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Although making appropriate strategy choices is arguably a key indicator of calculation fluency, recent curriculum reforms in England prioritise the teaching of formal algorithms. The impact of this policy on students' calculation choices is currently unknown. This paper, which derives from a wider sequential mixed methods explanatory study, consisting of a large-scale survey (N=590) followed by individual interviews (n=23), casts some light on this issue by investigating the strategy choices of the first cohort of Year 6 students (10-11-year-olds) studying under the curriculum reforms. The survey findings showed that gender, prior attainment and confidence were all significant predictors of the use of formal algorithms. The interview findings revealed knowledge of multiple strategies and a willingness to choose alternative strategies as other key variables.

Background

This study was motivated by recent curriculum reforms in England (DfE, 2013a) which compelled schools to prioritise the teaching formal algorithms (Figure 1) over and above other calculation strategies. Those reforms signposted a dramatic shift away from previous policy that had encouraged the teaching of a wider range of calculation strategies (DfES, 2007). Alongside the curriculum reforms (DfE, 2013a), corresponding adjustments were made to the assessment procedures; incorrect calculations would receive half marks if and only if students attempted a formal algorithm. The reforms swiftly appeared to have an impact on classroom pedagogy: McClure (2014, para. 3) noted that "Many schools are already interpreting this as practice, practice, practice of formal algorithms." Although procedural fluency is recognised as a key factor of calculation fluency, the relevant literature highlights other factors too.

Theoretical framework

The notion of calculation fluency (also known as computational fluency) has been defined in the literature as requiring students to satisfy several different criteria. For example, the US-based National Council of Teachers of Mathematics (NCTM, 2000) stated:

Students exhibit computational fluency when they demonstrate flexibility in the computational methods they choose, understand and can explain these methods, and produce accurate answers efficiently. (NCTM, 2000, p. 152) The NCTM's definition was consistent with the way we conceptualised calculation fluency in this study as requiring accuracy, efficiency, flexibility and understanding of the chosen strategy. In light of the DfE's (2013a) reforms prioritising formal algorithms, flexibility received special attention in our work; due to the particular curricular context and policies, students in this study were deemed to be working flexibly when they deviated from choosing the formal algorithm. Examining the impact of teaching formal algorithms on 9-10-year-old boys in Belgium (N=21), [START_REF] Torbeyns | Efficient and flexible strategy use on multi-digit sums: A choice/no-choice study[END_REF] reported that most of the students prioritised formal algorithms within a year of their introduction to those strategies, even for calculations suited to other strategies such as 482 -299. The DfE's (2013a) reforms prioritising formal algorithms in primary schools were accompanied by an increased focus on problem-solving in secondary schools. The DfE's reforms across both levels of schooling appeared to assume that they satisfied the needs of all students. However, [START_REF] Villalobos | The importance of breaking set: socialized cognitive strategies and the gender discrepancy in mathematics[END_REF] argued that the gender differences in mathematical attainment observed in US schools could be explained by the different curricula that students experienced in their primary and secondary schooling. Her model predicted that young girls might respond positively to the increased focus on formal algorithms but their early success might hamper their later mathematical attainment studying under a problem-solving curriculum. Indeed, significant gender differences already existed in UK schools before the reforms; the DfE (2013b) released data indicating that similar numbers of girls and boys consistently achieved age-related expectations in primary mathematics, yet boys were outperforming girls at higher levels. Examination of the assessment descriptors (DCSF, 2009) revealed that pupils working at age-related expectations were expected to satisfy objectives addressing number recall and performing written calculations whereas pupils working above agerelated expectations were expected to demonstrate more problem-solving skills.

The literature also revealed gender differences in calculation strategies. For example, [START_REF] Carr | Gender differences in arithmetic strategy use: a function of skill and preference[END_REF] conducted a choice/no-choice study with 6-7-year-old students in the US (N=84) comparing their addition and subtraction strategies; the boys tended to prefer counting in their heads whereas the girls were more likely to choose counting on their fingers. Also, [START_REF] Hickendorff | Individual differences in strategy use on division problems: Mental versus written computation[END_REF], investigating the division calculations of 12-year-old students in the Netherlands (N=362), reported that boys tended to prefer informal written calculation strategies whereas girls were more likely to adopt formal strategies. Furthermore, when the researchers asked the students to record their division strategies, the boys tended to record fewer steps and work more intuitively than the majority of the girls in the sample. However, the reforms (DfE, 2013a) adopted a 'one size fits all' model which ultimately expected all pupils to use the formal algorithm and did not appear to take into account the differences described above. Moreover, the Programme for International Student Assessments (OECD, 2009) confirmed that 15-year-old English students had one of the largest gender differences favouring boys in mathematical performance.

