
Creativity in Mathematics Lessons

The Science of Pure Mathematics, in its modern developments, 

may claim to be the most original creation of the human mind.
    Albert North Whitehead

0. Methodology

After a discussion around the proposed QCA framework, five teachers looked for evidence of creativity in mathematics from lessons which they taught, observed, or were told about by their colleagues. The framework provided was taken not as a collection of questions, but as a vocabulary for probing beneath the surface of the very general and multiply interpretable term creativity. The teachers also responded to a QCA questionnaire regarding the features associated with creative moments, ways of recognising creative thinking by children, and factors which inhibit or support such thinking. Their observations were discussed as a group. Themes and issues were extracted from the discussion, leading to some descriptions of kinds of creativity which are desirable in mathematics lessons, conjectures concerning creativity in mathematics lessons which need empirical validation, and recommendations. 

A survey of literature on mathematical creativity is presented in the Appendix, which includes a list of references for the main text of the report and the Appendix.

1. CREATIVITY In THE MATHEMATICS CLASSROOM

1.1 Creativity

We chose not to try to define creativity to start with. After our initial discussion we made some conjectures (see section 1.2) which turned out to cover all the examples which were subsequently submitted. We then concluded that:

· in the context of classrooms, the term creative (and hence creativity) is best used in relation to mathematics to describe a moment in which some or all of the following features are present

· a pupil brings something unexpected and fresh to the situation (task, discussion);

· that freshness is freshness for the pupil (not something habitual or previously learned in a similar context);

· there is an increase in excitement, perhaps some exuberance or increased concentration or intensity of activity, which may be taken up by the rest of the class;

· the contribution furthers the mathematics or the mathematics-related aspect of the lesson.

· Creativity is not a property of an object or an artefact, nor of a task, nor of a person. It is a quality of a response to a stimulus or situation.

Creativity involves something original for the person in a context. Originality is localised, because it is unlikely at school that original mathematics would be discovered, though unsolved research questions might easily arise.

We considered that creativity is best used to describe a moment (“a creative moment”, “a creative idea”) because creativity is the bringing into a situation some unexpected element from outside the immediate context. Similarly it is more helpful to speak of a teacher creating conditions in which pupils can express themselves (creatively) than to think in terms of teachers planning for creative lessons, creative tasks, or tasks which will enable children to be creative. Creative moments can happen at any time to anyone. What is vital is that teachers recognise, celebrate
, and draw upon creative moments. The group  noted a danger in being tempted into identifying ‘creative children’, which labels the children rather than their behaviour

Types of creativity 

We identified two types of creative moments in classrooms:

· a moment of insight in which a connection is made which is new and novel for that pupil;

· a moment in which a suggestion or idea goes beyond implicit or explicit boundaries, yet captures sufficient imagination that the idea is followed up or developed;

but there must be some contribution to the development of the mathematical ideas involved as well.  

In what follows, the term creative moment refers to a sudden moment of insight in which an idea arises which is novel or unexpected, at least for that person. Novelty includes changing or modifying a task, suggesting a way of approaching a task or interpreting a task in a novel but fruitful way, doing more than is asked in a mathematically relevant way. For example, an idea for what to do next in a challenging problem after a period of being stuck, a way to tackle an open ended task, a way to present results or express something, a connection between previously disparate ideas, or an articulation of a conjectured generalisation of particular cases.

Ranges of creativity

Based on the observations made by the teachers in their classrooms (and in their colleagues’ classrooms), we found that creativity could be found at different places on a local-global  spectrum. 

Local to the person (Person–New): a child suddenly has a personal moment of insight which is personally novel and original  (i.e. not repeating something someone else has said or done recently) but which others may have come to for themselves.

Local to the class (Class–New): a child suddenly has an insight which is novel to other pupils in the class, perhaps articulating what they had not quite articulated for themselves, and this infects others to want to take up the idea and pursue it, check it, develop it.

Local to the class and teacher (Class-&-Teacher–New): a child suddenly has an insight which is novel to the teacher as well as to the class.

Local to the class, the teacher, and the National Curriculum & Framework For Teaching Mathematics (Curriculum–New): a child suddenly has an insight which is novel to the class, to the teacher, and is not simply something in national curriculum documents overlooked or forgotten by the teacher. This also includes new ways to present ideas to the class.  

1.2 Observation in school

The five teachers involved in this study set about looking for evidence of creative thinking in their own classes, and invited colleagues to do the same, with rather varying results. In at least one school, some staff ‘ran the other way’ as soon as creativity was mentioned. In another, some who were very keen failed to find what they expected to find, whereas others who were more sceptical at first, provided some examples.

The findings are summarised below.  

1.3 Examples of evidence of creative thinking by pupils

The observations made by the teachers have been grouped under headings, though by stressing other features, other characteristics could be emphasised. These headings are intended to indicate the scope and range of creative moments which came to our attention in the study.

 Creative use of known facts
F. (Yr 8) is visually impaired.  He can give the day of the week for a specified date with considerable speed, using a very good memory of dates/days of events such as birthdays (of other boys boarding with him), using reasoning about the effect of changes in the day of the week in leap and non-leap years.

S. (Yr 8) is visually impaired. He gives very quick responses to mental arithmetic questions such as “What is 101 – 25?” to which he responded in 2 seconds “76”. Asked how he did it, he said “101 – 1 = 100, that leaves 24 to take off. I took away 20 to get 80, then took away 4 to get 76.” 

B. (Yr 8) is visually impaired. In his mainstream school he formed poor relationships with other pupils so he joined his present school. He has considerable difficulty with literacy, but his numeracy and general mathematics skills are quite good.  He has good reasoning skills. He was doing a task involving displaying 5/8ths of the balls on a Schubi Abacus. B: “1/8 is half of 1/4”. He coloured in 1/4 of the board  (which is 25 balls). He then halved 25 colouring 12 and 1/2 balls to give 1/8. B: “I know that 1/2 equals 4/8.” He coloured in half the board, then a further 12 and 1/2. “That’s 5/8” he said proudly.

