Good Teaching in Mathematics

Effective teaching needs, above all, to give pupils confidence.

Mathematics is centrally concerned with logical thinking and problem-solving and the

processes of reasoning have to be made more explicit than in almost any other subject.

This means that teachers need to give clear, staged exposition as they demonstrate

mathematics work to the class, since they are modelling mathematical thinking. They also

have to display very advanced skills of questioning, as they lay bare the thinking of pupils, to detect and correct errors and discuss the range and elegance of possible solutions.

Mathematics is also a subject with a clear hierarchy of skills and ideas, with the next stage often dependent on mastery of the stage before. Thus sequence and progression dominate the planning of the curriculum and of individual lessons. However, as pupils in any class will vary widely in the speed with which concepts and skills are mastered, planning also needs to respond flexibly to the needs of individuals.

Planning in better lessons includes the dividing up of time and,

although teachers are flexible and respond to problems encountered by their pupils, a clear overall structure remains. The time management of lessons is essential if a final session to check that the learning objectives have been met is not to be curtailed and unproductive. In some of the lessons, teachers even planned constructive use of the time taken for registration.

Registration time was used efficiently to reinforce mathematical vocabulary. Without repetitions,

pupils answered the roll call by giving a mathematical word starting with the first letter of one of

their names. The teacher occasionally asked a pupil to spell a difficult word or explain its

meaning.

Mental work can be a good way of settling a class as well as encouraging pupils to think mathematically from the start.

The teacher of one Year 7 class was annoyed by the slow way in which pupils arrived from a

previous lesson. He asked quick-fire questions around the class to check recall of multiples of

twelve, and of 2.5 for the higher attaining pupils, before moving on to the main part of the lesson,

to convert feet and inches to centimetres. 

Where the expectation of the teacher is high and the learning objectives for the lesson are

made clear to the pupils from the beginning, a final ten minutes or so at the end of the lesson informally assessing the extent to which pupils have actually acquired new skills or knowledge is time well spent. In some good lessons the pupils themselves are asked to explain their techniques or methods as the work through the answers to problems. Not only is the individual understanding revealed but also others can check and hence develop their own mathematical understanding.

Often a direct input from the teacher is vital to the quality of the lesson. Effective teaching then depends on the quality of the questioning adopted. The teacher anticipates the difficulties of the pupils and attempts to highlight potential sources of error. Questioning at appropriate points thus enables the teacher to build the lesson upon the secure knowledge of pupils and to check their levels of understanding as work progresses. The teacher values and listens to the responses from all pupils. Where pupils are expected to explain methods or processes in their own words, the teacher is able to refine the language used and to check that others have followed the reasoning. Where several methods are suggested the pupils are able to learn from one another and the teacher is enabled to explore the more efficient processes with the class.

Much of the teaching and learning in a second set in Year 9 was formally based on the textbook, with

exposition and practice. A lesson about reflections, leading to graphical development, started with

clear exposition by the teacher. The attention of all pupils was held – they clearly appreciated the

teacher’s subject knowledge. As the lesson progressed, questioning was used to develop the

mathematical content. The questioning was challenging, and demanded justification and explanation

from the pupils, so that their understanding was probed. In the written work that followed, the pupils

demonstrated clearly that they had learned how to draw a reflected shape using the distance from a

mirror line, and in the process had revised their knowledge of linear equations and their graphs.

Good questioning which requires oral explanations as well as accurate answers also gives

opportunities for pupils to surprise their teacher.

In a very lively interactive session several pupils in a Year 7 class explained sensible methods for

calculating 28 x 25 mentally, including those based upon:

· 20x25 + 8x25,

· 7x(4x25),

· 252 + 75.

The teacher praised each effort. At a later stage a question required the product 18x25 to be

calculated. “Easy”, said one girl. “The last mental question used 28x25=700, so we just subtract

10x25.” The pupils in this class not only were accurate with their number work, but also had the

confidence to attempt different methods. To the delight of their teacher, the highest attaining

pupils were drawing on and transferring their previous knowledge in order to solve each new

problem more efficiently.

