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ABSTRACT: 

This paper presents the findings of a study exploring the self regulated use of mathematical metalanguage in the Early Years. Young children were filmed on two occasions in the naturalistic context of their eight Foundation Stage settings, including both nursery and reception classes. The children were engaged in mathematical activities designed by practitioners to facilitate self regulated learning. ‘Events’, or vignettes of conversation were identified and the verbal interactions recorded in these were analysed for indications of metacognitive thinking. Findings were that the young children did indeed show evidence, through their talk, of emergent metacognitive processes, indicating both metacognitive knowledge and strategic awareness in relation to their mathematical tasks
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INTRODUCTION

Current documentation relevant to the Foundation Stage of education in the UK places emphasis on the notion of young children becoming ‘independent learners’ (DfEE/QCA 2000). Studies, however, suggest that practitioners working in nursery and primary schools have a mixed perception of just what ‘independent learning’ may be about (Hendy and Whitebread 2000). The model of the concept adopted by this study is one of ‘self regulation’, in which children gain an awareness of themselves as learners, developing the ability to understand, control and monitor their learning experiences through processes of metacognition. 

The curriculum area providing a context for the study is that of mathematics. The pedagogical approaches promoted by the National Numeracy Strategy in the UK require practitioners to encourage children to discuss their mathematical ideas, describe experiences and articulate strategies (DfEE, 1999a). Such activities require even young children to have an awareness of their own learning processes and be able to verbalise them. In other words they must use mathematical metalanguage to represent their metacognition (Vygotsky, 1986). This study aimed to explore the extent to which such expectations of young children are reasonable, by establishing the kinds of self-regulated mathematical metalanguage which young children are capable of using.

In order to address this question, a number of events in Foundation Stage settings were examined, in which practitioners provided mathematical contexts designed to promote opportunities for relevant self regulated learning. Within these contexts, utterances made by children were analysed for indications of emergent metacognitive processes.

CONTEXT

In placing the study within a theoretical context, it is firstly necessary to consider definitions and categories of metacognition, before going on to discuss the development of self regulation in young children. The discussion then addresses the desirability for children to support the development of their own self regulated metacognitive thinking through a process of articulation. Finally these issues are considered within the particular context of the Foundation Stage. 

Vygotsky and Self Regulation 

Vygotsky’s notion of the zone of proximal development embodied the idea that at any point in time, and in relation to any piece of learning, a child has a level of actual achievement, which is what the child can do currently on his or her own, and a level of potential achievement, which is what the child can do given some support from an adult or more experienced peer (Vygotsky.1978). All learning for Vygotsky, therefore, starts socially but is characterized as a process of internalization, whereby the procedures for successful completion of a task are initially modeled and articulated by a more experienced ‘other’. Children then gradually becomes able to talk themselves through the task, finally becoming able to fully self-regulate using internal speech or abstract thought.

Models of Metacognition

An important element of this process of self regulation is the developing awareness in learners of their own thinking and knowledge. Flavell (19976) coined the term ‘metacognition’ to apply to the complex range of processes which contribute to this development. Metacognition can be considered as a knowledge, awareness and control of cognitive processes, or intriguingly, a use of cognitive processes to contemplate cognitive processes, including the ability to identify errors and to monitor thinking.  (Matlin 1998: Galton et al 1999: Galton 2003). 

Flavell (1976) described a framework for the analysis and monitoring of metacognition in children, describing three components or dimensions. The first of these relates to personal knowledge; knowledge of oneself as a learner, involving for example an awareness of personal strengths, weaknesses, likes and dislikes concerned with learning activities (and increasingly those of others) and an ability to set personal targets for achievement. 

Flavell’s second dimension is task oriented and relates to the learner’s knowledge, understandings and evaluations of goals and activities. This aspect of metacognition is evidenced as children describe activities and evaluate or compare levels of difficulty. Flavell’s third metacognitive component relates to strategic control, as learners identify problems to be solved, and plan and evaluate strategies of solution. One strategy which children may choose to use is that of asking for help, which clearly links to the personal knowledge that others may be more able or knowledgeable than themselves. 

The notion of metacognition can thus be viewed as one of children ‘learning how to learn’ as they make increasingly secure connections between success, effort and the deployment of effective strategies. There is an identified connection between developing metacognitive abilities and effective thinking and learning (Flavell, 1979; Forrest-Pressley et al, 1985; Schunk & Zimmerman,1994). 

The complex interplay between motivation, social and emotional factors and metacognitive knowledge in influencing performance and structuring memory, is also recognised (Whitebread 2000). Martha Bronson, working in the United States of America, puts forward a progressive model of developing self regulation in childhood, focusing on emotional, pro-social, cognitive and motivational aspects and demonstrating how such factors are inextricably linked with knowledge in the holistic notion of metacognitive experience. (Bronson2000). 
Metacognition in the Early Years

Bronson concludes that children aged 3 – 6 years are increasingly capable of voluntary internal self-regulation, but this recognition of the metacognitive capabilities of young children is a relatively recent acknowledgement (Bronson2000). Flavell argued that metacognition in young children is extremely limited, and that they only rarely monitor their memory, problem solving or decision making (Flavell, 1979). In later work exploring aspects of memory, however, he found that even children as young as three or four years of age could show an awareness of the relative ease of two tasks, and that personal factors such as tiredness could affect how easily new material can be learned (Hayes et al 1987, Flavell et al 1995). 