The role of confidence in the calculation choices of boys and girls remained unexplored in the literature despite evidence revealing that confidence could interact with gender in shaping students' dispositions, decisions, or achievement. For example, [START_REF] Brown | I would rather die": Attitudes of 16-year-olds towards their future participation in mathematics[END_REF] reported that almost twice as many UK 16-year-old girls than boys indicated that they would not consider studying mathematics post-16 because it was perceived as 'too difficult.' Moreover, US-based [START_REF] Heilbronner | The STEM pathway for women: What has changed?[END_REF] found that confident students were more likely to continue studying mathematics post-16 than their less confident counterparts. Exploring the factors surrounding gender participation in the various STEM-related career paths, Heilbronner also reported a gender imbalance across the STEM-related subjects where females were less likely to choose engineering or mathematics than males. Hence confidence was regarded as a key issue in this study. For the purposes of this study, we adopted the definition of mathematical confidence as being an individual's belief in their ability to 'do' mathematics (Fishbein & Azjen, 1975).

Research design was another concern. Prior calculation studies tended to adopt choice/no-choice designs which limited their opportunities to explore calculation choices. Few studies explored the reasons behind the strategy choices of the students. Moreover, the DfE's (2013a) reforms prioritised formal algorithms for the four operations but prior studies tended to focus on a single operation, such as addition. The limited number of studies which did address all of the four operations did not consider gender or confidence. Hence this study adopted a sequential explanatory mixed methods research design which addressed the following research question: To what extent do gender, prior attainment and confidence predict use of formal algorithms across all of the four operations?

Method Participants

For the quantitative phase, 19 schools were randomly selected from a larger cohort taking part in a regional Mathematics Specialist Teacher (MaST) programme, an initiative which aimed to place a Master-level trained teacher in every primary school. This approach resulted in a potential sample of 670 10-11-year-olds. The actual sample consisted of 590 students (324 boys, 266 girls) with 79 students removed (35 -newly arrived in the UK with English as a second language, 33 -working below the required level, 6 -absent, 1 -poor behaviour and 4 -no evidence of parental permission).

Data collection

The quantitative survey consisted of a workbook containing 16 calculations, a mathematics Confidence Questionnaire (CQ) and the prior attainment scores from students' most recent national assessment at age 7 (Level 1 = below average, Level 2 = average, Level 3 = above average). The class teachers delivered the materials under national assessment test conditions.

The workbooks reflected the overall focus of the study by including some calculations which were deemed suitable for using formal algorithms (456+372, 5412+2584, 632-154, 27x63, 568x34 and 517÷19) and others which were regarded as suitable for other approaches, such as rounding to the nearest multiple of ten or counting the difference between two numbers (299+532, 245+256, 500-76, 702-695, 382-199, 20x46, 35x99, 693÷3, 480÷20 and 401÷25). The draft workbooks were piloted, revised and validated by five education professionals who were asked to confirm their suitability for the use of formal algorithms or alternative strategies; they were also asked to confirm their age-appropriateness, and their scores exceeded the minimum score of 0.8 recommended for new measures [START_REF] Rubio | Objectifying content validity: conducting a content validity study in social work research[END_REF].

The CQ was adapted from an existing measure which addressed mathematical competence as well as views on the importance of mathematics [START_REF] Eccles | Age and gender differences in children's self-and task perceptions during elementary school[END_REF]. The original version consisted of ten questions with a five-point Likert-style response scale which had been extensively trialed with similar age groups. For example, students were asked 'How well do you expect to do in math this year?' and 'How good in math are you?' The questionnaire could be efficiently administered by teachers to their whole class, but the terms math and student were replaced for my UK-based study. The internal consistency of the revised questionnaire was confirmed using Cronbach Alpha testing, achieving a high rating (10 items; α=0.88).

Twenty-four potential interviewees (12 boys, 12 girls) were drawn from three of the schools from the initial phase. This purposeful sample consisted of 12 high attaining students (6 boys, 6 girls) and 12 low confidence students (6 boys, 6 girls). One student, a high attaining girl, was absent which resulted in an actual sample of 23 interviewees. Each pupil was individually interviewed by the first author and the interview was audio recorded (video recording was not possible due to school policies). Since the purpose was to elicit the reasons underlying the students' strategy choices, semistructured interviews were deemed the most suitable approach; after a few introductory questions to confirm their name and willingness to participate in the project, the students were asked a series of questions addressing different aspects of their calculation fluency such as the reasons behind their strategy choices, their knowledge of alternative strategies and their checking procedures.

