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In this paper, we aim to quantify students' development of mental strategies in single-digit addition over a five months period in six Danish year one classes dependent on their initial stage based on assessment interviews of 83 year one students' strategy use when answering 36 single-digit addition tasks. Students were interviewed twice (autumn and spring). Students using direct retrieval the least at interview 1 had the highest increase in proportional use at interview 2, whereas students using it the most showed no mean increase. For counting and derived fact, the change from interview 1 to 2 was constant irrespective of initial use. Analysis of how much of the variation in change in proportional use of different strategies was explained by different factors showed that 60-83% of the total variation was explained by the students' initial strategy use. Factors attributable to the specific learning environment and instructional practice did not explain any significant variation.

Background

Whole number arithmetic is a foundational subject in early years' mathematics. The first arithmetic operation students encounter in school is addition and simple arithmetic, which is related to number sense according to [START_REF] Gersten | Early identification and interventions for students with mathematics difficulties[END_REF]. Thus, knowledge on students' early use and development of strategies in addition contributes to the understanding of students' development of arithmetic proficiency in general (e.g., [START_REF] Laski | Early use of decomposition for addition and its relation to base-10 knowledge[END_REF]. Furthermore, students' early qualitative use of strategies in mental arithmetic has been shown to influence development of mathematics competence and to be a valid predictor of later mathematical achievement and difficulties [START_REF] Carr | Fluency, accuracy, and gender predict developmental trajectories of arithmetic strategies[END_REF][START_REF] Dowker | Young children's use of derived fact strategies for addition and subtraction[END_REF][START_REF] Gersten | Early identification and interventions for students with mathematics difficulties[END_REF][START_REF] Ostad | Developmental differences in addition strategies: A comparison of mathematically disabled and mathematically normal children[END_REF].

Strategies for single-digit mental addition can be divided into three categories as described by [START_REF] Carpenter | The acquisition of addition and subtraction: Concepts in grades one through three[END_REF]: (1) Direct modelling strategies with fingers or physical objects, where counting sequences are used to count all concrete objects. (2) Counting strategies, where mental counting is used in counting-all or counting-on from either the first or, later, the largest addend. (3) Number fact strategies, which involve either a) direct retrieval, which is the direct recalling of the sum, or b) derived fact strategies, where known facts are used to derive the answer. Interesting to note that derived fact strategies has been the focus for many recent studies (e.g. [START_REF] Dowker | Young children's use of derived fact strategies for addition and subtraction[END_REF][START_REF] Gaidoschik | First-graders' development of calculation strategies: How deriving facts helps automatize facts[END_REF][START_REF] Laski | Early use of decomposition for addition and its relation to base-10 knowledge[END_REF].

Students strategy use in arithmetic is influenced by many factors related to the individual student, for example working memory (e.g., [START_REF] Imbo | The development of strategy use in elementary school children: Working memory and individual differences[END_REF] and gender (e.g., [START_REF] Carr | Fluency, accuracy, and gender predict developmental trajectories of arithmetic strategies[END_REF], as well as the learning environment, such as instructional practice (e.g., [START_REF] Timmermans | Gender-related effects of contemporary math instruction for low performers on problem-solving behavior[END_REF], and parents and teachers' strategy preferences [START_REF] Carr | Gender differences in first-grade mathematics strategy use: Parent and teacher contributions[END_REF]. Thus, [START_REF] Carr | Gender differences in first-grade mathematics strategy use: Parent and teacher contributions[END_REF] found that boys would use the strategies their parents use, which include the use of retrieval strategies. These strategies were also those their teachers were more likely to teach them. Furthermore, students tend to use the strategies they are confident with in a feedback loop as described by [START_REF] Bailey | The codevelopment of skill at and preference for use of retrieval-based processes for solving addition problems: Individual and sex differences from first to sixth grades[END_REF], where early preference for a strategy predicts later use, which in turn predicts later preference. Students, who primarily use counting in early arithmetic at the expense of derived fact strategies, will get less practise in working flexibly with numbers. As a consequence, they will have fewer options to develop the more complex comprehension required in advanced arithmetic [START_REF] Gersten | Early identification and interventions for students with mathematics difficulties[END_REF]. Thus, students change in strategy use are found to be dependent on individual factors, such as gender and initial strategy use, as well as factors related to the learning environment and learning opportunities, such as instructional practice.