Although research thus indicates that very young children are capable of self regulation in their learning, there is evidence that this is not widely recognised or acted upon in Foundation Stage settings, despite references within statutory documentation. The Curriculum Guidance for the Foundation Stage in the UK explicitly states that practitioners should ‘value, support and encourage independent learning’. The desirability of promoting ‘independent learning’ in young children, is also widely acknowledged as an aim of early years education, an interest evidenced by recent publications such as that of Featherstone & Bayley (2001) and by the enthusiasm for approaches such as that of Reggio Emilia and High/Scope, both of which hold children’s autonomy and ownership of learning as central tenets. But there seems little evidence of consensus amongst practitioners involved in Early Years education about a definition of ‘independent learning’ (Galton 1999, Hendy and Whitebread 2000).

This context, suggestive of uncertainty and missed opportunity, indicates that there is scope for a wider consideration of the means by which practitioners can recognise, promote and support the development of independent, or self regulated learning within their pedagogical practice.

The value of articulating Metacognitive Processes

The term ‘metalanguage’ is used to describe the way in which children express their metacognitive thinking. In some instances this involves the use of context-specific language. Robin Alexander (1992) contended that such self-regulated verbal utterances not only offer evidence of, but indeed support cognitive development; a premise central to this study. 

As children represent their developing thinking in various forms, including words, drawings, actions or the use of symbols in mathematics there is a process of manipulation and sorting of knowledge which supports the development of cognition (Whitebread 2000). Within the context of mathematics this notion is the foundation of one of the most striking features of current pedagogical practice in primary schools, encouraged by the National Numeracy Strategy. This is the emphasis on teaching children to draw upon, and to verbalise a taught range of strategies for numerical problem solving (Askew et al 1997: Anghileri 2000:Aubrey 2001: DfEE 1999). In talking about mathematical ideas, children learn to choose appropriate words for different situations and to understand the refinements of context specific language.This type of learning is referred to as metalinguistic awareness, and is frequently evident within the context of mathematical metalanguage as children offer one term and immediately self correct with utterances which are manifestations of the cognitive process: ‘ You take it away……oh no, I mean subtract it’  (Garton and Pratt 1989). 

The Use of Metalanguage in Foundation Stage Children

A number of studies have explored approaches to encouraging the articulation of  metacognitive processes in young children, but these have tended to be placed in generic, cross-curricular context  (Brooker 1996, Perry et al 2002, Siraj-Blatchford et al 2002). One study confined to the single curriculum area of literacy found that as children explained the metacognitive strategies which they had used in problem-solving and decision-making processes, answers became ‘more thoughtful and therefore meaningful’ as (Lauffer 1998). 

One of the starting points for this study was that the supposition that the findings of studies should be readily transferable to the specific domain of mathematics. It seems that it is not over-ambitious to work on the premise that even very young children can become capable not only of developing a metacognitive awareness of their own thinking processes, but can begin to represent this awareness in verbal form through articulation.
METHODOLOGY

The Research Sample

The studies of Lauffer (1998) and Brooker(1996) which studied the promotion of  early metacognitive processes were both founded on observations of children in their naturalistic reception class settings, unlike earlier studies which were carried out under experimental ‘laboratory’ conditions (Flavell 1979). In contrast, the situation of studies within naturalistic ‘in situ’ settings in which children recognise and then engage in opportunities for self regulated learning, captures children’s actions in real contexts and real time. In this sense it may be argued that such setting are the only valid way to identify young children’s metacognitive behaviour as links between features of the teaching-learning environment and self regulated learning is evidenced. (Perry et al, 2000, and Perry and VandeKamp, 2000).

The study involved collaboration with four practitioners working in two nursery and two reception class settings within the Cambridgeshire Local Education Authority. The investigations took place during one academic year, with data collection occurring during the autumn and spring terms.

The purposive sample was selected to encompass the age range of children within the foundation stage with four practitioners who had expressed an interest in furthering their own professional development through participation in the programme. The numbers of children within these settings are listed in Table 1.

Table 1: Numbers of children in the participant foundation stage settings 
	Nursery Settings
	
	Reception Classes

	
	Number of children a.m.
	Number of children p.m.
	
	
	Number of children

	Nursery A
	22
	19
	
	Reception Class A
	25

	Nursery B
	26
	26
	
	Reception Class B
	24

	
	Total 93 children
	
	
	Total 49 children


Planning activities to encourage mathematical talk

In each of the two terms of the project, each of the four practitioners devised a pedagogical innovation. These innovations were planned to encourage the independent use of language, with a particular focus on mathematical contexts, and included: 

· The use of role play areas: 

· Teaching and role play with puppets,
· Collaborative construction activities 
· Peer tutoring activities.

Video recording and the identification of ‘events’.

The researcher visited each setting on one occasion each term filming children engaging with the practitioner’s innovation. The researcher and practitioner together agreed the focus of the filming, which lasted from between thirty minutes to an hour depending on individual circumstances. The practitioner viewed the video at leisure, having been asked,  for the purposes of discussion, to select just two or three episodes or ‘events’ which they considered to be significant, illustrating examples of children’s self regulated talk about their mathematical experiences. 

These extracts of the video were then viewed together with the researcher. The discussion taking the form of a ‘Reflective Dialogue’, a research tool developed by Moyles et al (2003.) Practitioners articulated their reasons for selecting each sequence and the aspects of the video which had contributed to their pedagogical understandings or knowledge of individual children. The full conversation was recorded on audio tape.

It was evident to both researcher and practitioner partner, however, that the footage of children talking about mathematics on each video tape was not restricted to those moments selected by the practitioners for discussion, and it was decided at an early stage to identify additional events for later analysis. Although these additional events were not the subject of discussion with practitioners, in every other respect they were subject to identical subsequent analysis.