Many successful departments believe that a good way to develop pupils’ logic and

reasoning, as well as giving them the opportunity to develop problem-solving through

several stages of working, is to take an investigative approach to some of the work. This can be time-consuming, but if initial questioning is well focused, then pupils can be steered towards deriving firm conclusions, and the process itself can be refined as pupils make progress through the school.

A middle attaining Year 8 class was attempting to find a relationship between the height, width

and number of unit squares used in making similar T-shapes. Initially, pairs of pupils made shapes

of different sizes from plastic linking cubes. Errors of perception were corrected communally

when pupils attempted to tabulate some of their results on the board. Pupils were encouraged to

explain the reason for any difficulty and this soon exposed the need to work in rank order. The

teacher deliberately controlled this early practical work so that a modelling process was

demonstrated. All pupils learned an investigative process through discussion at each of the

stages of initial exploration, tabulation, ordering numerically, and generalisation. They were

eventually able to make generalised statements about the sequence of shapes, and the higher

attaining pupils translated these statements into algebra.

In this school, expectations and standards were high. In all years, pupils were given many

opportunities to conduct investigations for themselves, and some of their coursework for

examinations was outstanding. Homework was very well used to reinforce the concepts

learned in class and to extend the application of such concepts to new problems. The

teaching of how to investigate, as illustrated above, was a necessary preliminary stage.

In older year groups pupils were able to generalise algebraically from numerical and

geometrical sequences, and used graphical calculators to describe families of curves.

Good teaching of practical work provides a concrete model to enable pupils to develop

their thinking, and follows this up with individual support.

The teacher had carefully prepared duplicated grid sheets on which small groups of pupils in Year

8 could record their results. Each pupil selected a number in a “horse race”, which was generated

by adding the scores when two dice were thrown. They shaded in a bar graph for 100 throws and

completed a “place table” after each 10 throws. The teacher set deadlines for completion of the

practical work and a good pace was maintained. As pupils completed the task they were asked to

write an explanation of the results by considering possible combinations of the scores on the

dice. The teacher then moved round and discussed the results with each group and their analysis

of the patterns. Many pupils gradually became aware of the significance of selecting the number 7

because of its multiplicity of combinations, and in a final plenary session the underlying

probabilities were discussed.

A major concern of many teachers is how to challenge appropriately classes which contain pupils with a wide range of attainment. Routine numerical work is more easily pitched at the right level, but it is difficult to enable all pupils to solve problems within their capability.

The two examples below show how teachers had planned activities at different levels.

In one lesson with a Year 7 class, the teacher spent ten minutes checking multiplication facts

under timed conditions using number squares. The lower attainers worked with 1 to 10; middle

attainers had 3 to 12, and higher attainers 3 to 14. Based on the teacher’s knowledge of prior

performance, each pupil had a personal target to aim for in both time and accuracy. The activity

was timed so that those completing their assignment were informed of the stopwatch reading.

The answers were quickly checked so that the pupils could work out their personal targets for a

future lesson.

In another Year 7 lesson, pupils practised plotting co-ordinates on a grid extended to include all

four quadrants. Initial oral work enabled the teacher to emphasise the ordering of negative

numbers before pupils conducted individual activities to connect points to identify famous

landmarks. The activities were pitched at three levels to enable middle and higher attainers to

extend the work to decimal co-ordinates and reflections in the axes. One very advanced pupil

drew a shape of her own invention, thus satisfying higher level criteria. The pupils were organised

in groups according to their attainment and this enabled the teacher more easily to monitor the

progress of all pupils and the classroom assistant to check the understanding of the slower

learners.

In such circumstances, all pupils are able to make progress in mathematics, and to be

confident in their success at different levels of attainment.

Page 1 of 3

Good Teaching in Mathematics


