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In 2006 we collected and analysed answers from a Year 5 QCA test paper to explore the range of calculation strategies used by a sample of children.  Two years later we have repeated this research using the same questions with a new cohort of Y5 children from the same group of schools.  This paper reports on the findings from the new sample of children.  It examines the range of strategies used by them and then offers a comparison between this data set and the previous one.  We conclude by considering if and how the use of particular calculation strategies have impacted on overall results and we ask if we are nearly there yet, with regard to knowing which strategies provide children with a more realistic chance of achieving a correct answer.
Introduction

Despite changes of emphasis within the teaching of mathematics in England over the past ten years, relating particularly to the use of appropriate and effective calculation strategies (DfEE, 1999; DCSF, 2006), the research that we reported on previously (Borthwick & Harcourt-Heath, 2007) indicated that many children still failed to use a strategy that enabled them to reach the right answer.  We are not interested in this just because the abilities of these children contribute to overall standards when children reach the end of Key Stage 2 but also because, as Bynner identifies:


“Literacy and numeracy skills carry the means by which children are equipped for the education processes on which their location in the adult world will depend”
(Bynner, 1997, P1)

While division was the least attempted question in 2006, with only 21% of the children in the sample of 995 gaining the right answer, both subtraction and multiplication also proved difficult for many of these children, with 42% getting the subtraction question right and 22% the multiplication.  

Our conclusions showed that many of the children chose not to use a model to support their working out – such as a number line for subtraction or the grid method for multiplication – which appeared to influence their chance of achieving the right answer.  Many of the children chose to use a standard written algorithm – such as decomposition for subtraction – despite the reform of the mathematics curriculum (DfEE, 1999; DCSF, 2006) and the abundant research that suggests more informal methods, based on mental strategies, are often better for children of this age and at this stage in their mathematical development (Anghileri, 2000; 2001; Thompson, 1997; 1999).  

Methodology and Context

Two years after the initial research in 2006 we returned to the schools and collected data against the same four questions in the Y5 QCA paper.  The 22 Primary phase schools were spread geographically across Norfolk.  1068 papers were analysed for their calculation strategies against the four selected questions (while the quantity of schools has remained the same, the number of children has risen due to cohort size variations).  One question each for addition, subtraction, multiplication and division was used. These questions were selected as they had no context, and required children to perform a calculation as opposed to less abstract problems that involve children in some interpretation before a calculation can be carried out.

While the 2006 study provided a breakdown of each of the calculations into a range of different strategies that the children employed, we later recognised that further understanding could have been gained through a wider categorisation.  For example, we have added a ‘not attempted’ category that in the 2006 data would have been included within ‘other’.  Also, following a discussion with Thompson (2008) we refined the subtraction categories to include ‘counting up’ and ‘counting back’.  We also refined the categorisation for multiplication further by including a ‘two partial products only’ category which reflected the findings from the 2006 study which masked children who multiplied only the ‘tens’ numbers together and the ‘units’ numbers together.  These were included within the ‘other’ category.

As for the 2006 study the categories for strategies that children used are based on the National Numeracy Strategy (NNS) guidance (DfEE, 1999).  For both sets of data, where we could not determine the strategy a child had used, or where the strategy fell outside our categories, we have included these within ‘other’.  

Findings from 2008 data
The findings below are taken from the 2008 data.

Addition

89% correct / 11% incorrect

	546 + 423
	Number Correct
	Number Incorrect
	Percentage Correct
	Percentage Incorrect

	Not attempted
	
	7
	
	

	Standard algorithm
	287
	24
	92.3%
	7.7%

	Number Line
	61
	15
	80.3%
	19.7%

	Partitioning
	322
	20
	94.2%
	5.8%

	Expanded vertical
	86
	1
	98.9%
	1.1%

	Answer only
	189
	38
	83.3%
	16.7%

	Other
	10
	8
	55.6%
	44.4%

	Totals
	955
	113
	89.4%
	10.6%


Table 1: Results from 1068 children for addition question.
While this was the least useful question in terms of what it tells us (as it does not involve any bridging through either 10 or 100) it was the most successfully answered.  While it appears that the standard algorithm strategy was chosen almost as often as partitioning, this is somewhat misleading as the calculation required no ‘carrying’.  Children who recorded the calculation vertically did not have to use the strategies associated with the standard algorithm to gain the correct answer.