A teacher working with three children who had severe learning difficulties wanted to stimulate them to become aware of the 'threeness' of three. They wore a tag for a day with the number three on it, they had 3 sausages for lunch, they looked at 3 books, they did many things which involved three, and the teacher brought their attention to these throughout the day. At the end of the day the children seemed to have a sense of 'threeness'.

We considered this to be creative teaching, but there was no specific evidence of creative response by the children, even though it would have been a major insight for them to construct a sense of three.

 Fresh approach

Yr 8 Task: if on a number line, 5 is midway between two numbers, what might those numbers be? The class was stuck on adding and dividing by two to get 5, when a pupil suggested adding and subtracting the same amount to 5. There was a sequence of ‘breaking through barriers’ (not just whole integers, not just integers, not just fractions) in locating and expressing the general structure of  5 – ? , 5, 5 + ? .The class took up the idea with enthusiasm and commitment.

Moments of expansion or extension of ideas tend to lead to more of the same.

Yr 9 Task: some people sit round a circle. Starting from one person and counting clockwise (say), every other person leaves the group, and this continues until only one person is left. Where should someone sit in order to be the last person to leave if they know the number of people and the starting person? One group chose to use objects to move and validate results as a whole so that everyone could experience and check all the cases, not simply rely on the paper calculations of others.  One group revealed unexpected confusion between 2n and n2 which led to fruitful discussion (since the intention was to introduce powers of two in a context). 

Is there creativity in the use of objects? It depends whether it was a creative moment for some or all, or whether it is routine practice to use apparatus.

Yr 7 Task: sharing methods for ‘doing tables’. One girl discovers that since the 4 times table is double the 2 times table, the 8 times table is double the 4 times table.

 Yr 8 Task: is 35 = 53? One pupil recognised that the first would end in a 3 but the second would end in a 5. 
When one pupil has some insight it can infect others in a way which it is difficult for a teacher to effect.

Task: to construct a 4 by 4 magic square. All but one pupil started putting numbers in an array, but finding that this did not work, tried to erase and replace numbers; one pupil constructed a 4 by 4 board with numbers on cards, thereby allowing him to try things out and to change them easily.  

This was a creative response to a situation. We considered this to be on the boundary of being a mathematically creative moment, for although the apparatus did make it easier to try things, it did not trigger him into further insight into the structural constraints inherent in the problem.

Task: the digits 1 2 3 4 5 6 7 8 9 are placed in order and operation signs (including or excluding brackets) are to be inserted, with the aim of making 100.

The moment of selecting a particular insertion, particularly the first one, is a minor creative moment, however quickly and easily it may happen. That first move into the unknown requires a degree of confidence and risk taking, and is analogous to selecting what to depict or to design. Adjusting an attempted solution when it does not work also requires a creative moment, whereas mindless trials of different arrangements is not creative. Choosing not to insert an operation between two digits (treat them as a two-digit number) is a creative moment for the person who initiates it. Switching from using only addition to using multiplication as well may be insightful for some but unexceptional for others.

 Extending and generalising

Yr 5/6 Task: Spidergram for 108[image: image1.wmf]12 = 9. Pupils extended the links to unexpected complexity   

Yr 9 Task: using 24 square tiles, make as many rectangles as you can. Pupils extended to hollow rectangles! (The teacher was able to make use of the serendipity by asking for the largest possible such rectangle and thereby creating a new problem). 

This could be seen as an example of children’s creativity, or of weakness in the design or posing of the original task. Eliminating ambiguity is not only impossible, but on the whole undesirable if creative moments are valued.

Yr 9 Task: find centre of circle (the class was shown how to draw two chords and their right bisectors). One girl suggested bisecting the chord formed by the right bisector of the first chord as it would be a diameter.

Yr 9 Task: find the formula for a sequence with constant second difference. One pupil found an alternative method.  

Given the stimulus to extend and vary, children took the tasks in unexpected and creative directions. The teacher was able to relate what was done to the original aim of the lesson.

Yr 6  Task: explain strategy for knowing a multiplication table. One boy comes up with the idea that ‘4 times a number plus five times that number is 9 times that number’. Other children picked up the idea and the teacher let them check out wilder and wilder examples. Excitement passed to the class from the moment of ‘getting one over on the teacher’, that is, coming up with something he did not know/recognise.

We did not consider that the other pupils checking lots of specific cases described creative moments, though there may have been some if the pupils had seen through the particular cases to achieve insight into why the generality is true.

 Foresight

Yr 7Task: drawing hexagons inscribed in circles: a boy looked ahead and worked out a quick way to draw them all using concentric circles.  

Yr 8Task: create repeating pattern. Some pupils started centrally and worked their way out, thereby experiencing central symmetry.  

Artistic creativity often seems to arise when a preliminary version proves unsatisfactory, and another approach is sought.

Recognising for oneself that planning ahead can be useful is creative for the individual in that moment.

 Perseverance

Task: extending the graph of length against width of a rectangle with fixed area. 

One pupil kept with her idea despite others moving off task, driven by curiosity, achieved insight into infinity as displayed in certain graphs.

 Unstructured tasks

Yr 5/6 Task: how many ml of paint (to nearest 5ml) are needed to paint a no-parking sign? The boy’s solution involved scaling the letters to a suitable size and finding their area.  The boy was given no structure; he was asked to work out the steps in what he would have to do first.. 

Yr 6 Task: if the tree in the playground were a giant, how big would his feet be? (The teacher expected pupils to use a clinometer, and had cued them to it, but one group came up with using proportion applied to a shadow.)

Yr 9  Task: finding approximations to areas of three circles, without any suggestions as to how to go about it.  (the teacher expected pupils to count squares in underlying grid, but one boy cut the circle into sectors and fit them inside squares of side length the radius. He hid what he was doing from others and from the teacher, even scrunched up his first version; he whispered discontentedly when others explained their methods, complaining that they were not as good as his; finally he did a fresh version and then showed it to the teacher.)  

