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CURRENT POLICY

The mathematics curriculum in Scottish primary schools is determined by advice from the Scottish Executive Education Department.  This advice is manifest in the framework document, Curriculum and Assessment in Scotland: National Guidelines on Mathematics 5-14, (Edinburgh, Scottish Office Education Department, 1991) and delineates four aspects of mathematics:

· Number, Money and Measurement

· Information Handling  

· Shape Position and Movement

· Problem Solving and Enquiry.  

_While the official curricular guidance is advisory rather than mandatory, all primary schools in Scotland appear to develop mathematical policies with this advisory document as their principal source.  Despite the lack of enforcement of a centralised curriculum, it would seem that the advice by Local Authorities on how to implement the guidance, the wholesale use of national testing to confirm teachers' decision-making, and the publication of reports by Her Majesty's Inspectorate on the inspection of schools, render current policy and practice statutory in all but name.  There is no specialist mathematics teaching in primary schools, with the class teacher expected to teach all aspects.  Progression through the mathematics curriculum is integrated with assessment as it is recognized that pupils learn at different rates.

INFLUENCES ON EVOLVING POLICY 

The official conduit through which policy decisions are made is SEED which, in turn, consults principally with local authorities, Learning and Teaching Scotland and HMI (and, to a lesser extent, with academics) to inform its decision-making.  Collectively, these agencies seem to advise: 

· Direct, interactive teaching

· Number and mental computation

· An increased frequency of mathematics lessons which explicitly refer to the learning which is intended in each of the four mathematical strands

· The importance of supplementing the commercial scheme with other tasks and resources.

_This has resulted in SEED's declaration that raising standards of attainment in numeracy is of priority.  In the National Statement for Improving Attainment in Numeracy in Schools (SEED Edinburgh 2002) numeracy includes competence with numbers, and the use of graphical, numerical and statistical skills to interpret communicate and apply quantifiable information to everyday (and more abstract) contexts and problems.  In preparation for formal schooling, an initial start on numeracy is to be made in pre-school education as expressed in A Curriculum Framework for Children 3-5 (SCCC, Edinburgh, 1999).  

WHAT COUNTS AS CURRICULUM CONTENT

Before 1965, the mathematics curriculum was exclusively concerned with practising and perfecting numerical computations.  While the Primary Memorandum (Scottish Education Department, Edinburgh 1965) espoused the provision of a wide variety of practical problem-solving contexts to trigger mathematical learning, Her Majesty’s Inspectors noted in Learning and Teaching in Primary 4 and Primary 7 (HMI, Edinburgh 1980) the continued domination of arithmetical computation with as much as seven hours per week being spent on pencil-and-paper exercises.  Current recommendations are for 225 minutes per week to be spent on mathematics although there are no extant data on how this time is, or should be, apportioned to each of the four aspects.  While reports such as Improving Mathematics Education 5-14 (HMI, Edinburgh 1997), Standards and Quality in Primary Schools: Mathematics 1998-2001 (HMI. Edinburgh 2001) and Early Intervention 1998-2000 (HMI, Edinburgh 2001) imply that the mathematics curriculum is now wider, they focus largely on the topic of numeracy with only cursory reference to topics such as shape, data handling and measurement.  In spite of the rich research literature on Mathematical Problem Solving, which points to effective problem solving as a critical mechanism through which individuals can construct mathematical meaning, the primary mathematics curriculum in Scotland is conceptualised very narrowly, as a utilitarian tool for accurate and speedy computation.  While mathematical literacy is of itself important, an emphasis on 'social arithmetic' at the expense of mathematical reasoning and genuine engagement in problem solving is, arguably, an inadequate conceptualisation of mathematics for full and equitable participation in a technologically advanced society (Hoyles et al, 1999).  

WHAT IT MEANS TO TEACH AND LEARN MATHEMATICS

The initial difficulties which teachers had (noted by HMI in 1980) in implementing a differentiated approach to teaching have now been resolved (according to HMI in 1997).  But now ‘good teaching’ is conceived of by the Inspectorate as:

· Moving from mixed ability grouping to some form of setting by ability, 

· Moving from individualised approaches to learning to more teacher-led whole class activity, 

· Reducing dependence on the calculator and allowing its use only for well-defined purposes,
· Increasing pupils’ facility in mental calculation. 