ANALYSIS

Developing a Typology of Children’s Metacognitive Language

In developing an analysis tool for children’s metacognitive utterances relating to their mathematical activities, experiences and ideas, the starting point taken was Flavell’s typology of metacognition, with modifications suggested by Bronson (2000) and Whitebread (2004). The particular needs of a mathematical context were considered in the light of issues identified by writers such as Brissenden (1998). Anning and Edwards (1999), Lampert and Blunk (1998) and Pound (1999).  Such considerations considered, for example, the ways in which children might transfer knowledge and experience from one linguistic or mathematical context to another, or might show evidence of monitoring their mathematical cognition.

The model of metacognition adopted by the study is shown in Fig 1. 
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Fig 1 : Based on models of Flavell (1977 and Whitebread (2004)

This model was expanded into a typology of children’s mathematical metalanguage which was used to support the coding and subsequent analysis of children’s talk in the identified events. This typology, together with some examples of children’s utterances to illustrate each coding, is shown in Table 2. 

	Table 2: Original version of typology used to categorise children’s mathematical metalanguage



	ASPECTS OF METACOGNITION
	EXAMPLE OF EVIDENTIAL TALK

	Meta-

cognitive knowledge
	Person variable
	Self : Emotions/ Likes/dislikes
	I like making patterns. 

	
	
	Self: Reference to own strengths and weaknesses
	I am good at counting.

	
	
	Self: Sets own targets
	I am going to fill all this page with numbers.

	
	
	Reference to others
	You’re good at this.

	
	
	
	

	
	Goals and tasks
	Understanding
	Where shall I put this block?

	
	
	Describing task contents
	And we have to build all the lego.

	
	
	Rating / Describing difficulties and problems
	This is hard isn’t it?

	
	
	Comparing
	My snail is longer than yours.

	
	
	
	

	Strategic control
	Planning
	
	We could make a cake for everyone.

	
	Predicting
	
	I’m going to finish soon.

	
	Solving problems
	
	This shape could be the door.

	
	Evaluating results
	
	That’s a good circle. 

	
	Articulating explanations
	
	I made a long sausage like this. 

	
	Applies existing knowledge to new problems
	Applies existing mathematical knowledge to new problems
	That’s the same number as my birthday.

	
	
	Use of familiar grammatical constructs to manipulate new vocabulary
	I taked it away.

	
	
	Application of familiar mathematical language conventions to new contexts
	There are too much hexagons.

	
	
	Development of personal coding language to identify or categorise
	Find all the triangles  (triangular prisms)

	
	Drawing conclusions and generalisations
	
	They’re all flat.

	
	Monitoring
	Monitoring: self corrects
	There are five – no  - six!

	
	
	Monitoring: self commentates
	Now. Roll the dice. How many spots? (to self)

	
	
	Monitoring: Rates effort
	We’re working very hard aren’t we?

	
	
	Monitoring Seeks Help
	Can you count them with me? 

	
	
	
	

	Motivation
	Expresses enjoyment in task
	
	This is fun isn’t it!

	
	Takes pride in effort /a accomplishment
	
	That’s great.

	
	Moves towards the goal of the task
	
	Now it’s your turn

	
	Can control attention and resist distraction
	
	Not now I am busy!

	
	Persists in face of difficulties
	
	No. it’s OK I can do this!

	
	Attributes success to time and effort dedicated
	
	We’re going to build a very big house. It’s going to take us a very long time. 

	
	Attributes success or failure to strategy used
	
	I used my fingers to help.

	
	Self encourages
	
	We’re going to build a very big one aren’t we? 

	
	Encourages others
	
	Yes! You’re right! 


FINDINGS AND DISCUSSION

An overview of the analysed events

From the eight videotapes a total of 52 separate events were identified. Of these approximately half had been selected by the practitioner at the reflective dialogue meeting, and the remainder were identified at a later stage by the researcher. This information is summarised in Table 3.

Table 3: Sources of identification of events analysed in the study.

	
	Selected by practitioner for discussion at reflective dialogue
	Subsequently identified by researcher

	Number of events
	27
	25

	Total number of events:   52


A total of 664 utterances offering evidence of metacognitive processes were observed in the analysed events. Fig. 2 presents an overview of the numbers of utterances observed as evidence of the three main categories of metacognition. 


The apparently high total number of utterances evidential of metacognitive is at least in part a reflection of the context of the study. The research question sought to examine the types of mathematical metalanguage which young children were capable of using independently. Practitioners had designed activities to promote mathematical talk and the events selected for analysis were those which offered rich examples. Each of the three categories of metacognitive talk will now be briefly discussed. 
Talk indicative of metacognitive knowledge

The total number of utterances observed in which children showed evidence of  metacognitive knowledge was 247.  Fig 3 shows how these were divided between those evident of metacognitive knowledge of persons (128) and of goals and tasks (119). 


1. Children showing an awareness of themselves and others as learners
The most frequently observed comments from children which related to personal metacognitive knowledge were those which related to their own capabilities in a non-qualitative ‘can, or can’t do’ manner, At an early stage in the analysis an addition was made to the typology to distinguish just such statements from a more qualitative rating of strengths and weaknesses suggested by Bronson (2000). Statements such as ‘I am not very good at counting’ or ‘I am great at adding up.’, or even a demonstration of awareness of progress ‘I am getting better at numbers’ were heard only very infrequently in the study (5 utterances) and the young children observed seemed much more inclined to make bald categorical statements about abilities or inabilities: “ I can count’ or ‘ I can’t do that’ (56 utterances). This awareness of personal capabilities was also reflected in a higher number of observations of children articulating the setting or personal targets (total 37).