The sign-painting pupil was highly stimulated, to the extent of no longer wishing to do ‘regular work’! A group tackling the giant’s feet made a connection to scaling and proportion, and so worked out a method using shadows. A connection was made between finding areas and cutting up in order to rearrange the pieces in a more convenient shape. All of these involved a moment of creativity for the individual pupil and perhaps lesser moments for others who picked up on the idea.

 Pupil created problems

Pupils were to write a series of questions which contained redundant information but which they could do themselves. The redundancy was to be connected to the necessary information to make the required thinking ‘harder’.

Yr 3 One boy came up with the idea of first posing a question and then inserting redundant information, in contrast to the other children’s method of writing down facts and then posing a question. He expressed the desire to make his “the hardest”. 

Taking charge and doing what the teacher normally does is both a challenge and an opportunity to exhibit creativity.

 Mental images

Yr 9 Task: to imagine silhouettes made of composite shapes, and to imagine a pile of boards with someone leaning against it so that they all slipped slightly to form a parallelogram.

The point was made that mental imagery is one of the principal powers whereby creative energy produces creative moments. Working explicitly on and with mental imagery can contribute to children having creative moments, by exploiting their power to form mental images, and then to express those in some form such as in art, literature, drama, music, sport, and mathematics).

 Presentation

Yr 9 Task: fence against a wall from fixed length of fencing. Pupil included ‘letters’ to and from a farmer in Brazil posing the problem, with variations, and drawings of farm sites with rivers and trees etc 

Some mathematical tasks provide opportunities to exercise wider imagination. It is important not to lose sight of the mathematics!

2. CREATIVITY AND MATHEMATICS

2.1 What contribution does mathematics make to the promotion of pupils’ creativity?

At the introductory meeting of the group of five teachers engaged in this study, it was unanimously agreed that, despite public impression to the contrary, mathematical thinking is a domain in which creativity is both usual and important.  Mathematics is not a closed algorithmic mechanical collection of skills, but a way of approaching the world, posing questions and seeking resolutions to those problems.   

We saw creative as a term used in describing a response to a situation, not as a quality possessed by a person or by what they produce. Thus the teachers in the study would be looking for evidence of creative thinking. We ruled out a strong interpretation of creativity as ‘original amongst all human beings’ as being unrealistic at the best of times, even in the most inspiring mathematics lessons. We agreed that actually defining creativity in mathematics was very difficult in the classroom context, and that it was tempting to try to identify manifestations of creativity in children’s behaviour and productions, but that creativity is actually more aptly used to describe moments of insight or inspiration.

We conjectured that we would see children demonstrating their creativity in a number of ways within the mathematics classroom during whole-class discussion, small group work, or during individual work. For example,

· children coming up with a range of different ways of approaching or doing something, or making novel connections between apparently disparate ideas, suggesting opportunities for individual and collective creative thinking;

· children offering ways of approaching a task or problem which are unusual or a surprise to the teacher;

· children engaging in a ‘conjecturing atmosphere’ in which ideas are put forward with the intention of modifying them on hearing other people’s responses;

· children presenting their findings in novel ways (note that mathematical creativity lies in the mathematical features of the way they choose to present their ideas and findings, not the in prettiness of the display or the virtuosity of their use of technology).

We conjectured that core indicators of creativity for us would be:

· something said or done which surprises the teacher because it contrasts with expectation (thus creativity is relative to people, time, place, and conditions; this is also the heart of an inherent tension for teachers to be discussed later);

· selecting an action to perform in the face of a novel (for the pupil) situation or problem (just as the artist selects a subject, a potter a kind of pot)

· seeing through the surface to the essence of a situation (thus insight is a form of creativity);

· taking initiative and doing something in an idiosyncratic manner which is never-the-less mathematically sound.  

This may be where mathematical creativity differs from creativity in other domains. In learning and doing mathematics in schools, creativity is more appropriately associated with creative moments of insight than with products. 

In the event, our conjectures were borne out in the experiences of the group. Further research is needed to see if our experiences are replicated in other schools by other teachers, or whether there are further dimensions not recognised in this study.

2.2 Observations
Observation one

Many teachers are frightened or put off by the terms creative and creativity, possibly because they lack confidence in either subject matter or pedagogical techniques, or both.  Some who expected to find creativity in their pupils did not (possibly because they were looking for something too global, too impressive), while others who were sceptical, surprised themselves by succeeding. The terms creative and creativity carry considerable baggage which may be unhelpful in an educational context.

Observation two

The issue about creativity is not so much to ‘find it’ by looking for impressive work, but rather to sensitise oneself to notice when a pupil has had such a creative moment. Having recognised such a moment, teachers can capitalise upon it both through acknowledgement and through development. For example, acknowledgement can be made in some way with and to the child, bearing in mind that:

· in some circumstances, drawing other pupils’ attention to a moment of insight might alienate the child who does not want to stick out from peers;

· in some circumstances, drawing attention to an insight local to the class or more inspires the class to take up a new way of thinking and acting;

· in an appropriate classroom ethos, naming a technique or result after the child whose idea it is, is acceptable and useful;

· in an appropriate school ethos, nominating a child for mention on the (weekly) Heroes and Heroines Board (displayed in the school corridors).

Development can take the form of:

· altering the task to the new version chosen or posed by the new idea;

· getting children to check whether a conjectured fact is indeed always true or a technique always works.

Observation three

In all of the examples we were offered, there was at least a desire to contribute, to participate fully in the classroom activity. There seemed to be a background desire to excel, sometimes with a suggestion of friendly competition.  Pupils were genuinely surprised and delighted to produce something novel for the teacher. Indeed, some teachers are excellent at subordinating their thoughts of sophisticated knowledge so that they can be (or at least appear to be) surprised and delighted at what the pupils produce. Some pupils seemed driven by a desire to come up with something new for them, others by a desire to be more sophisticated or cleverer than everyone else. More research is needed to clarify the various forms of classroom ethos which inspire children, and how these can be fostered and supported. It is clear that a reciprocated trusting relationship is vital.