_Although group and individual teaching is still appropriate at times, greater emphasis on whole-class teaching and the practice of setting pupils (which allows greater use of whole-class teaching) is seen as emulating the teaching in high performing TIMSS countries.  Indeed the model of effective mathematics teaching which is implied in Improving Mathematics Education 5-14 (HMI, Edinburgh 1997) and in Early Intervention 1998-2000 (HMI, Edinburgh 2001) suggests that the teacher:
· begins a lesson with a short review of previous learning and a brief indication of learning outcomes/objectives;
· presents new material in small steps, providing for extensive practice at each step;
· gives clear and detailed instructions and explanations;
· asks large numbers of questions to check for pupil understanding;
· provides systematic feedback and correction;
· gives guided practice in tasks to promote the desired performance;
· monitors pupils individually in terms of their achievement of these tasks.
_However unarticulated, theoretically, this model of teaching might be, it is clearly grounded in the view that pupils learn by receiving clear, comprehensible, and correct information about numerical procedures and by having the opportunity to consolidate the information they have received through practice.  The teacher provides this information, and so has the mathematical authority for determining what is right and wrong.  Classroom instruction is organized around the transfer of information from knowledgeable teacher to uninformed pupil.  The implementation of such instruction means that that mathematics is delivered as a discrete subject and where there are applications to other curricular areas, these are seen as affording the opportunity to consolidate mathematical skills rather than as providing an authentic context for mathematical conceptualisation.  Regrettably, there is no adequate recognition that this traditional view of learning is questioned by those who view learners as active constructors/organizers of their own learning.  
MATHEMATICAL PERFORMANCE
Although National Testing is a distinctive element of the mathematics curriculum, there is no collation of national test results to create a picture of mathematical competence in Scottish primary schools.  Rather, there is an annual national survey of 5-14 Attainment in Publicly Funded Schools  by the Scottish Executive Education Department (SEED).  The survey reports on the numbers of pupils in P2-7 and S1&2 who can perform at each of the attainment levels (A-E) specified in the framework document.  National Testing confirms a large percentage of these statistics.  However, because the declared purpose of national testing is to confirm teachers' judgements, it is highly unlikely that testing is conducted uniformly across schools.  This raises questions about the validity of any comparisons made between and among the statistics.  A further difficulty with the publication of these statistics is that they refer globally to mathematics without reference to the four aspects of mathematical attainment.  However, more detailed indicators of competence come from two sources:
· Assessment of Achievement Programme (AAP): Sixth Survey of Mathematics  (SEED, 2002).

· Achievements of Primary 4 and Primary 5 Pupils in the Third International Mathematics and Science Study (TIMSS) (Scottish Council for Research in Education. Edinburgh, 1997).  

Selected findings form the data in these surveys include:

· Over 80% of the Primary 4 pupils tested at Level B (the level which should be attainable by most in P4) were accurate in their computation of addition, subtraction and multiplication but when these operations were contextualised, accurate performance dropped to as low as 25%.  

· Around 90% of the Primary 7 pupils were accurate in their computation of whole numbers but when fractions, percentages or ratios of numbers were included in the assessment tasks, accurate performance dropped to about 40%.

· The achievement of Primaries 4 and 5 pupils in relation to that of 9-year-olds in more than 40 other countries was well below the international average.

· The performance of Scottish pupils was relatively strong in geometry and in data analysis and relatively weak in numbers and operations compared to the performance of pupils from other countries. 

The AAP Survey showed performance at Primaries 4 and 7 to be significantly better than previously, although improved performance in problem-solving was not as strong as in the other aspects.  Notwithstanding this improvement, the dominant message from both of these studies is that Scottish pupils’ facility in mental calculation is weak.  Disappointing as this is, it is perhaps not surprising, given that mental calculation is a more complex concept than casual consideration might suggest.  Mental calculation is not a 'skill' that is independent of the situation(s) in which it is being used.  Rather it is a richly connected web of knowledge of computation and estimation which, through use, reflects how number is understood.  This knowledge is influenced by the child's:

· knowledge of number relationships, 

· facility with basic facts,

· understanding of arithmetical operations,   

· ability to make comparisons between numbers 

· and possession of base-ten place value concepts.  

Furthermore, as knowledge of computation and computational estimation develops so it can facilitate the development of number sense (Maclellan, 2001 a and b).  So, for example, the child might effect the operation 73-36 in one of various ways:

1.
73 + 3 – 36 – 3 =37
(knowledge of number bonds and place value; the operational sequence is one addition followed by  two subtractions)

2.
36 + 4 = 40, 40 + 30 = 70, 70 + 3 + 73. 4 + 30 + 3 = 37

(This requires knowledge of number bonds to fill in the missing addends.  The operational sequence is three complementary additions followed by a final addition)

3.
(60 + 13) – (30 + 6) = (60 – 30) + (13 – 6) = 30 + 7 = 37

(This requires knowledge of number bonds.  The operational sequence is two subtractions followed by an addition).

