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Number estimation and quantitative reasoning have been indicated as significant skills for mathematical achievement. In this sense, this paper aims to analyse the students' performance in these two skills and verify possible relations between both. For that, 143 students from 3 rd and 4 th grades of elementary school were evaluated using two number line estimation tasks. Results showed that there is a direct relation between children's performance in both abilities. From this, it is suggested that both number estimation and quantitative reasoning tasks can be used in daily classroom activities to promote the learning of initial mathematics concepts considering the importance of estimation in daily activities.

Introduction

Mathematics is an important area of knowledge for children's cognitive development, as it involves several domain-specific skills related to numerical knowledge. Learning mathematics requires the understanding of initial concepts about numbers, quantities and relations, and the ability to make connections between these concepts [START_REF] Nunes | Development of maths capabilities and confidence in primary school[END_REF]. Therefore, it is important to provide different teaching and learning situations with the intention of promoting children's mathematical development. In this sense, our study highlights two skills indicated in the literature as significant for mathematical learning: number estimation and quantitative reasoning. Number estimation is a cognitive ability that has been studied and pointed out as important for mathematical performance [START_REF] Geary | Cognitive predictors of achievement growth in mathematics: A 5-year longitudinal study[END_REF][START_REF] Moore | Children's mathematical performance: Five cognitive tasks across five grades[END_REF][START_REF] Schneider | Associations of Number Line Estimation With Mathematical Competence: A Metaanalysis[END_REF][START_REF] Siegler | Development of numerical estimation in young children[END_REF][START_REF] Siegler | The logarithmic-to-linear shift: One learning sequence, many tasks, many time scales[END_REF]. The evidence is that the ability to estimate is related to arithmetic, number categorization and numerical magnitudes [START_REF] Laski | Is 27 a big number? correlational and causal connections among numerical categorization, number line estimation, and numerical magnitude comparison[END_REF][START_REF] Link | On the relation between the mental number line and arithmetic competencies[END_REF][START_REF] Schneider | Associations of Number Line Estimation With Mathematical Competence: A Metaanalysis[END_REF][START_REF] Siegler | The logarithmic-to-linear shift: One learning sequence, many tasks, many time scales[END_REF]. In number estimation tasks, students identify numerical magnitudes and perform number decompositions. More than that, studies have shown that children's ability to accurately locate numbers on a number line is predictive of later mathematical achievement [START_REF] Geary | Cognitive predictors of achievement growth in mathematics: A 5-year longitudinal study[END_REF][START_REF] Siegler | Development of numerical estimation in young children[END_REF]). The number line estimation task, in the version number-to-position (NP), is the task most commonly used to evaluate the ability to estimate numerical magnitudes. In this task, participants are given a number, in the form of Arabic numerals, and are asked to locate that number on a line usually bounded in a numerical range. This task has been used to trace the development of the pupil's comprehension of numerical magnitude throughout the school grades [START_REF] Booth | Developmental and individual differences in pure numerical estimation[END_REF][START_REF] Schneider | Associations of Number Line Estimation With Mathematical Competence: A Metaanalysis[END_REF][START_REF] Siegler | The development of numerical estimation: Evidence for multiple representations of numerical quantity[END_REF].

An alternative version of the number line estimation task has also been proposed. The intention of this version is to investigate estimation accuracy differences between tasks and to gain a broader understanding of the development of the ability to estimate. In this version, called position-tonumber (PN), participants are asked to estimate a number corresponding to a location on a number line also bounded by a numerical range. Figure 1 shows examples of NP and PN tasks. These two versions of the number line estimation task are complementary since they embody the central property of the ability to estimate, which is the translation between numerical and spatial representations [START_REF] Siegler | The development of numerical estimation: Evidence for multiple representations of numerical quantity[END_REF].