Observation four

If it is accepted that creative moments arise when something extra to the situation or context enters for some person or some group, then since the medium for having ideas come to mind is mental imagery (including mental pictures, sounds, sensations, actions, and/or a generalised ‘sense-of’), it would be useful to draw upon and stimulate children’s mental imagery whenever possible. This does not mean ‘training' in or for creativity, but it does mean calling upon children to exercise and thereby strengthen their control over their mental imagery.

Observation five

Although it did not come up explicitly in our study, there are links between creative moments and the spiritual dimension of mathematics, through the exercise of mental imagery and through the sense of wonder when an idea suddenly arises, when a connection is suddenly recognised, when a penny drops. The wonder may be partly due to the nature of the insight, and partly to the fact of the insight. This is another reason for celebrating insight, not always in a big splashy manner, but through quiet and subtle acknowledgement. (see Fisher 1998.)

Much of school mathematics can be seen as the formalisation of insights arising from creative moments for past mathematicians. Life can be breathed into the formality by re-connecting with the surprise, the flash of insight or meaning which generations of mathematicians have experienced since. But formalising creativity itself through explicit teaching is a contradiction in terms and likely to lead to yet further automatic behaviour rather than to more creative moments. Of much more importance is sensitising oneself to recognise creative moments, and to have established ways of working which make it standard practice to draw upon and develop those creative moments, through checking the insight for validity, connecting to the topic in hand.

3. SIGNIFICANT FACTORS WHICH ENABLE OR CONSTRAIN CREATIVITY IN MATHEMATICS LESSONS

3.1 Releasing creativity

A subtle blend of relaxation and pressure seems to be vital to creativity.  If there is no pressure, no desire, no intention, then there is unlikely to be creative action (“Do some mathematics” is unlikely to produce much).  If there is too much pressure and no relaxation, no opportunity to let ideals mull in the back of the mind, then again you are likely only to get routine thinking in reaction to a stimulus.  If there are no constraints, then there is nothing to struggle against; if there are too many constraints and too narrow an endpoint, then convergent thinking rather than divergent thinking will be the result. Creativity requires a supportive environment with the freedom and space to think for oneself, to try out ideas, to take risks. (See also Craft 2000 , references at end of Appendix))

Creative moments require an ethos which fosters and supports desire to excel, to succeed, to understand, to express oneself, to communicate to others. Many if not most of the examples in this study which involved boys, also involved competition in some way. In creating a question with redundant information, the boy expressed a desire to “make his the hardest” (Pupil Created Problems §1.3).  A boy set a highly open and unstructured task (§1.3) expressed a desire to “show he could do it”.  The boy who came up with a new method for generating multiplication tables (§1.3) was excited because his idea was new to the teacher (‘he got one over on the teacher’), and the class seemed to respond to this. The teacher of the boy who did the unstructured paint task had asked for him not to be in her class as she was intimidated by his brightness. The boy who recognised that powers of 5 end in 5 while powers of 3 do not, found a short-cut, a way to ‘use less effort’ and so ‘get around the teacher’s intentions’ (Fresh Approach §1.3). So too the boy drawing concentric hexagons (§1.3).

By contrast, many, if not most, of the examples involving girls, also involved co-operation in a group (§1.3) or contribution to the group, rather than individualism.

This suggests distinguishing between nurturing behaviour and spiky-competitive behaviour on the part of a teacher for supporting creative moments for the children. There may be some gender differences in the competitiveness, or at least in how competitiveness is manifested, in how criticism is given and taken, and how attention is sought. “Boys like to talk, not record” seems to resonate with the teachers in our group. Girls are seen as wanting to please, to do the right thing, arrive at an understanding, whereas boys are seen as wanting to be appreciated by their peers and wanting to reach answers. Thus gender differences and social-psychology play an important part in understanding the ebb and flow of creative energies. 

We considered whether it requires a ‘creative teacher’ to create an atmosphere in which creative moments happen for children. Exam pressure and curriculum pacing are certainly issues, but so is a personal confidence that a balance between releasing pupil creativity and rehearsing technique might be the most efficient way to achieve exam success. As with children, it is not the person who is creative, but rather the person who recognises opportunities and takes the risk to act as a result. It is the moment which is creative not the person.

Sometimes one insight can lead to a ‘tidal wave’ of extension and development which, while not strictly creative for each pupil, generates enthusiasm and involvement which can develop into deeper understanding even if there is no specific creative moment. (e.g. Fresh Approach §1.3)

3.2 Tensions

There are some endemic tensions.

Creative for whom?

A teacher refers to something a child says or does as creative when it goes beyond what the teacher expected of that child at that time. But this depends upon the teacher’s expectation, and on the teacher recognising that as such for that child. But what is creative for the child may not be seen by the teacher as creative (e.g. if it happened last year, or with one or more other children currently, or it is expected to happen at some point), and what seems creative to the teacher may be habitual or ordinary for the child. Thus recognising creative moments is non-trivial, and in our interpretation, depends on attunement of the teacher to the individual children.

Knowing & not-knowing
Teachers who frequently are seen not to know how to approach mathematics problems, or who need to cover their insecurity by sticking closely to the text and shielding themselves with aggressiveness towards the children are not in a position to foster and support the kind of atmosphere in which creative moments flourish and are celebrated. A teacher who knows too much and who overwhelms children with that expertise is likewise not in a position to identify and develop children’s creative moments. There is a delicate balance between being honest and open about not knowing, and having the confidence (and experience of the processes of mathematical thinking) to build on insights which emerge. Teachers are under increasing pressure from children who come to school with an extract pulled from the web, asking the teacher to explain it to them!
When pupils respond unexpectedly, a teacher has to deal with that response. If it is unusual or surprising, the teacher needs to be confident in her/his own mathematical thinking and-or in her/his pedagogic strategies in order to be able to follow and support the pupil in developing that line of thinking. If the teacher believes that that line of thinking is unlikely to be fruitful, or if the teacher lacks the confidence to be able to understand the idea or its ramifications, then strategies for acknowledging it but avoiding following it up are required.