While no one of these ways is necessarily superior, it is the child's determination of what is effective that is important because in this determination the child decides:

· how the numbers in the operation can be structurally translated so that they can be addressed by the knowledge and skills that the child already has in his/her repertoire

· which operational sequence(s) will be consistent with the structural changes made to the original numbers and will also observe the integrity of the original operation.

Herein lies the cognitive demand of mental calculation.

WHAT IS PROBLEMATIC

While the importance of understanding and applying mathematical ideas is recognised by SEED as necessary for our socio-economic survival and progress, our attempts to improve the relatively poor mathematical performance amongst Scottish pupils can best be described as adopting a blunderbuss approach.  This is powerfully illustrated in part of the Early Intervention Programme.  

_Launched in 1997, with the particular purpose of raising standards in early numeracy as well as literacy, Early Intervention 1998-2000 (HMI, 2001) reports the programme to be successful.  However, there are few documented evaluations of the Programme with respect to numeracy, allegedly because intervention in numeracy is much less well developed than that in literacy.  The one notable exception, by Fraser et al (2001), reports no significant improvement in attainment amongst children in Primary 3 between 1998 and 2000.  Indeed, attainment in mathematics, as determined by Performance Indicators in Primary Schools (PIPS tests), was lower in 2000 than in 1998 in some schools.  While this might seem to be disappointing, it is not surprising.  Many HMI audit reports attest to the relatively successful start that children make in school mathematics.  According to the literature (for example Nunes & Bryant, 1997 ) most children's early success is attributable to their robust, intuitive understanding of additive reasoning (which begins to develop long before children enter school) so while the Early Intervention Programme is designed to try to obviate the difficulties which manifest themselves from P3/4 onwards, its efforts would seem to be wrongly targeted.  The well documented problems which develop from the middle of the primary school onwards (lack of understanding of common and decimal fractions, of ratio and proportion, of percentages and of the relationships between all these numerical representations) are rooted in the child's difficulty in making a qualitative shift in thinking from additive to multiplicative reasoning; an achievement which we would appear to be poor at supporting children through.  However, to enable children to make this type of progress (and hence improved attainment in numeracy) requires a theoretical analysis of what the elements of numeracy actually are.  While the Early Intervention Programme is credited with increasing parental participation and the resourceful use of mathematical games and activities (a conclusion that also emerges from the self-reports of many of the Scottish local authorities), this is hardly a professional response to a pressing problem.  Teachers need to know the extent of children's achievement in, and their difficulties in developing, all of the components of numeracy including:

· counting principles and procedures; 

· written arithmetical symbolism; 

· place value;

· word problems; 

· the translation between concrete, verbal and numerical formats; 

· arithmetical estimation; 

· memory for number facts and the use of derived facts and strategies for calculation.

_It is when we have comprehensive diagnostic and pedagogical responses to these components that we can properly claim that interventions are having an effect.  Furthermore, rather than view such components as a list of targets to be met and 'ticked-off', the research evidence makes clear that these components refer to fundamental understandings which need to be addressed iteratively as the child's conception of number develops from the naïve natural number to the sophisticated rational number.  

_Such disregard by policy makers both for evidence and for mathematical analyses of what would be helpful to pupils means that the curriculum is pragmatic rather than theoretically driven.  This is exacerbated by the somewhat outdated view of mathematics, a transmission view of teaching and the passive-reception view of learning held by policy makers, as evidenced in the official documents reviewed here.  At the same time, however, teachers experience their reality as the external requirement to cover certain amounts of mathematical content in order to fulfil the demands for public accountability.  For as long as the mathematics curriculum continues to be designed, developed and delivered on the basis of personal models of what are considered appropriate rather than on explicit empirical evidence for what is effective, our attempts to improve attainment are likely to fail, although we doubtless can maintain current, depressing standards.  

_Finally, in addition to an evidence-based curriculum, achievement of improvement has to be based on a developed understanding of learning and teaching.  Innovation and development cannot simply be transmitted to teachers who will passively absorb the decreed changes and then implement them in the classroom.  Teachers' own beliefs as to what curriculum change should be together with their understandings of what government-driven policy desires it to be are powerful mediators in their own practice.  If radical improvement is to be achieved, teachers and policy makers must work in tandem to gain mutual understanding of what is possible and what is desirable.
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