,
demonstrates that teachers can achieve this successfully, given
adequate INSET and appropriate materials. Teachers should
be encouraged to persist in their efforts to acquire the difficult
skills of whole-class teaching, and be reassured that the long-
term rewards justify the greater efforts in the short term. It
will also be valuable for initial teacher training for primary
teachers to place a greater emphasis than at present on the
development and acquisition of these complex skills in order
that the newly qualified workforce will be better prepared for
the challenges of whole-class teaching to a diversity of pupils.

HOW IS DIVERSITY OF
ATTAINMENT MANAGED IN
OTHER EDUCATIONAL SYSTEMS?

It may be helpful at this point to consider whether the problems
that face primary teachers in England with regard to effective
whole-class mixed-ability teaching of mathematics are
replicated in other countries. After all, it would seem reasonable
to expect similar ranges of attainment among pupils entering
primary school, and average class sizes are not very different.
Yet from visits to large numbers of primary classrooms in parts
of Switzerland, Germany and Japanviii – all highly successful
regions in the teaching of mathematics – we have observed
well-established traditions of a whole-class pedagogical
approach to primary mathematics teaching within the usual
class grouping.

Such an approach is regarded as the norm in these regions,
and teachers are expected to have the appropriate skills for
this. Indeed, when the characteristics of the English practice
of ‘setting’ are explained to teachers in these countries, their
response is often critical.  Disadvantages of ‘setting’ are cited;
these include likely damage to the ‘community’ feeling of
the normal class of pupils – which is considered to be essential
for mutual support and cooperation among the pupils – and
the fact that slower-learning pupils are deprived of
opportunities to learn from the strategies, explanations and
ideas of faster-learning pupils. Japanese teachers, who place
great stress on developing conceptual understanding among
pupils and sharing ideas for problem-solving, also emphasise
the need for the whole range of possible misconceptions to be
discussed and clarified, and say that these are less likely to
emerge from a class with a restricted range of attainment.

We should look a little further at how teachers in other countries
manage successful whole-class teaching in a mixed class.
They also readily admit that one of the greatest problems
in mathematics teaching arises from the diversity of pupils’
attainments; consequently, greater efforts are made to
contain this diversity. For example, it is a characteristic of
all the countries discussed here that the role of pre-school
is one mainly of preparation for schooling, and for
developing the skills needs and knowledge of the routines
of schooling, rather than anticipating any formal learning –
as is often the case in England. Pre-school education will
also ‘fill in’ any gaps in children’s social and behavioural
experiences in their family settings; children will learn to
behave as a member of a group and to consider the feelings
of others.

Pupils in Switzerland, Germany and Japan are likely to
begin formal schooling ready to learn – and the teaching of
literacy and numeracy in the first grade assumes no prior
knowledge (even though some pupils may have learned to
read at home). Pupils thus start altogether from the same
point, whereas in England a wide range of attainment among
children at the beginning of key stage 1 is already apparent.
Nursery and Reception classes in England build on existing
levels of development and encourage differentiated
development, including the formal skills of reading and
writing. Thus disadvantage experienced by some children
prior to pre-schooling in England is perpetuated and
extended by their nursery and reception experience, rather
than being reduced, with the result that children begin
formal schooling from widely different starting-points.

There is also some evidence confirming that teaching in
mixed-ability classes prevents the ‘fanning out’ of
attainment that is a characteristic of pupils who are ‘set’
for the teaching of mathematics. The research study by the
NIESR (quoted earlier) also examined within-class variation
in pupil attainment and, examining the way this changed
over time, found that this declined in mixed-ability classes
compared with classes set by ability. Preventing the
widening of pupil attainment is crucial if whole-class
teaching is to remain a practical option in mixed-ability
classes; much of the emphasis placed on the need to
differentiate tasks fails to recognise that this will increase
the difficulty of teaching to the whole class at a later stage.

There are also systemic aspects in other countries that serve
to contain or restrict diversity within a classroom. In some
countries, there is greater flexibility of age of entry to
schooling; children whose development is relatively slow
may be encouraged – by their parents – to spend an extra
year in pre-schooling, so that they may cope better in formal
learning. In England we see the problem especially in
relation to summer-born boys – some of whom may well
not be ready to sit still for long periods of time – yet are
required to begin school strictly according to when their
birthday falls during a 12-month period. Children recently
arrived from other countries, without sufficient grasp of the
language used for teaching, might be encouraged to attend
language classes for a year, so that when they begin
schooling – with a cohort a year later – they will be
successful in mastering the curriculum.
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Some cantons in Switzerland encourage slower-developing
children to attend a special class which takes two years for the
first-grade curriculum, thus enabling more gaps in knowledge
and experience to be filled in and confidence to be built, so
that when they join the mainstream cohort they can continue
successfully. From these examples, we begin to appreciate that
in other countries there is greater concern that pupils achieve
successfully, and less concern with regard to their precise age.
There is a more relaxed attitude to speed of learning; this is
evident also in the way that virtually all countries adopt a later
date for starting formal schooling, while the government in
England appears to believe that the remedy for low academic
standards is to make children start formal learning at a younger
age.