Assessment is in tension with creativity

Assessment is always in tension with creativity.  It is safer to offer assessors what they seem to want than it is to do something original. Thus to be creative within an assessment-driven system is to take considerable risk. There is evidence that some children who think deeply about tasks they are set on tests and examinations, score less well than other children who do not think deeply, because the thinkers detect ambiguity and then choose an interpretation   not intended by the assessor. (Cooper 1997, Cooper & Dunne 1998). Encouraging children to write down their thinking, including any assumptions they are aware of making, could be of benefit to both children and markers, but it is the unconscious assumptions which often get in the way of answering the question as conceived by the setter.

People who score well on tests at school are not necessarily creative in later life, and people who are creative in later life do not always score well on tests at school.

The group was very dubious about the possibility of assessing creativity, since what seems most important is recognising, celebrating, and developing creative moments.

Skills and creativity

Creativity can only be exercised with the skills and tools with which you are familiar. The more tools with which you are confident, the more creative you can be. Yet a creative response is often spawned when there are limited tools or resources available.

In the absence of constraint, selecting what to do (and the constraints under which to work) is itself creative, such as formulating your own problem to work on. 

Having pupils with a propensity to ‘go their own way’ can be seen both as an obstacle to efficient progress and as a resource on which to call for creative moments for the whole class. 

Pace & space

Space (physical, time, psychological, social) is needed to allow insights to come to the surface, but pace must be maintained over-all. What is vital is that pace varies, so that there is time for trying out ideas that may not lead anywhere and time for reflection, as well as intensive work.

3.3 Factors which support creative moments

From our experience and from the examples we gathered, we felt that these are best supported by a mixture of:

· a conjecturing atmosphere in which what is said or presented is said in order to clarify and modify as necessary on the basis of thoughtfully considered responses and suggestions;

· an atmosphere in which ideas are taken up and considered, not automatically rejected out of hand;

· open-ended tasks, or tasks in which pupils are expected to generalise, extend, or vary in some way;

· a way of working which permits exploration, investigation, as well as following up on ideas whether immediately, at a later date, or for homework;

· an atmosphere in which pupils and teacher listen considerately to each other;

· a teacher who has confidence to deal with the unexpected and with ideas beyond the syllabus either through subject knowledge, knowing where to find something out, or pedagogic devices (e.g. getting pupils to explore and explain to the class, getting pupils to use the internet to find out for themselves and report back) or both;

· a teacher who is willing to take risks, and shows how to cope with choices which do not work out as well as those that do;

· being in the presence of someone who has creative moments and who is expressive, but who is neither a threat nor a challenge;

· teachers sufficiently interested in mathematics to work on ideas or problems or ways of presenting and ‘seeing’ mathematics themselves;

· an ethos in schools which values and celebrates risk taking amongst children and teachers as they try out ideas, modify them, and discover dead-ends as well as achieve insights.

3.4 Factors which inhibit creative moments

From our experience and from the examples we gathered, we felt that factors which inhibit the arising and recognition of creative moments include:

· excessive constraint, or insufficient constraint;

· isolating exploration, investigation and following ideas to specific lessons, times, or periods;

· unremitting uniform pace without time for people to try things out (both the teacher and the children);

· demanding that pupils master more material than is possible in the time;

· overly pressured environment in which everyone is expected to excel all the time for fear of falling behind or failing;

· classrooms in which teachers never make choices in which the outcome of some action is uncertain or risky;

· failing to trust and respect the children as learners capable of much more than we imagine;

· an ethos in which children do not want to stick out from their peers;

· an ethos in which children seek attention in order to amuse their friends and to be popular with their peers;

· a teacher who lacks confidence in her/his subject knowledge and-or in his/her pedagogic-subject knowledge;

· Fear on the part of teachers that inspectors, governors, and even parents prefer adherence to narrowly described lesson plans and lesson formats, with no recognition of the possibility or desirability of risk-taking in order to support the occurrence of creative moments and to develop mathematical ideas from what the children suggest or initiate when they are recognised.

3.5 Lessons for teaching

The following suggestions were made by several of the participating teachers in response to the QCA questionnaire:

Teacher confidence

Teachers need to develop the confidence to accept, work with, and integrate what children come up with even if the they are not themselves expert or if they do not fully comprehend what the pupil is offering. 

Asking children how they reached a good answer, praising the method, and admitting when they had not themselves thought of that approach, is likely to build children’s self esteem, confidence, and hence involvement.  

Pace & space

Constant pressure to get answers and then to move on to the next topic works against developing an atmosphere in which creativity can thrive.  Pace needs to be varied, from the very leisurely to the quick-fire. 

Peer pressure

In establishing an atmosphere that supports creativity teachers and children may have to work against peer pressure not to stick out as being different. Social interactions can be very complicated, as illustrated by the boy who cut the circle into segments. He hid what he was doing from others and from the teacher, even scrunching up his first version; he whispered discontentedly when others explained their methods, complaining that they were not as good as his; finally he did a fresh version then showed it to the teacher.

Expectations

Children quickly work out what is expected from them, and often they work to that. Having expectations which are too high may produce frustration, but having expectations which are too low may seriously blunt a child’s development, both in mathematical accomplishments and in self-image. Suggestion: always offer challenges beyond what you expect most children will be able to meet.

Primary school priorities are currently for maximising the number of children reaching level 4. It takes a brave teacher to act on the belief that fostering creative moments will actually enhance children’s chances of doing well in standardised tests.