In some instances an awareness of capability was demonstrated through delightful sequences of children ‘showing off’, a process evidential of a real awareness of, and enjoyment in developing personal skills. Sometimes this desire to demonstrate skills revealed previously hidden mathematical talents to educators. For example, Lily and two of her friends had been involved in a group activity, in which they were involved in teaching a puppet to count along a short line of numbers from zero to ten. When the activity finished they were inspired to carry on counting together, demonstrating a knowledge of some very large numbers. After the three girls counted together (with some help) up to a hundred, Lily was ready to take the counting further:

Lily:  I know what’s after a million.

Adult:  What’s after a million?

Lily:  A million and one 

Adult:   Well done   

Lily: A million and two, a million and three, a million and four, a million and five, a million and six, a million and seven, a million and eight, a million and nine……………………( pause)

Adult: What comes after nine?

Lily: A million and ten, a million and eleven, a million and twelve, a million and thirteen, a million and fourteen, a million and fifteen……… a million and thirteen, a million and fourteen………….. (pause)

Adult:  I’m lost. A million and fifteen, a million and…

Lily joins in: A million and sixteen, a million and eighteen, a million and nineteen, a million and twenty.

Adult: You’re very clever at this, but we have to stop now for assembly.


Fig 4; Lily and friend count along the number line

During the Reflective Dialogue the practitioner concerned selected this episode for discussion. She commented: 

‘There were three girls who stayed on …….. they were inspired because they did not stop counting for the rest of the day. And they kept wanting to show off to me……… The thing that surprised me was Lily. It was the actual knowledge of numbers. I mean when she started talking about millions. She started going ‘a million and one, a million and two, million and three’, just started counting like that.’

An interesting form of evidence of self awareness of capabilities, which provided another addition to the typology, was observed as children expressed tentativeness, often through inflection or expression. 

Maisie, counting backwards, looked at her teacher as she counted hesitantly back through the ‘teen’ numbers. As she hit an uncertainty her inflection rose, transforming her count into a pseudo-question. She looked towards the teacher sitting by her: ’Fifteen, fourteen………. thirteen?’. Maisie was not asking for help, but merely seeking confirmation that despite her small insecurity she had correctly identified the next step in her number sequence: perhaps an awareness of weakness but arguably an emergent confidence grounded in a knowledge of growing ability; an important indication of early monitoring of Maisie’s own knowledge. This can be construed as tentativeness rather than hesitancy; a venture into less certain territory and as such an indication of that highly desirable mathematical attitude of being willing, with minimal support, to ‘have a go’. 

2. Children talking about their knowledge of goals and tasks

The most common type of metacognitive knowledge of mathematical goals and tasks evidenced through language was that of description (total 70). Children were observed to talk about the mathematical task in which they were engaged, describing it to adults or peers. This was particularly evident in collaborative tasks. Sara and Ruby, for example, using wooden blocks to build a house for a large toy dog Paws, constantly chatted to each other, describing the progress of the task:

Sara: We’re not making some furniture are we? No. We’re just making the walls aren’t we?

Ruby: We’re just making the bricks of the house…… making a shape with just……. No …with no rooms inside the house.

This task description supports the collaborative nature of the activity. The two girls are almost engaging in an on-going checking process, ensuring that they are working to the same goals within the task. Implicit in this interaction is an awareness that without communication and agreement the children may take different approaches to the task, detracting from a successful outcome.  

In the same room, two boys were making a smaller house for a tiny action toy.  Michael showed an awareness of the similarities and differences of the tasks and the comparison, in this case of the mathematical concept of size, was reinforced by Sara.

Sara: ……… It’s going to be so big for Paws.

Michael:  Yeah, but this isn’t………my one.

Sara:   Is it going to be tiny for the little power ranger?

Children in the study also, albeit infrequently (8 observed utterances), demonstrated a metacognitive knowledge of a mathematical task in the form of rating, through talk indicative of an awareness of relative degrees of difficulty. In the same house building event, Michael said of his task: ‘Well. This won’t take us a long time’, indicating a sophisticated awareness of the relationship between the demands of his task and the probable length of time required for its completion. Later the two groups joined forces in finishing the construction of the larger block house for Paws. Michael, in an example of a metacognitive awareness of the need to understand his task, sought clarification of his role; supplying blocks from the box:

Michael: Do you need this one?

Sara:  Yes please.

Ruby: We need all of the blocks.

Michael:  I will help you with the flat bits. Do you need the square one?

Sara:  No we don’t

Ruby:  Yes we do.

It is interesting that this type of questioning, which seeks clarification of a task or goal, was only observed in a few instances within the study. This may be a contextual issue. Either children were working on self regulated tasks in which they had imposed their own goals, and therefore understood the demands well, or they were working with an adult who either explained the task to the point of ensured comprehension or who responded to apparent uncertainties, anticipating questions before they were framed. 

Talk indicative of Strategic Control

The total number of utterances observed in which children showed evidence of  strategic control was 335.  Fig. 5 shows how these were divided between those evident of aspects of problem solving, articulating plans, predictions, evaluations and explanations (210), of transferring knowledge from one context to another (70) and of monitoring progress (55).