A significant proportion of children who answered correctly only recorded the answer.  It is not possible to determine what strategy these children used.

Subtraction

54% correct / 46% incorrect

	317 – 180
	Number Correct
	Number Incorrect
	Percentage Correct
	Percentage Incorrect

	Not attempted
	
	23
	
	

	Standard Algorithm - decomposition
	132
	80
	62.3%
	37.7%

	Standard Algorithm – equal addition
	22
	7
	75.9%
	24.1%

	Number Line
	283
	48
	85.5%
	14.5%

	Negative Number
	3
	4
	42.9%
	57.1%

	Counting Up
	33
	105
	23.9%
	76.1%

	Counting Back
	14
	9
	60.9%
	39.1%

	Answer only
	49
	41
	54.4%
	45.6%

	Other
	39
	176
	18.1%
	81.9%

	Totals
	575
	493
	53.8%
	46.2%


Table 2: Results from 1068 children for subtraction question.

After addition, the subtraction question was answered most successfully with 54% gaining a correct answer.  However, from the whole sample of children this still left almost half who were unable to complete a fairly straightforward calculation.  Age related expectations from the NNS (DfEE, 1999) suggest that the majority of children by the end of Year 5 should be able to ‘use informal pencil and paper methods to support, record or explain additions and subtractions’ (DfEE, 1999, p.22).

Where answers were correct two main categories emerged.  These were the standard algorithm using decomposition and number lines.  While 12% of the whole sample of children chose decomposition as their strategy (and were correct) 27% chose number lines (and obtained a correct answer).   It is interesting to note that of the 212 children that chose to use decomposition a third of them answered incorrectly, compared to only one seventh of the 331 children who chose to use a number line.

Of the children who chose counting up as a strategy only 24% were successful.  While counting back appeared to be a much more successful strategy far fewer children chose this.  The least successful choice was the ‘other’ category, suggesting that there are still many children who do not have an effective strategy on which to draw.

Multiplication

29% correct / 71% incorrect

	56 x 24
	Number Correct
	Number Incorrect
	Percentage Correct
	Percentage Incorrect

	Not attempted
	
	141
	
	

	Standard Algorithm
	1
	21
	4.6%
	95.4%

	Grid Method
	272
	169
	61.7%
	38.3%

	Expanded Vertical
	31
	18
	63.3%
	36.7%

	Two partial products only
	
	209
	
	

	Answer Only
	3
	42
	6.7%
	93.3%

	Other
	6
	155
	3.7%
	96.3%

	Totals
	313
	755
	29.3%
	70.7%


Table 3: Results from 1068 children for multiplication question.

58% of children provided an answer which was incorrect and a further 13% did not even attempt the question.

Where answers were correct the grid method was the strategy most used.  However, more than a third of all the children (38%) who chose this strategy did not gain the correct answer (169 out of 441).  Where answers were incorrect the strategies most often selected were where children only calculated two partial products (50 x 20 and 4 x 6) or where they chose either the grid method or an ‘other’ method.  Again, an overwhelming proportion (96%) of those children who did not seem to have a strategy did not get to a correct solution.
Division

28% correct / 72% incorrect

	222 ÷ 3
	Number Correct
	Number Incorrect
	Percentage Correct
	Percentage Incorrect

	Not attempted
	
	216
	
	

	Standard Algorithm
	20
	28
	41.7%
	58.3%

	Chunking Down
	62
	49
	55.9%
	44.1%

	Chunking Up
	98
	58
	62.8%
	37.2%

	Number Line
	66
	72
	47.8%
	52.2%

	Answer Only
	26
	166
	13.5%
	86.5%

	Other
	26
	181
	12.6%
	87.4%

	Totals
	298
	770
	27.9%
	72.1%


Table 4: Results from 1068 children for division question.

This question was answered least well with only 28% of the children gaining a correct answer.  A significant number of children (20%) did not attempt this question and a further 16% of children recorded the incorrect answer only.  Where children answered correctly, three categories emerged as more successful; chunking up, chunking down and the use of a number line.  These three strategies were used at least three times as often as the rest.  When chunking up was chosen as a strategy almost twice as many children obtained the correct answer compared to the incorrect answer.  However, when children used the standard algorithm, chunking down or a number line strategy the proportions correct and incorrect were much closer.