The study of [START_REF] Gaidoschik | First-graders' development of calculation strategies: How deriving facts helps automatize facts[END_REF] is an example of a study where students' development of strategies for single-digit addition in year one are investigated in relation to both, students' prior knowledge and teachers' instructional practice. [START_REF] Gaidoschik | First-graders' development of calculation strategies: How deriving facts helps automatize facts[END_REF] found that strategy development was significantly related to students' prior number knowledge. Furthermore, he found in a qualitative analysis that although teachers' instructional practice focussed on counting strategies in year one, many students developed derived facts and automatized sums. This finding indicates instructional practice had minor influence on these students development of strategies. Although several studies have documented effects of students' prior knowledge and instructional practice, there is less evidence on the relative contribution of individual differences and instructional practice for students' development of strategies.

The current study

The data presented here are part of a larger project on the relationship between students' development of mental strategies in single-digit addition, teachers' perceptions of the learning of number and arithmetic in year one, and classroom instruction. In this paper, we aim to quantify students' development of mental strategies in single-digit addition over a five month period in six Danish year one classes dependent on their initial strategy use. Furthermore, we investigate how much different variance components contribute to the overall variation in year one students' development of strategies. We are specifically interested in quantifying how much of the total variation in the students' strategy use at time 2 that could be explained by their strategy use at time 1, instruction time and possible differences between classes in general as well as in interaction with time as the latter would include all variation due to possible effects of instruction.

Methods and analyses

The study and participants

The study consisted of 155 assessment interviews on strategy use for single-digit addition conducted on 83 year one students (46 girls; age 7) from six Danish year one classes. In each class, between 11 and 18 students were selected randomly though balanced with respect to gender. 72 students were interviewed in November 2015 and April 2016. 11 students were interviewed only once due to absence. To evaluate differences and similarities in the learning environment of the six classes, the six teachers (three female and three male) were interviewed on the teaching and learning of arithmetic and number. Furthermore, their instructional practice was documented through classroom video observations. These data will be analysed and discussed in detail elsewhere, but initial analysis indicated the teachers differed with respect to emphasis on teaching mental strategies for arithmetic and focus on procedural as opposed to conceptual knowledge. For example, two teachers emphasised rote learning of facts and procedural learning of counting strategies, two teachers focussed on students' skilled use of derived fact strategies and taught these explicitly, and two teachers were conscious of both rote learning of facts and derived fact strategies but did not emphasise one over the other. Furthermore, a previous study showed that the teachers' expectations for their year one students' development in number and arithmetic differed substantially (with one to two years of learning) [START_REF] Sunde | Danish teachers' expectations of year one pupils' additive competence[END_REF]. Thus, with respect to differences in teachers approach to teaching and learning arithmetic the six classes represents a continuum from high level of focus on explicit instruction of strategies with conceptual understanding to an instructional practice focussing on automatization of facts and procedural understanding.

Assessment of students' strategy use

Students' use of mental strategies for single-digit addition was assessed in one-to-one assessment interviews where students were presented with flashcards of the 36 addition tasks with numerals 2-9, including doubles. Manipulatives, paper and pencil were not accessible for the student. The flashcards were presented with tasks of increasing difficulty to avoid less confident students to give up or only use counting if presented with difficult questions at the beginning of the interview. Interviews took place in a quiet room at the school and each session lasted 10-30 minutes. We asked the student to explain how he or she found the answer. Based on students' explanations and the interviewer's observation, answers were categorised in four categories. 'Error' was used if the student gave up or miscalculated. For correct answers 'Counting' included all variations of counting procedures on fingers, verbal or self-report as mental counting, 'Direct retrieval' was used for automatized sum, and 'Derived fact' included all variations of decomposing addends and using automatized sums to calculate the answer (e.g. 4+5 = 4+4+1 or 5+5-1) (for more detail see [START_REF] Sunde | Sex differences in mental strategies for single-digit addition in the first years of school[END_REF].