In England the policy of integration means that there will be
slightly more pupils with moderate or severe learning
difficulties in mainstream classes than in comparable classes
in German-speaking Switzerland, Bavaria or Japan, thus
widening the range of attainment among pupils in England.
Yet the counterbalance is that in England children with
moderate or severe learning difficulties are likely to be
supported within the mainstream class by a teaching assistant,
whereas in other countries the expectation – and reality – is
that the class teacher is the sole adult in the classroom. In
England there is also a greater acceptance that diversity of
attainment will widen quickly – thus increasing the need for
differentiated tasks – whereas in many other countries there is
a greater emphasis on pupils keeping together with the
overwhelming majority of pupils achieving the expected
standard. Parents are well-informed about the standards their
children are expected to reach in a particular grade of schooling,
and it is also expected that parents will support the teachers –
and their offspring – in working towards this. Pupils will also
help and support one another in order that the whole class can
move forward together, accepting this as a class responsibility.

Clearly the different cultural expectations, in this respect, all
contribute to making teaching to the whole range of attainment
more manageable; yet it seems surprising that this culture of
expectation is not created more frequently in England. Pupils
who fall behind in their learning for a particular reason, such
as change of school, family disruption or extended absence,
will be helped to ‘catch up’ with the rest of the class. This
policy has also been successfully introduced into some schools
in LBBD as part of the IPM project; more than half the primary
schools there have been using specially designed ‘Catch Up’
materials. These materials reflect the philosophy that the key
to catching up in mathematics is careful and specific diagnosis
of the precise concept causing difficulty, which can then be
targeted with a programme on that particular point. Such
programmes are administered by teaching assistants, under the
guidance of class teachers or SENCOs, in short periods of time
(10 minutes is typical) in addition to the normal lesson time –
perhaps during registration. Thus the pupils do not miss out
on the regular whole-class mathematics teaching and remain
integrated with the rest of the class.

PRACTICAL ARRANGEMENTS
THAT HELP IN  THE MANAGEMENT
OF DIVERSITY

From classroom observation of successful whole-class teaching
in a number of countries, it seems that something as simple as
the arrangement of desks within the classroom can be an
important factor. Arranging pupils’ desks or tables in a
‘horseshoe’ improves the pupil/teacher and pupil/pupil
sightlines, thus encouraging participation and pupil response.ix

It also makes pupil demonstration and explanation to the whole
class much easier, and pupils can be expected to speak
sufficiently audibly and clearly for all the class to hear.
Classroom teachers in England may often be observed
repeating or elaborating on pupils’ contributions, thus
suggesting that only what the teacher says is important rather
than emphasising the value of pupil contributions. An OHP
placed so that pupils can use it for demonstrations to the whole
class will also help, since this means that the pupil (acting as
teacher) can maintain eye contact with the rest of the class
and develop self-confidence. In terms of arranging pupils, some
teachers have found that pair work is most effective when pairs
are deliberately mixed in terms of pupil attainment. Other
teachers have found that pupils’ concentration levels and
attention span is enhanced when the seating is alternately boy/
girl.

In a classroom using the IPM approach to whole-class teaching,
one expects to find:

● Children sitting at a horseshoe arrangement of
tables, with no distracting clutter on tables.

● An OHP and screen/whiteboard placed so that all
can see.

● All children involved in a single starter activity at
the beginning the lesson, often in the form of a game
revising recently covered topics.

Some cantons in Switzerland encourage slower-
developing children to attend a special class.
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● Strong emphasis on oral work, which typically
occupies at least half the lesson time.

● Carefully designed questioning by the teacher, at a
variety of levels and often targeted at individual pupils
to enable them to experience success.

● High expectations of pupil oracy – in terms of clarity,
audibility, correct use of vocabulary, and in full
sentences – which has important learning benefits in
all subjects and not just in mathematics, where it was
first introduced.

● Pupil demonstration at the OHP or whiteboard, taking
the lesson forward if possible.

● Sharing and discussion of alternative strategies, but
ensuring that all pupils can use a general strategy that
works in all situations.

● Use of carefully sequenced, detailed teachers’ manuals,
providing all transparencies and other resources.

● Each pupil having his/her work/textbook.

● Children supporting one another in their learning,
where the emphasis is on class unity not competition.

Many of these aspects of the IPM project are reflected in the
design of the NNS (which was much influenced by the IPM
project, then in its early stages); there are perhaps certain key
features that distinguish the IPM approach. These are:

◆ The lesson-by-lesson teaching plans that
provide the fine-grained  sequencing of topics.