Children articulating task related strategies

Planning, predicting and problem solving strategies, all forms of looking ahead, were observed in several events as children worked alone or in collaboration, on practical tasks or abstract number operations. In examples of planning observed in this study, children identified a goal, in the form of an idea, but there was no indication of how this goal might be achieved, or even whether the achievement of the goal was within the capability of the children. The process of problem solving could be considered as more sophisticated. Talk coded in this study as evidence of problem solving indicated that children were thinking ahead to the desired goal of a task, and considering how best to achieve it. In the initial stages of the house building activity, Ruby offered evidence of planning:

Ruby: I’m going to build a great big house for him (pointing to Paws).

At this stage she was merely stating an intention, but there was no evidence that she had considered how the building might be carried out. This evidence of problem solving emerged shortly as she then considered which materials to use in order to achieve her goal:

Ruby: We’ve got very big house bricks. We’re going to build ones for Paws.

Bronson (2002) asserts that the ability to make predictions can be observed in very young children as familiar routines are established. General rules or patterns are then inferred from a number of particular cases (Whitebread 2000, Matlin 1998). Within the events analysed a number of instances were observed of children making predictions about the probable outcomes of activities. The following example, observed during the playing of a lotto game, illustrates the expectation that experiences will follow orderly rules. 

Lynette counted the number of squares as yet uncovered on her neighbour Jade’s board, and on her own. Jade’s consequent prediction demonstrated reasoning which was logical and optimistic if sadly flawed.

Lynette: I’ve got three. You’ve only got two more. I’ve got three more.

Jade: I’m going to win! I’m going to win! 

An interesting and effective approach to encouraging children to talk about their mathematical strategies was to place them in the role of instructor. Kerry taught an adult how to make playdough cakes, Kevin showed a friend how to draw the numeral 4 and Liam showed his teacher how a line of number tiles arranged on the floor could start at either ten or zero and still be in the correct order. Affording contexts in which children are encouraged to instruct was thus clearly of value in encouraging articulation of methods and strategies, a theme which will be returned to later.

Children transferring mathematical knowledge to new contexts

Several instances were observed of children explicitly drawing on their own home based or personal mathematical experiences, making connections with current activities. For example, Maeve was asked by her teacher to find a square shape in the classroom. She pointed out a box lid but added that ‘My gran has square tiles in her kitchen’  and Lee decided that his favourite number was 5 because ‘it is my birthday’. These comments also indicate that the children perceived their activities as meaningful, an important element of effective learning contexts (Atkinson 1992, Hughes 1986, Anning and Edwards 1999). 

Other instances were observed of children imitating observed behaviour and appropriating mathematical language in the manner described by Moyles (1994). This was observed as children took on the role of teacher in their play, repeating adult modelled language in a verbatim form.

An interesting aspect of knowledge transfer related to that of mathematical conventions. As Amber counted backwards from a hundred she drew on an apparently reliable strategy. Correctly identifying 99 as ninety nine and 98 as ninety eight, following the rule of saying the ‘tens’ number first served Amber well until she reached the number 90, which she identified as ninety – zero. Although the results were erroneous, the episode is a clear demonstration of a young mathematician logically drawing upon and applying, strategic knowledge.

A final identified aspect of children’s transference of strategies was observed in the form of children using coding systems in mathematical contexts. Sometimes this took the form of linguistic short cuts, which although sometimes idiosyncratic were universally understood. When Liam wanted to articulate his knowledge that the numbers three, three, three and one would make ten when added together, he reduced his statement to ‘I know how ten goes. It’s 3, 3, 3, 1.’  Sara, collecting any building blocks which were not recti-linear, announced that she was ‘only looking for the shapey ones.’ 

Children talking about monitoring progress.

Elements of strategic control concerned with monitoring progress were evidenced in 55 instances of children’s talk. The processes of children self-monitoring their mathematical work involves a metacognitive process in which thinking is reviewed in relation to the perceived goal. 

Checking processes were evident in two quite distinct forms. Some checking was almost instantaneous – children recognising quite quickly that they had made a mistake and correcting it. Contrasting episodes were observed in which children explicitly set out to actively check the outcome of their work. An example of this active checking was observed as Sara and Ruby decided to check that the dimensions of their building were appropriate for the toy dog Paws. 

Sara:  Will Paws fit inside? (Positions Paws, the toy dog, lying in the house)                

Ruby:  Yes he can go to bed in it.                                          


Fig 6. Will Paws fit in his house?

This episode also demonstrates the close links between checking and evaluation, with the desire to evaluate a product prompting the carrying out of a practical checking procedure. 

Sara provided evidence of checking, and Ruby of evaluating, the two processes being quite distinct.

Children talking about their motivation for self regulated learning

 As seen previously on Fig 2, motivational aspects of metacognition were those least evidenced through children’s talk during the events studied, with a total of 111 utterances. The reasons for this can only be the subject of speculation, but there is certainly no reason to assume that motivational metacognition was not occurring simply because it was not articulated. Indeed motivation was evident throughout the filmed events, as children sustained activities in a focussed  manner for extended periods of time. 
The most frequently observed incidence of speech evident of motivational metacognition was that of children expressing enjoyment in a task, with 24 instances observed. Siobhan, counting beans, told her teacher that ‘This is interesting’ and indicated an assumption that the enthusiasm was shared by adding ‘ Isn’t it?’  

Ruby and Sara, building their wooden block house for Paws, expressed pleasure in the anticipated accomplishment of making a huge door as they agreed that ‘That would be wonderful wouldn’t it?’ and self encouraged through comments such as ‘ We’re going to make so much of it for Paws aren’t we?’ As they also attributed the success of their construction to their efforts, asserting that ‘We’re going to do hard working aren’t we?’, their enjoyment in the task, and high degree of motivation were clearly evident.