Experience

The first time children are given an open ended task in a new class or in a new school, or are given the opportunity to create problems or to create their own approach to tackling a problem, many are likely to respond with “I don’t know how to do this”. As Craft (2000) points out in her analysis of the general literature, one can identify certain characteristics of ‘creative people’ who take opportunities and act in novel ways, though these qualities apply more  to the moment than to the person.  But there are many self-constructed and peer-constructed inhibitions operating in a classroom. If pupils are given a multitude of possibilities over a period of time, many more of them are likely to begin to experience creative moments than do at the beginning. Furthermore, people who turn out to be creative in later life are not always brimming with creativity at school, and vice versa.

Serendipity and intention

When something happens spontaneously, there is often an energetic response from children which is taken up by others. But planning a lesson for a specific insight is unlikely to be successful. Creative moments have an element of something coming from outside of the situation and are extremely difficult, if not impossible, to engineer. What can be planned are ways to respond to ideas that do arise. It is not ‘the task’ which releases creativity, but a combination of task, atmosphere, and relationship with the children. For example, in choosing to use the elimination game (Fresh Approach ,1.3) the teacher expected that it would lead to powers of two, yet in the event it did not. The fact that at one table the pupils chose a different method of organising the work so that they all participated in checking each calculation (through the use of physical objects to manipulate) changed the outcome of the lesson for them in a positive and relevant manner. When confusion arose over notation, the teacher was in a position to choose to follow that line rather than to stick rigidly to her plan.

Evidence for creative moments

When there is a sudden burst of enthusiasm (“Look at this!”), exaggerated movement (e.g. difficulty in sitting still), voice tones slightly raised, voice volume louder, then there may have been a moment of apparent insight.  But not all loud or exaggerated behaviour signals potential insight or a creative moment. And not all moments of sudden apparent clarity or connection stand up to validation. Teachers cannot plan for creativity, but they can plan to work in ways which enhance the possibility of creative moments occurring.

4. THE IMPACT OF THE NATIONAL CURRICULUM, THE NATIONAL NUMERACY STRATEGY AND OFSTED ON THE PROMOTION OF PUPILS’ CREATIVITY IN MATHEMATICS  

National curriculum

· The opening paragraph of the Statutory Order  for Mathematics includes the statement:

Mathematics is a creative discipline. It can stimulate moments of pleasure and wonder when a pupil solves a problem for the first time, discovers a more elegant solution to that problem, or suddenly sees hidden connections.

· Throughout the curriculum there are references to transforming mathematical expressions generalising, conjecturing, hypothesisng and using known mathematics to solve unfamiliar and open-ended problems and to make connections. 

· The curriculum thus actively promotes aspects of creativity as discussed in this report.  However, teachers should be aware of the permanent tension that exists between assessment and creativity as discussed in section 3.2

· The group noted that while mathematical exploration and investigation certainly call for creative thinking, the desire to assess pupils can lead to a narrow interpretation in which pupils are pushed through a sequence of steps to produce work in a particular format which matches the assessment criteria used to define levels of achievement. This contrasts with the original purpose of investigational work in the 60s and 70s, as domains which enabled children to experience ‘doing mathematics’, and which had developed into a way of working with children in which standard topics were encountered and taught ‘investigatively’, but the opinion was expressed that pressures of imposed teaching styles and testing was driving this kind of work out of the classroom. 

The National Numeracy Strategy

· The National Numeracy Strategy demands a brisk pace in order that all children meet all of the prescribed topics of the national curriculum. Yet in order that a majority of children actually make sense of and understand what they are being taught, and especially if one aim of education is to release and channel children’s creativity in educationally useful ways, then space must be provided, in the form of a suitable environment, time for exploration and development of ideas, and resources on which to draw (material and technological).

· The Strategy has an important role to play in promoting good practice. The National Numeracy Strategy places great emphasis on children discovering and communicating quick ways of doing mental and other calculations as one way to engage children with the structure of the number system to support them in gaining facility and confidence with the operations of arithmetic. Thus what is a creative moment for one may already be familiar to others. What matters is the strength of the moment for the individual in their setting. The pedagogic issue seems to be how to create an atmosphere which supports children in making and communicating such constructions, how to create opportunities for this to happen, how to respond when it does happen so as to encourage without being condescending or over-enthusiastic, and how to extend this practice into other aspects of mathematics apart from numeracy.

· The NNS could support aspects of teacher professional development.

The group found the process of discussion, observation, sharing and discussing very positive and enlightening. We therefore recommend that professional development be undertaken in which groups of teachers undertake a similar three-phase process:

· teachers are offered focusing questions and anecdotes (like those included here) in order to stimulate discussion of issues connected (in this instance) with creative moments, together with a version of the QCA framework we were given;

· the framework is offered as guidance not a pro forma, a stimulus to a range of possibilities not a checklist of behaviours;

· teachers are invited to make observations in their own and other’s classrooms as appropriate;

· teachers are then invited to share and discuss what they notice.

· This cycle of discuss-observe-discuss, which involves discussing and sharing descriptions of incidents and observations, will be most effective if it is integrated into the ongoing professional development of teachers within schools, at all levels. Heads and heads of departments should be encouraged and enabled to undertake this sort of activity with their staff on a range of subjects including mathematical thinking.
 Ofsted

The group would like Ofsted to ensure that inspectors are competent to recognise mathematical potential in ideas which arise spontaneously in lessons, and that they value the risk taken when a teacher chooses to follow up some idea rather than stick to a prepared lesson plan. Lessons should not be ‘inspected for creativity’ in addition to everything else, as this could interfere with risk taking by teachers.

5. MORE RESEARCH 

While creativity is much discussed and always has been, stimulating and recognising creative moments is not so well researched. More research is needed to gauge the relative significance of the following factors, among others, in order that teachers, heads, and those engaged in professional development can make the best use of resources.

Elements of and factors supporting creative moments: further work is needed to confirm whether the elements identified here are the most significant, and whether other teachers recognise what we are pointing to through our examples.

Teacher expectation: e.g. when a teacher decides that ‘my children cannot do that’, they probably will not:  how strong an influence is this, and how can teachers be further supported in challenging all children appropriately?