For each assessment interview, we calculated a strategy use profile on the basis of the proportion of answers (denoted 'proportional strategy use' hereafter) to the 36 addition tasks scored as 'error', 'counting', 'direct retrieval', and 'derived fact'. Hence, if a student used 'counting' to solve 6 of the 36 tasks, the proportion for counting, p counting , was 6/36 = 0.1667. Original values were logit transformed prior to the analysis (logit p i = ln[p i /{1-p i }]). Before transformation, we substituted zero values (not defined on the logit scale) by 0.01, which is 2.8 times lower than the minimum achievable value larger than 0 (1 of 36 items = 0.028).

Analysis of change in proportional strategy use

Development in mean use of each of the four strategies over half a school year was analysed by modelling proportional strategy use in the second assessment interview (p i2 ) as a linear regression function of the students' proportional strategy use in the first assessment interview (p i1 ) five months earlier. From this regression function ( i2 = β 0 + β 1 p i1 ) the mean change in (logit-transformed) p i from a given level in autumn to the next spring could be derived as the vertical distance between the regression line and the reference line y=x that indicated no change in mean strategy use between the two test sessions. Hence, the more students increases the proportional use of a given strategy from autumn to spring, the higher above the y=x line will the data points and the regression line be located and vice versa. From the slope of the regression line, it is furthermore possible to test whether the change in use of a given strategy is conditional on how much it was used in the first interview. If the mean change in proportional use (on logit scale) of a given strategy from interview one to interview two is equal for all students irrespective of how much they used the strategy on the first assessment interview, the slope of the regression line would not be significantly different from 1. On the contrary, a slope < 1 indicate a greater change in proportional use of a strategy by those students that used the strategy least in the first interview whereas a slope >1 would indicate the opposite, i.e. that those students that used a strategy least in interview one are also those that have developed relatively less from interview one to interview two.

Before the linear regression functions were established, we tested for possible quadratic and cubic relationships between p i2 and p i1 , as well as for possible effects of class (for the case development in strategy use varied between classes between interview one and two) and sex (for the case boys and girls differed in change of strategy use between interview one and two) without finding any significant effects of those predictors.

Analysis of variance components

We quantified how much of the variance in proportional use of each strategy was explained by different factors. The factors were time (difference between interview one and two), student identity nested within class (the systematic difference between students over the two interviews within a given class), class (the systematic difference between students in different classes) and the interaction between class and time (systematic differences in how much students from different classes changed from interview one to two). We calculated variance components as each of the aforementioned factors' sum-of-square compared to the total sum-of-squares in General linear models with all 155 interview results as observation units and the aforementioned variables and interaction terms as fixed effects. In this respect, the interaction term class*time encompasses all variation that could be explained by differential instructional practice because it represents the time a student has received instruction in a specific classroom. We derived statistical significances of each factor from F-tests.

Results

Change in proportional strategy use: Conditional on initial strategy use

As expected, mean use of all four strategies significantly changed from autumn to spring (all pvalues ≤ 0.001) as the proportions of errors and counting decreased and direct retrieval and decomposition increased. The coefficients of determination (R 2 ) when modelling results from assessment interview two as functions of the results from interview one showed that the changes in the students' proportional use of a strategy was highly conditional on initial strategy use (Figure 1: R 2 -values: 0.26-0.69). The slopes of the regression lines were significantly < 1 for 'error' (t 71 = 6.52, P < 0.0001) and 'direct retrieval' (t 71 = 2.18, P = 0.03), but did not differ from 1 for 'derived facts' (t 71 = 1.75, P = 0.08) and 'counting' (t 71 = 0.6, P = 0.4).

For 'error', the slope lower than 1 indicates that students with the highest error rates in interview one displayed the highest reduction in error rates between assessment interview one and two, probably as the mere result of the vast majority of the students solving all items correctly in general and especially in interview two. For 'counting' and 'derived fact' slopes not significantly different from 1 indicated that the mean change in use of these two strategies from interview one to two (decrease in counting, increase in derived fact) were constant no matter how much the strategies were used in the first assessment interview situation. For 'direct retrieval' a slope lower than 1 and inspection of the confidence zones of the regression line suggested that students using direct retrieval least in the first interview expressed the highest increase in use of this strategy in interview two. Whereas, students with the highest use of this strategy in interview one did not show any mean increase in use of this strategy in interview two. From inspection of Figure 1, one can see that girls generally used counting substantially more than boys, and boys significantly used derived fact more than girls. These sex differences that were already present at interview one are dealt with elsewhere [START_REF] Sunde | Sex differences in mental strategies for single-digit addition in the first years of school[END_REF]. As regards changes from interview one to interview two, boys and girls did not differ for any of the strategies (additive effect of sex if included in regression models: all p-values > 0.2).