Of the children who provided an incorrect answer no one strategy emerged as more significant than the others. 

Discussion and Comparison
The table below provides a comparison between the 2006 and 2008 data.

	
	
2006
	2008
	Change

	
	Correct
	Incorrect
	Correct
	Incorrect
	

	Addition
	894

(90%)
	101

(10%)
	955

(89%)
	113

(11%)
	- 1%

	Subtraction
	422

(42%)
	573

(58%)
	575

(54%)
	493

(46%)
	+12%

	Multiplication
	223

(22%)
	772

(78%)
	313

(29%)
	755

(71%)
	+7%

	Division
	206

(21%)
	789

(79%)
	298

(28%)
	770

(72%)
	+7%


Table 5: Comparison between 2006 and 2008 data
We expected the 2008 data to demonstrate an improvement in results which mirror the overall rise in standards in mathematics that Norfolk County has seen (end of key stage 2 results in 2006 were 73% and rose to 75% in 2008).  This rise would also have reflected the impact of centre and school based training and support provided through the advisory service and Primary National Strategies which had been seen through work with schools.  This included work that had a focus on appropriate, effective and consistent use of calculation strategies within schools.  For example, in Norfolk, schools are expected to have in place and be following a Calculations Policy.  

Results for addition in 2006 and 2008 were very similar with this calculation continuing to be the most successfully answered.  The shift in results for subtraction is significant within a two year period with a 12% increase in children achieving a correct answer in 2008.  It could be suggested that this move reflects a greater appreciation by schools, teachers and children that the number line provides an effective model to support subtraction.  Whilst in both years there was a success rate of 86% amongst those who chose to use a number line to answer the subtraction question, in 2006 this represented 146 children (15% of the whole sample) and in 2008 the number had increased to 331 children (31% of the whole sample).

School A example

A school that bought support from the local authority mathematics team, to develop their calculations policy over a period of two years, showed within their results that of their cohort of 34 children, 26 answered the subtraction question correctly and 25 of these used a number line.
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Figure 1: 
Multiplication saw an improvement of 7% in the 2008 data.  This can be attributed to a greater number of children selecting and successfully using the grid method.  However, too many children dropped this grid model (which for this question would contain 4 sections) and only worked out two of the four partial products.  This was a significant factor in both the 2006 and 2008 data which suggests the issue has not significantly been addressed.  

13% of children did not attempt this question.  This could be partly attributed to its position towards the end of the paper at number 26 out of 30.

School B example

Of the 38 children in this school’s cohort, 11 answered correctly and 10 of these used the grid method.  Of the 27 answering incorrectly 14 recorded only two partial products.

[image: image2.emf]
Figure 2: 
In this example, evidence that the grid method has been taught is seen above the calculation box, but the child goes on to calculate only two of the partial products.

Division saw an improvement of 7% in the 2008 data with 28% of the children gaining a correct answer.  Three quarters of these children selected a strategy based on mental calculation strategies or the use of a number line.  However, our results show that over the two year period division still shows a spread across a range of strategies without one strategy emerging as a more dominant one (compared to the grid method in multiplication, for example).  

[image: image3.emf]
Figure 3: 
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Figure 5: 

A significant proportion of the 2008 cohort (20%) did not attempt the question.  This figure was masked in the 2006 data as these children were included in the ‘other’ category.  This was a higher figure than for multiplication and significantly higher than for addition or subtraction, suggesting that this calculation posed the greatest challenge for many children.  The proportion of the children not attempting the question cannot be attributed entirely to its position in the paper as this question was number 16 out of 30.

School C example

In this school a significantly higher proportion of children (45%) answered correctly.  From a cohort of 92, ten did not attempt the question (11%).  No child used the standard algorithm.  Of the 42 children answering correctly, 38 (41% of the total cohort) used a number line, three (3%) used the chunking down method and one (1%) provided only the answer.
Conclusion
It is still disappointing that significant proportions of children at the end of Year 5 cannot complete age appropriate subtraction, multiplication and division questions.  If we are to achieve the Government’s Public Service Agreement targets for 2011 of 85% of children achieving level 4 for mathematics by the time they reach the end of key stage two, there is still much work to be done. 