Children’s self-image: e.g. a child who thinks they cannot, probably will not: how strong a factor is this in guiding children’s  behaviour in class?

Social expectations of peers: how strong a factor is this and how can the whole peer group be stimulated into a positive rather than a negative view of school in general and mathematics in particular?

Insecurity, lack of self-confidence of children: what makes some children robust and others highly sensitive to negative feedback?

Insecurity, lack of self-confidence of teachers: what is the best mix of subject experience, subject knowledge, and pedagogic subject knowledge to support teachers in building their own confidence to recognise and develop creative moments?

Being in  the presence of a person who has creative moments and expresses themselves so easily and well to the extent that they put off others who assume they could not attain such levels: what makes an expert turn from being inspiring to novices, to being off-putting?

6. Recommendations

The teachers in the group were anxious to make the following recommendations:

To the Secretary of State, Policy Makers, Ofsted, LEAs, Heads, and Teachers

1 Acknowledge that excellent teaching includes taking risks, celebrating creative moments, and valuing the taking of opportunities to divert from plans in order to develop children’s ideas or to try fresh approaches.

2 Use terms such as fostering insight or having ideas, open-ended or challenging, perhaps even recognising, celebrating, and building on creative moments, in order to inspire and attract teachers to work with their children in ways which will release creative energies, in preference to using terms like creativity or creative.  These latter are heavily loaded terms which many teachers either reject or dismiss as unattainable. We want idea-full classrooms: classrooms in which important ideas are worked on, in which ideas are welcomed, valued, and when appropriate, followed.

To Secretary of State, Policy Makers, QCA

3 Institute a programme of professional development for departments and schools which provides space (time and place) for teachers to discuss recognising and developing creative moments which fostering insight, in which all teachers are encouraged and supported in going through a process like the one we went through in which they discuss, make observations, and discuss again, with the topic being considered periodically thereafter; discussions could be guided by commissioned materials which do not attempt to define creativity or creative moments, nor to be prescriptive about how to recognise and develop them.

To Governors

4 Aim for a balance of teachers in your school between those who have the expertise to foster and sustain creative moments, and teachers who competently follow National guidelines and advice.  Every parent wants every child to experience at least once in school, a teacher who releases creativity in others.  To demand that all teachers do this is unrealistic. To expect that teachers work towards this as their career develops is reasonable.

7. Participants

Sui Charman, Coteford Junior School, London, (special resourced provision on site) 7-11.

Mark Pepper, Linden Lodge School, Wandsworth, Special School for the Blind and Visually Impaired,  5-17.

Jim Keene, Nunnery Wood High School, Worcester, 11-16.

David Moorfoot, Bewley Junior School, Stockton on Tees, 7-11

Linda Thorp, Lytchett Minster School, Dorset, comprehensive 11-18.

John Mason, Centre for Mathematics Education, Mathematics & Computing Faculty, Open University.

Appendix

A brief survey of some literature relevant to mathematical creativity

The literature surveyed adopts the traditional view of seeing creativity as an aspect of quality of a person or of a product, rather than of a moment. Nevertheless there are some useful observations on which to build.

Open-ended questions

Haylock (1987) found that when children are offered opportunities to respond creatively to open-ended questions, they can do so. This contrasts with the experience of many teachers who have suddenly tried to use open-ended questions and found their students struggling: this is likely to happen whenever the familiar format is disrupted. The more fully children are enculturated into questions of any specific type, whether closed and routine or open and novel, the better they are at responding to them. It takes time for them to become accustomed to a new style. Thus a principal virtue in emphasising creativity in education through allowing room for teachers and pupils to take initiative and to be thoughtful and creative, is to break out of stereotyped patterns of behaviour, whether by learners or by teachers.

Seeking attributes of creativity

Mary Susan Smith, Neelam Kher, and Lorna Gifford (1998, 1999) considered creativity in terms of Torrance's (1977) definitions: a process of sensing problems or gaps in information, forming ideas or hypotheses, testing and modifying these hypotheses, and communicating the results. Seeing creativity as a ‘process’ may lead to any one of many kinds of products: verbal and non-verbal, concrete and abstract. (p. 6). This definition is fully compatible with what many mathematics teachers would consider to be mathematical thinking, but also matches Miller’s (1990) definition of high achievement in mathematics: "Mathematical talent refers to an unusually high ability to understand mathematical ideas and to reason mathematically, rather than just a high ability to do arithmetic computations or get top grades in mathematics" (p. 2). Characteristics and behaviours for mathematical talent identified by Miller include: awareness and intense concentration, readiness to think about numerical information, quickness in learning and assimilating ideas, ability to think abstractly and flexibly, and the ability to transfer learning to new mathematical problems.  

In their study, Smith, Kher & Gifford found that the high creativity group had significantly higher math scores on sub-tests focusing on the abilities to: discover abstract relations in symbolic relations (cognition of symbolic relations); recall a group of numbers and letters (memory of symbolic units); remember symbols and their implications (memory of symbolic implications); estimate appropriate aspects of a symbolic system (evaluation of symbolic systems); and problem solving with symbolic systems (convergent production of symbolic systems). Much of this parallels Krutetskii’s studies of high ability (Krutetskii 1976).

No significant differences were found by Smith et al. on the sub-tests focusing on the ability to: perceive spatial patterns and maintain orientation (cognition of figural systems); understand symbolic systems (cognition of symbolic systems): understand transformed objects visually (cognition of figural transformation); remember numerals/letters in sequence (memory of symbolic systems); judge applicability of class properties of symbolic information (evaluation of symbolic classes); and substitute and derive symbols as expected (convergent production of symbolic systems). These four sub-tests require convergent thinking on the part of the pupils resulting in only one correct answer. 

They interpret these results as showing that performance on some specific mathematics tasks are enhanced by the ability to think creatively, but this assumes that ‘creativity’ is an ability possessed by some children and not others. They conclude that creativity enhancement classes would be of benefit. However, care must be taken in ascribing cause-and-effect. As many intervention programmes have found, such as the Low Achievement in Mathematics Project and the Raising Achievement in Mathematics Project - at University College, Chichester - anything which is advantageous to some pupils is likely to be advantageous to all. Designing general creativity lessons may be rather less effective than stimulating creative thinking in all lessons some of the time. 