Regarding quantitative reasoning, we can say that it is essential for the construction of initial mathematical concepts, since it is based on the understanding of the relations between quantities, for example, if they are increasing or decreasing [START_REF] Nunes | Teaching and Learning About Whole Numbers in Primary School[END_REF]. Evidence indicates that quantitative reasoning developed from the beginning of elementary school contributes significantly to mathematical achievement and that understanding the relation between quantities is essential for learning numerical and arithmetic representations [START_REF] Nunes | The contribution of logical reasoning to the learning of mathematics in primary school[END_REF][START_REF] Nunes | The relative importance of two different mathematical abilities to mathematical achievement[END_REF]. Quantitative reasoning is divided into two categories, additive and multiplicative reasoning, which are classified by situations according to the relation established between quantities [START_REF] Nunes | Teaching and Learning About Whole Numbers in Primary School[END_REF]. Additive reasoning is characterized by the ability to join or separate quantities from a total quantity (quantity composition problems), to recognize the inverse relation between addition and subtraction (transformation problems), and to understand comparative situations (comparison problems). Multiplicative reasoning involves the ability to perform one-to-many correspondence and to perform distributions equally. It is classified in situations of direct or inverse relations between quantities and product of measures, in which a third quantity is formed by two other quantities [START_REF] Nunes | Teaching and Learning About Whole Numbers in Primary School[END_REF]. Examples or these quantitative reasoning tasks that were used in this study are presented in Figure 2. Thus, we perceive that different quantitative relations are necessary in order to understand mathematical concepts and operations. When students understand the relation between quantities and operations, it becomes easier to correctly decide the strategies and schemes to be used to solve the problems. Consequently, this understanding will have a direct influence on mathematical achievement.

Concluding this review, some studies on this topic have been presented in a previous edition of CERME. About number estimation, we found a comparison study between two estimation tasks in 2 nd and 3 rd graders´ performance [START_REF] Dorneles | Number estimation in children[END_REF], and another comparing preschool children's performance in a number line estimation task with initial math skills [START_REF] Elofsson | 5-and 6-Year-Old Children´s Number Line Estimation Patterns[END_REF]. On quantitative reasoning, we highlight a study carried out with 2 nd graders checking their solution strategies when solving transformation situations to support the development of their mathematical thinking [START_REF] Serrazina | The role of representations in promoting the quantitative reasoning[END_REF].

In this sense, what was intended in this study was to analyse the performance of 3 rd and 4 th grade students on number estimation and quantitative reasoning and to investigate the relation between their performance in these abilities. This relation, as far as we know, has not yet been the focus of studies. Therefore, this research fills a gap in the literature and provides more evidence of cognitive abilities important to mathematical performance.

Method

The sample comprised a total of 143 children (62 girls and 81 boys) from two public elementary schools in Porto Alegre/Brazil. Schools were chosen by criteria of convenience, number of students and attending to communities of similar socioeconomic classes. The students were 3 rd and 4 th graders (76 from 3 rd and 67 from 4 th grade), and ages between 8 to 11 years old (M=9.8, SD=.74). They were evaluated using two number line estimation tasks (NP and PN) and one quantitative reasoning task. The 3 rd and 4 th school grades were chosen because in these grades the students are in similar moments of learning considering the curricular contents, especially in relation to numerical knowledge. And the tasks used require some numeric knowledge established to be solved, like the understanding of the numerical system and of the four mathematical operations. It is important to say that estimation and problem solving are part of the curriculum in Brazil, but these tasks specifically of number estimation and quantitative reasoning are not usual in classrooms. Even though, the children were able to solve the tasks after the researcher's explanation.

To evaluate number estimation ability, two number line tasks were used adapted from [START_REF] Siegler | The development of numerical estimation: Evidence for multiple representations of numerical quantity[END_REF]. The first one was number-to-position (NP) task, which consists in locating the position of a number on a number line bounded by 0 on the left and 100 on the right. The second one was position-to-number (PN) task, which consists of estimating a value that corresponds to a mark indicated on a number line also bounded by 0 and 100. There were 22 numbers to be estimated (2,3,5,8,12,17,21,26,34,39,42,46,54,58,61,67,73,78,82,89,92,97), taken from the study by [START_REF] Laski | Is 27 a big number? correlational and causal connections among numerical categorization, number line estimation, and numerical magnitude comparison[END_REF]. These numbers were presented in a random order and children wrote down their estimates in a notebook containing a number line and a number to be estimated on each page. The task was applied in groups of 10 students and lasted about 30 minutes per group.