Explicit examples of children verbalising resistance to distraction were rarely observed, but a notable example was the refusal by Jacob to engage with a boy who interrupted him. His response, ‘I’m in the middle of my work’, expressed his reluctance to be drawn from his goal and was the one instance in which Jacob’s motivation, implicitly evident in his sustained engagement with his task, was clearly articulated.

Summary of findings

During the study young children were observed to engage in the use of a wide range of types of mathematical metalanguage. In none of the coded categories were no relevant utterances observed, but some types of metacognition were more frequently evidenced through talk than others. Within the realms of mathematical metalanguage the most numerous observations were of children offering verbal evidence of aspects of strategic control (48.55%). Elements of metacognitive knowledge were evidenced in 35.36% of the instances of talk coded. Children were least frequently observed to articulate motivational aspects of metacognition, with 16.08% of the coded utterances indicating this type of thinking.

Throughout the project, a recurrent feature of the reflective dialogues was the expression by educators of a mixture of sentiments: awe at the mathematical achievements, skills and knowledge which their young pupils evidenced through their talk, when allowed to work in a self regulated manner and regret that these capabilities had not previously been recognised. The one major assertion of this study is that practitioner ventures into the facilitation of self regulated mathematical learning will result in unexpected revelations.

As a conclusion to this report, and as testimony to the extent to which young children can work effectively and mathematically in a self regulated manner the following comment is offered. It was made by  one of the practitioners late in the study, after observing film of a group of children purposefully and independently engaged in a mathematical activity, sustained over several minutes:

‘The children didn’t go off task at all. They didn’t need anybody. I went over once or twice just to ensure that everything was okay, but they didn’t need any intervention whatsoever. I have learnt that they can teach each other. They can teach each other and they can interact completely autonomously. You really wonder what are the limits with these children. They are so capable.’

BIBLIOGRAPHY

Alexander, R (1992) Primary education in Leeds Policy and practice in primary education London: Routledge, 1992
Anghileri J., (2000) Teaching Number Sense London and New York Continuum

Anning A & Edwards, A (1999) Promoting Children’s Learning from Birth to Five: developing the new early years professional  (Buckingham, Open University Press)

Askew M., Brown M., Rhodes V., Johnson D &William D., (1997) Effective Teachers of Numeracy: Final Report of a study carried out for the Teacher Training Agency 1995-6 by the School of Education King’s College London

Atkinson S., (Ed) (1992)  Mathematics with Reason: The Emergent Approach to Primary Maths London Hodder and Stoughton

Attenborough D (2002) Life on Air: Memoirs of a Broadcaster London BBC Books

Aubrey, C., (2001) Early Mathematics in David, T., (Ed) Promoting Evidence-Based Practice in Early Childhood Education: Research and its Implications 

Vol 1 Tokyo: Elsevier Science Ltd. 

Brissenden T H F (1988) Talking About Mathematics - Mathematical Discussion in Primary Classrooms London Basil Blackwell Ltd
Bronson, M., (2000) Self-regulation in early childhood: Nature and Nurture New York London: Guilford Press

Brooker, L. (1996) Why do children go to school? : Consulting children in the

Reception class, Early Years, 17, 1, 12-16

DfEE (1999) The National Numeracy Strategy DfEE Publications

DfES/QCA (2000) Curriculum Guidance for the Foundation Stage DfES Publications

Featherstone, S. & Bayley, R.(2001) Foundations of Independence, Featherstone Education

Flavell, J.H. (1976) Metacognitive aspects of problem solving, in: Resnick, L.B. (Ed) The Nature of Intelligence (Hillsdale, NJ, Erlbaum)

Flavell. J.H (1979) Metacognition and Cognitive monitoring. American Psychologist, 34, 906-911

Flavell, J.H., Green, F.L., and Flavell, E.R. (1995) Young children’s knowledge about thinking. Monographs of the Society for Research in Child Development, 60 (1, Serial No,243)

Forrest-Pressley, D.L., MacKinnon, G.E. & Waller, T.G. (eds) (1985)

Metacognition, Cognition & Human Performance, New York: Academic Press

Galton M., Hargreaves L., Comber C & Wall D., (1999) Inside the Primary Classroom: 20 Years on, London New York: Routledge

Galton. M, (2003)  Learning to think through conversation. New perspectives on spoken English in the classroom : Discussion Papers QCA publications

Garton, A, and  Pratt C. (1989) .Learning to be literate: The development of spoken and written language. New York: Basil Blackwell. 

Hayes D.S.,Scott, L.C, Chemelski, B.E & Johnson, J. (1987) Physical and emotional states as memory–relevant factors: Cognitive monitoring by young children. Merrill-Palmer Quarterly, 33, 473 – 487

Hendy, L. and Whitebread,D (2000) Interpretations of Independent Learning in the Early Years, International Journal of Early Years Education Vol 8 No 3, 243 -252

Hughes, M., (1986) Children and Number: Difficulties in Learning Mathematics
Oxford Basil Blackwell 

Lampert, M., & Blunk, M., (1998) (Eds) Talking Mathematics in School Melbourne Cambridge University Press

Lauffer, M. (1998). Fostering independent learners by teaching metacognitive skills. Teaching and Change 1(4): 315-332.

Matlin M., (1998) Cognition (Fourth Edition) Orlando: Harcourt Brace

Moyles J., (1994) The Excellence of Play  Buckingham, Open University Press.