◆ The emphasis in the teachers’ manuals on
developing teachers’ pedagogical content
knowledge and skills in interactive whole-class
teaching.

SUMMARY

Practitioners recognise that pupils often make more progress
if a whole-class teaching approach is used in learning
mathematics; pupils enjoy participating together and sharing
their ideas. Low attainment in mathematics can be reduced,
and pupils’ self-confidence in their mathematical capability
increased. Yet there is undoubtedly a proportion of classes
where the diversity of pupils’ prior attainments is so great as
to  place the teachers in a dilemma. The pragmatic response to
reduce the diversity through ‘setting’ into more homogeneous
groups/sets may make teaching more manageable but may not
be ultimately in the best interests of the pupils in terms of
their learning. It is likely to be damaging both to class
relationships and to that feeling among pupils of mutual social
support and confidence which is a prerequisite for successful
learning. If more help can be provided for teachers in the
development of the essential skills needed for successful
whole-class teaching, this may well be to the long-term benefit
not only of pupils’ mathematical learning, but also their ability
to understand and relate to the varied capabilities of others.

Notes

i Major British studies include the ORACLE research
project (1) and the work of Mortimore et al. (2). In the
United States, a review of a large number of studies by
Brophy and Good (3) reached similar conclusions on the
importance of whole-class interaction for progress in
learning.

ii ‘Streaming’ is defined as placing children into class-sized
groups according to their attainment for all subjects.

iii ‘Setting’ is defined as placing children into class-sized
groups according to their attainment for single subjects.

iv Teachers’ manuals and pupil work/textbooks developed
by the IPM project for use with pupils in Years 1–4 are
now published and more widely available for use in
schools. Information on this and on the materials for pupils
in Years 5 and 6 – scheduled for publication in 2003 –
may be found on the website: http://www.ipmaths.co.uk

v Full details of the statistical basis of the study and of the
data may be found in Whitburn (5).

vi The results for each year group of pupils on each test were
standardised to a mean of 100 and a standard deviation of
15.

vii Results were significant at the 1 per cent level.

viii Comments are based on observational visits to large
numbers of primary classes in German-speaking
Switzerland, Bavaria (the most successful of the Länder
in terms of mathematical standards) and Tokyo. Most of
the visits made to schools in Switzerland and Germany
were made together with inspectors, headteachers and class
teachers from England, who helped make more precise
the observations reported here regarding classroom
practice and standards achieved.

ix If there is pressure on space, a double horseshoe or ‘U’-
shape of tables can be used successfully. Some teachers
have experimented with placing slower-learning pupils in
the inner horseshoe, so that they can be easily given extra
help if necessary when other children start on the practice
and consolidation part of the lesson.
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Related weblinks

http://www.atm.org.uk/opinion/forsythe.html
The Association of Teachers of Mathematics (ATM) has an
Opinion section that includes an action research paper by Sue
Forsythe on Mental Strategies and Verdic Maths. Ms Forsythe
examines whether children can be taught particular mental
strategies as short cuts to calculating certain problems. Then,
having been taught the strategies, she looked at whether they
were adopted as part of the children’s tools for mental
calculation.

http://www.eevl.ac.uk/mathematics
MathGate is a collaboration between Information Services at
the University of Birmingham, Heriot-Watt University and the
Learning and Teaching Support Network. MathGate is a
searchable and browsable catalogue of Internet based resources
selected by subject specialists. The emphasis is on UK
resources. There is an education section that has reviewed links
to Internet sites dealing with mathematics education from
primary through to postgraduate.

http://www.nrich.maths.org.uk
NRICH (National Royal Institution Cambridge Homerton) is
a collaborative project between the Royal Institution, the
University of Cambridge and Homerton College. The
project aims to establish a permanent national centre for
curriculum enrichment to provide mathematical learning

support for very able children of all ages. The NRICH site
is an online Maths Club with puzzles and problems aimed
at very able children. There is a section with ideas, news
and advice for adults enjoying maths at home with their
children. The site also contains details of courses and
conferences for teachers.

http://www.ex.ac.uk/cimt
CIMT (Centre for Innovation in Mathematics Teaching) is a
focus for research and curriculum development in mathematics
teaching and learning, with the aim of unifying and enhancing
mathematical progress in schools and colleges. The CIMT
website provides a range of resources and information for
teachers. The Mathematics Enhancement Programme has a
wide range of teaching material for Years 1 to 11 aimed at
enhancing and encouraging whole class interactive teaching.
The Resources sections have worksheets that can be
downloaded free of charge. There is also a puzzles, pastimes
and competitions section.

http://www.mathsnet.net
MathsNet is an independent educational website hosted by
Granada Learning. MathsNet has sections on learning, puzzles,
calculators and software.  Users can subscribe to a free email
newsletter that provides an occasional update on mathematics
resources.
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