Data analysis

The initial quantitative data analysis informed the subsequent qualitative analysis. Each workbook was checked for accuracy and the individual calculations were coded according to the chosen strategy. An individual's flexibility was determined by the total number of times they chose formal algorithms across the 16 calculations. Quantitative analysis was conducted using ANOVA to compare the accuracy rates of different strategies and Multiple Linear Regression (MLR) to predict flexibility; the three predictor variables were gender, prior attainment and confidence, and the dependent variable was their use of formal algorithms.

The interviews were transcribed and coded using framework analysis (Richie & Spencer, 1994). This accommodated a priori issues from the quantitative phase as well as other themes emerging during the analysis. It began with a familiarisation stage, reading and re-reading the transcribed notes in order to become totally immersed in the data. The a priori themes were calculation accuracy, use of the formal algorithm (which reflected the flexibility aspect of calculation fluency), conceptual understanding, efficiency and the most accurate calculation strategies. The notes taken during this stage were organised into a draft thematic framework which was trialled and refined with a limited number of the transcripts, and the revised framework retained its original themes. Charting the data moved the analysis from working with individual transcripts towards analysing the whole data set. Each chart represented a single theme and the data was organised into the subthemes identified in the previous stages of the processthese completed charts allowed the data to be analysed both vertically (by sub-theme) and horizontally (by individual pupil). The charts enabled counting of the total number of coded items as well as consideration of the actual text.

Findings

Although formal algorithms were the most frequently selected strategy for each of the sixteen calculations, ANOVA tests confirmed that other strategies were significantly more accurate for three of those calculations (702 -695, 401 ÷ 25 and 517 ÷ 19) and formal algorithms for two others (456 + 372 and 693 ÷ 3). The MLR analysis revealed a statistically significant regression equation (F (4, 585) = 11.98, p<0.001), R 2 = 7.57% (Table 1) for predicting use of the formal algorithm.

Use of formal algorithm = 5.5212 + 0.8893(girl) -1.3026(Level 2) -1.6688(Level 3) + 0.1439(Confidence).

The MLR analysis confirmed that gender, prior attainment and confidence were all significant predictors of flexibility, but the most significant factor was confidence. If a student rated their mathematics confidence with the maximum score of 50, then their predicted use of formal algorithms increased by seven calculations. However those findings did not explain why the confident students tended to choose formal algorithms. Nor did they either explain why the girls tended to choose formal algorithms for one more calculation than the boys, or explain why the high attaining pupils tended to choose formal algorithms for two fewer calculations than the others. Due to the sequential nature of this study, each issue was addressed in the subsequent qualitative analysis. Moreover, the regression model indicated that just under 8% of the variance in choosing formal algorithms was explained by the three predictor variables so the qualitative phase also offered an opportunity to explore other possible variables to account for the remaining variance. Consider the quantitative finding that the more confident students tended to choose formal algorithms: this finding might imply that those students were either confident in their abilities to apply those strategies or they felt confident because they were following their teacher's approach. Alternatively, this finding might appear to imply that the low confidence students drew upon a wider range of calculation strategies than their counterparts by not relying on formal algorithms. However, the interviews revealed that the situation was more complex than it initially appeared; two-thirds of the low confidence interviewees admitted that they only knew a single strategy for some of their operations, some of them had yet to encounter formal algorithms and others were unwilling to attempt such strategies due to their lack of practice with the strategies. In particular, when asked to suggest another strategy for working out their answers, most of the low confidence students struggled to name an alternative strategy for multiplication or division calculations.

Coefficient

For gender, the quantitative findings showed that the girls were more likely to choose formal algorithms than the boys, and the interviews revealed that the girls preferred to use the same strategy for calculating and checking too. When the girls did know another strategy, such as rounding for 35 x 99, several of them either did not identify suitable opportunities to apply it or were reluctant to apply it. Several students stated that their choice of strategy was influenced by their knowledge of the assessment procedures for national tests. However, most of the boys were willing to adopt different strategies such as applying their knowledge of divisibility rules or checking their answers using inverses.