In Dewulf & Baillie (1999) numerous strategies are presented which are intended to foster and develop creativity in terms of structures which permit or encourage people to try out new ideas. Our experience, together with anecdotal evidence from places such as Singapore which have a big push on creative thinking, suggests that for schools the important thing is to encourage children to participate fully and imaginatively in every lesson, and this will only happen if encouragement and support is present in every lesson, not just during the occasional lesson in creative thinking. Hence our emphasis on creative moments.

Fostering academic creativity in gifted students is a popular topic, especially in the USA and in Singapore, but also in the UK, though results are not as startling as one might expect or wish. (See website ref. Fostering Academic Creativity). See also Rowland (1983) Chapters 2, 3, 6) where specific examples similar to those in our report are described more fully than we have room to do here. 

This research is typically academic in being oriented toward taxonomy of children through their behaviour (seeking the creative child), and to programme specification (enhancing the creativity of the creative child) rather than to supporting teachers in recognising creative moments and developing the skills to build upon those moments, integrating them into the topic in hand where possible. Our proposals are that emphasis should be placed on developing sensitivity to creative moments and their development.

Asking questions is more fruitful than specifying behaviours

Stevan Harnad (see web ref.) in Creativity: Method or Magic? points out that creativity has been used to refer to traits, to a state, and to a process. He asks “What is "creativity"? Is it a stable cognitive trait that some people have and others do not? Is it an occasional state that people sometimes enter into? Or is it defined completely by its products: "creativity is as creativity does"? Whatever it is, how does creativity come about? How do you do it? Are there rules? Will practice help make you creative?”

Mogens Niss (1993) writes about assessing assessment in mathematics education and its effects. In so doing, he pays particular attention to the need for, and possibilities of, assessing a much wider range of abilities than before, including understanding, problem solving and posing, as well as modelling and creativity.

Creativity in mathematics

In 1999, there was an international conference held in Muenster under the title of Creativity and Mathematics Education (see web reference), and a report was presented at ICME 9 in Japan in 2000. Most presentations were about creating opportunities for pupils to respond creatively to tasks set by teachers.  

To see what pupils can do in response to the challenge to mount a website about mathematical thinking, go to the Singapore website (see web ref.) where Singapore pupils demonstrate many of the attributes listed by researchers.

The Ontario Ministry of Education (1997 website ref.) included in their curriculum statement: “Good pupils have learned that attention and a willingness to work hard will enable them to develop the skills, knowledge, creativity, and personal qualities that good programs can foster. Some young people face extra challenges and may be growing up in environments that provide little or no support. For these students, taking responsibility for learning may be more difficult, and the patience and encouragement of sensitive teachers may be an extremely important factor for success. Nonetheless, learning to take responsibility for one's progress and learning is an important part of education for every student.” 

Some Pertinent Quotations

There is a well known cliché attributed variously to George Bernard Shaw and many others, that 

“Genius is 1% inspiration and 99% perspiration”.

Perhaps one explanation for resistance to creativity as a specific topic or even of an attribute of learning is this quotation from the famous and influential mathematician Henri Poincaré: 

"The mind uses its faculty for creativity only when experience forces it to do so.'' (J.H. Poincaré, La Science et l'Hypothèse).

Jean Piaget (epistemologist and child psychologist) saw generation of creative expression as fundamental to education:

 “The principle goal of education is to create men who are capable of doing new things, not simply of repeating what other generations have done - men who are creative, inventive and discoverers.”

The noted mathematician and expositor Christopher Zeeman contrasts skill and creativity: 

“Technical skill is mastery of complexity while creativity is mastery of simplicity.” (Catastrophe Theory, 1977).

Mathematics can be justified in the curriculum for its usefulness, but it is also justified by the fact that it is a creation of the creative impulse of human beings. If children do not experience this in school, they miss out on one of the manifestations of culture.

“We believe that school Mathematics will be put on a sound footing only when teachers agree that it should be taught as Art and Music and Physical science should be taught, because it is one of the main lines which the creative spirit of man has followed in its development.” (Ministry of Education 1958; p.17)

What mathematicians usually respond to as 'mathematical creativity' is captured by the American mathematician and expositor Paul Halmos:

“The criterion for quality is beauty, intricacy, neatness, elegance, satisfaction, appropriateness – all subjective, but all somehow mysteriously shared by all [disciplines].” (Paul Halmos 1968, reprinted 1983, p389)

Conditions are never right of course, but conditions which are supportive of risk taking are essential in order that a majority of teachers feel able to respond to creative moments creatively themselves:

“I don’t think teachers are uncreative - but the creativity is being crushed out of them by the grinding cogs of bureaucracy and filing” (Carmel Fitzsimons, Guardian education Jan 9 2001 p2)

Similarly, pupils respond to their perception of the conditions in which they find themselves, and the expectations of the institution, as was brilliantly shown in the famous  ‘Pygmalion in the classroom’ study by Rosenthal and Jacobson (1968).  This has been expressed more emotively recently as

“if school looks like a prison and feels like a prison then the pupils will start acting as though they are in prison.” (Gary Younge Guardian Education Jan 9 2001 p4).

Mental imagery plays a significant part in the creative act:

Creation is the activity of the artist possessed by the vision of perfection. (Evelyn Underhill 1875-1941) 

Finally, for promoting creative responses to challenges, there is the advice of the American, General George S. Patton: 

“Never tell people how to do things. Tell them what to do, and they will surprise you with their ingenuity”.
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�  It was pointed out that celebration is an important feature of both classroom and whole school activity, but that it must be done with sensitivity and probity: too little demoralises, too much defaces the currency. 


� This Appendix was written and compiled by Professor John Mason of the Open University.
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