What has led to the improvements in the 2008 data?

Greatest improvements have been observed in schools which have been provided with or bought in local authority consultant support.  The focus for this support has included calculation strategies and in those schools greater proportions of children are confident enough to select appropriate strategies in a test situation.  We also note that schools where a leading mathematics teacher is employed have data which reflects a similar position.  This reflects the Continuing Professional Development opportunities that those teachers receive through the Leading Mathematics Teachers’ Programme in Norfolk.  This supports findings which led to one of the ten recommendations made by Sir Peter Williams (2008) which was that ‘there should be at least one Mathematics Specialist in each primary school, in post within 10 years, with deep mathematical subject and pedagogical knowledge’ (Williams, 2008, p.7).

In the 2006 article we suggested that an increased use of models and images across all four strategies would help to improve standards.  In particular the effective use of the number line has been well documented, both in Norfolk and national research (for example, Beishuizen, 1999).  As discussed above, the 2008 data showed that the number line was selected as a strategy significantly more often than in 2006 for addition, subtraction and division.  Whilst the proportion of answers correct is virtually the same for each of the years, significantly higher numbers of children selected the number line as a strategy, as detailed in the table below.

	
	2006
	2008

	
	Correct
	Incorrect
	Correct
	Incorrect

	Addition
	12
	7
	61
	15

	Subtraction
	126
	20
	283
	48

	Division
	20
	23
	66
	72


Table 6: Number of children selecting number line strategy to answer calculation questions

Within Norfolk a strong stance has been taken by the local authority primary mathematics team with regard to the use of number lines for all calculations but in particular subtraction.  This is reflected in a resource (The Power of the Number Line, 2002) produced and distributed by the local authority to all primary phase schools in the county.

There are a number of other factors that could also support the improvements seen.  For example, an increasing knowledge and understanding of the progression in appropriate calculation strategies by all teaching staff.  Parents and carers are also increasingly well informed about current and up to date teaching strategies and calculations.  As the framework for mathematics becomes more established within the early years it perhaps provides a firmer foundation on which to build calculation strategies based more on mental calculation strategies.  However, a much wider study is required in order to establish further the extent to which these factors are impacting on standards. 

Why are high proportions of children not achieving the correct answer?

One reason for this is that children appear not to be using models and images to support their thinking.  For example, within multiplication the model of a grid, which is based on an array, is dropped and children’s understanding is not secure enough so they are only recording two of the partial products.  Similarly, within subtraction, when children chose to count up without the support of the number line, many answers were incorrect.

A further reason is that many children still appear to choose their own strategy which is either ineffective, inefficient or both.  This suggests a lack of understanding about the basic concepts associated with these calculation strategies.

Despite having guidelines from the NNS (DfEE, 1999; DCSF, 2006) on the most effective range of strategies children should engage with, it is not possible to determine the number of teachers who fail to share them with children or indeed understand them themselves.  Ad Watson and De Geest (2005) wrote:

“While implementing imposed structures, individual teachers will create very different lessons and learning environments, including subverting the intentions leading the innovation; further, it may not be the imposed structure, but the quality of the mathematics teaching within those structures, and the professional development and leadership which accompany the innovation which make the difference.”

(Watson and De Geest, 2005, p.213)

While we cannot ascertain from this study if teachers are following calculation guidance, it does offer a possible explanation as to why some children still do not appear to have what Anghileri refers to as ‘number sense’ (2000, p.1) or simply a good understanding of number (Haylock and Cockburn, 2003).

While there are other factors that could contribute these extend beyond the scope of this research.  For example, subject knowledge issues including a lack of knowledge about progression within calculation strategies for some teachers, which Williams (2008) also highlighted as a potential difficulty.  This could be further exacerbated by a limited use of a range of models and images to support children’s understanding.

In summary, while improvements in results have been seen within the two years, when we consider the questions, ‘are we nearly there yet?’, with regard to the issue of most children being able to calculate at an age related level for all four calculation strategies, the answer is still ‘no’.  But perhaps we are approaching our final destination and what we need to work on now is the pace of that journey?
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