The quantitative reasoning task was adapted from [START_REF] Nunes | Teacher notes[END_REF] and aimed to evaluate children's arithmetic reasoning in problem solving. The quantitative relations involved were additive reasoning (including composition of quantities, situations of transformation and comparison) and multiplicative reasoning (containing situations of direct and inverse relations between quantities and product of measures). The task was composed of 18 situations, nine of each kind of reasoning. Task application occurred collectively in groups of 10 students. Each participant received a notebook containing one situation per page, in which only illustrations were presented without written information. The instructions were given orally by the assessor, so the children did not depend on their reading ability.

The analysis of performance in number estimation was determined by calculating the accuracy with which the students estimated each number requested, that is, by calculating the percentage of absolute error of each child´s estimate. This computation is adapted from [START_REF] Siegler | Development of numerical estimation in young children[END_REF] and can be explained by dividing the difference between the child's estimate and the number to be estimated by the number line scale (which in this task is 100). For example, consider that the number to be estimated was 40 and the child made a mark on the number line corresponding to number 30, then the computation will be done as follows: |30-40|/100, obtaining an accuracy of 0.1. Therefore, the lower is the value found, the more accurate is the estimation made by the participant.

For the quantitative reasoning task, the total score of correct answers in the task and the hits per reasoning category (additive and multiplicative reasoning) were considered.

Initially, the quantitative analyses were conducted to identify any differences in performance on number estimation and quantitative reasoning tasks according to gender, age and school grade. Then, an association analysis between the performance in the two types of number line estimation tasks was conducted. After which, the children's performance in quantitative reasoning and number line estimation tasks was compared.

Results

Firstly, the results are presented by task type, describing the students' performance in number line estimation tasks and in the quantitative reasoning task. Finally, the results for the correlation between both math abilities evaluated are shown.

The ability to estimate was evaluated using two number line estimation tasks (NP and PN tasks). The performance in both tasks was organized according to the mean accuracy of each child by task.

In a first analysis, the performance in each of the two number line estimation tasks was related with gender, age and school grade, and a statistically significant difference was only found (NP: =1827, <.05; PN: =1767.5, <.05) with school grade. This indicates that 4 th graders accuracy (mean NP=.086, SD=.038; mean PN=.074, SD=.037) was better than 3 rd graders (mean NP=.11, SD=.055, mean PN=.099, SD=.056) in both tasks. After this, from a correlation analysis, accuracy of NP (M=.10; SD=.05) and PN (M=.09, SD=.06) showed a moderate but significant correlation (rs=.66, <.01), indicating that, the better is the accuracy in NP task, the better it is in PN task. A descriptive analysis was also conducted to identify which proposed numbers the participants estimated accurately. From this, we can observe (Figure 3) that children were more accurate in numbers at the ends of the number line (numbers 2, 3, 5 and 97). 

Quantitative reasoning

The quantitative reasoning task assessed the children's ability to solve situations involving arithmetic reasoning using the four fundamental mathematical operations. The results were computed by the total of correct answers in the task and by the number of correct answers in each reasoning category (additive reasoning and multiplicative reasoning). In general, students presented a mean of 10.55 hits (SD=3.22). When scores were verified according to the reasoning category, the students obtained better scores in additive reasoning (M=6.03, SD=1.92) than in multiplicative reasoning (M=4.51, SD=1.81). When correlating performance in the quantitative reasoning task with the variables gender, age and school grade, there was a statistically significant difference with school grade ( =3256, <.05) and a direct but weak correlation with age (rs=.18, <.05). These results indicate that there was an increase in total score from 3 rd to 4 th grades (3 rd grade: M=9.74, SD=3.32; 4 th grade: M=11.46, SD=2.87). However, this increase was significant ( =3486.5, <.05) only for additive reasoning (3 rd grade: M=5.42, SD=2.06; 4 th grade: M=6.73, SD=1.47).

When analysing the situations involved in both additive and multiplicative reasoning (Figure 4), there is a higher percentage of correct answers in situations of additive reasoning involving quantities composition and transformation. Concerning situations of multiplicative reasoning, students obtained higher scores in situations involving direct and inverse relations between quantities. 

Number line estimation and quantitative reasoning

A correlation analysis was conducted to verify associations between the measures of number line estimation and quantitative reasoning. Thereby, moderate and significant correlations were found between quantitative reasoning total score and both the NP task (rs=-.39, <.01) and PN task (rs=--.42, <.01). In the same way, there were also moderate and significant associations between score by reasoning category and accuracy in both number line estimation tasks. Correlations index can be seen in Table 1. 