Moyles, J. , Paterson, F. & Kitson, N. (2003) It wasn't as bad as I thought! Learning from Reflective Dialogues. In Moyles, J. et al (eds) Interactive Teaching in the Primary School. Maidenhead, Berks: Open University Press
Perry, N.E., VandeKamp, K.J.O., Mercer, L.K. & Nordby, C.J. (2002) Investigating Teacher-Student Interactions that Foster Self-Regulated Learning, Educational Psychologist, 37, 1, 5-15

Pound, L., (1999) Supporting Mathematical Development in the Early Years
Buckingham Open University Press

Schunk, D.H. & Zimmerman, B.J. (1994) Self-Regulation of Learning and Performance, Hillsdale, N.J: Lawrence Erlbaum

Siraj-Blatchford, I., Sylva, K.,Muttock, S., Gilden, R. and Bell, D. (2002) Researching Effective Pedagogy in the Early Years.  DfES Research Brief 356 London DfES

Vygotsky,L.S. (1986) Thought and Language. Cambridge, MA:MIT Press. 

Vygotsky, L.S., (1978) Mind in Society, edited by Macula, V., John Steiner, S. Scribner & E.Souberman (Cambridge, MA, Harvard University Press).
Whitebread D, (2000) Organising activities to help children remember and understand, in Whitebread D (ed) The Psychology of Teaching and Learning in the Primary School London Routledge

Whitebread D, Anderson H, Coltman P, Page C, Pino Pasternak D, & Mehta S (2004) Metacognition in 3-5 year olds: evidence from a naturalistic study in British early years educational settings. Paper presented at First meeting of the EARLI Metacognition Special Interest Group, Amsterdam 
MOTIVATIONAL AND AFFECTIVE ASPECTS





SELF-EFFICACY, MONITORING AND REGULATION OF MOTIVATION, AND ATTRIBUTIONAL BELIEFS





STRATEGIC CONTROL





PLANNING, MONITORING, STRATEGY USE AND EVALUATION





�





� EMBED Excel.Sheet.8  ���





�





�


Children talking about problem solving strategies





 