Variance components: Effect of individual differences, time and class

The half school year represented by the mean difference in strategy use between assessment interview one and two explained 3-6 % of the total variation in use of the four strategies, as compared to 60-83% explained by student identity nested within class (all p-values ≤ 0.001) and 3-12 % by class (statistically significant for 'error', 'counting' and 'derived facts': Figure 2). The time-by-class interactions (representing specific instructional practice) explained 0-1 % indicating no measurable class differences in mean progression from interview one to two (Figure 2). use at interview two as function of strategy use at interview one demonstrates that in at least two of four strategies the mean change in strategy use from interview one to two differed significantly between those students who used the strategy most and least. In the present case those students with highest proportion of errors in interview one expressed the largest reduction in error frequency in interview two five months' later. Those who used direct retrieval least in the first interview expressed the highest increase in use of this strategy to interview two. For counting, the mean change in strategy use did not differ significantly between students with high and low initial use. This corresponds with Bailey et al.'s (2012) feedback loop of relationship between skills and preference for specific strategies.

Considering that use of derived fact strategies are related to high arithmetic ability [START_REF] Dowker | Young children's use of derived fact strategies for addition and subtraction[END_REF] and the relationship between excessive use of counting and mathematical difficulties [START_REF] Ostad | Developmental differences in addition strategies: A comparison of mathematically disabled and mathematically normal children[END_REF], it is concerning that the students with high initial proportional use of counting do not decrease the use of this strategy more than students with a low initial use. These findings underline the importance of analysing and reporting changes in strategy use (or any other achievement measure) as function of a given time period or intervention type differentially for student groups with different start level. In that respect, the here used graphical and statistical method based on testing the nil-expectation of a slope = 1, may provide an easily used and comprehendible method. One implication for practice of these results is that instruction should support students in developing a diverse strategy use.

Second, albeit mean use of all four strategies significantly changed over the five months between interview one and two (as expected), these changes, reflecting the fundamental 'effect' of learning and maturation, were modest compared to the variation in strategy use between students (evident as the high correlation coefficients of the scatter plots in Figure 1, as well as the amount of variance components explained by student ID in Figure 2). This illustrates the importance of acknowledging the long known but sometimes implicitly forgotten notion that students within a class may vary in strategy use patterns equalling several years' education time.

Third and finally, our analysis revealed that for Danish primary school children little variation (1-7%) appeared to exist between classes in general (main effect of class), and even less (0-1%) between classes and time (class-by-time interaction). Given that the five months' time span represents a big part of the students' first formal mathematics education, we find it interesting that the different classes in effect appeared to develop similarly between interview one and two despite considerable differences in teaching practice.

We want to stress that from this, one cannot conclude that differential teaching practices do not influence learning outcome, just that such differences were barely measurable over a time scale of five month's education time. A delayed effect of different instructional practices in year one on later arithmetic ability is thus possible. It is also important to notice that effects of differential teaching practices may have occurred before November, when interview one took place. Significant main effects of class for counting and especially derived fact indicate that this might have been the case.

In conclusion, Danish year one students' developmental change of strategy use for single-digit addition is primarily determined by their strategy use when entering year one. Development patterns were similar between classes, suggesting no influence of instructional practice, but mean change in error rate and use of direct retrieval differed for students with high or low initial use. The relatively small influence of five months teaching on strategy use patterns and the lack of difference between classes with different instructional practice is stunning. The findings call for qualitative research on what role different instructional practice play in year one students' development of strategy use.
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 1 Figure 1: Proportional use (logit-scale: zero-values replaced by 0.01 before transformation) of strategies of 72 year one students in spring (April) plotted against their results achieved in the same assessment interview the preceding autumn (November)
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 2 Figure 2: Variance components in terms of Type 3 sum-of-squares of strategy use assessed twice in year one (autumn and spring), derived from general linear modelsDiscussionThis statistical investigation of strategy use in single-digit addition amongst year one students revealed the following three results worth noting. First, the slopes of the regression lines of strategy