Discussion and conclusions

The aim of this research was to verify the relation between number estimation and quantitative reasoning performance of a third and fourth graders group, as well as to analyse their performance in each of these abilities. For this, two number line estimation tasks (NP and PN tasks) and a quantitative reasoning task were used.

Among the research results, we can highlight the significant difference found between the school grades, with 4 th graders performing significantly better than 3 rd graders in both abilities. These findings indicate that experience and increased schooling improve accuracy in number line tasks, as found in previous studies [START_REF] Booth | Developmental and individual differences in pure numerical estimation[END_REF][START_REF] Laski | Is 27 a big number? correlational and causal connections among numerical categorization, number line estimation, and numerical magnitude comparison[END_REF][START_REF] Siegler | The development of numerical estimation: Evidence for multiple representations of numerical quantity[END_REF]. This is a consequence of children becoming more aware of numbers and their relations, learning that larger numbers are located to the right on a number line, and that the distance between 10 and 20 is the same as that between 80 and 90, for example [START_REF] Friso-Van Den Bos | Longitudinal development of number line estimation and mathematics performance in primary school children[END_REF][START_REF] Laski | Is 27 a big number? correlational and causal connections among numerical categorization, number line estimation, and numerical magnitude comparison[END_REF].

An association was also found between children's performance in both number line estimation tasks, that is, participants who performed well in the NP task also performed well in the PN task. When analysing the numbers in which children obtained better performance, it was found that in the NP and PN tasks the numbers with the best precision (2, 3, 5 and 97) are close to the extremities of the number line. The worst performances were found in different numbers for each task. Nevertheless, in both cases, the majority of the numbers are located between 25 and 50 and between 50 and 75. This result is similar to previous studies that indicate that children up to the 4 th grade are not very accurate in numbers far from the extremities of the number line, [START_REF] Laski | Is 27 a big number? correlational and causal connections among numerical categorization, number line estimation, and numerical magnitude comparison[END_REF][START_REF] Siegler | The development of numerical estimation: Evidence for multiple representations of numerical quantity[END_REF].

In quantitative reasoning task, 4 th graders scored better than 3 rd graders as expected. When analysing the reasoning categories separately, 4 th graders presented better scores in both additive and multiplicative reasoning, but this difference was only significant for additive reasoning. This indicates that due to the similarity of contents proposed in the Brazilian school curriculum in these grades, students are learning multiplicative reasoning, that is, the relations between multiplication and division operations, which may explain the fact that the difference between 3 rd and 4 th graders was not significant for these types of reasoning.

A direct association between number line estimation and quantitative reasoning was found. Students' performance in the quantitative reasoning task showed a correlation with both number line estimation tasks, specifically additive reasoning, which had the highest correlation index in both NP and PN tasks.

However, one limitation of the research must be considered: the collective application of the tasks proposed. Nevertheless, the findings of this study contribute to the planning of tasks that may improve abilities that are not currently approached in classrooms, such as number estimation. As previously mentioned, the development of the ability to estimate can improve students' skills in arithmetic computations. There are several daily situations when an estimation is enough, without the need to get an exact answer, for example, to choose the smallest cashier row in a supermarket, or if it is necessary to run to get to school on time. Therefore, in mathematics teaching it is important to highlight the use of alternative strategies to solve problems, allowing students to increase their set of solution methods. In this way, the use of number estimation in mathematics classes is an option to develop ability in arithmetic computations and may help to explain and to check the results of computations, while allowing students to establish their own solution strategies and appropriate different ways to solve mathematical tasks.

These results add new elements to the discussion of the role of number estimation in math achievement and provide evidence regarding estimation ability. However, future research on the subject is needed, such as longitudinal studies that describe the development of the ability to estimate and studies that verify the strategies used by students in each school grade.
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Table 1 : Correlation between number estimation and quantitative reasoning

 1 

		Number Estimation	Quantitative Reasoning	
	Measures	1	2	3	4	5
	1. NP	1				
	2. PN	0,660**	1			
	3. AR	-0,378**	-0,394**	1		
	4. MR	-0,292**	-0,328**	0,502**	1	
	5. QR -Total	-0,389**	-0,420**	0,857**	0,864**	1
	*p<0,05; **p<0,01					
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