The quantitative findings also showed that the high attaining students were less likely to choose formal algorithms than other students, and their interviews revealed that they knew a greater range of strategies than the other students which enabled them to select alternative approaches. This was most noticeable when the high attaining students were discussing how they checked their answers; half of them employed more than one checking procedure or estimated their answers. Their flexibility ensured that they had a higher mean accuracy score than the other students too.

The interviews also shed further light on the unaccounted for variance in the regression model. Knowledge of multiple strategies and checking procedures emerged as important factors to consider regarding use of formal algorithms. More specifically, the transcripts revealed that students checked their calculations in different ways and at different times, and that those differing strategies might account for different accuracy rates too. The most accurate students were the minority who checked at least some of their answers using multiple strategies such as divisibility rules and using inverses; the majority simply checked each of their calculations by repeating their initial strategy. The students also checked their answers at different times but most of them checked as they went along. Around a fifth of the students, mostly boys, delayed checking their answers until they had finished all of their questions. However, the findings relating to the optimum time for checking their calculations were inconclusive, due to the small numbers of students involved. The interviews also highlighted the potentially negative influence of national testing on calculation flexibility; several students said that their choice of formal algorithms was influenced by national tests.

Discussion

Exploring different calculation strategies offers an opportunity for young students to experience working flexibly in the mathematics classroom, rather than relying exclusively on formal algorithms. However, the findings revealed that formal algorithms were the most frequently selected strategy for each of the 16 calculations in this study, including those deliberately included due to their suitability for other strategies. The subsequent interviews revealed that less confident students tended to be unaware of multiple strategies for multiplication or division calculations, possibly indicating that the renewed emphasis on formal algorithms might have steered some schools towards teaching a narrower range of strategies. The interviews also revealed that failing to recognise an opportunity to work flexibly often resulted in students choosing a less efficient, potentially error-prone, strategy.

The finding that the girls were more likely to choose formal algorithms than the boys was consistent with the early stages of Villalobos' (2009) theoretical model whereby young girls experience strategy socialization when they choose to follow algorithms. If the model is correct, those girls may struggle to adapt to the demands for more flexible approaches of later mathematics courses, such as those related to problem-solving. The results also showed that the high attaining students were less likely to choose formal algorithms than others. Their willingness to work flexibly would present a clear advantage for those high attaining students when problem-solving; knowing more than one strategy would enable them to adopt a different strategy if they got stuck [START_REF] Russell | Developing computational fluency with whole numbers in the elementary grades[END_REF].

Moreover, the most accurate students were the minority who checked at least some of their answers using multiple strategies, including estimation which was highlighted as important in the literature (e.g., Doreneles, Duro, Rios, Nogues, & Pereira, 2017). Readiness to consider other strategies was also recognised as a key aspect of fluency [START_REF] Mcclure | Developing number fluencywhat, why and how[END_REF]; comparing two answers from different strategies would allow students to identify any possible errors which might not have been noticed by simply repeating their initial strategy.

All study designs have their limitations. Although this project focused on gender, prior attainment and confidence, we accept that future studies might address social class or the enacted curriculum. Due to financial and time restraints, the student interviews were limited to three schools; widening the range of schools might uncover further factors too.

The above findings have clear implications for schools, researchers and policy makers. The decision to focus on all four operations, contrary to most prior research, exposed differences in the extent of students' knowledge of multiple strategies between operations. Also the sequential explanatory mixed methods research design, another notable difference from most prior research, enabled further exploration of the initial quantitative results by revealing potential issues arising from focusing too heavily on formal algorithms. Such issues include: low confidence students lacking knowledge of multiple strategies, restricting their options when they encounter difficulties; girls prioritising algorithmic fluency above all other aspects of mathematics, possibly to the detriment of their future mathematical development; and, students limiting themselves to a single calculation and checking procedure, reducing their opportunities to spot errors. Next steps in this study involve disseminating these findings to a variety of audiences, especially policy makers through contributions towards parliamentary access groups, national conferences and teaching publications.
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 1 Figure 1: Formal algorithms for the four operations (DfE, 2013a, pp. 46-47)

Table 1 : Summary of revised coefficients for predicting use of the formal algorithm
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		Estimate	Standard	t-value	p-value
			Error		
	Intercept	5.5212	0.9884	5.5862	3.56E-08
	Girl	0.8893	0.3091	2.877	0.0040
	Level 2	-1.3026	0.5379	-2.4217	0.0158
	Level 3	-1.6688	0.6225	-2.6806	0.0076
	Confidence	0.1439	0.0229	6.2793	6.63E-10