�





KNOWLEDGE 





OF PERSON, GOALS AND TASKS














PAGE  
19

_1049800051.xls
Chart 1

		META KN/PERS/SELF/EMOT

		META KN/PERS/SELF/STR&WEA

		META KN/PERS/SELF/TARG

		META KN/PERS/SELF/CAP

		META KN/PERS/SELF/TENT

		META KN/PERS/OTHERS

		META KN/GOALS AND TASKS/DESC

		META KN/GOALS AND TASKS/RATING

		META KN/GOALS AND TASKS/COMP

		META KN/GOALS AND TASKS/UND

		STRAT CONTRL/PLAN

		STRAT CONTRL/PROB

		STRAT CONTRL/EVAL

		STRAT CONTRL/ART

		STRAT CONTRL/TRANS

		STRAT CONTRL/TRANS/GRAM

		STRAT CONTRL/TRANS/MATHS

		STRAT CONTRL/TRANS/CODING

		STRAT CONTRL/CONGEN

		STRACON/MONIT/SELFCOR

		STR CON/MONIT/SELFCOMM

		STRAT CON/MONIT/CHECK

		STRAT CON/MONIT/RATEFF

		STRAT CON/MONIT/HELP

		STRAT CONTRL/PRED

		MOTIV/ENJ TASK

		MOTIV/ACCOM

		MOTIV/GOAL

		MOTIV/RESIST

		MOTIV/PERSIST

		MOTIV/ATT EFF

		MOTIV/ATT STRAT

		MOTIV/SELF-ENC

		MOTIV/ENC OTH



Aspects of Metacognition Evidenced

Number of Utterances Observed

Incidences of  Metalanguage Observed

7

5

37

56

24

6

70

23

7

9

43

4

45

71

19

3

19

29

3

5

12

11

4

23

18

24

10

28

2

14

4

7

2

20



Chart 2

		NON MET LANG/REP

		NON MET LANG/COUNT

		NON MET LANG/NAME  OP

		NON MET LANG/NAME OBJ

		NON MET LANG/SPOKES

		NON MET LANG/IDEA



Types of Utterance

Number of Utterances

Incidence of non-metacognitive use of Mathematical Language

31

92

72

91

2

65



Chart 3

		META KN/PERS/SELF/EMOT

		META KN/PERS/SELF/STR&WEA

		META KN/PERS/SELF/TARG

		META KN/PERS/SELF/CAP

		META KN/PERS/SELF/TENT

		META KN/PERS/OTHERS

		META KN/GOALS AND TASKS/DESC

		META KN/GOALS AND TASKS/RATING

		META KN/GOALS AND TASKS/COMP

		META KN/GOALS AND TASKS/UND



Aspects of metacognitive knowledge

Numbers of utterances

Incidences of Utterances relating to  Metacognitive Knowledge

7

5

37

56

24

6

70

23

7

9



Chart 4

		STRAT CONTRL/PLAN

		STRAT CONTRL/PROB

		STRAT CONTRL/EVAL

		STRAT CONTRL/ART

		STRAT CONTRL/TRANS

		STRAT CONTRL/TRANS/GRAM

		STRAT CONTRL/TRANS/MATHS

		STRAT CONTRL/TRANS/CODING

		STRAT CONTRL/CONGEN

		STRACON/MONIT/SELFCOR

		STR CON/MONIT/SELFCOMM

		STRAT CON/MONIT/CHECK

		STRAT CON/MONIT/RATEFF

		STRAT CON/MONIT/HELP

		STRAT CONTRL/PRED



Aspects of Strategic Control

Number of Utterances Observed

Incidence of Utterances relating to Strategic Control

43

4

45

71

19

3

19

29

3

5

12

11

4

23

18



Chart 5

		MOTIV/ENJ TASK

		MOTIV/ACCOM

		MOTIV/GOAL

		MOTIV/RESIST

		MOTIV/PERSIST

		MOTIV/ATT EFF

		MOTIV/ATT STRAT

		MOTIV/SELF-ENC

		MOTIV/ENC OTH



Aspects of Motivation

Numbers of Utterances

Incidence of utterances Relating to Motivation

24

10

28

2

14

4

7

2

20



Sheet1

		Aspect of metacognition		Total

		META KN/PERS/SELF/EMOT		7

		META KN/PERS/SELF/STR&WEA		5

		META KN/PERS/SELF/TARG		37

		META KN/PERS/SELF/CAP		56

		META KN/PERS/SELF/TENT		24

		META KN/PERS/OTHERS		6

		META KN/GOALS AND TASKS/DESC		70

		META KN/GOALS AND TASKS/RATING		23

		META KN/GOALS AND TASKS/COMP		7

		META KN/GOALS AND TASKS/UND		9

		STRAT CONTRL/PLAN		43

		STRAT CONTRL/PROB		4

		STRAT CONTRL/EVAL		45

		STRAT CONTRL/ART		71

		STRAT CONTRL/TRANS		19

		STRAT CONTRL/TRANS/GRAM		3

		STRAT CONTRL/TRANS/MATHS		19

		STRAT CONTRL/TRANS/CODING		29

		STRAT CONTRL/CONGEN		3

		STRACON/MONIT/SELFCOR		5

		STR CON/MONIT/SELFCOMM		12

		STRAT CON/MONIT/CHECK		11

		STRAT CON/MONIT/RATEFF		4

		STRAT CON/MONIT/HELP		23

		STRAT CONTRL/PRED		18

		MOTIV/ENJ TASK		24

		MOTIV/ACCOM		10

		MOTIV/GOAL		28

		MOTIV/RESIST		2

		MOTIV/PERSIST		14

		MOTIV/ATT EFF		4

		MOTIV/ATT STRAT		7

		MOTIV/SELF-ENC		2

		MOTIV/ENC OTH		20

		NON MET LANG/REP		31

		NON MET LANG/COUNT		92

		NON MET LANG/NAME  OP		72

		NON MET LANG/NAME OBJ		91

		NON MET LANG/SPOKES		2

		NON MET LANG/IDEA		65



&L&C&"Times New Roman,Regular"&14Totals Numbers of types of Metacognitive Utterances Observed in Events &R



Chart 6

		Metacognitive Knowledge		Metacognitive Knowledge

		Strategic Control		Strategic Control

		Motivation		Motivation



Aspects of metacognition

Numbers of utterances observed

Numbers of utterances relating to key areas of metacognition

244

309

111



ChartOV

		metacognitive knowledge		metacognitive knowledge

		Strategic Control		Strategic Control

		Motivation		Motivation

		Non-metacognitive use of lanaguage		Non-metacognitive use of lanaguage



Categories of lanaguage

Total Number of Utterances Observed

Chart 1: Overview of types of mathematical lanaguge observed

244

309

111

353



ChartOV2

		Metacognitive Knowledge		Metacognitive Knowledge

		Strategic Control		Strategic Control

		Motivation		Motivation



Categories of Mathematical Metalanguage

Total Number of Utterances Observed

Fig.2: Overview of Types of Mathematical Metalanguage Observed

244

309

111



Sheet2

		Aspect of metacognition		Total

		META KN/PERS/SELF/EMOT		7

		META KN/PERS/SELF/STR&WEA		5

		META KN/PERS/SELF/TARG		37

		META KN/PERS/SELF/CAP		56

		META KN/PERS/SELF/TENT		24

		META KN/PERS/OTHERS		6				Metacognitive Knowledge				244

				135				Strategic Control				309

		META KN/GOALS AND TASKS/DESC		70				Motivation				111

		META KN/GOALS AND TASKS/RATING		23

		META KN/GOALS AND TASKS/COMP		7

		META KN/GOALS AND TASKS/UND		9

				109				Personal Metacognitive Knowledge		135

		STRAT CONTRL/PLAN		43				Metacognitive Knowledge of Goals and Tasks		109

		STRAT CONTRL/PROB		4

		STRAT CONTRL/EVAL		45

		STRAT CONTRL/ART		71

		STRAT CONTRL/TRANS		19

		STRAT CONTRL/TRANS/GRAM		3

		STRAT CONTRL/TRANS/MATHS		19

		STRAT CONTRL/TRANS/CODING		29

		STRAT CONTRL/CONGEN		3

		STRACON/MONIT/SELFCOR		5

		STR CON/MONIT/SELFCOMM		12

		STRAT CON/MONIT/CHECK		11

		STRAT CON/MONIT/RATEFF		4

		STRAT CON/MONIT/HELP		23

		STRAT CONTRL/PRED		18

				309

		MOTIV/ENJ TASK		24

		MOTIV/ACCOM		10

		MOTIV/GOAL		28

		MOTIV/RESIST		2

		MOTIV/PERSIST		14

		MOTIV/ATT EFF		4

		MOTIV/ATT STRAT		7

		MOTIV/SELF-ENC		2

		MOTIV/ENC OTH		20

				111

		NON MET LANG/REP		31

		NON MET LANG/COUNT		92

		NON MET LANG/NAME  OP		72

		NON MET LANG/NAME OBJ		91

		NON MET LANG/SPOKES		2

		NON MET LANG/IDEA		65

				353





Sheet3

		






